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SUMMARY 

This two,volume report describes a series of pilot-scale combustion 

tests carried out With Hat Creek coal under a research project sponsored 

jointly by B.C. Hydro and UNMET. Volume 1 discusses the tests and the restilts 

in terms of the project objectives Which Were: 

a) to evaluate  the  feasibility of burning variotis qualities of 

Hat Creek coal. by meanS of conventional, pulverized-fired 

technology, 

b) to determine the effects on combustion performance of 

reducing the coals' ash content by washing, and 

c) to establish, insofar as possible, design parameters for 

a utility-scale steam generator to burn Hat Creek coal. 

Volume 2 is an appendix containing. all of the progress reports issued during 

- 	• the project. 

It is concluded that Hat Creek coals having a higher heating value 

of 6000 Btu/lb or more on an equilibrium moisture basis can be successfully 

burned using conventional pulverIzedfired teéhnology. However, in the design 

of Steam generators for this coal, it is imperative that reliable facilities 

be provide for removing  the vast quantities  of  ash that will be produced. 

All three samples of raw Hat Creek coal burned in the project 

produced stable flames without support fuel. However, an obstacle to their 

successful utilization is a combination of high clay content and high moisture 

content which makes handling difficult. This problem can be minimized by 

drying the coal to less than equilibrium moisture. The lower the heating value 

of the coal, the more it must be dried. Coal having a higher heating value of 

6000 Btu/lb on an equilibrium moisture basis can be adequately handled if the 

moisture content is about 20%, but coal having a higher heating value of 

4000 Btu/lb, again on an equilibrium moisture basis, will likely have to be 

dried to approximately 10% residual moisture before it can be reliably handled. 

The  three samples of washed Hat Creek coals burned in the project 

generally produced hotter, more stable flames than the raw coals. The removal 

of much of the extraneous clay by washing facilitated handling and drying 

noticeably. Reactivity was also improved. In a full-scaie coal handling 



system washed coals subjected to normal drainage of surface moisture would

likely flow freely without further drying.

The fly ash produced by Hat Creek coal, either raw or washed, has

a high electrical resistivity. However, it can be collected efficiently in

either a hot or a cold precipitator designed to accommodate the physico-

chemical properties of the fly ash. Washing the coal produced no major

differences in either the mineral composition or the physical structure of the

ash residues.

Neither high- nor low-temperature corrosion of heat transfer

surfaces should be a problem when burning Hat Creek coal.

Resource conservation makes it desirable to utilize as much of the

Hat Creek coal deposit as possible. By beneficiating all coal with a heating

value between 3500 and 6000 Btu/lb on an equilibrium moisture basis, up to

80% of the currently recoverable deposit could be burned. This upgraded coal

could be fired separately, or it could be dried and blended with dried raw

coal of higher quality; that is, raw coal having a higher heating value greater

than 6000 Btu/lb on an equilibrium moisture basis. The blending of high-grade

and low-grade raw coals to obtain an average higher heating value of 6000 Btu/lb

should not be undertaken without further study. Bands or lenses of extraneous

clay in the low-grade coal may create handling problems after blending.

Alternatively, it may prove more economical to wash all of the raw coal,

blend it to produce a fuel containing approximately 6000 Btu/lb on an

equilibrium moisture basis, and burn it without thermal drying.

Compared to raw coal, washed coal would appear to provide a number

of benefits. These include a smaller materials handling system at the power

plant, smaller steam generators with smaller auxiliaries and smaller dust

collectors, and lower pollutant emissions. In addition, there would be

substantial reductions in the erosion of heat transfer surfaces and in the

volume of ash deposits to be removed from the furnace bottom. The overall

result would be reduced cost and increased availability of steam generator

plant.

Although Hat Creek coal of reasonable quality can probably be

burned in steam generators as large as 750 MWe, the absence of direct experience

with high-clay coals in equipment of this size makes it prudent to limit the

first unit at Hat Creek to a size somewhere between 300 and 500 MWe. Should
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scheduling permit, suCh a first unit could be built and proven before further 

expansion is undertaken; units installed subsequently, could be scaled up 

With a high degtee  of confidence. 
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FOREWORD 

The test data from the Canadian Combustion Research Laboratory (CCRL) 

tests were made available to B.C. Hydro in the form of progress reports which 

are included in this Appendix. These progress reports were classified into 

four series A, B, C and D as described below and were numbered in accordance 

with the test schedule nomenclature given in Table 1 (page 2). 

"A" Series Progress Reports  

The "A" series reports included; 

1) a schematic diagram of the experimental system 

showing all sampling locations (Figure 1, page 19), 

the relevant boiler operating parameters measured 

during the test with the sampling station identified, 

3) a record of the visual characteristics of the flame, and 

4) a record of the deposition probe temperatures and 

the visual characteristics of the deposits. 

The above Information was provided to H.C. Hydro and Power 

Authority within two dayS after a test had been completech 

Séries PrOgress Reports 

The "B" series reports included; 

1) proximate and ultimate analysis of the coal feed to 

the pulverizer and 

2) size distribution of the pulverized coal feed to the 

boiler. 

"C" Series- Progress Reports  

The "C" series reports included; 

1) photographic records of the internal surfaces of the 

boiler, 

2) chemical analysis and ash fusion characteristics of 

the boiler and probe deposits, 

3) chemical analysis of the fly ash collected in the 
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TABLE 1

CONTROL CONDITIONS FOR THE TEST PROGRAM

Test No. Coal Degree of

Drying

Excess 02

Level, %

Feed Rate

Kg/hr

1.1 Sundance None 5 100

1.2 it " 3 100

2.1 Hat Creek "A" raw
^

KD twice 5 196

2.2 It 3 196

3.1 Hat Creek "A" washed AD + KD 5 134

3.2 " " " 3 134

4.1 Hat Creek "B" raw KD twice 5 131

4.2 " it " 3 131

4.3 " " KD 5 142

5.1 Hat Creek "B" washed AD + KD 5 120

5.2 if " if 3 120

5.3 if if AD 5 120

6.1 Hat Creek "C" raw KD twice 5 110

6.2 3 110

6.3 " " KD 5 120

7.1 Hat Creek "C" washed AD +KD 5 110

7.2 3 110

7.3 AD 5 110

^
KD = kiln-dried

AD = air-dried
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electrostatic precipitator and 

4) chemical analysis of the gas borne fly ash. 

"D" Series Progress Reports  

The "D" series reports included; 

1) differential thermal analysis of deposits, 

2) petrographic examination of deposits, 

3) X-ray diffraction analysis of deposits, 

4) particle size distribution of fly ash and 

5) electron microprobe analysis of deposits, if necessary. 

The four progress reports represent a complete data report for a 

combustion test. For example, -progress  reports 1.1A, 1.1R, 1.1C and .1.1D 

form a COMpléte data report for Sundance 5% 0 2  combustion  - test. Analyses 

have been modffied or corrected When ne-cessary. 
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PILOT-SCALE COMBUSTION TESTS WITH 

COALS FROM THE HAT CREEK AREA OF BRITISH COLUMBIA 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY: - CANMET - 

JOINT PROGRAM 

OBJECTIVES AND PROCEDURE 

by 

The Staff of the Canadian Combustion Research Laboratory *  

ABSTRACT 

The Hat Creek area of British Columbia contains a substantial 

deposit of coal, which is ranked as sub-bituminous C, and which has a high 

and variable ash content. The British Columbia Hydro and Power Authority, 

referred to as B.C. Hydro in this report, is considering using this deposit 

as boiler fuel for an on-site thermal power station using pulverized-firing 

technology. However, the combustion characteristics of the coal are largely 

unknown. In a program sponsored jointly by B.C. Hydro and CANMET, the 

Canadian Combustion Research Laboratory will carry out a séries of combustion 

trials to provide information about fuel characteristics, combustion 

performance, corrosion potential, pollutant formation, and electrostatic 

precipitation characteristics of the fly ash. This. information is necessary 

to provide a rational basis for boiler design. - 

Described in this report are the CCRL pilot-Scale pulverized-fired 

research boiler', objectives of the program coMpriS"ing eighteen tests of ten 

hours duration each, details of the test procedure. and measurements taken, 

some of Which  are unique. 

*
Energy Research Laboratories, Canada Centre for Mineral and Energy 
Technology (CANNET), Department of Energy, Mines and Resources, 
Ottawa, Canada. 
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INTRODUCTION 

By an agreement dated August 3, 1976, with the British Columbia 

Hydro and Power Authority referred to as B.C. Hydro in this report, the 

Canadian Combustion Research Laboratory (CCRL) will do a series of 

combustion trials to assist in determining the technical feasibility of 

using coal from the Hat Creek area of British Columbia for thermal power 

generation. Hat Creek coal is ranked as sub-bituminous C by ASTM 

classification procedures. In addition to the high moisture content, typical 

of low-rank coals, this coal has a high and variable ash content. It was 

mined at the rate of 2,000 to 3,000 tons per year before 1947, but was never 

burned in industrial-size equipment. Hence there are no combustion 

performance data on which the design of a modern utility boiler can be used. 

The agreement specifies a research program of pilot-scale 

combustion trials on five-to ten-ton samples of seven different coals, six 

of which are from the Hat Creek deposit. The seventh coal is an Alberta 

sub-bituminous coal from the Edmonton formation, known as Sundance, with which 

the performance of the Hat Creek coals will be compared. All of the coal 

samples have been provided by B.C. Hydro, and are described more completely 

in a later section. 

This report (a) outlines the objectives of the research program, 

(b) describes the pilot-scale facilities used for the combustion tests, 

(c) details the experimental procedures to be followed both in the combustion 

tests and in the subsequent analytical studies of coal samples, ash samples, 

and corrosion test specimens, and (d) includes the format of progress reports 

which will be submitted twice monthly to B.C. Hydro. 

OBJECTIVES OF THE RESEARCH PROGRAM 

The objectives of the combustion tests and related analytical 

studies are: 

1. To establish whether the various qualities of raw Hat Creek 

coal can be successfully burned using conventional pulverized-

firing technology without supplementary fuel. 
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2. To establish whether combustion performance is likely 

to be improved by upgrading the coal by water washing; 

3. To determine,withinthe limitations of the CCRL pilotscale 

research  -boiler, major design features required in a utility . 

combustion system for generating high-pressure superheated 

steam with Hat Creek coal. 

The following performance parameters were selected for • 

evaluation: 

1. Coal comminution and - handling Characteristics at vari -Ous 

levels of moisture Content; 

2. Combustion performance of each coal sample at excess 

air levels corresponding to concentrations of  3% and 5% 

oxygen in the flue gas, and at various levels of 

moisture content; 

3. Generation of particulate and gaseous polltitants during 

combustion; 

.4.Corrosion potential of condensed sulphuric acid on "cold . 

end" boiler surfacés; 

.5. Fouling potential of ash çonstituents, bothin liquid' and 

.solid state, on refractory and heat-transfer .  surfaces at 

varioUs temperatures; 

6. Collection efficiency of the fly ash by electrostatic 

precipitation; 

7. In-situ electrical resistivity of the fly ash; 

8. Flame temperature profiles in the furnace. 

The techniques employed to measure the foregoing parameters are 

described in a subsequent section entitled Experimental Procedures. 
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PILOT-SCALE RESEARCH BOILER 

The research boiler, schematically shown in Figure 1, has been 
1/ 

adequately described elsewhere —  except for an on-line ash removal system 

designed to accommodate the high-ash coals. This modification consists of a 

sheet-metal skirt enclosing a 50 cm square opening in the refractory furnace 

bottom and extending downward into a quench tank filled with water. The 

water serves to seal the slight pressure in the furnace, and eliminates the 

hazards of handling hot ash. Since the opening in the furnace bottom 

occupies approximately half the bottom area, it would normally impose a 

substantial and undesired thermal sink on the flame. This has been reduced by 

a pair of dump plates installed on hinges at the upper end of the skirt. 

During normal operation, the plates are fixed in the horizontal position, 

screening the flame from the quench tank. Periodically the plates are swung 

to the vertical position, allowing accumulated ash to fall through the skirt 

into the quench tank. The ash is then raked from the quench tank onto the 

floor. 

Another minor modification consists of covering all the water-cooled 

surfaces below the furnace throat with 2.5 cm of castable refractory. 

FUEL CHARACTERISTICS 

Blended bulk samples of both raw and washed Hat Creek coal were 

shipped to CCRL in plastic-lined 45 gal drums from Birtley Engineering Ltd., 

Calgary, Alberta. The nominal properties and quantities of the coals received 

were as follows: 

"A" Coal, raw; 	 50 drums 

Residual Moisture 9.9% 

Ash 45.5% 

Gross Calorific Value 11.94 ML/Kg 

(5136 Btu/lb) 

j 
F.D. Friedrich, G.K. Lee and E.R. Mitchell. "Combustion and Fouling 
Characteristics of Two Canadian Lignites", Journal of Engineering for Power, 
April 1972, pp 127-132. 
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"B„ Coal, raw; 50 drums

Residual Moisture 12.5%

Ash 30.3%

Gross Calorific Value 15.52 MJ/Kg

(6676 Btu/.lb)

"C" Coal, raw;

Residual Moisture . 20.8%

Ash 21.9%

Gross Calôrific Value 16.16 MJ/Kg

(6952 Btu/lb).

"A" Coal, Washed at 1.65 SG 24 drums

"A" Coal, Washed at 1.4 SG 3 drums

"B" Coal, Washed at 1.65 SG 24 drums

"C" Coal, Washed at 1.55 SG 28 drums

These coals were reported by Birtley Engineering Ltd:.. to contain

about 15% ash., and to have a gross calor.ific.value of about .16..9.7 MJ/Kg

(7300 Btu/Tb).. They were not dried after washing, and some drums were found

to contain large amounts of free water.

In addition to the samples received for combustion evaluation

experiments, a separate drum containing drill core samples of coal in sealed

tins was received.for petro,graphicevaluâtion by Dr. B.N. Nandi.

Before the combustion trials, proximate and ultimate. ânalyses were.

carried out on samples selected from each bulk sample. These analyses, which

ranked all the Hat Creek coals as sub-bituminous C , are reported in Table 1,

and were used to determine the f:iring rates for the combustion-trials. These.

§amples were not necessarily rep"resentive of all of the coals used in the

combustion tests. Thereforé., cumulative samples of the crushed coal fed to

the pulverizer and the pulverized coal fed.to the burners will.be collected

for an assessment.of coal quality for each test period. The prelimïnary coal

analyses indicated that washing markedly upgraded the "A" raw coal by reducing

itsash content by 402 and by increasing its moisture-free, gross calorific

value to nearly 18.60 MJ/Kg (8,000 Btu/lb). There was a concomitant reduction

in the initial ash-deformation temperature to 1400°C. The raw "B" and "C"

coals yielded smaller reductions in ash content and correspondingly smaller
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increases in gross calorific value when washed. Apparently, washing had no 

effect on the initial ash-deformation temperature of the "C" coal, whereas, 

the initial deformation temperature of the "B" coal showed an increase from 

1400 to 1460° C. 

The Hardgrove Grindability indices for the raw and washed Hat Creek 

coals were low and, with the sole exception of raw coal "A", were generally 

similar to that of the Sundance coal. 

EXPERIMENTAL PROCEDURES 

Coals and Control Parameters  

The 180 Kg/hr coal-handling system for the CCRL research boiler 

is not capable of maintaining a reliable, uniform feed to the pulver- 

izer if the coal is wet. Furthermore, previous experience with other low-

quality Canadian coals has shown that acceptable combustion conditions cannot 

be expected when the gross calorific value is low and the moisture content is 

high. Thus, it was recognized that the coal would have to be dried partially 

before burning. 

Drying is accomplished in two ways; air-drying, by spreading a thin 

layer of coal on an asphalt driveway in suitable weather and by thermal drying, 

using a small oil-fired rotary kiln. To avoid the danger of fire while using 

this kiln, the feed rates and iemperature are held at levels which limit 

moisture extraction to 670 per pass. Therefore, some coals will be passed 

through the dryer twice; i.e., double-dried. 

However, since the effect of moisture content on combustion 

performance is a parameter of interest, some of the tests are scheduled with 

coal that has either been (a) passed through the dryer only once, (h) air 

dried only or (c) air-dried and then passed through the dryer once. After 

drying, coal samples are stored in sealed drums. 

The level of excess air during combustion is another important 

control parameter. Consequently, tests will be done with excess oxygen in the 

flue gas held at two levels; 5% and 3%, corresponding to approximately 25% and 

15% excess air, respectively. 

Furthermore, the heat input to the furnace is a control parameter 

which will be held at approximately two Giga Joules/hr (two million Btu/hr) 

and the feed rate for each coal will be adjusted accordingly. 
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After consideration of the above control parameters and of the 

constraint imposed by the small quantities of available coal, B.C. Hydro and 

CCRL agreed to a basic program of 18 tests. The desired control conditions 

for these tests are summarized in Table 2. On completion of the basic 

program, other tests may be done if more information is required, and 

sufficient coal is available. 

Operation of the Research Boiler  

The general operating'instructions for each test are given below. 

1. Before the test: Clean all boiler and air heater fireside 

surfaces  by air lancing and bunker sufficient coal  for 

' approximately 10 h operation at the desired feed.tate. 	. 

2. At 0400 hr: Light up the . boiler on No. 2. oil at. 16gph, 

and 3% oxygen in the flue gae; start all continuous 	_ . 

monitoring instruments and allow the boiier-to stabilize . 

at full steaming raté and pressure, 
•, 

3, At 0630 	Start feeding_pulVerized coal at the . 

Specified classifier speed; mill temperature, and . 

. excess oxygen in.the flue gas, leaving One oil torch in 

operation. 

4. At 0730 hr: 'Remove the oil torch. 

•5. At 0800 hr: Dump bottom ash and begin scheduled tests, 

record boiler panel readings hourly and note frequency 

of bottom ash removal, maintain the specified coal-feed 

rate and excess oxygen level as closely as possible, 

take whatever steps are necessary to prevent ash deposits 

in the furnace from interfering with combustion conditions. 

6. At 1500 hr: Scheduled tests should be completed. Proceed 

with any repeat measurements required. 

7. At 1600 hr: Insert an oil torch and shut off the coal feed 

to the pulverizer mill. When the mill is empty, extinguish 

the oil torch. The last load of bottom ash will not be 

dumped. 
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8. After the furnace has cooled overnight: Remove the quench tank 

and dump the remaining bottom ash on the dry floor. Collect 

ash samples and photograph the system as specified in the 

next section. 

It should be pointed out that the foregoing procedures will be 

modified when necessary to overcome difficulties due to ash bridging in the 

furnace, hang-up of coal in the feed chutes, or limitations in equipment 

capacity. The major objective in operating the boiler is to maintain stable, 

efficient combustion conditions so that the measured performance parameters 

will be as consistent and representative as possible. 

Measured Parameters of Combustion Performance  

B.C. Hydro and CCRL agreed that the following parameters of 

combustion performance would be ascertained in each test at the sampling or 

measuring stations shown in Figure 1: 

1. The results of proximate, ultimate and ash analyses of 

samples taken from a bulk sample of crushed coal obtained by 

hourly grab samples at the pulverizer inlet, Station 1. 

2. The results of moisture and sieve analyses of samples of 

pulverized coal taken every two hours at the pulverizer outlet, 

Station 2. 

3. CO2 
and CO content of the flue gas, measured by continuous 

infra-red monitors, Station 20. 

4. 02 
content of the flue gas, measured by a continuous 

paramagnetic monitor, Station 20. 

5. NO content of the flue gas, measured by a continuous 

chemiluminescent monitor, Station 14. 

6. SO2 
content of the flue gas, measured by a continuous 

chemifluorescent monitor, Station 15. 

7. SO2 and SO3 content of the flue gas, measured by the API and 

the Shell-Thornton methods, respectively, two or three times 

per test, Station 15. 
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8. Low-temperature corrosion potential, measured by three 

mild-steel probes inserted simultaneously into the flue-

gas stream and maintained at three different temperetures 

fôr about four hourS, one set per test, Station 13. 

9. Fly-ash loading, measured isokinetically by a combined 

cyclone and filter system, two to four samples per test, 

Station 16. These samples are to be analyzed for carbon 

content, chemical composition and size distribution. 

10. Ash fouling of heat-transfer surfaces, evaluated by two 

methods. The first methôd is by examination of thickness, 

structure and chemical composition of deposits  •on three pairs 

of temperature-monitored probes located in the furnace bottom 

(Station 19), above the furnace throat (Station 9) and 

In the transition section (Station 20), each pair to consist 

of an air-cooled stainless steel probe and an uncooled 

refractory probe. These probes are to be in place for the 

duration of each test. The second method of evaluating 

ash fouling is by examination of the thickness, physical 

structure, chemical composition and melting characteristics 

of ash deposits selected from various parts of the furnace 

and air heater after shutdown (Stations 19, 8, 20, 11). 

11. Electrostatic precipitator efficiency, measured by passing 

part of the flue gas through a small electrostatic 

precipitator for a period of 45 min., three samples per 

test, Station 18. The efficiency is to be calculated from 

the measured inlet and outlet dust loadings at Stations 16 

and 21, respectively. The fly ash collected is to be analyzed 

for carbon content, chemical composition and particle size 

distribution. 

12. Ely  ash resistivity, measured by an in-situ resistivity 

_ apparatus at fIue,-gas temperatures, of- 150°C . and 315 °C at 

Stations. 17 and 13 respectively, two measurements at each 

location per test. .In addition, one measurement is. to be 

taken with the flue-gas temperature at 120°C. 
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13. Acid or water dewpoint of the flue gas, by BCURA 

dewpoint meter, one or two determinations per test, 

Station 15 or 21. 

14. Furnace temperature, traversed along the vertical 

furnace centreline by suction pyrometer, twice per 

test, Stations 7, 8 and 9. 

In addition, qualitative observations on flame appearance and 

length, deposit build-up and appearance of ash are to be logged. When the 

furnace has sufficiently cooled after a test, the deposition probes, 

furnace walls, and second pass tube sheet of the air heater are to be 

photographed. The deposition probes are then to be removed and photographed. 

The low-temperature corrosion probes are also to be photographed. 

METHOD OF REPORTING RESULTS 

The requirement for twice monthly circulation of both the operating 

data and the physical and chemical analyses described previously in this 

report dictated the format adopted for reporting interim data and observations. 

This first report on the Hat Creek Project defines the objectives 

and scope of the program, the generalized fuel characteristics, the 

experimental procedures, the experimental variables and the trial schedule. 

Data from the tests will, subsequently, be made available in the form 

of progress reports, classified into four series identified A, B r  C and D. 

Each series, will be numbered in accordance with the test schedule nomenclature 

given in Table 2 and described below. 

"A" Series Progress Reports  

"A" series reports will include; 

1) a schematic diagram of the experimental system showing 

all sampling locations, 

2) the relevant boiler operating parameters measured 

during the test with the sampling station identified, 

3) a record of the visual characteristics of the flame, and 



a r:ecord of the deposition probe temperatures and the

visual characteristics of the deposits.

The above.information is expected to bé available within 48:hours

after a test has been completed.

"B" Series Progress Reports

"B" series r-eports will include;

1) proximate and ultimate.aiialysis of the coal.feed to: the

pulverizer and

2) size distribution of the pulverized coal feed to the boiler.

"C" Series Progress Reports

"C" series reports will include;

1) photographic records of the internal surfaces of the boiler,

2) chemical analysis and ash fusion characteristics of the

boiler and probe deposits;

3) chemical analysis of the fly ash collectéd in the.

electrostatic precipitator and

4) chemical analysis of the gas borne fly ash.

"D" Series P-r.o.gress Reports

"D" series reports will include;

T) differential thermal analysis of deposits,

2) petrographic examination of deposits,

3) X-Ray diffraction analysis of fly-ash and deposits,

4) particle size distribution of fly-ash and

5) electron microprobe anâlysis of deposits, if necessary. .

The.four progress reports, when assembled, represent acomple.te data

report for a combustion test. As an example, progress répor.ts.1:.1A, 1..1B,

1.1C and 1.1D will'be.a complete data report for Sundance 5% 02 combustion

test.
A final report correlating and evaluating the raw data given in the

-progress reports together with discussion of results and conclusions will be

assembled when all tests have been completed.



TABLE 1: PRELIMINARY ANALYSES OF THE TEST COALS 

SUNDANCE 	 HAT CREEK COALS 

	

Raw 	Raw 	Raw 	Washed 	Washed 	Washed 

A 	B 	C 	A 	B 	 C 

Equilibrium Moisture 	 % 	16.8 	27.3 	21.7 	24.0 	24.7 	23.1 	23.5 

Hardgrove Grindability Index 	43 	62 	49 	39 	47 	43 	41 

Proximate Analysis 
(moisture free) 

Ash 	 % 	14.1 	52.8 	34.6 	25.4 	31.9 	24.1 	19.5 

Volatile Natter 	 7. 	35.8 	26.3 	35.3 	38.7 	46.0 	38.5 	39.5 

Fixed Carbon 	 % 	50.1 	21.9 	30.1 	35.9 	22.1 	37.4 	41.0 

Ultimate Analysis 

Carbon 	 % 	63.3 	30.7 	45.1 	52.3 	47.0 	54.3 	56.6 • 

Hydrogen 	 % 	3.9 	2.6 	3.6 	4.0 	3.6 	4.1 	4.2 

Sulphur 	 % 	0.2 	1.0 	1.2 	0.7 	1.3 	0.8 	0.8 

Nitrogen 	 % 	0.9 	0.6 	1.0 	1.2 	0.9 	1.1 	1.2 

Ash 	 % 	14.1 	' 52.8 	34.6 	25.4 	31.9 	24.1 	19.5 

Oxygen 	 % 	17.6 	12.3 	14.5 	16.4 	15.3 	15.6 	17.7 

Gross Calorific Value, 
moisture free basis 

Btu/lb 	 10511 	5025 	7496 	8901 	7928 	9018 	9714 

Cal/gm 	 5840 	2792 	4164 	4945 	4404 	5010 	5397 

Ash Fusibility (Oxidizing) 

Initial 	
oC 	1300 	>1480 	1398 	>1480 	1404 	-1460 	>1480 

Spherical 	
o
C 	1340 	 >1480 	 >1480 	>1480 

Hemispherical 	
oC 	1370 

Fluid 	 °c 	1480 
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TABLE 2 

CONTROL 'CONDITIONS FOR THE TEST PROGRAK 

Test No. 	 Coal 	 Degree of 	Excess 0 2 	Feed Rate 

. 	Drying 	Level, % 	Kg/hr 

1.1 	Sundance 	 None 	 5 	100 

1.2 	 Iv 	 3 	100 
* 

2.1 	Hat Creek "A" raw 	 KD twice 	5 	196 

2.2 	n 	It 	 u 	 3 	196 
** 	, 

3.1 	Hat Creek "A" washed 	AD 	+ KD 	5 	134 

3.2 	 Il 	 II 	 3 	134 

4.1 	Hat Creek "B" raw 	 KD twice 	5 	131 

4.2 	II 	II 	 It 	 3 	131 

4.3 	I, 	11 	 KD 	 5 	142 

5.1 	Hat Creek "B" washed 	AD + KD 	5 	120 

5.2 	Il 	It 	 II 	 3 	120 

5.3 ' t, 	 . 	 It 	 AD 	 5 	120 

6.1 	Hat Creek "C" raw 	 KD twice 	- 5 	110 

6.2 	 It 	 Il 	 3 	110 

6.3 	 KD 	 5 	120 

7.1 	Hat Creek "C" washed 	AD + KD 	5 	110 

7.2 	It 	 Il 	 3 	- 110 

7.3 	tt 	 AD 	 5 	110 

KD = kiln-dried 
** 
AD = air-dried 
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FIGURE 1 Schematic illustration of the pilot-scale boiler showing the sampling stations.
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. 	PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

SUNDANCE COAL 

.FIRED AS RECEIVED, 5% EXCESS OXYGEN 

PROGRESS REPORT 1.1A 

by 

.THE STAFF OF THE CANADIAN COMBUSTION RESEARCH: LABORATORY 11  

INTRODUCTION 

By an agreement between.the B.C. Hydro,  and Power Authority .(B.C. Hydro) 

and the Canada Centre for Mineral and Energy TeChnology .(CANMET), a series of 

combustion tests are  being done at the tanadian,CombuStion Research Labbratory 

to assess the suitability  of Hat  Creek coal.as  a boiler: fuel for thermo=electric 
2/ 

generation. .A.previous'report — describe's the objectives of the  program, the 

pilot-scale: equipment, the procedures and method of reporting results.. 

This progress report summarizes the data immediately available from 

Test No. 1.1, which was done on October. 5, 1976. 

1/ — Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, 
Ottawa, Canada. 

2/, — 'Pilot-Scale Combustion Tests with Coals from the Hat Creek_Area of 
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedure". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October. 1976. 
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CONTROL PARAMETERS FOR TEST NO. 1.1 

coal from 

which the 

was fired 

oxygen in 

coal-feed 

Joules/hr. 

In this test, Sundance coal, which is an Alberta sub-bituminous 

the Edmonton formation, was burned to provide baseline data with 

performance of the Hat Creek coals could be compared. The coal 

with an as-received moisture of 17%. The target level of excess 

the flue gas was 5% (approx. 25% excess air), and the target 

rate was 100 Kg/hr, which represents a heat input of two Giga 

TEST DATA AND DESCRIPTION 

The operating data, shown in Tables 1 and 2, are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test. 
once unsupported, stable coal combustion had been achieved, the 

flame was observed to be bright yellow and combustion appeared to be completed 

below the furnace throat, with the flame tailing out above the throat. From 

the top of the furnace, the throat and furnace probes could be seen plainly. 

The furnace bottom was transparent, and light sinter was forming on the 

refractory walls. 

After 1.5 hr, the flame was observed to have lengthened but it 

remained clean. From the top of the furnace, substantial deposits could be 

seen building up on the furnace probes and below the furnace throat. The 

furnace bottom remained transparent. 

Later, the deposits below the throat were observed to be 15 cm or 

more thick and small deposits appeared on the walls above the throat. The 

flame remained bright and clean, and the furnace bottom remained transparent 

until the test was terminated. •Furnace-bottom ash was not dumped throughout 

the test. 

Deposition Probes During Test  

The deposition probes in the furnace and the furnace bottom were 

visible during the test, and deposits developed on them as follows: 

The air-cooled probe in the furnace remained free of sinter. 

The refractory probe in the furnace developed a heavy deposit 

of sinter. 
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The air-cooled probe in the furnace bottom developed a light 

deposit on the trailing side and this deposit appeared to 

have a sintered surface. 

The refractory probe in the furnace bottom developed 

a 5 to 8 mm deposit of sinter all around. 

Furnace After Test  

The refractory around the furriace throat was coated with a cohesive 

deposit of sinter, but portions of it had fallen off, leaving the refractory 

clean. The furnace-bottom ash contained large lumps of friable sinter and 

surfaces which were exposed to the flame showed some evidence of fusion. 

The furnace water walls were covered by a thin layer of dust. There were 

5 to 8 mm of dust on the bottom of the transition section (between the furnace 

and air heater), and a light dust deposit on the test air heater tubes. 

Deposit Probes After Test  

The refractory probe in the furnace bottom was covered lightly 

by a tan coloured powder which could be brushed off easily. 

The air-cooled probe in the furnace bottom was covered on the 

trailing edge bST 2 mm of orange coloured powder. 

The refractory probe in the furnace was covered lightly by a tan 

coloured powder which adhered weakly. 

The air-cooled probe in the furnace was covered lightly by an 

orange coloured powder. 

The refractory probe in the transition section was covered lightly 

by a tan coloured powder which adhered weakly. 

The air-cooled probe in the transition section was covered lightly 

by an orange coloured powder. 
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TABLE 1 

OPERATING DATA 

Progress Report 1.1A 

Revised 18/11/76 

COAL 	SUNDANCE AS RECEIVED EXCESS 02 5/10/76 
5 

Test Duration 
Firing Rate 
Mbisture Content of Coal 

• 	 It 	II 

7 hours 
99.0(2.0) kg/hr 

1 	 17.1(1.8) 
2 	 2.6(0.2) 
2 	 83.9(0.2) 

once every 	hour 

205 (7) mmH20 
176 (7) mme,0 

	

208 (4) 	ct 

	

88 (5) 	
oC 

82% below 200 mesh 

6 	 578 (13) kg/hr 
6 	2.97(0.05) atmospheres 
4 	 198 (7) 	°C 

3 
2 
3 
2 
2 

feed to pulverizer 
feed to furnace 
dry weight 
20 kg dumped at énd 

of run, only, equivalent 
to 865 Kg coal. 

oversize, 10.5% 140 mesh 
17.6% 200 mesh 
49.1% 325 mesh 

mmH20 
mmH 0 
mmH

2
20 

mmH20 
mmH20 
mmH2O 
mmH2

0 

PPm 
PPm 
PPm 
PRm 
wC 

° C  
O C  

o
C 

oC 

not detectable 

readings taken in 
second and third 
two hour period 

mgms/ 3 m  

n cm at 271  DC 
Q cm at 14eC 

measured at 20°C 

error 

15.5 (0.4) 
5.1 (0.1) 
46 (5) 

600 (45) 
80 (2) 

< 1 

11 
11 
11 
13 
14 
14 
14 

Parameters Station Obs. (R.M.S. Dev.) Comments 

Combustible " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
h) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 
BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

It 

10 
11 
12 
5 

f) SO-
3 g) Acid dewpoint 

FLUE GAS TEMPERATURE 

29 (1) 
29 (1) 
11 (1) 
111 (2) 
120 (3) 
53 (2) 
53 (3) 

670 (14) 
307 (7) 
164 (6) 

7 	1178,  1130 
8 	995,  1090 
9 	965,  1030 

I/ 5 
Secondary (Windbox) Air L 	4 

4 
FLUE GAS ANALYSIS 
a) CO2  
b) 02  
c) CO 
d) NO 
e) SO_ z 

a) Furnace Exit 	 11 
b) Boiler Exit 	 12 
c) Precipitator Entry 	 16 

SUCTION PYROMETER TEMPERATURES 
a) 
b) 
c) 

FLY ASH 
a) Loading 	 16 
b) Resistivity 

	

	 15 3.8(2.6)x10 8 
 17 4.9 x 108  

c) Precipitator efficiency 	18 
d) Combustible content of 	18 	1.3 (0.1) 

ash collected from precipitator 



TABLE 2 

DEPOSITION PROBES 

i , Staton 	 emperature 	
oc 

DepeSition T , 	 Description of 

Probe 	 mea0 	ems 	en. 	max. 	initial 	final 

	

Pev . 	 Deposit 

m o 
.t • -  1098 1263 Tag powder, 1 mm thl»ek, even,  ceramic 	19 	1173 	76 	1076 	1270 o 
en 	

easily brushed off 

o 
V . u 

0 
stainless 	19 	525 	67 	437 	671 	559 	- 	568 	Orange powdér on trailing 

e
. 

›. 	 edge, 2 mm thick  

ceramic 	9 	590 	e7 	.540 	687 	en 	558 	Tan powder, 1 Mm thiék, 
o u 
0 

adheres weakly 

0 
w 
e r=4 

stainless 	9 	451 	72 	372 	626 	518 	433 	Orange powder, 1 mm thick, 

-P o 4-1 
4   
 
ceramic 20 685 .  14' 662 .  711 642 7137 Tan powder, 1 mm thick, 

uw m adheres weakly 

0 o , 
.1-4 
o 

stainless 	20 
@ 	

523 	40 	482 	586 	586 	513 	Orange - powder, 1 mm thick 
, 

 

P 	
even 

H 	 . 

Ii 
0 

09 
Ii  
CD • 

tn 1-3 

py pp 
fD 

0 
10  

rf • 
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

Sundance Coal

Fired as Received, 5% Excess Oxygen

PROGRESS REPORT 1.1B

by

Progress Report 1.1B

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY 11

S UrL^fARY

As explained elsewhere ?/, the results of this joint program are

reported in a series of four reports numbered A to D for each of the 18

combustion tests which make up the program. This progress report (1.1B)

presents coal analyses and size distribution of the pulverized coal burned

in test 1.1 done on October 5, 1976.

Energy Research Laboratories, Canada Centre for `4ineral and Energy

Technology (former Mines Branch), Department of Energy, Mines and

Resources, Ottawa, Canada.

2/ "Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of

British Columbia, British Columbia Hydro and Power Authority - CA\TMET

Joint Program. Objectives and Procedure". Report ERP/ERL 76/99

Canadian Combustion Research Laboratory, Eriergy Research Laboratories,

Canada Centre for Mineral and Energy Technology, Department of Energy,

Mines and Resources, Ottawa, Canada. October 1976.
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une_eacgskiliz_sazzgen 

3046-76  

A-1010  

21-12-76 

RECORD OF ANALYSIS 

CCRL 

AIR 	DRIED 
SAMPLE CONDITION 	 DRIED 	107 ± 3 ° C 	SCREEN ANALYSIS 

Proximate Analysis 	 Mesh 	 % Inches 
Moisture 	 13.80 	0.00  

114 x 3/8 	0.00  
Ash 	 12.59 	14.61  3/8 x 1/8 	3.16  
Volatile Matter 	 29.92 	34.71  1/8  x 1/16 	36.35  
Fixed Carbon (by Diff.) 	43.69 	50.68 	1/16 x 1/32 	32.80  

Ultimate Analysis 	 1/32 x 0 	27.69  

Carbon 	 % 	54.56 	63.29  

Hydrogen 	 % 	3.36 	3.90  

Sulphur 	 % 	0.18 	0.21  
Nitrogen 	 % 	0.71 	0.82  

Ash 	 % 	12.59 	14.61 	Grindability Index 
Oxygen (by Diff.) 	% 	14.80 	17.17 	 (Hardgrove): 	43 

Calorific Value 
Equilibrium Moist Calories per gram 	4983 	5781  (97% Hum),%: 	16.59 

B.T.U. per Lb. gross 	8969 	10405 
. 	 _ 	.  
Caking Properties 

Sulphur Forms: By Vol. Button @ 
Sulphate Swelling Properties  
Pyritic Free Swelling Index (ASTM) 
Organic (by Diff.) 

Ash Fusibility, °F 	 . OXID. 	RED 
Total 

Initial Deformation 	°F 	2440 	2320  

Softening-Spherical 	°F 	2490 	2390  
Specific Gravity in ash: 

Softening-Hemispherical °F 	2560 	2480  2.91  
Fluid 	 ° F 	2620 	2620 

ASH ANALYSIS 

Component 	% 	Component 	% 
Chlorine: 	0.00  Si02 	48.42 	CaO 	 13.58  

Al203 	23.64 	MgO 	 0.93  
Fe2O3 	4.58 	SO3 	 2.42 	Trace Mercury: 	 
Mn304 	 Na20 

	

1.03 	 2.45  TiO2 

	

0.50 	K20 	 0.26  
P205 	 0.20 
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TEST NO: 1.1 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

2/ 
1/ 	Grab Samples 	 Composite Sample 

Size 3/ 	 4/ 
Wt % 	R.M.S. Deviation 	Wt % 	LOI %— 

60M 

60M x 100M 	 0.7 

100M x 140M 	 4.4 	89.3 

140M x 200M 	17.3 	4.0 	 7.9 	86.9 

200M x 325M 	 16.8 	85.3 

325M x 0 	 70.1 	82.7 

1/ The mesh openings for the sieves are as follows: 250p for 60 mesh, 
— 	149p for 100 mesh, 105p for 140 mesh, 74p for 200 mesh and 44p for 

325 mesh and where lp = 10-6  metres. 

2/ Grab samples were taken at 1 hour intervals during the test. 

3/ 	R.M.S: Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73. 
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Progress Report 1.1C 

FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Sundance Coal 
Fired as Received, 5% Excess Oxygen 

PROGRESS REPORT 1.1C 

by 

1/ 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY- 

, 

SUMMARY 

As explained elsewhere-
2/ 

 , the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 combustion 

tests which make up the program. 

This progress report (1.1C) presents a photographic record of the 

fireside fouling of the research boiler surfaces, the properties of ash 

deposits collected on probes and the chemical analyses of various ash forms 

produced in test 1.1 done on October 5, 1976. 

1/
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2In
Pilot-Sca1e Combustion Tests with Coals from the Hat Creek Area of 
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedures". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October 1976. 
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PROGRESS REPORT 1:1C 

Figure la 

Furnace bottom at end 
of test. Burners are 
clear. Friable sinter 
is loose and easily 
dislodged. Deposition 
probes are in foreground 
air cooled at top (east 
side) ceramic at bottom 
(west side). Greatest 
buildup of sinter is 
along east side and in 
north east corner. 

Figure lb 

Furnace bottom at end of 
test. Friable sinter 
buildup along east side 
and north east corner 
can be seen better in 
this photo. 



Figure lc 

Furnace bottom air cooled 
deposition probe. 

Figure id  

Burner air cooled 
deposition probe. 

PROGRESS REPORT 1:1C 

Figure le 

Transition section 
air cooled deposition 
probe 



B. C. Hydro - CANMET Joint Program

RATE OF DEPOSITION OF WATER-SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES

Probe Temperatu're

Low

138 °C

Temperature

131 °C 104 °C

High

525°C,

Temperature

451°C 523°C

8/Deposition rate

Fe 0.4 0.0 0.4 0.0 2.0 0.6

Mg 0.9 0.4 0.5 2.1 1.7 1.3

Na 1.1 1.1 0.9 16..7 30.7 30.3

Ca 21.3 18.6 20.9 69.1 97.6 81.6

SO4 (total) 13.8 15.3 15.3 217.7 146.0 261.2

SO4 (free), by difference ,

8.6

a/ The depoaition rate is givenin units of.mg/m2/.hour and the sampling time is 81 hours..
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Progress Report 1 . 1  C 

Sample: Deposit from furnace bottom, Test 1.1, (A 980) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	oc 	 1332 	 1310  

Spherical 	°C 	 1360 	 1354

•« 	Hemispherical 	°C 	 1388 	 1382 	,  

Fluid 	°C 	 1443 	 1421  

Ash Analysis 	 % 

SiO
2 	 50.25  

Al
2
0
3 	 . 	24.31  

Fe
2
0
3 	 4.92  

Mh
3
0
4 	 ---- 

TiO
2 	 0.68 	:  

P
2
0
5 	. 	 0.34  

CaO  12.52  
Me 	 2.01  
SO

3 	 0.06  

Ne
2
0 	• 	 1.61  

K
2
0 	• 
	 0.25  

Cl 
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Sample:: 	Deposit from furnace walla, Test 1.4 (A 981) 

Ash Fusibility 	 Oxidizing 	Reducing 	. 

Initial 	oc 	 , 	1282 	 1210  

Spherical 	oc 	 1332 	 1299  

•Hemispherical 	°C 	 1360 	 1360  

Fluid 	oc 	 1438 	 1377  

Ash Analysis 	 % 

Si02 	 47.76  

Al 0 
2 3 	 22.69  

Fe 0 
2 3 	 6.94  

My
4 	 ---- 

TiO2 	 0.66  

P 0 
2 5 	 0.36 • 

CaO 	 13.28  

MgO 	 1.52  

SO
3 	 3.46  

Na20 	 1.53  

K 0 
2 	 0.24  

Cl 	 ---- 
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Progress Report 11 C 

Sample: Deposit from screen tubes, Test 1.1, (A 982) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1271 	 1188 

Spherical 	oc 	 1299 	 1271 

Hemispherical 	°C 	 1327 	 1327 

Fluid 	oc 	 1393 	 1366 

Ash Analysis 	 % 

SiO
2 	 44.83 

Al
2
0
3 	 21.41 

Fe
2
0
3 	 5.06 

Mn
3
0
4 	

---- 

TiO
2 	 0.85 

P
2
0
5 	 0.37 

CaO 	 18.29 

Mg0 	 1.99 

SO3 	 1.63 

Na
2
0 	 2.46 

_ 
K
2  0 
	 0.29 

Cl 	 ---- 
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Sample: 	Deposit from transition section, Test 1.1 (A 983) 

Ash Fusibility 	 Oxidizing 	•R.educing 

Initial 	°C 	 1343 	 1266 •  

Spherical 	°C 	 1399 	 1343  

Hemispherical 	°C 	 1432 	 1360  

Fluid 	 oc 	 1482 	 1410  

Ash Analysis 	 % 

SiO
2 	 54.64  

Al
2

0
3 	 25.82  

• Fe

2

0

3 	 4.03 
 Mn 0 

3 4 	 ----  

, 	 TiO
2 	 0.65  

•
P 0 

2 5 	 0.33  
'•Ca0 

12.46 •  

Mg0 1.31  
SO 

3 	 1.33  
• Na 0 

2• 1.22  
K 0 

2 	 0.28  
•Cl 	 ---- 
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Sample: Deposit from sheet between 2nd and 3rd pass of air heater 
Test 1.1 	(A 984) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	oc 	 . 	1349 	 1277 	•  

.Spherical 	oc 	 1388 	 1321  

Hemispherical 	°C 	 1416 	 1332  

nuid 	oc 	 1460 	 1377  

Ash Analysis 	 % 

SiO
2 	 50.75  

Al
2
0
3 	_ _ 	 23.17  

Fe
2
0
3 	 5.04  

bin
3
0
4 	 ---- 

TiO
2 	 0.70  

P
2
0
5 	 0.38 

CaO  
15.01  

MgO 	
1.49  

SO
3 	 0.48  

Na
2
0 

1.22  
K
2
0 

0.26  
Cl

_ 	. 	---- 
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Sample: Deposit from electrostatic precipitator, Test 1.1, (A 985-6-7 

Ash Fusibility 	 • Oxidizing 	Reducing 

Initial 	°C 	 1182 	 1143  

Spherical 	°C 	 • 	1238 	 1171  

Hemispherical 	°C 	 1271 	 1254  

Plu-id 	°C 	 1382 	 1338  

Ash Analysis 	 % 

Si02  40.84  
Al CI 

2 3 	 21.35  
Fe 0 

2 3 	 5.04  
lin 0 

3 4 	 ■MMam 

TiO 

	

2 	 0.97  
• P 0 

	

2 5 	 0.38  
CaO 

21.79  

MO 	 2.42  

SO
3 	 1.06  

Na20 3.53  
K20 
2 	 0.39  

Cl 	 ---- 
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Figure 2. Photomicrograph, x10, of a thin section of sinter which

was found attached to the refractory near the burners.

The sinter is weak and porous.
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO  AND POWER  AUTHORITY - CANMET 

JOINT PROGRAM 

Sundance Coal 
Fired as Received, 5% . Excess Oxygen 

PROGRESS REPORT 1.1D 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY 1j 

SUMMARY 

2/ 
As explained elsewhere — , the results of this joint program are •

reported in a series of four reports numbered A to D for each of 18. 

combustion tests which make up the program. This progress report (1.1D) is 

the last of the series and presents results of the following detailed 

analyses of ash produced in test 1.1 done on October 5, 1976. 

1. Combustion calculations 

2. Particle size distribution of fly-ash 

3. X-ray diffraction analyses of fireside deposits 

4. Summary of DTA studies on fireside deposits 

1/ Energy  Research  Laboratories, Canada Centre for Mineral and Energy 
Tenhnology .(former Mines Branch), Depattment of Energy, Mines and . 
Resources:, Ottawa, Canada. 

"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedure". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October 1976. 
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Target combustion condition 
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-J 
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- 
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o cp 

Ultimate An'alysis 	%' 

-- 	
Carbon 	63.29 

Hydrogen 	3.90 	, 

Sulphur 	0.21 

-- 	
Nitrogen 	0.82 
Ash 	 14.61 

Oxygen 	17.17 

-- Calculated flue-gas composition: 

a) 3% 02, 16.6% CO2, 205 ppm S02, 26% excess air. 

—
b) 5% 02, 14.8% CO2, 195 ppm S02, 31% excess air. 

-.26 

-7-24 

11 -.22 

10 

8 	-•16 

7 D -.14 1.11  2 
0 

-J 

co 0 
—10 0 

0 

0 
— 4 —08 cv 

—3 -.06 

— 2 —04 

— 1 —02 

—0 -0.0 
200 

FIGURE 1: Combustion Calculations "Sundance" Coal. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page  are 

 given the particle size analyses for fly ash collected,  frOm the tube sheet 

between  the .second and third passes of the air heater and for fly aah 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein  the fraction 

passing 325 mesh (-44 micrometers)has beèn analyzed on the Coulter Counter. 

It must be temeMbereethat the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

_ 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 ' 	 0.8  

	

1.59 - 	2.00 	 0.8  

	

2.00 - 	2.52 	 1.3  

	

2.52 - 	3.17 	 0.2 	 2.0  

	

3.17 - 	4.00 	 0.4 	 3.5  

	

4.00 - 	5.04 	 0.5 	 5.4  

	

5.04 - 	6.35 	Coulter 	 0.7 	 8.0  

	

6.35 - 	8.00 	Counter 	 1.3 	 10.2  

	

8.00 - 10.08 	 2.7 	 13.1  

	

10.08 - 12.7 	 4.4 	 14.5  

12.7 	- 16.0 	 7.5 	 13.5  

16.0 	- 20.2 	 11.4 	 11.7  

20.2 	- 25.4 	 15.1 	 8.6  

25.4 	- 32.0 	 17.1 	 3.4  

32.0 	- 40.3 	 13.8 	 1.6  

40.3 	- 44.0, 	 4.9 	 0.4  

44.0 	- 74.0 18.0 	 1.2  
Sieve 

	

+74.0 	f 	 2.0 	 0.0 

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 
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X-ray Diffraction Analyses of Fireside Deposits from Test 1.1, 

Sundance Coal. 

Feld, Qtz, Crist (Sm) 

Feld, Qtz, Cpd A 

Qtz, Cpd A, Hem 

Qtz, Cpd A 

Furnace Bottom Ash 
(980 76-431) 

Under Flame Probe Deposit 
(1003 76-442) 

Furnace Probe Deposit 
(1004 76-443) 

Transition Probe Deposit 
(1005 76-444) 

Abbreviations of Constituents: 

Feld 	Feldspar (Anorthite) CaO.A1
2
0
3
.2Si0

2 
Qtz 	Quartz SiO

2 
Crist 	Cristobalite SiO

2 
Hem 	Hematite Fe

2
0
3 

Cpd A 	Unidentified with strorg3.50 1: -value 

Notes: 

There is little indication of amorphous material in Furnace Bottom 

Ash samples. All others appear to contain some amorphous material. 

Most films contain a few faint diffractions that were not identified 

(in addition to unidentified constituents of significance). 

Constituents are listed in decreasing order of abundance. On occasion 

"small" is used for clarity. 

The sampling method is not representative and the order of abundance 

may be different from that of other larger samples. 
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SUMMARY OF DTA STUDIES ON FIRESIDE DEPOSITS 

Samples: 

Five samples of ash from the furnace bottom and one sample of ash 

collected by the CCRL dust sampler were examined. 

Sample 1) CCRL 980 Test 1.1 Sundance bottom ash. 

Sample 2) CCRL 1092 Test 2.1 Hat Creek A-raw, bottom ash 

Sample 3) CCRL 1190 Test 3.1 Hat Creek A-washed, bottom ash 

Sample 4) CCRL 1278 Test 4.1 Hat Creek B-raw, bottom ash 

Sample 5) CCRL 1360 Test 4.3 Hat Creek B-raw, bottom ash 

Sample 6) CCRL 986 Test 1.1 Sundance fly ash. 

Procedures: 

Samples weighing approximately 50 mg were heated in a static air 

atmosphere at 12
o
C/min. to 1500

o
C. Two platinum foil pans were held in a 

vertical furnace, one containing the sample and the other containing 

a-alumina as reference material. Pt: Pt/13% Rh thermocouples were held 

with their beads denting the bottom of the pans. 

Results: 

Sample 1) No peaks were observed. The baseline shifted in the exothermic 

direction at 1360°C. When cool, the sample was dark and glassy. 

Sample 2) No peaks were observed. The baseline shifted in the endothermic 

direction at 1450°C. When cool, the sample was brown-black opaque, 

and very hard. 

Sample 3) No peaks were observed. The baseline shifted in the endothermic 

direction at 1340°C. When cool, the sample was black with brown 

spots, opaque, and very hard. 

Sample 4) No peaks were observed. The baseline shifted in the exothermic 

direction at 1330°C. When cool, the sample was black with brown 

spots, opaque, and very hard. 
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Sample 5) No peaks were observed. The baseline shifted in the endothermic 

direction at 1160°C. When cool, the sample was brown, opaque, 

and appeared to have melted. 

Sample 6) A sizable exothermic peak was observed in the 400°C to 500°C 

range and a small endothermic peak was noted at 1160°C. Cooling 

and reheating in the range 1000°C to 1500°C failed to Show any 

repetition of the latter thermal effect. When cool, the sample 

was dark and glassy. 

Comments: 

It seems certain that samples 1), 5) and 6) underwent melting. 

The other samples probably had some liquid phase present. The lack of DTA 

peaks is unusual. It most likely indicates that melting occurred over a very 

broad range. Cooling to 10009C and reheating gave rise to no peaks either. 

The exothermic peak for sample 6) was most likely the result of combustion of 

a small amount of carbonaceous material. 

It can be conCluded that DTA is not a very usefull technique  for  

studying thesamaterials. 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO. AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Sundance Coal 
Fired as Received, 3% Excess Oxygen 

PROGRESS  REPORT  1.2A 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY- 

INTRODUCTION 

ly an agreement between the B. C. Hydro and-Power Authotity (BC HYdro) 

and the Canada Centre for Minerai and Energy Technélogy (CANMET)„ a,series of 

coMbustion tests are being done at the Çanadian Combustion Research Laboratory 

(CCRL) to assess the suitability of Hat Creek coal as a boiler-fuel fOr 
2/ 

thermo-electric generation. A previous report- describes the objectives of 

the program, the pilot-scale equipment, the procedures and method of reporting 

restate. 

This progress report summarizes the data immediately available from 

Test No. 1.2, whichwasdone on October 7, 1976. 

Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 
-I"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 1.2 

In this test, Sundance coal, which is an Alberta sub-bituminous 

coal from the Edmonton formation, was burned to provide baseline data with 

which the performance of the Hat Creek coals could be compared. The coal 

was fired with as-received moisture of 16%. The target level of excess 

oxygen in the flue gas was 3% (approx 15% excess air), and the target coal 

feed rate was 100 kg/hr, which represents a heat input of two Giga Joulesthr. 

TEST DATA AND DESCRIPTION 

The operating data, shown in Tables 1 and 2 are self-explanatory. 

The locations of the measuring stations are shown in Figure 1 which is a 

diagram of the research boiler. 

Furnace During Test  

At 0830 hr, stable, unsupported coal combustion had been in progress 

for an hour. The flame was observed to be bright yellow, and it tailed out 

through the furnace into the transition section to the test air heater, where 

the tubes were plainly visible. From the top of the furnace, the air-cooled 

deposition probe in the furnace, and the furnace throat were clearly visible, 

but the deposition probes in the furnace bottom could not be discerned 

through the flame. The furnace bottom, viewed through the sight ports located 

there, was transparent; the opposite walls were easily seen. 

At 0930 hr, ash deposits were evident on the east and west sides of 

the furnace at burner level. These grew and by 1330 hr they blocked about 1/3 

of the projected throat area, when viewed from the top of the furnace. 

However, they were located slightly below the throat, and did not excessively 

interfere with the flame pattern, although the flame was longer and more 

opaque than formerly. The furnace bottom was still transparent, and only 

minor deposits of sintered ash were observed to be adhering to the refractory 

walls. 

By 1530 hr the deposits at burner level had grown to the point where 

they blocked about half of the projected throat area, with the heaviest deposits 

being in the southwest corner. Their effect on the flame was to lengthen it, 
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and this partly obscured the view of the throat from the top of the furnace.

The furnace bottom remained transparent., but a uniform "beard" of sIntered

ash could be seen covering the refractory walls. Ash had built up on the

furnace bottom to half its depth.

At 1600 hr, the test was completed and the furnace was shût down.

Fùrnace bottom ash was not dumped throughoût the test. .

Deposition Probes During Test

The deposition probes in the furnace and the furnace bottom.were

visible.during,the test, and deposits devéloped on them as follows:

Theair-cooled probe in the fùrnace remained free of sinter

throughout the test.

Therefractory probe in the furnace developed a heavy,^deposit

of sinter

The air-cooled probe in the furnace bottom developed a.few

whiskers of sinter, 5 to 8 mm long, mostly on the.bottom sûr-face.

These fell off from time to time.

The refractory probe in the furnace bottomdeveloped a.5 to 8 mm

beard,of sinter all around, which decreased in thicknesstoward

the end of the test, but showed no evidence of slagging.

Furnace After Test

Mbst of the deposits on the furnace walls had fallen off upon

cooling, leaving the refractory around the burners fairly clean. These

deposits were removed mostly as large chunks of weak sinter. The furnace

water walls were covered by a.thin layer of dust. There were approximately

8 mm of dust on the bottom of the transition section (between.the furnace and

air-heater-) and a light dust deposit on the test air-heater tubes.

.Deposition Probes After Test

The air-cooled probe in the transition section had a 1 mm layer of

tan coloured dust on.the trailing surface. The leading surfacewas clean.

The refractory probe in the transition section had a light layer

of tan colour-ed dust on the leading edge but there were indications that

a heavier deposit had fallen off.
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The air-cooled probe in the furnace had only a film of tan coloured 

The refractory probe in the furnace had tan coloured sintered 

deposit all around, giving an overall diameter of about 4 cm. 

The air-cooled probe in the furnace bottom was bare except for 

a few whiskers of tan coloured sinter. There were indications that a larger 

deposit had fallen off. 

The refractory probe in the furnace bottom was broken and supported 

by the sheathed thermocouple. The probe bore nodules of tan coloured sinter 

about 1 cm thick. 

dust. dust. 
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TABLE 1 

OPERATING DATA 

Test No. 1.2 

Progress Report  1.2A 

Revised 18/11/76 

COAL 	SUNDANCE AS RECEIVED EXCESS 02 3 

Combustible " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
b) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 

BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

FLUE GAS ANALYSIS 
a) CO2  
b) 0 
c) CO

2 

d) NO 
e) SO2  
f) SO-1  
g) Acrd dewpoint 
FLUE GAS TEMPERATURE 
a) Furnace Exit 
b) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
b) 
c) 

FLY ASH 
a) Loading 
b) Resistivity 

c) Precipitator efficiency 	18 
d) Combustible content of 	18 

ash collected from precipitator 

Test Duration 
Firing Rate 
Moisture Content of Coal 	1 	 16.0(1.4) 

	

10 	 26 (7) mmH
2
0 

	

11 	 27 (6) mmH20 

	

12 	 11 (2) mmH20 

	

5 	 110 (6) mmH20  

	

5 	 119 (5) mmH 20 
Secondary (Windbox) Air L 	4 	 41 (6) mmH20 

	

4 	 46 (6) mmH 20 

tI  

tl 

16 
15 
17 

11 
11 
11 
13 
14 
14 
14 

11 
12 
16 

2 	 3.2(0.3) 	% 
2 	 84.5(1.6) 	% 

once every - hour 

3 	 203 (4) mmH
2
0 

2 	 174 (4) mm11 10 
3 	 206 (5) 	ct 
2 	 92 (3) 	°C 
2 	93.4% below 200 mesh oversize, 6.1% 140 mesh 

6 	 596 (13) kg/hr 
6 	3.01 (0.05) atmospheres 
4 	 198 (6) 	oC 

7 	1190, 1125 
8 	1028 	1075 
9 	900: 	980 

310 mgms/m 
4.7(1.1)x10 0 cm at 280 °,, 
8.6 x 10 9  P cm at 156 -  

89(1) 
2.4(0.2) 

671 (19) 
298 (22) 
154 (16) 

17.3 (0.4) 
3.1 (0.2) 
46 (3) 

567 (29) 
88 (3) 
<1  

7.5 hours 
96.7(2.1) kg/hr 

ppm 
PPm 
PPm 
Pgm 

C not detectable 

o
C 

OC 
 

o 
C readings taken in 
• second and third 
• two hour period 

3 
measured at 20oC, one 

measurement 
C, 7.2 x 10 9  fl cm at 118° C 
% of three measurements, 

using a) 

feed to pulverizer 
feed to furnace 
dry weight 
total ash dumped at end 
of test = 17.7 Kg 
equivalent to 874 Kg coal 

ti  , 6.6% 200 mesh 
, 45.4% 325 mesh 
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Sundance Coal 
Fired as Received, 3% Excess Oxygen 

PROGRÉe• REPORT 1.2B 

. by 
• • 

THE STAFF OF THE CANADIAN,COMiUSTION RESEARCH LABORATORY1/  

SUMMARY 

2/ 
As explained elsewhere— , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the pràgram. .This ibrogress report (1.2B) 

presents coal analysés and size  distribution of the pulverized coal burned 

in test 1.2 done on October 7, 1976. 

Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada, 

2 
—I"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 
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RECORD OF ANALYSIS 

CCRL 
Sundance(1.2) 3% Oxygen  

3047-76 

A-1015 

21-12-76 

AIR 	DRIED 
SAMPLE CONDITION 	 DRIED 	107 ± 3 ° C 	SCREEN ANALYSIS 

h Proximate Analysis 	 Mes 	 % Inches 
Moisture 	 14.37 	0.00  

Ash 	 12.98 	15.16 	
1/4 x 3/8 	0.00  

3/8 x 1/8 	4.49  
Volatile Natter 	 29.44 	34.38  

1/8  x 1/16 	46.77  
Fixed Carbon (by Diff.) 	43.21 	50.46 	1/16 x 1/32 	31.12  

Ultimate Analysis 	 1/32 x 0 	17.62  

Carbon 	 % 	53.73 	62.75  

Hydrogen 	 % 	3.32 	3.88  

Sulphur 	 % 	0.15 	0.18  

Nitrogen 	 % 	0.74 	0.86  

Ash 	 % 

Oxygen (by Diff.) 	% 	
.1.111811,15. 1 6 	Grindability Index 

14.71 	17.17 	 (Hardgrove): 	43 

Calorific Value  

Calories per gram 	4901 	5723 	Equilibrium Moist  
(97% Hum),%: 

17.68 _  B.T.U. per Lb. gross 
8822 	10302  

Caking Properties 

By Vol. Button @ 	 Sulphur Forms:  

Swelling Properties 	 Sulphate  

Free Swelling Index (ASTM) 	 Pyritic 
 

	 -I» 	Organic (by Diff.) 
Ash Fusibility, ° F 	 OXID. 	RED 

Total 
Initial Deformation 	°F 	2390 	2330  

Softening-Spherical 	°F 	2480 	2400 	
. 

Specific Gravity in ash: 
Softening-Hemispherical °F 	2530 	2530 

2.92  
Fluid 	 ° F 	2700+ 	2630 

ASH ANALYSIS 

Component 	7. 	 Component 	% 
Chlorine: 	0.01  S 102 	49.76 	CaO 	 12.60  

Al203 	23.96 	MgO 	 0.85  
Fe203 	4.35 	S0 3 	 2.50 	Trace Mercury: 	 
Mn304 	0.93 	Na20 	 2.26 
TiO2 	0.47 	K20 	 0.26  
P205 	0.17 
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TEST N0:1.2 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

2/ 
1/ 	Grab Samples 	 Composite Sample 

Size 	 3 	 4/ 
Wt % 	R.M.S.  Déviation 	Wt % 	LOI 7.—  

60M 

60M x 100M 	 0.7 

100M x 140M 	 5.8 	89.4 

140M x 200M 	17.8 	0.4 	 12.9 	86.1 

200M x 325M 	 14.0 	84.9 

325M x 0 	 66.5 	82.6 

1/ 	The mesh openings for the,sieves are as follows: 250 1.1  for 60 mesh, 
149p for 100 mesh, 105p for 140 mesh, 74p for 200 mesh and 44p for 
325 mesh and where lp = 10-6  metres. 

2/ Grab samples were taken at 1 hour intervals during the test. 

3/ 	R.M.S: Root Mean Square Deviation. 

4 1  Loss on ignition, ASTM 3174-73. 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Sundance Coal 
Fired as Received, 3% Excess Oxygen 

PROGRESS REPORT 1.2C 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-/  

SUMMARY 

• 
 AS explained elsewhere
-2/ 

 , the results of this joint program are. 

reported in a series of four reports numbered A to D for each of the  18 

combustion teSts.which make up the program. 

This progress report -(1.2C) presents a photographic record,of - the 

fireside foniing of the research boiler surfaces, the properties of ash • 

deposites.ccilected on probes and the chemiéal analyses of varioùs nsh forms 

prOduced in test 1.2 done on October 7, 1976. 

j
Energy Research Laboratories,. Canada Centre for  Mineral and Energy Technology 

• (former Mimes Branch), Department of Energy, Mines and Resotirces, Ottawa, 
Canada. 

2 
--/ "Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 



Figure la 

Furnace bottom at an end 
of test. Burners are 
clear. Small buildup of 
riable sinter in north 
east and north west 
corners. Deposition 
probes in foreground. 

Figure lb 

Friable sinter may be 
seen more clearly in 
this photo. 
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Figure lc

Furnace bottom deposition

probes. Air cooled probe

on left. Refractory probe

on right.

Figure Id

Burner deposition probes.

Air cooled probe of left.

Refractory probe on right.

Figure le

Transition section

deposition probes. Air

cooled probe on left.

Refractory probe on ri;bt.
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Figure 1f 

Main air heater tube 
sheet second pass up 
to 2 - 3 inches of 
powder. 



L.T. CORROBON PROBE zeo F 

OCT 7 1976 

Figure lh 

Low Temperature corrosion 
probe 121°C. 

L.T. CORROSION PROSE 220 F 

OCT 7 	5.77E: 
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Figure lg 

Low Temperature corrosion 
probe 1380C. 

Figure li 

Low temperature corrosion 
probe 104°C. 
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B. C. Hydro - CANMET Joint Program 

RATE.OF DEPOSITION OF WATER SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES 

	

Low TemperatUre 	 High Temperature 

Probe Temperature 	 138 
o
C 	131  °C 	104 

o
C 	 426 

o
C 	444

o
C 	47-3 °C 

Deposition rate / 	 . 	 _ 

Fe 	• 	 0.0 	0.4- 	0.4 	 0.6 	. 	0.6 	'0.0 
- 

Mg. 	 0.4 	0..3 	0.3 	 1.6 	'' 	1.6 	1.0 

Na 	• 	 0.9 	0.92 	1.1 	 24.3 	52.8 	44.2 

Ca 	 18,7 	12.4 	15.0 	 83.4 	84.5 	71.8 

SO
4 	

(total) 	 . 	22.9 	26,0, 	• 	 .21.5 	 182.9 	- 	287.4 	250.3 

SO
4 

(free), by difference 

.!:/ The deposition rate is given in units ofmg/m 2 /hour and the sampling time is 8à hours. 

OD 

tsa 



Sameel Deposition probes, test 1.2 

Station 	 . Furnace Bottom 	 Boiler 	• Transition Section 

Material 	 . 	SS 	REF 	SS 	REF 	SS 	* 	REF 

Mean Temperature °C 	219 	613 	229 	435 	245 	361 

% Water  Soluble 	 4.2 	3.3 	16.1 	5.6 	8.0 	15.9 

% Acid Insoluble 	 59.2 	80.1 	40.0 	71.4 	49.2 	46.5  

Analysis 	, % 	 WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 

SO
4 	

1.8 	0.0 	8.0 	2.4 	3.6 	9.7 

Ca 	 1.0 	7.0 	2.1 	2.1 	1.1 	4.0 	0.8 	4.7 	1.6 	9.1 	3.6 	4.7 

Fe 	 1.6 	3.5 	0.9 	0.9 	2.4 	5.6 	0.2 	2.1 	0.1 	3.6 	0.2 	3.2 

Mg 	 0.1 	0.6 	-- 	0.1 	0.1 	0.7 	-- 	0.4 	-- 	0.8 	0.2 	0.6 

K 	 0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 

Na 	 0.1 	1.4 	--- 	0.4 	1.1 	2.4 	--- 	0.2 	0.2 	1.8 	0.4 	1.6 

WS = water soluble 

AS = acid soluble 

= trace 
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Sample: Deposit fram Furnace Bottom, Test 1.2, (A1044-76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1338 	 1332  

Spherical 	°C 	 1371 	 1360  

Hemispherical- °C 	 1193 	 1388  

Fluid 	'°C 	 1449 	 1432  

Ash Analysis 	 % 

Si0 2 	 52.92 

Al
2
0
3 	

25.22 

Fe
2
0
3 	

4.11 

Mn
3
0 	 ---- 
4 

TiO
2 	

0.71 

P
2
0
5 	

0.33 

CaO 	 12.31 

MgO 	 1.26 

SO
3 	

0.08 

Na
2  0 
	 1.15 

K
2
0 	 0.27 

cl >e•• ■■• 
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Sample: Deposit from furnace walls, Test 1.2, (P, 1045 -76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1338 	 1299:  

, 	Spherical 	°C 	 1360 	 1349  

Hemispherical 	°C 	 1382 	 1382  , 
Title 	 °C 	 1399 	 1421  

Ash Analysis 	 % 

Si02  
51-36  

A1203 	 23.97  
Fe20

3 	 4.92  
M1130

4 	 Mffl ■ OM 

TiO
2 	 0.66  

P
2
0

5 	 0.36  
CaO 

11.80  
MgO  1_31  
SO

3 	 2_39  
Na 20 

1.35  
K

2
0 

0.24  
Cl 	

----  
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Sample: Deposit from screen tubes, Test 1.2, (A 1046 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1271 	 1238  

Spherical 	°C 	 1299 	 1271  

Hemispherical 	°C 	 1321 	 1299  

Fluid 	oc 	 1382 	 1382  

Ash Analysis 	 % 

SiO2 	 45.52 	_ 
Al

2
0
3 	 21.97  

Fe
2
0
3 	 5.06  

lin
3
0
4 	 MM.M.IM 

TiO
2 	 0.87  

F
2
0
5 	 0.38  

CaO 	 17.70  
MgO 	 1.95  
SO

3 	 1.65  
Na

2
0 2.67  

K
2
0 0.30  

Cl 	 ---- 
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Sample: Deposit from transition section, Test 1.2 (A 1047 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	oc 	 1349 	 1321  

SPherical 	°C 	 1382 	 1.371  

Hemispherical 	°C 	 1399 	 1399  

Fluid 	oc 	
1410 	 1432  

Ash Analysis 	 % 

SiO
2 	 53.27 

Al
2
0
3 	 24.80 

Fe20
3 	 4.16 

Mn
3  04 	

---- 

TiO2 	 0.65 

P
2
0
5 	

0.35 

CaO 	 11.25 

MgO 	 1.09 

SO
3 	

1.61 

Na
2
0 	 1.26 

K
2
0 	 0.23 

Cl 	 ---- 
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Sample: 	Deposit from sheet between 2nd and 3rd passes of air heater 
Test 1.2 	Qt. 1048 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1310 	 1288  

Spherical 	°C 	 1349 	 1321  

Hemispherical 	°C 	 1377 	 1388  

Fluid 	 °C 	 1432 	 1410  

Ash Analysis 	 % 

Si02 	 49.55 

Al
2
0
3 	 23.53 

Fe
2
0
3 	 4.67 

Mh
3
0
4 	

---- 

TiO2 	 0.84 

P
2
0
5 	 0.34 

CaO 	 15.51 

MgO 	 1.51 

SO
3 	 0.51 

Na
2
0 	 1.57 

K20 	 0.28 

Cl fflmmliffl 
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA:HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Sundance Coal 
Fired as Received, 3% Excess Oxygen 

PROGRESS REPORT 1,2D 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY
1/ 

SUMMARY 

As explained elsewhere-
2/ 

 , the results of this joint program are 

reported in a series of  four reports  numbered A to D for each of 18 combustion 

tests which make up the program. This progress report (1.2D) is the last of 

the series and presents results of the following detailed analyses of ah 

 produced in test 1.2 done on October 7, 1976. 

1. Particle size distribution of fly ash 

2. Combustion calculations 

1/ 
Energy Research Laboratories, Canada Centre for Mineral and Energy 
Technology (former Mines Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

2/- — -Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedures". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 1.1  

	

1.59 - 	2.00 	 1.2  

	

2.00 - 	2.52 	 1.8  

	

2.52 - 	3.17 	 2.5  

	

3.17 - 	4.00 	 0.1 	 4.1  

	

4.00 - 	5.04 	 0.2 	 5.6  

	

5.04 - 	6.35 	Coulter 	 0.4 	 7.5  
.» 

	

6.35 - 	8.00 	Counter 	 0.7 	 9.2  

	

8.00 - 10.08 	 1_7 	 12.3  

	

10.08 - 12.7 	 3 4 	 13.4  

12.7 	- 16.0 	 6.1 	 12.3  

16.0 	- 20.2 	 9.9 	 10.7  

20.2 	- 25.4 	 19_7 	 6.9  

25.4 	- 32.0 	 15.7 	 4.2  

32.0 	- 40.3 	 13.9 	 2.2  

40.3 	- 44.0 	 5.6 	 2.0  
. 

44.0 	- 74.0 	1 	 25.8 	 2.4  
Sieve 

	

+ 74.0 	J 	 3.8 	 0.6  

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 
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Carbon 	63..29 
Hydrogen 	3.90 
Sulphur 
Nitrogen 	0.82 
Ash 	 14.61 
Oxygen 	17.17 
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28 Ultimate Analysis 	% 

24 

26 

"'Calculated flue-gas composition: 

a) 3% 02, 16.6% CO2, 205 ppm S02, 26% excess air. 

20P) 5% 02,  14.8%  CO2, 195 ppm S02, 31% excess air. 

Target combustion conditions 
for 3% 02 in flue gas 

7 \ 

22 

18 

4 

0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR , % 

-.26 

-•24 

	

—11 	-•22 

— 10 -•20 

— 9 -•18 

	

—8 	-•16 

2 
— 7 z - -14 w  

z 
0 — 

 

6»l2 > 
co 

z 5  -10 0  

4 —08 cv 

13 -•06 

2 —04 

I. -•02 

0 -0.0 
200 

FIGURE 1: Combustion Calculations "Sundance Coal. 
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Technology 

Énergie, Mines et 
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de la technologie 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET JOINT  PROGRAM 

HAT CREEK "A" RAW COAL 

KILN-DRIED TWICE, 5% EXCESS OXYGEN 

TEST NO. 	2.1 

CANADIAN COMBUSTION RESEARCH LABORATORY 

OCTOBER 1976 

ENERGY RESEARCH PROGRAM 

ENERGY RESEARCH LABORATORIES 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "A" Raw Coal 
Kiln-Dried Twice, 5% Excess Oxygen 

PROGRESS REPORT 2.1A 

by 

I THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY--/  

INTRODUCTION 

By an agreement between the B. C. Hydro and Power Authority (BC Hydro) 

and the Canada Centre for Mineral and Energy Technology (CANMET), a series of 

combustion tests are being done at the Canadian Combustion Research Laboratory 

(CCRL) to assess the suitability of Hat Creek coal as a boiler fuel for 

thermo-electric generation. A previous  report- '  describes the objectives of 

the program, the pilot-scale equipment, the procedures and method of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 2.1, which was done on October 12, 1976. 

• 11
Energy Research Laboratories, Canada Centre for Mineral and Energy Techndlogy 
(former  Mines   Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 -1"Piiot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
' Columbia, British Columbia Hydro and Power Authority - CANNET Joint Program, 

Objectives and ProcedUre ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 2.1 

In this test, Hat Creek "A" raw coal was burned. The coal had been 

kiln-dried twice, which reduced the moisture content, as fired, to 7%. The 

ash content at this moisture level was 58.7%. The target level of excess 

oxygen in the flue gas was 5% (approx 25% excess air), and the target 

coal-feed rate was 196 kg/hr, but the actual feed rate was limited by 

pulverizer capacity to approximately 155 kg/hr. The corresponding heat input 

was roughly 1.6 Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data shown in Tables 1 and 2 are self-explanatory. 

The locations of the measuring stations are shown in Figure 1 which is a 

diagram of the research boiler. 

Furnace During Test  

At 0900 hr, stable, unsupported combustion had been in progress 

for 1  hr. The flame was observed to be yellow-orange in colour and to 

fill the entire furnace. Due to the high dust loading, it was also very 

opaque. From the top of the furnace, the throat was not visible, nor were the 

furnace deposition probes. Even the tubes forming the nose at the furnace 

exit were partly obscured. It was difficult to assess flame length; that is, 

the flame that appeared to fill the furnace may not have been burning coal 

particles, but glowing ash particles. The latter possibility is supported by 

the fact that there was not sufficient light in the transition section 

(between the furnace and air-heater) to see the tubes in the test air-heater. 

At 0930 hr, the furnace bottom appeared to be filled with sintered 

ash, which blocked one sight port. The first attempt to dump ash into the 

quench tank failed because the ash bridged across the furnace just below the 

burners. Initial attemptsto loosen it with a poker, working through the top 

of the furnace and the ports in the furnace bottom, with the furnace in 

operation, were unsuccessful. The ash rapidly built up to the burner level, 

and interfered with combustion to the extent that furnace pressure began to 

pulse. 
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At 1010 hr, the furnace was shut down and the sintered ash deposit s . 

were brOken loose with a poker. They had formed a fairly strong bridge, but 

cama away cleanly from the throat refractory. 

The furnace was then relit using light oil burners, and the dump 

plates were left open, i.e., in the dump position. At 1110 hr, unsupported 

coal  combustion  was resumed. The flame then had much the same appearance as 

before, except that the throat was faintly visible from the top of the furnace. 

The opacity of the flame, or the high dust loading, made it impossible to see 

across the furnace bottom. Even the deposition probes located there were 

barely visible. Ash was raked out of the quench tank every 15 min. It had 

the consistency of fine mud and appeared to be well burned out. There was 

no evidence of sintering. 

At 1120 hr, the dump plates were partly closed to reduce the radiation 

loss from the flame to the quench tank. The only effect on the appearance of 

the flame was that the throat could no longer be seen from the top of the 

furnace. It was occasionally possible to see across the furnace bottom, and 

these glimpses revealed a moderate layer of sinter on the refractory walls. 

Dust frequently cascaded into the furnace from the sloped tubes at the furnace 

exit, indicating heavy deposits of dry fly ash. Ash removed from the quench 

tank continued to be in the form of fine mud until the test was terminated 

at 1615 hr. When the oil torch was turned off on shut-down, the furnace was 

almost immediately black. The glow from the hot refractory and ash was too 

faint to reveal any details of the furnace interior. 

Deposition Probes During Test  

Only the air-cooled deposition probe in the furnace bottom was 

visible during the test. It developed a few deposits of sinter roughly 7 mm 

thick on the top surface. These fell off from time to time. 

Furnace After Test  

Inspection of the refractory in the furnace throat revealed one 

deposit of fairly hard sinter, approximately 25 by 30 cm and 8 to 10 cm thick. 

The rest of the throat was clean except for a few whiskers of sinter. 

The furnace bottom was clean except for one side, which had a deposit 

of fairly strong sinter, roughly 30 cm square and 8 to 10 cm thick. The 
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furnace water walls had a heavy deposit of dust which fell off readily. There 

was a layer of dust 20 to 25 cm thick on the bottom of the transition section, 

and 5 to 8 cm of dust on the 2nd pass tube sheet of the main air-heater. 

Deposition Probes After Test  

The air-cooled probe in the furnace bottom bore a light layer of 

dust, and there were indications of a deposit on the upper surface having 

fallen off. 

The refractory probe in the furnace bottom was broken, but bore a 

few small whiskers of sinter. 

The air-cooled probe in the fùrnace was covered by a 3 mm thick, 

tan coloured powder on the upstream side and 6 mm thick, grey coloured powder 

covering a mm thick, tan coloured scale. 

The refractory probe in the furnace and the refractory probe in the 

transition section were of similar appearance. Each was covered lightly by 

a tan coloured scale. 

The air-cooled probe in the transition section was evenly covered by 

2 mm thick, tan coloured powder which could be removed by tapping the probe 

gently. 
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OPERATING DATA 

COAL HAT CREEK "A" RAW, DOUBLE DRIED  
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5 	 z EXCESS 0 2 

4 hours 
155(5) kg/hr 

1 	 7.1 
2 	 0.6 
2 	 45.2(0.3) 

once every hour 

-c) Precipitator efficiency 
d)  Combustible content of 

ash collected from precipitator 

II 

It 	I t 

mmH 0 
mmH20 

o 
O C 

42(2) 
42(2) 
22(2) 

162(5) 

50(4) 
50(3) 

14.8(0.4) 
5.3(0.2) 
191(36) 
276(34) 
909(45) 

1.3(0.2) 
22 

612(12) 
289(9) 
201(5) 

mmH 2
0 

mmH20 
mmH 20 
mmH 2°  
mmH 0 
mmn 2 
mmH 2

0 

PPm 
PPm 
PPm 

17cl  

O C 
O C 

 

10 

12 
5 
5 
4 
4 

11 
11 
11 , 
13 
14 
14 
18 

11 
12 
16 

1020 

_VO 
OC 
O C 

 

oversize, 

Test No. 2.1 
- 85 

12/10/76 

Parameters, Station Obs. (R.M.S. Dey.) Comment's 

Test Duration 
Firing Rate 
Moisture Content of Coal 

1t 	 it 

Combustible " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
b) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 

BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

Secondary (Windbox) Air 
t 

FLUE GAS ANALYSIS 
a) CO2  
b) 0 1  
c) CO' 
d) NO 
e) SO2  
1) SO 

3 g) Acid dewpoint 
FLUE  GAS TEMPERATURE 
a) Furnace Exit 
b) Bolier  Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
aj 
bj 
c) 

FLY ASH 
a) Loading: 
b) Resistivity 

t  

291(4) 
245(5) 
191(3) 
104(1) 

76% below 200 mesh 

6 	 467(9 ) 	kg/hr 
6 	2.68(0.05) atmospheres 
4 	 183(5) 	°C 

7 	980,  
8 	810,  
9 	780,  

16 	34000(11000)mgms/m 3  
15 3.6(1.4)x10 11 Q cm at 257 ° C 
17 7.8(2.9)x10 11  Q cm at 156 ° C 
18 	 91(7) 
18 	 2.0(0.4) 

After stable ignition 
obtained . 

feed to pulverize r .  
feed,  to furnace 
dry weight 
continuous dumping 

total  aSh dumped,  .  8 6 Kg, 
 equivalent to 1268 Kg. 

coal 

14.2% 140 
23.9% 200 
98.2% 325 

meter ertot 

accuracy limits of 1 ppm 

readings taken in 
second and third 
two hour period, 

measured at 20°C 

Before duct modification 
which should prevent 
jetting of flue gas. 
through plates 

I 

3 
2 
3 
2 
2 mesh 

mesh 
mesh 



TABLE 2 

DEPOSITION PROBES 

Station 	Deposition 	 Temperature 	
o
C 	 Description of 

mean 	RMS 	min. 	max. 	initial 	final 	 Deposit 

, 	 Dey.  
e 
0 
4 4J 	ceramic 	928 	16 	892 	943 	892 	914 	Probe broken, no deposit o 
pl 
G) 	19 C-) 	 Light tan powder downstream, 
w 
e 	stainless 	559 	20 	523 	585 	523 	549 	2 mm thick. 	Grey powder adhere, w 
a 	 upstream, li mm thick. t..1 

o 	ceramic 	835 	40 	736 	889 	736 	869 	Light tan scale upstream 
C-) 
0 

	

9 	 Tan powder downstream, 3 mm 
a e.... 	 thick. 	Grey powder, 6 mm 

stainless 	549 	34 	495 	615 	552 	495 	thick, covers tan crust 	mm 
thirk 	1111Qtveam  

e o 
,-.1 4.) ceramic 619 16 583 633 583 628 Light tan scale u 
Q) 
cil 

g 20 
•,-1 	 Tan powder, 1 mm thick over 
4., 
•.-t 	 entire probe, 	even, easily 

stainless 	534 	29 	498 	588 	534 	518 	removed by tapping. 
M 
P 
H 	 .. 

M 
0 
QQ  

m H 

›zi 
m m 
o z 
1-1 	0 
ft 	• 

ts..) o 
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "A" Raw Coal 
Kiln-Dried Twice, 5% Excess Oxygen 

PROGRESS REPORT 2.1B 

by 

/ 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY--

1 
 

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. This progress report (2.1B) 

presents coal analyses and size distribution of the pulverized coal burned 

in test 2.1 done on October 12, 1976. 

11
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 -I"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Technology, Department of Energy,  Mines and Resources, Ottawa, Canada. 
October 1976. 



-  89  - Progress Report 2.1B 

21712-76 Hat Creek "A-Raw"  (2.1) 5%  Oxygen 

RECORD OF ANALYSIS 3048-76 

A-1053 CCRL 

	

AIR 	DRIED 
SAMPLE CONDITION 	 DRIED 	107 ± 3 ° C 	SCREEN ANALYSIS 

h Proximate Analysis 	 Mes 	 % Inches 
Moisture 	 6.94 	0.00  

1/4 x 3/8 	0.00  
Ash 	 48.47 	52.08 	3/8 x 1/8 	0.26 
Volatile Matter 	 23.30 	25.04  

1/8 x 1/16 	16.46  
Fixed Carbon (by Diff.) 	21.29 	22.88 	1/16 x 1/32 	28.09  

Ultimate Analysis 	 1/32 x 0 	55.19  

Carbon 	 % 	28.48 	30.60 	 . 

Hydrogen 	 % 	2.40 	2.58  

Sulphur 	 % 	1.04 	1.12  

Nitrogen 	 % 	0.58 	0.62  
Ah 	 % 	48.47 	52.08 	  Grindability Index 
Oxygen (by Diff.) 	% 	12.09 	13.00 	 (Hardgrove): 	61 

Calorific Value 	 i 
Equilibrium Moist 

Calories per gram 	2517 	2705  (97% Hum),%: 
21.66  

B.T.U. per Lb. gross 	4531 	4868 
› 	  
Caking Properties 

Sulphur  Fos:  
By Vol. Button @ 

Sulphate 	 0.12  
Swelling Properties  

Pyritic 	 0.47 
Free Swelling Index (ASTM) 

Organic (by Diff.) 0.45 
Ash Fusibility,  ° F 	 (DXID. 	RED 

Total 	 1.04  
Initial Deformation 	°F 	2700+ 	2520 

Softening-Spherical 	°F 	2700+ 	2700+ 

	

 	Specific Gravity in ash: 
Softening-Hemispherical °F 	2700+ 	2700+  

2.64  
Fluid 	 ° F 	2700+ 	2700+ 	.  

ASH ANALYSIS 

Component 	% 	Component 	% 
Chlorine: 	0.01  

Si02 	56.18 	CaO 	 1.21  
Al203 	28.26 	MgO 	 1.34  
Fe203 	6.69 	S03 	 0.97 	Trace Mercury: 	 
Mn304 	 Na20 

	

0.30 	 0.47  
TiO2 	0.89 	K20 	 0.94  
P205 	0.13 . 
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TEST NO: 2.1 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

, 

2/ 
1/ 	Grab Samples 	 Composite Sample 

Size 	 3/ 	 4/ 

	

Wt % 	R.M.S. Deviation 	Wt % 	LOI 7.—  

60M 

60M x 100M 	 1.5 

100M x 140M 	14.9 	0.7 	 6.8 	65.1 

140M x 200M 	9.3 	0.5 	 9.2 	52.9 

200M x 325M 	54.1 	20.8 	 18.8 	49.7 

325M x 0 	21.9 	20.6 	 63.6 	42.2 

1/ The mesh openings for the sieves are as follows: 250p for 60 mesh, 
— 	149p for 100 mesh, 105p for 140 mesh, 74p for 200 mesh and 44p for 

325 mesh and where 111  = 10-6  metres. 

2/ Grab samples were taken at 1 hour intervals during the test. 

3/ R.M.S: Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73: 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

„JOINT PROGRAM 

Hat Creek "A" Raw Coal 
Kiln-Dried Twice, 5% Excess Oxygen 

PROGRESS' REPORT 2.1C 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY 

SUMMARY 

As explained elsewhere 2 —/ , the results of this joint program are 

reported in a series of four reports numbered A to D for each of. 18 

combustion tests which make up the program. 

This progress report (2.1C)presents a photographic record of the 

fireside fouling of the research boiler surfaces, the properties of ash 

deposits collected on probes and the chemical analyses of various ash forms 

produced in test 2.1 done on October 12, 1976. 

1/ --Energy Research Laboratories, Canada Centre for Minerai  and Energy Technology 
(former Mines Branch), Department: of Energy,' Mines' and. Resources, Ottawa, 
Canada. 

2, 	 • 
--
/ 
'Pilot-Scale Cômbustion Tests with Coals from the Hat Creek Area of 
British Columbia, British. Columbia Hydro land Power Authority - CANMET 
Joint Program. Objectives and 'Procedures". Report ERP/ERL 76/99 
Canadian  Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy. Technology, Department of Energy, 	' 
Mines and Resdurces,'Ottawa, Canada. October 1976. 



Figure la 

Quench tank at bottom of 
burner. Forms a water 
seal to maintain furnace 
pressure. Dump plates 
have been swung open and 
loose friable sinter 
has been raked out on 
the floor. 

Figure lb 

Furnace bottom at end of 
test. Loose friable 
sinter is on east wall 
(top of photo). Air 
cooled probe in fore-
ground projects from 
east wall. 
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Figure lc 

Furnace bottom at end of 
test. Burners are clear. 
Friable sinter is easily 
dislodged. Large sinter 
in foreground on north 
wall above ledge near 
dump plates is shown 
more clearly in 
Figure 1 e. 

Figure ld 

Furnace bottom at end of 
test. Refractory probe 
in foreground is broken 
and hangs by its thermo-
couple. 
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Figure le 

Furnace bottom after test. 
Large sinter in fore-
ground is loose and 
friable. 
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Figure lf 

Furnace bottom deposition 
probes. Air cooled probe 
on left. Refractory probe 
on right. 

Figure lg 

Burner deposition probes. 
Air cooled probe of left. 
Refractory probe on right. 

Figure lh 

Transition section 
deposition probes. Air 
cooled probe on left. 
Refractory probe on right. 
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FIGURE li Main air heater tube sheet second pass up to 

2 - 3 inches of powder 

FIGURE lj Photomicrograph, x 10, of a thin section of sinter 

which was found attached to the refractory near the 

burners. The sinter is weak and porous. 
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Figure 1k 

Low Temperature corrosion 
probe 138°C. 

Figure 1L 

Low Temperature corrosion 
probe 121°C. 

Figure 1m 

Low temperature corrosion 
probe 104°C. 



High Temperature Low Temperature 

Probe Temperature 104 °C 121 °C 	138 °C 559 
o
C 	549 

o
C 	534

o
C 

Deposition rates/ 

Fe 

Mg 

Na 

Ca 

SO
4 

(total) 

	

1.0 	 3.0 	1.0 

.30 	 .30 	.27 

.89 	1.12 	.66 

	

16.5 	13.4 	13.4 

	

58.3 	67.3 	53.6 

	

0.0 	 .6 	0.0 

	

1.5 	8.6 	1.0 

	

13.8 	32.4 	26.6 

	

110.5 	102.5 	118.7 

	

84.9 	407.1 	34.8 

SO
4 

(free), by difference 

26.5 	17.3 13.7 58.4 

b-3 

CD 

o la
o

d
ax

  s
s

a
i2

o
id

  

B. C. Hydro - CANNET Joint Program 

RATE OF DEPOSITION OF WATER SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES 

, 
The deposition rate is given in units ofmg/m

2 
 /hour and the sampling time is 8i hours. 

1 

VD 
C» 

1 

ts.) 
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Sample: Deposit from the furnace bottom, Test 2.1 (A 1092 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1382 	 1260  

Spherical 	°C 	 1482+ 	 1482+  

Hemispherical 	°C 	 + 	 +  

Fluid 	 oc 	 + 	 +  

Ash Analysis 	 . 

Si02 	 60.60 

A l
2
0
3 	

29.18 

Fe
2  03 	

7.58 

Mn
3  04 	

_ 	 ---- 

TiO
2 	

0.99 

P205 
	

0.06 

CaO 	 1.25 

MgO 	 1.01 

SO
3 	

0.44 

Na
2
0 	 0.48 

I(2 0 	
1.09 

Cl 	 ---- 
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Sample: Deposit from the furnace walls, Test 2.1, (A 1093 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	oc 	 1332 	 1321  

Spherical 	oc 	 1482+ 	 1482+  

Hemispherical 	°C 	 + 	 +  

Fluid 	°C 	 + 	 +  

Ash Analysis 	 % 

SiO
2 	 59.77  

A l
2
0
3 	 29.20  

Fe
2
0
3 	 7.97 	_ 

En
3
0
4 	 ---- 

TiO
2 	 1.03 

P
2
0
5 	 0.08 

CaO 	 1.41  

MgO 	 1.58  

SO
3 	 1.08  

Na
2
0 	 0.47  

K
2
0 	 1.04  

Cl 	 ---- 
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Sample: Deposit from screen tubes, Test 2.1, (A 1094 - 76) 

Ash Fusibility 	 Oxidizing•Reducing 

Initial 	°C 	 1171 	 1160  

Spherical 	°C 	 141:19+ 	 14824  

Hemispherical 	°C 

Fluid 	°C 	 + 	 +  

Ash Analysis 	 % 

Si02 	 58.92 

Al
2
0
3 	 28.26 

Fe
2
0
3 	 6.53 

Mn 0 	 ■Mm.m. 

3 4 
TiO 2 	 1.10 

P 0 	 0.07 
2 5 

CaO 	 1.51 

Mg0 	 1.32 

SO
3 	

0.97 

N
a2 0 
	 0.51 

R
2
0 	 1.02 

Cl 	 _--- 
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Sample: Deposit from transition section, Test 2.1, (A 1095 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	oc 	 1399 	 1388  

Spherical 	oc 	 1482+ 	 1482+  

Hemispherical 	°C 	 + 	 +  

Fluid 	°C 	 + 	 +  _ 

Ash Analysis 	 % 

Si0 2 	 59.93 

Al
2
0
3 	

28.99 

Fe
2
0
3 	

7.71 

Mn
3
0
4 	

---- 

TiO
2 	

0.98 

P
2
0
5 	

0.08 

CaO 	 1.15 

Mg° 	 1.25 

SO
3 	

0.54 

Na
2
0 	 0.43 

K
2
0 	 1.06 

Cl 	 ---- 
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Sample: Deposit from sheet between 2nd and 3rd passes of air heater 

Test 2.1, ,U1096 - 76 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1299 	 1188  

Spherical 	°C 	 1482+ 	 1471  

Hemispherical 	°C 	 + 	1482+  

Fluid 	 °C 	 + 	 + 

Atith Aneysis 	 % 

S 102 	 59.74  

Al
2
0
3 	 28,96  

Fe 0 
2 3 	 7.82  

Mn 0 
3 4 	 ---_ 

TiO2 	 0.98 

.P -0 
2 5 	 0.07 

CaO 	 1.33  

me 	 1.10  

503
' 	 0.66  

Nap 	 0.43  

KO 
2' 	 1.06 

Cl 	 ---- 
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Sample: Deposit from the electrostatic precipitator, Test 2.1, (A1088-9- 
90-91) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	oc 	 1321 	 1271  

Spherical 	°C 	 1482+ 	 1438  

Hemispherical 	°C 	 + 	1454  

Fluid 	°C 	 + 	1482+  

Ash Analysis 	 % 

SiO
2 	

58.76 

Al
2
0
3 	

28.19 

Fe
2
0
3 	

6.52 

Mn
3
0
4 	

MOMon 

TiO
2 	

1.19 

P
2
0
5 	

0.08 

CaO 	 1.77 

MgO 	 1.27 

SO
3 	

0.85 

Na
2
0 	 0.65 

K
2
0 	 1.02 

Cl 	 ---- 
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "A" Raw Coal 

Kiln-Dried Twice, 5% Excess Oxygen 

PROGRESS REPORT 2.1D 

by 

THE  STAFF OF 'THE CANADIAN COMBUSTION RESEARCH LABORATORY- 

SUMMARY 

2/ As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 combustion 

tests which make up the program. This progress report (2.1D) is the last of 

the series and presents results of the following detailed analyses of ash 

produced in test 2.1 done on October 12, 1976. 

1. Particle size distribution of fly ash 

2. Combustion calculations 

3. X-ray diffraction analyses of fireside deposits 

4. Summary of DTA studies on fireside deposits 

1/ 
-- Energy Research, Laboratories, Canada Centre for Mineral and Energy 

TechnOlogy  (former Mines Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

• 
Combustion Tests with Coals from the Hat Creek Area. of 

British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Prôgram.  Objectives and Procedures". Report ERP/ERL 76/99 
Canadian. Combustion • Research  Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and .Resources, Ottawa, Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 0.3  

	

1.59 - 	2.00 	 0.5  

	

2.00 - 	2.52 	 0.8  

	

2.52 - 	3.17 	 1.1  

	

3.17 - 	4.00 	 0.1 	 1.7  

	

4.00 - 	5.04 	 0.2 	 2.4  

	

5.04 - 	6.35 	Coulter 	 0.4 	 3.3  
) 

	

6.35 - 	8.00 	
) 	

Counter 	 0.5 	 4.4  

	

8.00 - 10.08 	 1.2 	 6.8  

	

10.08 - 12.7 	 2.2 	 8.9  

12.7 	- 16.0 	 4.2 	 10.4  

16.0 	- 20.2 	 7.9 	 11.7  

20.2 	- 25.4 	 12.4 	 10.6  

25.4 	- 32.0 	 17.4 	 8.3  

32.0 	- 40.3 	 17 3 	 4.8  

40.3 	- 44.0 	 4.6 	 0.9  

44.0 	- 74.0 	1 	. 	 27.3 	 14.9  Sieve 

	

+ 74.0 	J 	 4.3 	 _ 	8.2  

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 



e COULTER COUNTER.  Model T &TA 	 PARTICLE SIZE ANALYSIS 

ELECTROLYTE 
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CCRL - WRL ORGANIZATION 

OPERATOR 
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FIGURE 1: Combustion Calculations "A-Raw" Coal. 
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X-ray  Diffraction Analyses of Fireside Deposits from Test 2.1, 

"A-raw" coal from Hat Creek. 

Mull, Crist (sm) 

Crist, Qtz, Feld, Hem, Meg, Amorph 

Hem, Crist, Qtz, Mag, Feld 

Hem, Crist, Mull, Qtz, Feld, Amorph 

Furnace Bottom Ash 
(1092 76-433) 

Under Flame Probe Deposit 
(1061 76-463) 

Furnace Probe Deposit 
(1062 76-446) 

Transition Probe Deposit 
(1063 76-447) 

Abbreviations of Constituents: 

Feld 	Feldspar (Anorthite) CaO.Al 203 .2Si02  

Qtz 	Quartz SiO
2 

Crist 	Cristobalite SiO 
2 

Mull 	Mullite 3A1
2
0
3
.2

S
i0

2 
Hem 	Hematite Fe20

3 
Mag 	Magnetite 

Fe304 
(or spinel-type close to this composition) 

Amorph 	Significant amorphous material present 

Notes: 

There is little indication of amorphous material in Furnace Bottom 

Ash samples.  Ail  others appear to contain some amorphous, particularly 

where indicated. 

Most films contain a few faint diffractions that were not identified. 

A combination of cristobalite and quartz is similar to mullite, 

causing some ambiguity in identification. 

Constituents are listed in decreasing order of abundance. On occasion 

"small" is used for clarity. 

The sampling method is not representative and the order of abundance 

may be different from that of other larger samples. 
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SUMMARY OF DTA STUDIES ON FIRESIDE DEPOSITS 

Samples: 

Five samples of ash from the furnace bottom and one sample of ash 

collected by the CCRL dust sampler were examined. 

Sample 1) CCRL 980 Test 1.1 	Sundance bottom ash. 

Sample 2) CCRL 1092 Test 2.1 Hat Creek A-raw, bottom ash 

Sample 3) CCRL 1190 Test 3.1 Hat Creek A-washed, bottom ash 

Sample 4) CCRL 1278 Test 4.1 Hat Creek B-raw, bottom ash 

Sample 5) CCRL 1360 Test 4..3 	Hat Creek B-raw, bottom ash 

Sample 6) CCRL 986 Test 1.1 	Sundance fly ash. 

Procedures: 

Samples weighing approximately 50 mg were heated in a static air 

atmosphere at 12 °C/min. to 1500 °C. Two platinum foil pans were held in a 

vertical furnace, one containing the sample and the other containing 

a-alumina as reference material. Pt: Pt/13% Rh thermocouples were held 

with their beads denting the bottom of the pans. 

Results: 

Sample 1) No peaks were observed. The baseline shifted in the exothermic 

direction at 1360°C. When cool, the sample was dark and glassy. 

Sample 2) No peaks were observed. The baseline shifted in the endothermic 

direction at 1450°C. When cool, the sample was brown-black opaque, 

and very hard. 

Sample 3) No peaks were observed. The baseline shifted in the endothermic 

direction at 1340°C. When cool, the sample was black with brown 

spots, opaque, and very hard. 

Sample 4) No peaks were observed. The baseline shifted in the exothermic 

direction at 1330°C. When cool, the sample was black with brown 

spots, opaque, and very hard. 
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Saffiple  5) No  peaks were observed.  The  baseline shifted in the endothermic 

direction  at 1160°C. When cool, the sample was brown, opaque, 

and appeared to have melted. 

Sample 6) A sizable exothermic peak was observed  in the 400° C: to ,  500°C 

Tange and a Small endothermic peak was noted at 1160 °C. Cooling 

and reheating in the range 1000°C to 1500°C failed to Show any 

repetition of the latter thermal effect. When cool, the semple 

was dark and glassy. 

Cgmments: 

It seems certain that samples 1), 5) and 6) underwent melting. 

The other samples probably had some liquid phase present. The lack of DTA 

peaks is unusual. It most likely indicates that melting occurred over a very 

broad range. Cooling to 1000°C and reheating gave rise to no peaks either. 

The eiwthermic peak for sample 6) was most likely the result of combustion of 

a small amount of carbonaceous material. 

It can be conauded that DTA is not a very usefull technique for 

studying these materials. 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "117 Raw Coal 
Kiln-Dried Twice, 3% Excess Oxygen 

PROGRESS REPORT . 2.2A 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYV 

INTRODUCTION - 

By an agreement between the B. C. Hydro  and Power  Authority (BC Hydro) 

and the Canada Centre. for Minerai and Energy TeChnology (CANMET),  a  serlea of 

combustion  tests  are  being déne at the Canadian  Combustion Research  Laboratory 

(CCRL) to  assess  the  Suitability Of Hat Creek cOal as alujiler fuel.  for 

 thermo-electric generation. A previoùà report-
2/

. describes  thé  cibjectles of 

the program, the pilot-Scale equipment, the .procadures and method of reporting 

resultà. 

This progress report summarizes the data immediately available from 

Test No. 2.2, which was done on October 14, 1976. 

1/ 
-- Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 

(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 2.2 

In this test, Hat Creek "A" raw coal was burned. The coal had been 

kiln-dried twice, which reduced the moisture content, as fired, to 7.4%. The 

ash content at this moisture level was 50.9%. The target level of excess 

oxygen in the flue gas was 3% (approx 15% excess air),and the target coal feed 

rate was 196 kg/hr, but the actual feed rate was limited by pulverizer capacity 

to approximately 155 kg/hr. The corresponding heat input was roughly 1.6 

Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data shown in Tables 1 and 2 are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is an 

illustration of the research boiler. 

Furnace During Test  

At 0830 hr, stable, unsupported coal combustion had been in progress 

for an hour. The flame was observed to be orange in colour, opaque due to the 

high dust loading, and appeared to fill the entire furnace. From the top of 

the furnace the throat was faintly visible on occasion, but the deposition 

probes in the furnace were not. The tubes forming the nose at the furnace 

exit were somewhat obscured, and dust frequently cascaded from their upper 

slope into the furnace. The furnace bottom was fairly clear; through the 

sight ports the opposite walls were visible and there was no evidence of 

deposits. 

Operation proceeded with the dump plates in the closed position, but 

ash was dumped every half hour. Ash from the quench tank was mostly in the 

form of mud and small, weak pieces of sinter. A few larger sinters, roughly 

15 cm x 20 cm x 10 cm, appeared from time to time. 

The foregoing conditions persisted for the duration of the test, 

except that after several hours of operation there was some deposit under the 

throat on the south side of the furnace. 
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At. 1610 hr, support oil burner was inserted prior to shutdown. 

Some large deposits of sinter could then be seen in the corners of the furnace 

below the throat. 

Deposition Probes During Test  

Only the deposition probes in the furnace bottom were visible 

during the test. 

The air-cooled probe developed globules of sinter on the top surface, 

which would build up to a height of 5 to 15 mm and grow to irregular lengths 

along the probe. Periodically they would fall off, leaving the probe clean 

until fresh deposits formed. 

The  refractory probe was coated all around with a heavy deposit 

of sinter throughout the test, whiéh gave it an overall: diameter that varied 

with time from 25 mm to.50 . mm. The deposit tended to be smooth on top of the 

probe, and very tough underneath, but there was no indication of melting. 

Furnace After Test  

Furnace-bottom ash was not dumped during the last hour of the 

test, and when the dump plates were opened after the boiler had cooled, most 

of this ash fell, leaving the furnace-bottom walls and the throat refractory 

clean except for scattered whiskers of sinter 3 to 5 cm long. . The ash was 

in the form of weak sinter, mostly small pieces 1 to 5 cm in diameter, with a 

few larger pieces, the largest being rougly 30 cm x 30 cm x 20 cm. The furnace 

water walls were heavily coated with dust; approximately 2 cm thick in the 

lower half of the furnace and 2 to 4 mm in the upper half. The bottom of the 

transition section (between the furnace and air-heater) had a layer of fly ash 

20 to 25 cm thick, and there were 5 to 8 cm of fly ash on the second-pass tube 

sheet of the main air-heater. The screen tubes at the furnace exit had a 

6 to 12 mm deposit of dust on the downstream side, the test-air-heater tubes 

had similar but thinner deposits, 	and there was a 4 mm deposit of dust 

on the walls of the test air-heater. 

Deposition Probes After Test  

The air-cooled probe in the furnace-bottom had only light deposits 

of dust. 

The refractory probe in the furnace-bottom was covered with weak 

sinter whiskers to a total diameter of 2 cm. 
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The air-cooled probe in the furnace was covered downstream with 

1 mm thick, tan coloured powder encased in a friable crust. 

The refractory probe in the furnace was clean and appeared to be 

sand blasted.. 

The air-cooled probe in the transition section was covered lightly 

by 1 mm thick, tan coloured dust. 

The refractory probe in the transition section was partly covered 

downstream by an orange coloured scale (à mm thick) and some powder adhered 

near the tip. 
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COAL  •HAT CREEK -"A" RAW, DOUBLE DRIED EXCESS 0
2 3 

7 
156(4) 

7.4 
0.5 

47.4(0.4) 
every i 

hours 
kg/hr 

hour 

42(2) 
41(2) 
22(2) 

163(4) 
175(3) 
46(3) 
46(4) 

17 (1) 
2.9(0.1) 
246 (19) 
450(24) 

1158(31) 
3.4(0.2) 

38(2) 

572(11) 
279.(5 ) 
149(2) 

mmH20 
mmH20 
mMH2

0 
mmH 0 
mMH

2
0 

2 
mMH 
mMH20 

PPm 
PPm 
PPm 
pgm  

o C 

o C 

feed to pulverizer 
- feed tAD furnace 
dry  weight: 
tontin4ous dUmpine 
Total. ash dumped= 237 kg 

equivalent to 1489.5 kg - 
coal 

oversize, 15.6% 140 mesh 
24..4% 200 meSh 
57..7% 325 mesh 

PPm accuracy 1 

readings taken in 
second and third 
two hour period 

measured at. 20°C 

St  ç. 	121°C. 
note comment of 2,1A 	. 
7.4 x 1011 

14/10/76 

Parameters Station Obs. (R.M.S.  Dey.)  Comments 

Test Duration 
Firing Rate 
Moisture Content of Coal 

'It 	II 

.Combustïble " 
Aeh Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 	• 
b) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 

BOILER OPERATING- CONDITIONS 
a) Steam FlOW 
h) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

FUttace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

Secondary (Windbox) Air L 

FLUE GAS ANALYSIS 
a) CO2  
h) 02  
c) CO 
d) NO 
e) SO2  
f) SO

3 
g) Acid dewpoint 
FLUE GAS TEMPERATURE 
a) Furnace Exit 
h) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
h) 
c) 

FLY ASH 
a) Loading 
b) Resistivity 

c) Precipitator efficiency 
d) Combustible content of 

ash collected from precipitator 

1 
2 
2 

once 

3 
2 
3 
2 
2 

6 	 553(e) kg/hr 
6 	2.83(0.06) atmospheres 
4 	 183(6) 	°C 

10 
11 
12 
5 
5 
4 
4 

11 
11 
11 
13 
14 
14 
18 

11 
12 
16 

OC 
 

o 
 

16 	40300(9400) mgms/m
3 

15 2.6(1.3)x10
11 0 cm at 254 °C 

17  4.8(0.8)x10 11  n cm at 152 °C, 
18 	 96.2(1.3) 
18 	 3.5(0.3) 

295(6) me  20 
244(5) mmH1-0 

	

189(6) 	Ot• 

	

97 . .5(3) 	°C 
76%. below 200 mesh. 

7 	1000,  1010 
8 	700, 	750 
9 	-685, 	650 

z 
z 
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TABLE 2 

DEPOSITION PROBES 

Station 	Deposition 	 Temperature 	oC 	 Description of 

	

mean 	RMS 	min. 	max. 	initial 	final 	 Deposit 
Dey.  

e o 	 Approx 25 mm of crust over most 
4.) 4..) 	ceramic 	1031 	(18) 	991 	1056 	1049 	1031 	of probe, 	tan color,friable, o 
m 	 easily removed. 
o 	19 	  
u 	 Grey tan powder with isolated w 
0 	stainless 	493 	(25) 	444 	545 	545 	444 	lumps of grey crust, slight P 
0 	 adherence 	downstream. fLi 

o 	ceramic 	766 	(29) 	705 	828 	750 	766 	75 mm clean tip (sand blasted) u 
w 
e 	9 w 

r.... 
stainless 	527 	(36) 	437 	577 	550 	545 	1 mm tan powder on downstream, 

some friable crust 

e  o 	 Orange scale downstream (A mm). 
.r4 	 Some powder adheres near tip. .1.' u 	ceramic 	577 	(11) 	558 	595 	576 	594 
G) 

 m 

g 20 
•-I 4..) 	 Light tan powder, 	even, 	1 mm, 
•ri 

stairdess 	543 	(14) 	507 	563 	532 	559 	
no crust. 

@ 
P 

F-1 

ADHERES 	NOT EASILY REMOVED BY BRUSH (HAIR) 



• B :  BURNER 
s:  SIGHTPORT 

L = 	1000 ° C 

M: 	700 
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Figure 2.. Illustration of flame pattern (----) 
and burnout pattern (---,). ss
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "A" Raw Coal 
Kiln-Dried Twice, 3% Excess Oxygen 

PROGRESS REPORT 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY
1/ 

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. This progress report (2.2B) 

presents coal analyses and size distribution of the pulverized coal burned 

• in test 2.2 done on October 14, 1976. 

1 
-1Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 

(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
— Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
• Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 
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CCRI- 

Hat Creek 

RECORD OF ANALYSIS 

(2..2) 

3078-76 

A-1152  

21-12-76 

AIR 	DRIED 
SAMPLE CONDITION 	 DRIED 	107 ± 3 ° C 	SCREEN ANALYSIS 

-  

Proximate Analysis 	 Mesh 	 % Inches 
Moisture 	 6.69 	0.00 

+ x 1/4 	0.00  
Ash 	 44.22 	47.39  

Volatile Matter 	 25.08 	26 	
1/4 x 1/8 	0.82  

.88 1/8 x 1/16 	25.85  
Fixed Carbon (by Diff.) 	24.01 	25.73 	1/16 x 1/32 	28.70  

Ultimate Analysis 	 1/32 x 28M 	9.56  

Carbon 	 % 	31.88 	34.17 	28M x 48M 	16.61  

Hydrogen 	 % 	2.63 	2.82 	48M x 0 	18.46  

Sulphur 	 % 	1.01 	1.08  

Nitrogen 	 % 	0.68 	0.73  

Ash 	 % 	44.22 	47.39  Grindability Index 
Oxygen (by Diff.) 	% 	12.89 	13.81 	 (Hatdgrove): 	58 

Calorific Value  

Calories per gram 	2873 	3079 	
Equilibrium Moist 

 (97%  Hum),/.:  
B.T.U. per Lb. gross 	5171 	5542 
	 - 
Caking Properties 

By Vol. But-ton  @ 	
Sulphur Forms:  

Swelling Properties 	
Sulphate 	 0.13 

 

Free Swelling Index (ASTM) 	
Pyritic 	 Q.3.8  

Organic (by Diff.)0.50 
Ash Fusibility, °F 	 OXID. 	RED 

Total 	 1.01  
Initial Deformation 	° F 	2700+ 	2570  

Softening-Sphetical 	°F 	2700+ 	2700+  
Specific Gravity in ash: 

Softening-Hemispherical °F 	2700+ 	2700+  
Fluid 

	

	 °F 	2700+ 	2700+ 	
2.64  

ASH ANALYSIS 

Component 	% H 	Component 	% 

Si02 	56.94 	CaO 	 1.51 	
Chlorine: 	0.00  

Al203 	31.38 	MgO 	 1.17  
Fe2O3 	7.53 	S0 3 	 1 in 	Trace 

Mercury: 	 
Mn304 	0.03 	Na20 	 0.47  
TiO2 	 K20 

	

1.31 	 0.79  
,P205 

0.12 
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TEST NO: 2.2 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

2/ 
1/ 	Grab Samples 	 Composite Sample 

Size 	 3/ 	 4/ 
Wt % 	R.M.S. Deviation 	Wt % 	LOI %- 

60M 

60M x 100M 	 3.0 

100M x 140M 	 10.2 	66.2 

140M x 200M 	14.0 	2.4 	 13.0 	54.4 

200M x 325M 	 19.9 	48.1 

325M x 0 	 53.8 	42.3 

The mesh openings for the sieves are as follows: 250p for 60 mesh, 
149p for 100 mesh, 105p for 140 mesh, 74p for 200 mesh and 44p for 
325 mesh and where ip = 10-6  metres. 

2/ Grab samples were taken at 1 hour intervals during the test. 

3/ R.M.S: Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73. 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "A" Raw Coal 
Kiln-Dried Twice, 3% Excess Oxygen 

PROGRESS REPORT 2 - 2C 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYI/  - 

SUMMARY 

2/ 
As explained elsewhere-  , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 

Combustion,  tests which make up the program. 

This progress report (2.2C) presents a photographic record of the 

fireside fouling of the research boiler surfaces, the propertiearif aSh • 

deposits çollected on probes and the chemical analyses of various ash forme 

produced  in test 2.2 done on October 14, 1976.. 

1/ 
	Research Laboratories, Canada Centre for Minerai  and Bnergy Technology 

(former Mines Branch), Department of Energy, Mines and Resources,. Ottawa, 
Canada, 

2 -I"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British. 
Columbia, British Columbia Hydro and Power Authority - CANMET joint Progtat. 
Objectives. and Procedures". Report ERP/ERL 16/99 Canadian Combustion 
Research Laboratory, Energy Research Laborateries, Canada Centre for Mineral 

' and Energy Technology, Department of Energy, Mines and Resources,  Ottawa,.  - 
Canada. 1Dctober 1976, 
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Figure la 

Furnace bottom at end of 
test. Burners are clear. 
Small amount of friable 
sinter is on east wall 
(top of photo). Deposition 
probes are in foreground. 
Ceramic probe projecting 
from west wall (bottom 
of photo) has friable 
sinter adhereing to it. 

Figure lb 

Furnace bottom at end of 
test. Throat is clear 
of sinter. 
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Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on right. Refractory 
probe on left. 

Figure id  

Burner deposition probes. 
Air cooled probe on 
right. Refractory probe 
on left. 

Figure le 

Transition section 
deposition probes. Air 
cooled probe on right. 
Refractory probe on left. 



Figure 1f 

Main air heater tube 
sheet second pass up 
to 2 - 3 inches of 
powder. 
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Figure lg 

Low Temperature corrosion 
probe 1380C. 

Figure lh 

Low Temperature corrosion 
probe 121°C. 

Figure li 

Low temperature corrosion 
probe 104°C. 
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B. C. Hydro - CANMET Joint Program 

RATE OF DEPOSITION OF WATER SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES 

Low Temperature 	 High Temperature 

Probe Temperature 	 138
o
C 	121

o
C 	104

o
C 	 4930C 	52o7‘,  

Deposition rate--a/  

Fe 	 6.9 	16.4 	8.5 	 0.0 	1.4 	0.6 

Mg 	 .35 	 .33 	.32 	 2.3 	12.9 	1.0 

Na 	 .66 	 .45 	.45 	 2.9 	4.8 	3.9 

Ca 	 11.4 	 9.4 	9.8 	 103.5 	102.5 	115.6 

SO
4 

(total) 	 39.8 	96.5 	49.0 	 109.7 	87.1 	126.3 

SO
4 

(free), by difference 

1 	NIL 	43.5 	 NIL 

All The deposition rate is given in units of-mg/m2/hour and the sampling time is 8i hoUrs. 

ts..) 



Semple: Deposition probes,. Test 2.2, D, C. Ey4ro 

Station 	 , Furnace Bottom 	 Boiler 	Transition Section 

Material 	 . 	SS. 	, 	REF 	SS 	REF 	SS 	, REF 

Mean  TeMPerature °C 	256 	555 	275: 	408 	• 	284 	303 

Z . Water Soluble - 	 3,5 	5.0 	3.5 	6.5 	5,1 	--- 

7. Acid Insoluble 	 85.0 	96.1 	72.4 . 	76.2 	:77.0 	--- 

Analysis 	, Z 	 WS 	AS 	WS 	AS 	WS 	4$ 	W$ 	AS 	WS 	AS 	WS 	AS 

SO
4 	

1.0 	0.0 	' 1.0 	0.0 	1.8 

Ca 	 1.2 	---.4.4 	0.0 	1.5 	0.0 	5.0 	0.0 	3.8- 	0.0 

Fe 	 0.5 	4.1 	0..6 	0.7 	1.2 10.6 	D.6 	4.0 	0.2 	2.3 • 

Mg 	 --• 	0.2 	--,- 	0.1 	0.1 	0.3 	e,•,. 	0.3 	0.1 	0.3 

K 	 0.0 	. 0.0 	0.0 	0.0 	D.0 	0.0 	0.0 	0.0 	0.0 	0.0 

Na 	 --- 	0.1 	-r 	--- 	0.2 	0.1 	0.1 	0.2 	0.2 	0.2 

WS = water soluble 

A$ = acid soluble 

= trace - 

-z
  z

io
d

aa
 ss

e
12
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Sample: Deposit from the furnace bottom, Test 2.2 (A 1147 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1338 	 1238  

Spherical 	°C 	 1482+ 	 1482+ 

+ 
Hemispherical 	°C 	 +  

Fluid 	 °C 	 + 	 4. 

Ash Analysis 	 % 

SiO
2 	 61.40  

Al
2
0
3 	 30.01 

Fe
2
0
3 	 6.54  

Mn
3
0
4 

TiO
2 	 1.08  

P
2
0
5 	 0.08 

CaO 	 1.29 

MgO 	 1.40  

SO
3 	 0.14  

Na
2
0 

0.50  
K
2
0 	 1.08 

Cl  

, 
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Sample: 	Deposit from the furnace walls, Test 2.2 (A 1148 - 76) 

Ash FusibilitY 	 Oxidizing 	Reducing 

Initial 	°C 	 1388 	 1249  

Spherical 	°C 	 1482+ 	 1438 	' 

Hemispherical 	°C 	 + 	 +  

Fluid 	°C 	 4- 	 + 

Ash Analysis 	 % 

Si02 	 59.24  
Al203 
	 28.66 

Fe 0 
2 3 	 8.05  

•Mn
3
0 	 ---- 4 

Inu) 

	

2 	 0.99  
P 0 

	

2 5 	 0.07 

Ca0 
1.34  

le) 	 1.13  

S
(33 	 0.11 

Na 0 
2 	 0.53  

IC
2  0 
	 1.05 

cl  
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Sample: Deposit from screen tubes, Test 2.1 (A 1149 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

, Initial 	°C 	 1382 	 1271  

Spherical 	oc 	 1482+ 	 1438 

Hemispherical 	°C 	 + 	 1482+  

Fluid 	°C 	 + 	 + 
_ 	  

Ash Analysis 	 7. 

Si0
2 	 59.38  

Al
2
0
3 	 2R.OR  

Fe
2
0
3 	 6.84  

Mn
3
0
4  

TiO
2 	 1.13  

P
2
0
5 	 , n nq  

CaO  
1.56  

Me 	 1.56  

SO
3 
	

083  
Na

2
0 0.48  

K
2
0 	 1.03 

Cl  
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Sample: 	Deposit from transition section, Test 2.2 (A 1150 - 76) 

leh.Fusibility 	 Oxidizing 	Reducing 

Inl:tial 	°C 	 1421 	 1249  

Spherical. 	°C 	• 	 1482+ 	 1471 

Hemispherical 	°C 	 1482+ 	 1482+  

Fluid. 	°C 	 + 	 + 

Ash Analysis 	 % 

SiO
2 	 58.35  

A1203 	 27.65 

Fe
2
0
3 	 6.86  

En
3
0
4 

 

TiO
2 	 1.01  

P
2
05 	 0.09 

CaO 	 1.19 

Ego 	 1.48  

SO
3 	 0.37  

Na20 	 0.45  

K20 	 1.00  

Cl 	 ----  
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Sample: Deposit from sheet between 2nd and 3rd passes of air heater, 
Test 2.2 (A 1151 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	oc 	 1349 	 1149  

Spherical 	oc 	 1482+ 	 1449 

Hemispherical 	°C 	 + 	 1482+  

Fluid 	°C 	 + 	 + 

Ash Analysis 	 % 

SiO
2 	 57.50  

Al
2
0
3 	 27.58 

Fe 0 
2 3 	 7.22  

Min
3
0
4  

TiO
2 	 1.05  

P
2
0
5 	 0.09 

CaO 
1.45  

MgO 	 1.13  

SO
3 	 0.55  

Na
2
0 	 0.47  

K
2
0 	 0.98  

Cl 
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DETAILED ANALYSES OF ASH FORMS PRODUCED  IN  

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek 'U" Raw Coal 
Kiln-Dried TWice, 3% Excess Oxygen 

PROGRESS REPORT 2.2D 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORI&
1/ 

 

SUMMARY 

As explained - elsewher
2/

e- , the results of this joint program are 
reported in a series of four reports numbered A to D for each of 18 combustion 
tests which make up the program. This progress report (2.2D) is the las.  of 
the series and presents results of the following detailed analyses of ash 
produced in test 2.2 done on October 14, 1976. 

1. Particle size distribution of fly ash 

2. Combustion calculations 

1/ 	• — Energy  Research  Laboratories, .Canada Centre for Mineral and Energy 
Technedogy (former Mines Branch), Department of Energy, Mines and 
Resources', Ottawa., Canada. 

2./
"Pi1ot-Sca1e  Combustion Tests with Coals from the Hat Creek Area.of 
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Jôint Program. Objectives and Procedures". Report ERP/ERL 76/99 
Canadian. Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to équivalent spherical 

diameter. 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR' 

	

1.26 - 	1.59 	 0.5  

	

1.59 - 	2.00 	 0.7  

	

2.00 - 	2.52 	 1.0  

	

2.52 - 	3.17 	 1.4  

	

3.17 - 	4.00 	 0,3 	 2.2  

	

4.00 - 	5.04 	 0-5 	 2.9  

	

5.04 - 	6.35 	Coulter 	 0.9 	 3.9 
 > 

	

6.35 - 	8.00 	Counter 	 2.2 	 5.3  

	

8.00 - 10.08 	 5.3 	 7.7  

	

10.08 - 12.7 	 9_9 	 10.0  

12.7 	- 16.0 	 _ 	14.9 	 11.6  

16.0 	- 20.2 	 18.6 	 , 	11.2  

20.2 	- 25.4 	 18.2 	 9.4  

25.4 	- 32.0 	 13.3 	 9.0  

32.0 	- 40.3 	 6.4 	 3.9  

40.3 	- 44.0 	 0 8 	 0.3  . 
44.0 	- 74.0 	ir 	 11.6  

	

+ 74.0 	

7.7  

1.0 
Sieve 

7.4  

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 
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Ultimate Analysis 	% 

Carbon 	30.60 
Hydrogen 	2.58 
Sulphur 	1.12 
Nitrogen 	0.62 
Ash 	52.08 
Oxygen 	13.00 

_116 

.01 
 (.> 

m 14 
- J 

co I 2 
- J 

—1.26 

•24 

9H •I8 

8 	— • 16 

7 

 

—14  w  _J 	2 
0 

0 6 › — • 12 > 
co 

co 

Il 

10 

•22 

•20 

Target combustion conditions 
for 3% 02 in flue gas 

SO2 

CO2 

y air 

5 

0 
4 	—I 

3 

2 

1 

•1 0  

•08 
0 
cri 

•06 

0 
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FIGURE 1: 	Combustion Calculations "A-Raw" Coal. 
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PILOT-SCALE  COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER  AUTHORITY - .CANMET 

JOINT PROGRAM 

TEST NO. 3.1 - HAT CREEK "A" WASHED COAL 

AIR-DRIED AND KILN-DRIED, 5% EXCESS OXYGEN 

PROGRESS REPORT 3.1A 

by 

THE  STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY lj 

INTRODUCTION 

By an. agreement between the B.C. Hydro and Power Authority 

(B,C. Hydro) and  the Canada Centre. for Mineral and Energy Technology (CANMET)-, 

a series of combustion tests are being done at the Canadian  Combustion Research 

laboratory to assess the suitability of Hat Creek coal as a:boiler fuel for 
, 

thermcielectric generation. A previouà report- 2/ describes the Objectives of. 

the prograti the pilot-scale equipment, the procedures and method  of repOrting 

results. 	' 	 . 

This progress report summarizes the data immediately available from 

Test No. 3.1, which was done on October 18, 1976. 

I/ 
- Energy Research Laboratories, Canada Centre for Mineral and Energy TechnolOgy 

(former Mines Branch), Department of Energy, Mines and RasourCes, 
Ottawa, Canada. 

2 -I "Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedure". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. 	October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 3.1 

In this test, Hat Creek "A" washed coal was burned. The coal had 

been air-dried and kiln-dried, which reduced the moisture content, as fired, 

to 16.3%. The target level of excess oxygen in the flue gas was 5% (approx 

25% excess air), and the target coal feed rate was 134 kg/hr, which corresponds 

to a heat input of approximately two Giga Joules per hour. 

TEST DATA AND DESCRIPTION 

The operating data shown in Tables 1 and 2 are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test  

At 0830 hr, one hour after stable, unsupported combustion was 

obtained, the flame was observed to be yellow-orange in colour and fairly 

opaque. From the top of the furnace the throat was only faintly visible and 

the furnace deposition probes could not be seen. In the transition section, 

there was a dull glow by which the tubes of the test air-heater were discernable. 

The furnace-bottom was bright and transparent; both deposition probes could be 

seen clearly. Ash was dumped hourly. The ash raked out of the quench tank 

from the first dump comprised roughly 7 litres and consisted mostly of sinters 
2 to 5 cm in diameter. 

At 0900 hr, some large pieces of sinter appeared in the furnace-

bottom opposite the sight ports. Probably they had fallen off the furnace 

throat. When these were subsequently removed from the furnace through the 
dump plates and quench tank, they were found to be three pieces of sinter 
roughly 20 cm in diameter, and some smaller sinters. 

At 1030 hr, sinter could be seen forming under the throat on the 
south side of the furnace-bottom. From the top of the furnace the flame 

appeared to be brighter than before. The air-cooled furnace deposition probe 
was visible, and the furnace throat was visible in detail. Deposits appeared 

to be developing all around the throat. Combustion occurred mostly below the 
throat, and only,  a tail of flame or glowing ash particles was observed in the 
water cooled portion of the furnace. The deposits on the refractory walls 
under the furnace throat continued to grow. Occasionally lumps of fairly 
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Strong sinter, as large as 40 cm x 35  cm  x 20 cm, would.fail into the furnace-

bottom. When removed by means of: normal aah dumping routine, they were found 

to be dark grey . in colour, suggesting a significant carbon content.' 

At 1045 hr, roughly k of the projected throat area was blocked by 
sinter, with the heaviest deposits being in the southwest corner and on the 

west side of the furnace, at or slightly below the level of the burners. 

Half an hour later, the deposits had almost completely closed the throat 

from all sides. They were then physically 

through the top of the furnace. 

and about 40 litres of ash were removed in 

some ash remained on the dump plates. The 

removed with a poker by working 

loose from the walls fairly easily, 

the next ash dumping cycle, although 

flame was then hazier, and the 

They came: 

radiation pyrometer at the top of the furnace showed a lower flame temperature 

than earlier. 

At 1200 hr, deposits could be seen building anew below the throat 

on the west wall of the furnace. 

.At.  1250 hr, deposits again blocked roughly i of the: projected throat 

area.  The  heaviest deposits were on the east wall and in the southwest cornet. 

The furnace-bottom was half  filled with ash which had bridged to the.. extent 

that When the dump plates were swung open, the ash did not fall into the qUench 

tank Until jarred loose with a poker which was inserted through - the fUrnace+ 

bottom ports. A siibstantial layer of sinter whiskers was visible on the Wallà 

of the furnace-bottom. 

Combustion conditions continued to be 

the throat continued to grow until.the test was 

they blocked 2/3 to 3/4 of the projected throat  

good, but the deposits below 

completed at 1545 hr. Then, 

area, and were equally heavy 

on all sides of the furnace. When an oil support burner was inserted at shut-

down, part of the oil spray struck the sinter, and took several minutes to 

burn off, after the oil burner was extinguished. It may be supposed that such 

heavy deposits similarly affected the pulverized coal jets. 

Deposition Probes During Test  

Both deposition probes in the furnace-bottom, and the air-cooled 

deposition probe in the furnace were visible during the test. 

The air-cooled probe in the furnace-bottom developed deposits of 

sinter 3mm to 12 mm thick on the top and whiskers 3 mm to 9 mm on the bottom. 
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These fell off from time to time, or were knocked off by sinters falling down 

from the throat. At times the probe was clean. 

The refractory furnace-bottom probe had its tip in the field of view 

in the early part of the test. It had a heavy deposit of sinter all around. 

It disappeared from view before the deposits under the throat were knocked loose 

with a poker. Presumably, the probe was broken off by falling sinter. 

The air-cooled furnace probe, after it became visible, showed a light 

layer of dust but there was no evidence of sinter. 

Furnace After Test 

The refractory in the furnace throat was covered evenly by heavy sinter. 

The clear projected throat area, from below, was roughly 10 cm x 30 cm. A 

deposit measuring roughly 40 cm x 40 cm x 40 cm hung from the southwest corner. 

15 cm thick deposits hung from the east and west walls, and a 20 cm thick 

deposit hung from the north wall. The deposit on the east side had broken away 

from the wall but was supported from below by deposits. Sinter bridged over 

the top of the south burner. The walls of the furnace-bottom were relatively 

free of deposit except for the southwest corner. 

The furnace water walls bore only a thin layer of dust but 

approximately 25 mm of dust lay on the upper slope of the nose at the furnace 

exit. On the bottom of the transition section, there was a layer of grey-brown 

dust tapering from 10 cm at the furnace exit to 40 cm at the test air-heater. 

The second-pass tube sheet of the main air-heater bore a 2 to 4 cm layer of 

charcoal-coloured dust. 

Deposition Probes After Test  

The air-cooled furnace-bottom probe was clean. 

The refractory furnace-bottom probe was broken and hung down the 

furnace wall from its thermocouple. It bore a 2 cm thick brown coloured sinter 

all around. 

Both furnace probes had a light layer of grey coloured dust on the 

top surface. 

The air-cooled transition section probe had a 1 mm thick deposit of 

fine, yellow-brown dust all around. There were indications that part of the 
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deposit.had fallen off. A thin black layer of dust or soot covered the dust.

and thi"s was probably due to the distorted oil.flame at shutdown.

The refraçtory transition section probe had a 1 mm thick layer

of yellow dust on the downstream-side.
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TABLE 1 

OPERATING DATA 

Progress Report 3.1A  
Revised 18/11/76 

ma_ 
, 	790  

o
C 

o
C 

7 	1054, 
8 	949 
9 	854, 

readings taken in 
second and third 
two hour period 

244(14) mmll
2
0 

181 (3) mmH,0 
191(10) 
75 (4) 

oê 

mmH20 initial 43, final 23 
mmH2

0 	" 	43, 	" 23 
mmH2

0 	" 	20, 	" 13 
mmH20 
mmH2

0 
mmH20 initial 63, final 38 
mm11 2

0 	" 	66, 	" 	41 

35(13) 
34(12) 
16 (6) 
118 (5) 
127 (4) 
53(15) 
54(16) 

16.9(0.4) 
5.1(0.1) 
115(24) 
595(57) 
967(45) 
3.3(0.4) 
34 (4) 

631(9) 
o
C 

236(6 )  
159(15) 	'2C 

7.  
ppm 
PPm 
PPm 
PRm 
"PC 

COAL  HAT CREEK "A" WASHED, DOUBLE DRIED EXCESS 0 2 	. 5  

18/10/76 

Parameters Station Obs. (R.M.S. Dev.) Comments 

7 hours 
132(5) kg/hr 

1 	 16.3 
2 	 3.2 ( 0.6) 
2 	 64.2 

	

once every 1 	hour 

Test Duration 
Firing Rate 
Mbisture Content of Coal 

Combustible " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 	 3 
b) Outlet Air Pressure 	 2 
c) Inlet Air Temperature 	 3 
d) Outlet Air Temperature 	2 
e) Coal Fineness 	 2 

BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 	 10 
Inlet 	 11 
Bolier Exit 	 12 
Primary (Coal) Air L 	5 

71 	 R 	 5 
Secondary (Windbox) Air L 	4 

R 	4 It 

FLUE GAS ANALYSIS 
a) 002 	 11 
b) 02 	

11 
c) CO 	 11 
d) NO 	 13 
e) SO2 	 14 
f) SO

3 	
14 

g) Acid dewpoint 	 18 
FLUE GAS TEMPERATURE 
a) Furnace Exit 	 11 
b) Bolier Exit 	 12 
c) Precipitator Entry 	 16 

SUCTION PYROMETER TEMPERATURES 
a) 
b)

 _c) 
FLY ASH 
a) Loading 
b) Resistivity 

c) Precipitator efficiency 	18 
d) Combustible content of 	18 

ash collected from precipitator 

16 
15 
17 

feed to pulverizer 
feed to furnace 
dry weight 
Total ash dumped'138 kg, 
equivalent to 1236 kg coal, 

initial 264, final 228 

87% below 200 mesh oversize, 8.1% 140 mesh 
13.0% 200 mesh 
63.2% 325 mesh 

9100(890) mgms/m
3 

measured at 20°C 
8.1x10 10 St cm at 321

oC 
5.4(2.1)x10 11 n cm at 157 °C, 1.5 x  1011 SZ cm at 120°C 

90(4) 
4.0(0.4) 	7.  

6 	 530(13) kg/hr 
6 	2.84(0.09) atmospheres 
4 	 182(17) 	°C 



TABLE 2. 

DEPOSITION. PROBES 

Station 	Deposition 	 Temperature 	°C 	 Description of 

	

mean 	RMS 	en. 	Ma X' . 	 initial 	final 	 Deposit 
Dev.  

g 	 :Probe brOken 
4 4.,  	Ceramic 	 25 mm thick brewn crust 
o 	 all around. PI 

w19 	• 
C-) 	 à mm thick mauve powder, adhereE w 
0  w 	stainless 	444 	43 	358 	505 	484 	460 	

upstream and 1 mm thick, tan 
 

e 	 powder downstream. 
44  

Grey powder, à mm thiék, 
w 	ceramic 	860 	58 	723 	903 	855 	878 	adheres weakly. 
u 	 . 
co 
n 	9 	  w 
0 	 Grey powder, 1 mm thick, 
44 

stainless 	462 	92 	343 	585 	469 	466 	adheres weakly upstream.  

e o 	 Tan powder, 1 mm thick, ..-1 
4.à 	ceramic 	626 	14 	624 	666 	660 	630 	easily brushed off. -  u 
w 
w 

g 20 
•1-1 
4 
im 	 Beige dust, 1 mm thick, 

stainless 	505 	32 	466 	543 	576 	466 	slightly darker downstream. 
M 
'4 

1-1 
o  

OQ  
Il  
CD 
(1) 
(I) 1-3 

e re 
mz3‘ 
0 
ri 0 
rt 	• 

LA.) 

1+. 
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Figure 2. Illustration of flame pattern (-) 
and burnout pattern (----). 
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

RITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "A" Washed Coal 
Air-Dried and Kiln-Dried, 5% Excess Oxygen 

PROGRESS REPORT 3.1B 

• by 

•TUE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYV 

SUMMARY 

• As explained elsewhere-
2/  , the results of this joint program are 

reported in a series of four reports numbered A to D for  eachl  of the 18 

combustion tests which make pu the program. This progress report (3.1B) 

presents coal analyses and size distribution of the pulverized coal burned 

in test 3.1 done on October 18, 1976. 

1/ 
-- ;Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 

(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
— 'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of. British 

Columbia, British Columbia Hydro and Power Authority - GANNET Joint PrograM 
Objectives and Procedure".. Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Tééhnology, Department of Energy, Mines and Resources >  Ottawa, Canada, 
October 1976. 
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CCRL  

Hat Creek (3.1) 

3079-76  
A-1152  

23/12/76 

RECORD OF ANALYSIS 

AIR 	DRIED 
SAMPLE CONDITION - 	DRIED 	107 ± 3 ° C 	SCREEN ANALYSIS 

Proximate Analysis 	
Mesh 	 % Inches 

Moisture 	 15.32 	0.00  
+ x 1/4 	0.00  

Ash 	 25.63 	30.27  
1/4 x 1/8 	2.86  

Volatile Matter 	 28.07 	33.15  1/8 x 1/16 	34.02  
Fixed Carbon (by Diff.) 	30.98 	36.58 	1/16 x 1/32 	32.15  

Ultimate Analysis 	 1/32 x 28M 	10.13  

Carbon 	 % 	40.58 	47.92 	28M x 48M 	11.91  
48M x 0 	8.93  

Hydrogen 	 % 	2.89 	3.41  

Sulphur 	 % 	1.02 	1.20  

Nitrogen 	 % 	0.81 	0.96  

Ash 	 % 	25.63 	30.27 	Grindability Index 
Oxygen (by Diff.) 	% 	13.75 	16.24 	 (Hardgrove): 	44 

Calorific Value  

Calories per gram 	3771 	4453 	
Equilibrium Moist  

(97% Hum),%: 
B.T.U. per Lb. gross 	6788 	8016 	 ....., 	 . 

Caking Properties 

By Vol. Button @ 	
Sulphur Forms: 

 

Swelling Properties 	
Sulphate 	 0.12  

Free Swelling Index (ASTM) 	
Pyritic 	 0.29 

 
,. 	 -11-1 	Organic 	(by Diff.)0.61 
Ash Fusibility, ° F 	 OXID. 	RED 

Total 	 1.02  
Initial Deformation 	° F 	2660 	2510  

Softening-Spherical 	° F 	2700+ 	2670  

	

1 	Specific Gravity in ash: 
Softening-Hemispherical ° F 	2700+ 	2700+  

Fluid 	 0, 	 2,70  

	

' 	2700+ 	2700+  

ASH ANALYSIS 

Component 	% 	Component 	% 
Chlorine: 	0.01  

Si02 	53.57 	CaO 	2.57  
Al203 	28.76 	MgO 	 1.34  
Fe 203 	 1.77  

	

8.68 	S03 	 Trace Mercury: 	 
Mn304 	 Na20 

	

0.02 	 0.56  
TilD2 	 K20 

	

1.61 	 n 73  P20 5 	 0.20 
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TEST NO: 3.1 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

, 

2/ 
1/ 	Grab Samples 	 Composite Sample 

_ 
Size 	 3/ 	 4/ 

Wt % 	R.M.S. Deviation 	Wt % 	LOI %- 

60M 

60M x 100M 	 1.9 

100M x 140M 	 7.2 	76.5 

140M x 200M 	8.4 	2.9 	 8.5 	72.5 

200M x 325M 	 33.4 	67.4 

325M x 0 	 49.0 	58.6 

1/ The mesh openings for the sieves are as follows: 250p for 60 mesh, 
— 	149p for 100 mesh, 105p for 140 mesh, 744 for 200 mesh and 44p for 

325 mesh and where lp = 10-6  metres. 

2/ Crab samples were taken at 1 hour intervals during the test. 

3/ Rati.S: Root Mean Square Deviation. 

4/ Loss on ignition,  ASTM 3174-73. 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANNET 

JOINT PROGRAM 

f.  

Hat Creek "A" Washed Coal 
Air-Dried and Kiln-Dried, 5% Excess Oxygen 

PROGRESS REPORT 3.1C 

by 

1 THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1  

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. 

This progress report (3.1C) presents a photographic record of the 

fireside fouling of the research boiler surfaces, the properties of ash 

desposits collected on probes and the chemical analyses of various ash forms 

produced in test 3.1 done on October 18, 1976. 

Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 

, Canada. 

2 -1 "P11ot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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Figure la 

Furnace bottom at end of 
test. Friable sinter 
completely fills furnace 
cross section directly 
above dump plates. 

Figure lb 

Furnace bottom at end of 
test. Friable sinter 
bridges across north 
east corner of furnace. 
Large friable sinter is 
in south west corner. 
The furnace throat is 
more than blocked. 
Burners are not visible. 



Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on right. Refractory 
probe on left. 

Figure id  

Burner deposition probes. 
Air cooled probe on 
right. Refractory probe 
on left. 

73.. HP'  
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Figure le 

Transition section 
deposition probes. Air 
cooled probe on left. 
Refractory probe on right. 
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FIGURE 1f Main air heater tube sheet second pass up 

2 - 3 inches of powder. 

FIGURE lg Photomicrograph, x 10, of a thin section of 

sinter which was found attached to the refractory 

near the burners. The sinter is weak and porous. 
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Figure li 

Low Temperature corrosion 
probe 121°C. 

3.1 OCT  IF 	in-in 
21-21Z F 
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Figure lh 

Low Temperature corrosion 
probe 1380C. 

Figure lj 

Low temperature corrosion 
probe 104°C. 
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B. C.  HYdro - CANMET Joint Program 

RATE OF DEPOSITION OF WATER SOLUBLE MATERIALS •ON CORROSION AND DEPOSITIOMPROBES 

Low Temperature 	 High Temperature 

Probe Temperature 	 138 °C 	121 
o 	

o 	
o 	 o 	 o 

C 	104 	C 	 444C 	462 	C 	505C 

a/ Deposition rate- 

Fe 	 18.5 	34.8 	14.4 	 0.6 	5.7 	4.3 

Mg 	 .61 	 .55 	.40 	 2.5 	10.7 	1.4 

Na 	 .66 	 .66 	.45 	 1.6 	4.2 	2.2 

Ca 	 8.4 	 5.3 	5.9 	 94.7 	102.5 	88.2 

SO4 	(total) 	 203.6 	202.2 	145.5 	 84.9 	152.3 	54.5 

SO
4 

(free), by difference 

	

147.9 	125.9 	104.1 

The  deposition rate is given in units ofmg/m 2/hour and the sampling time is 8i hour's. 

Ui  

I-6 
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Sample: Deposit from the furnace bottom, Test 3.1 (A 1190 - 76)

Ash Fusibility Oxidizing Reducing_

Initial °C 1349 1288

Spherical °C 1482+ 1432

Hemispherical °C + 1482+

Fluid °C + +

Ash Analysis %

S1.02 54.69

A1203 26.15

Fe203
8.13

Mn304 ----

TiO 2
1.15

P205 0.12

CaO
2.03

MgO 1.23

so 3 no sample

Na20 0.51

K20 0.84

Cl
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sample: 	Deposit from furnace walls, Test 3.1 (A 1191 - 76) 

ksh FusibilitY 	 Oxidizing 	Reducing 

Initial 	°C 

Spherical 	°C 

Hemispherical 	°C 

Fluid 	 • 	°C 

Ash Analysis 	 % 

SiO
2 	 56.29  

A203 
	 27.41 

Fe
2  03 	

9.28 

Mn 0 
3 4  

TiO2  
1.16

•  P
2
0
5 	 0.11  

Ca0 
9 	fIlk  

Mg0 	 1.13  

SO
3 	 no sample  

Na
2
0 	 0.54  

K
2
0 	 1.13  

Cl  
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Sample: Deposit from Electrostatic Precipitator, Test 3.1 (Jet 1160-61-62) 

Aeh Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1249 	 1188 

Spherical 	°C 	 1454 	 1349  

Hemispherical 	°C 	 1482+ 	 1410  

Fluid 	°C 	 + 	 1471 
_ 	  

Ash Analysis 	 % 

SiO
2 	 55.55  

Al 0 
2 3 	 25.70  

Fe 0 
2 3 	 7.29  

Mn
3
0
4 	 --__  

TiO 
2 	 1.56  

P
2
0
5 	 0.18 

CaO 
2.98  

Mg0 	 1.39  

SO
3 	 0.96 

Na 0 
2 	 0.61  

K 0 
2 	 0_92  

Cl  
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Sample; Deposit from tube sheet between 2nd and 3rd passes of air heater, 

Test 3.1, (A 1194 - 76) 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	
o
C 	 1327 	 1232  

o 
Spherical 	 C 	 1477 	 1377  

Hemispherical 	°C 	
1482+ 	 1460  

	

°c 
	 14R94.  

Fluid 	 C 

Ash Analysis 

SLO2 	
55.27  

Al 20 3 
	

25.91  

F 203 
	

9.80 

---- 

3°4 1.31 
TiO2 

0.04 
P 2°5 
Ca0 	 2.43 

Mg0 	 1.90  

SO3 	 0.61 

Na20 	
0.51  

0.96 
K20 — 

C1 
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM ,  

Hat Creek "A" Washed Coal 
AirDried and Kiln-Dried, 5% Excess Oxygen 

PROGRESS REPORT 3.1D 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY2  

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 combustion 

tests which make up the program. This progress report (3.1D) is the last of 

the series and presents results of the following detailed analyses Of  ash 

produced in test 3.1 done on October 18, 1976. 

1. Particle size distribution of fly ash 

2. Combustion calculations 

3. X-ray diffraction analyses of fireside deposits 

4. .  Summary of DTA studies on fireside deposits 

j
Energy Research Laboratories, Canada Centre for Mineral and Energy 
Technology (former Mines Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

2/ 
"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedures". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube: Sheet 

letWeen the second and third passes of the air heater and for fly ash 

collected fxom the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It MUstbe remembered that the. Coulter Counter, unlike most particle size-

analysis  techniques, relates particle volume  to equivalent spherical 

diameter. 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 % 	 0.6  

	

1.59 - 	2.00 	 0.8  

	

2.00 - 	2.52 	 1.1  

	

2.52 - 	3.17 	 1.7  

	

3.17 - 	4.00 	 0.4 	 2.9  

4.00 - 	5. 04 	 0.5 	 4.2  

5.04 - 	6.35 	Coulter 	 0.9 	 5.9  

6.35 - 	8.00 ;> Counter 	 1.9 	 7.5  

	

8.00 - 10.08 	 4.5 	 10.5  

	

10.08 - 12.7 	 8 6 	 11.9  

12.7 	- 16.0 	 14.4 	 13.2  

16.0 	- 20.2 	 18.1 	 11.8  

20.2 	- 25.4 	 18.5 	 10.5  

25.4 	- 32.0 	 14.1 	 6.4  

32.0 	- 40.3 	 6.0 	 3.8  

40.3 	- 44.0 / 	 1 4 	 1.1  

44.0 	- 74.0 10_0 	 4.9  
Sieve 

	

+74.0 	J 	 07 	 1.2  

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 
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.26 

•24 

28 

26 

24 

1 -■ 

20 

18 

.20 10 H 

.18 9 H 

2 .04 

1 .02 

Ultimate Analysis 	% 

Carbon 	47.92 
Hydrogen 	3.41 
Sulphur 	1.20 
eitrogen 	0.96 
Ash 	 30.27 
Oxygen 	16.24 

Target combustion conditions 
for 5% 02 in flue gas 

22 

-JI6 

w C) 
2 L)  co l 4  
—1 _1 
0 
> 

- 	I 2 » 

• 
c›. œ 10 

im >- 
O cr 8 
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.08 N 

.06 

4 

2 

0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION  AIR,  % 
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FIGURE 1: Combustion Calculations "A-Washed" Coal • 
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X-ray Diffraction Analyses of Fireside Deposits from Test 3.1, 

"A-washed" coal from Hat Creek. 

Furnace Bottont Ash 
(1190 76-434) 

Under Flame Probe Deposit 
(1184 76-448) 

Furnace Probe Deposit 
(1186 76-449) 

Transition Probe Deposit 
(1188 76-450) 

Abbreviations of Constituents: 

Mull, Crist, Lime (tr) 

Hem, Mull, Crist, Mag, Feld (tr) 

Hem, Mag, Mull 

Hem, Crist, Mag, Qtz, Amorph 

Feld 	Feldspar (Anorthite) CaO. A
l203 

. 2Si0
2 

Qtz 	Quartz SiO
2 

Crist 	Cristobalite SiO2 
Mull 	Mullite 3A1

2
0
3
.2Si0

2 
Hem 	Hematite Fe 0 

2 3 
Nag  • 	 Magnetite Fe30

4 
(or spinel-type close to this composition) 

Lime 	Lime CaO 

Amorph 	Significant amorphous material present 

Notes: 

There is little indication of amorphous material in Furnace Bottom 

ASh samples. All others appear to contain some amorphous, particularly 

where indicated. 

Most films contain a few faint diffractions that were not identified. 

A combination of cristobalite and quartz is similar to mullite, 

causing some ambiguity in identification. 

Constituents are listed in decreasing order of abundance. On occasion 

"trace" is used for clarity. 

The sampling method is not representative and the order of abundance 

may be different from that of other larger samples. 
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SUMMARY OF DTA STUDIES ON FIRESIDE DEPOSITS 

Samples: 

Fil..re samples of ash from the furnace bottom and one sample of ash 

collected by the CCRL dust sampler were examined. 

Sample 1) CCRL 980 Test 1.1 Sundance bottom ash„ 

Sample 2) CCRL 1092 Test 2.1 Hat Creek A-raw, bottom ash 

Sample 3) CCRL 1190 Test 3.1 Hat Creek A-washed, bottom ash 

Sample 4) CCRL 1278 Test 4.1 	Hat Creek B-raw, bottom ash 

Sample 5) CCRL 1360 Test 4.3 Hat Creek B-raw, bottom ash 

Sample 6) CCRL 986 Test 1.1 	Sundance fly ash. 

PtoCedureS 

Samples weighing approximately 50 mg were heated in a static air 

atmosphere at 12 °C/min. to 1500°C. Two platinum foil pans were held in a 

vertical furnace, one containing the sample and the other containing 

a-aleina as reference material. Pt: Pt/13% Rh thermocouples were held 

• 	 • with their beads denting the bottOm of the pans. 

Results: 

Sample 1) No peaks were observed. The baseline shifted in the exothermic" 

direction at 1360°C. When cool, the sample was dark and glassy. 

Sample 2) No peaks were observed. The baseline shifted in the endothermic 

direction at 1450°C. When cool, the sample was brown-black opaque, 

and very hard. 

Sample 3) No peakS were observed. The baseline shifted in the endothermic 

direction at 1340°C. When cool, the sample was black with brown 

spots, opaque, and very hard. 

Sample 4) No peaks were observed. The baseline shifted in the exothermic 

direction at 1330°C. When cool, the sample was black with brown 

spots, opaque, and very hard. 
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Sample 5) No peaks were observed. The baseline shifted in the endothermic 

direction at 1160°C. When cool, the sample was brown, opaque, 

and appeared to have melted. 

Sample 6) A sizable exothermic peak was observed in the 400° C to 500°C 

range and a small endothermic peak was noted at 1160°C. Cooling 

and reheating in the range 1000°C to 1500°C failed to show any 

repetition of the latter thermal effect. When cool, the sample 

was dark and glassy. 

Comments: 

It seems certain that samples 1), 5) and 6) underwent melting. 

The other samples probably had some liquid phase present. The lack of DTA 

peaks is unusual. It most likely indicates that melting occurred over a very 

broad range. Cooling to 1000°C and reheating gave rise to no peaks either. 

The exothermic peak for sample 6) was most likely the result of combustion of - 

a small amount of carbonaceous material. 

It can be concluded that DTA is not a very usefull technique' for 

studying these materials. 
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1+ Energy, Mines and 
Resources Canada 

CANMET 
Canada Centre 
for Mineral 
and Energy 
Technology 

Énergie, Mines et 
Ressources Canada 

Centre canadien 
de la technologie 
des minéraux 
et de l'énergie 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET JOINT PROGRAM 

HAT CREEK "A" WASHED COAL 

AIR-DRIED AND KILN-DRIED, 3% EXCESS OXYGEN 

TEST NO. 	3.2 

CANADIAN COMBUSTION RESEARCH LABORATORY 

OCTOBER 1976 

ENERGY RESEARCH PROCRAM 

MERCY RESEARCH LABORATORIES 
REPORT ERP/ERL 76/120-123 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "A" Washed Coal 
Air-Dried and Kiln-Dried, 3% Excess Oxygen 

PROGRESS REPORT 3.2A 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYI 

INTRODUCTION 

By an agreement between the B. C. Hydro and Power Authority (BC Hydro) 

and the Canada Centre for Mineral and Energy Technology (CANMET), a .series of 

combustion tests •are being done at the Canadian Combustion Research Laboratory 

(CCRL) to assess the suitability of Hat Creek coal as a boiler fuel for 
2/ 

thermo-electric generation. A previous  report ' 	the objectives of 

the program, the pilot-scale equipment, the procedures and method of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 3.2, which was done on October 20, 1976. 

1/ 
— Energy-  Research Laboratories, Canada Centre for Mineral and Energy Technology 

(former  Mines Branch), DerYartment of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
, — IPilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia. Hydro and Power Authority - CANNET Joint Program. 
Objectives and Procedure ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Eneriy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 3.2 

In this test, Hat Creek "A" washed coal was burned. The coal had 

been air-dried and kiln-dried, which reduced the moisture content, as fired, 

to 16.5%. The ash content at this moisture level was 37.3%. The target 

level of excess oxygen in the flue gas was 3% (approx 15% excess air), and 

the target coal feed rate was 134 kg/hr, which corresponds to a heat input 

of approximately two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data shown in Tables 1 and 2 are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test  

At 0850 hr, one hour after stable, unsupported coal combustion was 

obtained, the flame was observed to be yellow-orange in colour and extended 

slightly beyond the throat and a short distance into the water-cooled portion 

of the furnace. The air-cooled furnace probe was plainly visible from the top 

of the furnace, and the furnace throat was not visible in detail. Substantial 

deposits could be seen below the throat; they blocked about t of the projected 

throat area and slightly deflected the flame from the south burner. The 

deposits were located in the southwest and southeast corners, and along the 

north side. The furnace-bottom was bright and transparent. Sinter could be 

seen hanging from the throat, and some large lumps of sinter were lying on the 

dump plates. The air-cooled furnace-bottom probe was clearly visible, but 

the refractory probe was not in the field of view. Ash was dumped hourly, 

and was removed from the quench tank mostly as small sinters. 

At 0915 hr, the deposits blocked roughly 1/3 of the projected throat 

area and they were removed easily with a poker which was thrust through the 

top of the furnace. Deposits which were hanging on the furnace bottom walls 

and on the ledges adjacent to the dump plates were removed easily with a poker 

which was thrust through the furnace-bottom. This ash, which was raked from 

the quench tank, consisted of weak sinters, dark grey in colour, 2 to 5 cm in 

size, with one piece roughly 20 cm x 25 cm x 15 cm. 
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The throat then remained free of deposits for a period of three 

hours. The flame was fairly transparent and the furnace-bottom walls could 

be seen intermittently when viewed through the sight port at the top of the 

furnace. Màny small embers could be seen in the furnace-bottom, but none were 

visible when the rotational speed of the pulverizer classifier was accelerated 

slightly so that few large particles of coal reached the burner. There was 

a dull glow in the transition section, by which the test air-heater tubes 

could be barely discerned. Some ash built up on the furnace-bottom ledges. 

At 1300 hr, deposits could be seen in the corners under the furnace 

throat. Attempts were made to loosen them with a poker through the furnace-

bottom ports, but they could not be reached. In the next hour, the deposits 

grew large enough to be visible from the top of the furnace, and by 1500 hr 

they blocked approximately half of the projected throat area. They were 

knoéked loose with a poker which was thrust through the top of the furnace and 

then they filled the furnace-bottom to half its depth. This ash was not 
7 

dumped into the quench tank because the test was scheduled to end shortly 

thereafter. 

At 1550 hr, the test was terminated and substantial deposits were 

observed under the throat and on the west wall of the furnace-bottom. 

Deposition Probes During Test  

The air-cooled deposition probes in the furnace and the furnace-

bottom were visible during the test period. 

The air-cooled deposition probe in the furnace-bottom had a deposit 

of sinter 15 mm thick and 25 mm long hanging from the underside of the probe, 

but it was knocked off while removing deposits from the furnace throat. Then 

a few 5 mm lumps of sinter deposited on top of the probe, but.these were 

knocked off by falling sinter, which also bent the probe downward. 

The air-cooled deposition probe in the furnace remained free of sinter 

throughout the test. 

Furnace After Test  

The furnace-bottom was more than half full of orange-brown coloured, 

weak,dusty sinter. It bridged across the bottom opening, but it was readily 

dislodged and fell to the floor in lumps ranging from 2 cm to 20 cm in diameter. 
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Few deposits remained on the throat refractory and the furnace-bottom walls. 

The furnace water wall tubes were covered by a 2 mm thick layer of dust. The 

bottom of the transition section was covered by a layer of dust, 6 to 10 cm 

thick, and this dust was in two distinct layers. The bottom layer was 

approximately 3 cm thick and coloured grey. The top layer was coloured tan. 

It may be supposed that the tan coloured layer contained less combustible 

matter and this condition resulted from the acceleration of the rotational 

speed of the pulverizer classifier at 1215 hr. The test air-heater tubes were 

clean on the upstream side, and had a 1 mm layer of dust on the downstream 

side. There were 12 to 25 mm of charcoal-grey dust on the second-pass tube 

sheet of the main air-heater. 

Deposition Probes After Test  

Before being removed from the boiler, the deposition probes appeared 

as follows: 

The furnace-bottom air-cooled probe was badly bent and the 

free end was immersed in the ash which remained in the 

fUrnacerbottom. The exposed  surfaces wereclean. 

The furnacebOtte refractory probe was broken and hung 

by its thermocouple. It bore a few small sinters. 

The furnace probes appeared to be clean of slag and of sinter. 

The deposition probes in the transition section could not 

be examined in situ. 

The air-cooled transition section probe, when it was removed, 

was found to have a 1 mm layer of light grey coloured dust 

on the top surface. The bottom surface was clean. 

The refractory transition section probe, when it was removed, , 

was clean on the upstream surface. It had a thin layer Of dust 

on the downstream surface, and there were indications that some 

of the deposit had fallen off. 
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TABLE 1

L
R

OPERATING DATA Revise 18/11176

COAL HATCREEK "A" WASHED, DOUBLE DRIED EXCESS 02 3 %

20/10/76,

Parameters Station Obs. (R.M.S. Dev.) Comments

Test Duration
Firing Rate
Moisture Content of Coal

11 11 11 „

Combustible " it it

Ash Dumping Frequency
PULVERIZER OPERATING CONDITIONS

1
2
2

a) Inlet Air Pressure 3
b) Outlet Air Pressure 2
c) Inlet Air Temperature 3
d) Outlet Air Temperature 2
e) Coal Fineness 2

BOILER OPERATING CONDITIONS
a) Steam Flow
b) Steam Pressure
c) Combustion Air Temp.
d) Furnace Pressures

Furnace
Inlet
Boiler Exit
Primary (Coal) Air.L

if R
Secondary (Windbox).Air

I I

FLUE GAS ANALYSIS
a) Co
b) 02

c) CO2
d) NO
e) SO

2
f) S0
g) Dewpoint

FLUE GAS TEMPERATURE
a) Furnace Exit
b) Boiler Exit
c) Precipitator Entry

SUCTION PYROMETER TEMPERATURES
a)
b^

FLY ASH

a) Loading at. precipitator
b) Resistivity

it

,c) Precipitator efficiençy
'd) Combustible. content of

6
6

6 hours
122.5(3.6) kg/hr

16.5 Z
1.8(0:6) Z

68(1) Z
once every hour

269(5) mmH 0
231(4) mmH2O
181(6) oê

77(:4) °C'

11 16.4(0.4)
11 3.2(0.3)
11 231(82)
13 608(9)
14 1000(54)
14 2.7(0.5)
18 41(2)

11 601(17)
12 284(10)
16 153 (7)

7 930, 1002

8
9

7
Z

ppm

ppm
ppm

pgm

C

0C
0C
0C

74(8)% below 200 mesh over.size.,22.0'

583(30) kg/hr
2.96(0.04) atmospheres

185(7) °C

32(5) mmH2O

33(5) mmH 0

16(3) , ^20
140(6) mmH2O
153(6) mmH 0
42(9) mIIff 20
40(7) mmH2

2

633, 848
578, 812

Test No. 3..2_.

Progress Report 3.;2A

feed to pulverizer
feed to furnace
dry weight
Total ash dumped.= 88 kg,,
equivalent to 1131 kg coal.

is , 25.9%
it

, 55.07

> 140 mesh
>200 .mesh
> 325.. mesh

°C readings taken in
°C second and third
°C two hour period

16 10400(1100) mgms/m3 measured at 20°C
15 6. 0. x 101 ° SZ cm at 265 ° C

172.. 0(0.1) x1011 0 cm at 150 °C 1.2 x 1011 SZ cm at 123°C
18 89.8(1.6) %
18 5. 6( 0. 7) Z

ash collected from precipitator
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TABLE 2 

DEPOSITION PROBES 

Station 	DepoSition 	 Temperature 	
o
C 	 Description of 	. 

mean 	RMS 	min. 	max. 	initial 	final 	 Deposit 	• 
Dey.  , 

H O 
eJ Orange càloured sinter, 1 mm 

	

eJ 	ceramic 	1058 	(74) 	930 	1162 	1076 	1162 

	

o 	 thick, even, easily brushed off. m 

	

w 	19 	  

	

C) 	 Beige scale, upstream, washed 

	

m 	 PROBE BROKEN 

	

0 	 off easily with H 90, covered by stainless 	 . 	 246' 

	

• 

P 	
1 mm thick tan coloured dust,eve r.1 

T  siiryl  b irTI:leited jàfi lf7 thick'  

	

C) 	
ceramic 	774 	(76) 	682 	910 	910 	858 	e:1171e: It  0 

Co 
0 9   

	

w 	 Grey scale, upstream, removed by 

	

44 	 . 	 H20, and tan powder, 12 mm thick 
stainless 	527 	(38) 	451 	576 	532 	576 	downs•ream, easily brushed off, 

all covered by grey dust, even.  
0 O .r.1 
eJ Tan coloured scale, 1 mm thick, 

	

C) 	ceramic 	612 	(16) 	592 	628 	594 	628 

	

w 	 easily brushed off, upstream. 
w 

g 20 
'el 

	

4 	 Tan coloured powder, 12 mm thick 

	

4-1 	 downstream, 1 mm thick upstream, 

	

(,.1 	stainless 	545 	(29) 	564 	579 	464 	563 	easily brushed off. M 
F.-1 

it)  ;\) 



Figure 2. Illustration of f lame pattern (
and burnout pattern (----).
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ÇOAL ANALYSES FOR PILOTSCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO  AND  POWER AUTHORITY - CANMET 

JOINT PROGRAM.  

Hat Creek "A" Washed Coal 
Air-Dried and Kiln-Dried, 3% Excess Oxygen 

PROURES$ REPORT 3.213 

by 

/ 
THE STAFF Of THE CANADIAN  COMBUSTION  RESEARCH LABORATORY- 

1 
_ . 

SUMMARY 

2/ 
As explained elàewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of  the 18  

combustion, tests which make up the program. This progress report (3.2B) 

presents coa1 analyses and site distribution of the pulverized coal burned 

in test 3.2 done on October 20, 1976.. 

-1j
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2!”
Pi1ot-Sca1e Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76 1 99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Minetal and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 
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RECORD OF ANALYSIS 

CCRL 

Vat  Crprak (1.9 

3080-76 
A-1195 

23/12/76 

AIR 	DRIED 
SAMPLE CONDITION 	 DRIED 	107 ± 3 ° C 	SCREEN ANALYSIS 

, 	  

Proximate Analysis 	 Mesh 	 % Inches 
Moisture 	 14.18 	0.00  

+x  1/4 	0.00 
Ash 	 25.53 	29.75 

Volatile Matter 	 27.99 	32.61 	
1/4 x 1/8 	2.78  

	 , 	1/8  x 1/16 	35.21 	•  
Fixed Carbon (by Diff.) 	32.30 	37.64 	1/16 x 1/32 	33.40  

Ultimate Analysis 	 , 	1/32 x 28M 	9.16  

Carbon 	 % 	41.36 	48.19 	28M x 48M 	10.82 

Hydrogen 	 % 	2.89 	3.37 	
48M x 0 	 8.63 

Sulphur 	 % 	1.03 	1.20 

Nitrogen 	 % 	0.82 	0.96  

Ash ' 	
% 	25.53 	29.75 Grindability Index 

Oxygen (by Diff.) 	% 	14.19 	16.53 	 (Hardgrove): 	44  

Calorific Value  
Equilibrium Moisl. 

Calories per gram 	3864 	4502  
(97% Hum),%: 

B.T.U. per Lb. 	gross 

	

6955 	8104 	• 
Caking Properties 

Sulphur Forms: 
By Vol. Button @ 

Sulphate 	 0.12 
Swelling Properties  

Free Swelling Index (ASTM) 	 Pyritic 	 0.31  

	 . 	Organic (by Diff.) 0.60 
Ash Fusibility, 	°F 	 OXID. 	RED 

Total 	 1.03  
Initial Deformation 	°F 	2620 	2420  

Softening-Spherical 	° F 	2700+ 	2690 
Specific Gravity in ash: 

Softening-Hemispherical °F 	2700+ 	2700+ 	 2.65  
Fluid 	 ° F 	2700+ 	2700+ 

ASH ANALYSIS 

Component 	% 	- 	Component 	% 
Chlorine: 	0.01  

Si02 	55.63 	Ca0 	 2.53  
Al203 	30.13 	MgO 	 1.04  
Fe2O3 	 S03 	 Trace Mercury: 	 
	8-01.- 	2.12  

Mn304 

	

	 Na20 	 0.54  0.02  
TiO2 	 1.70 	K20 	 0.74  

.P2O5 	 0.19 
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TEST NO: 3.2 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

2/ 
1/ 	Grab Samples 	 Composite Sample 

Size 

	

3 	 4/ 

	

Wt % 	R.M.S. Deviation 	Wt % 	LOI 7. 

60M 	 . 

60M x 100M 	 7.4 	82.6 

100M x 140M 	22.0 	5.9 	 21.0 	76.7 

140M x 200M 	3.9 	2.2 	 9.4 	73.0 

200M x 325M 	29.1 	6.0 	 17.5 	70.1 

325M x 0 	45.0 	2.5 	 44.7 	61.8 

1/ 	The mesh openings for the sieves are as follows: 250p for 60 mesh, 
149p for 100 mesh, 105 1J  for 140 mesh, 74p for 200 mesh and 44p for 
325 mesh and where lp = 10-6  metres. 

2/ 	Grab samples were taken at 1 hour intervals during the test. 

3/ 	R.M.S: Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73. 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "A" Washed Coal 
Air-Dried and Kiln-Dried, 5% Excess Oxygen 

PROGRESS REPORT 3.2C 

by 

1/ 
THE STAFF Of THE CANADIAN COMBUSTION RESEARCH LABORATORY 

SUI1/424AR).' 

- 
As explained elsewhere-

21 
 , the results of this joint program are 

reported in a,  series of four reports numbered A to D for each of the 18 

cômbustion tests which make up the program. 

This progress report (3.2C) presents a Photographic record.of the 

fireside: fouling of the research boiler surfaces, the properties of ash 

dgposits collected on probes and the chemical analyses of various aah forms 

ptOdUced in test 3,2 done on October 20, 1976. 

1/
Energy Research J.,  aboratories, Canada Centre for  Mineral and Energy TechnOlogy 
«orMer Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada, 

21„
Pilot-Sca1e .Combustion Tests with Coals from the Hat Creek Area  of. British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint. Program.. 
Objectives and PrOcedures". Report ERP/ERL 76199 Canadian  Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada, October 1976, 



Figure la 

Furnace bottom at end of 
test. Large friable 
sinter on south wall 
extends from east wall 
to west wall. Burners 
and throat are clear of 
sinter. Refractory 
probe in foreground is 
broken. 

Figure lb 

Furnace bottom at end of 
test. Burner on south 
wall is clear. 
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FIGURE lc Furnace bottom and burner deposition probes. Air

cooled probes on right. Refractory probes on left.

FIGURE ld Transition section deposition probes. Air cooled

probes on right. Refractory probes on left.

FIGURE le Main air heater tube sheet second pass up to

2 - 3 inches of powder.
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Figure  1f 

Low Temperature corrosion 
probe 138°C. 

Figure lg 

Low Temperature corrosion 
probe 121°C. 

Figure lh 

Low temperature corrosion 
probe 104°C. 
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B. C. Hydro. - CANMET Joint Program 

RATE OF DEPOSITION OF WATER SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES 

Low TemPerature 	 High Temperature 

o 
Probe Temperature 	 138 °C 	121 °C 	104)C 	 474 	C 	527°C 	545°C 

Deposition rates/ 

Fe 	 41.8 	49.7 	30.9 	 0.0 	10.7 	4.3 

Mg 	 1.21 	 .78 	.61 	 2.2 	9.6 	2.2 

Na 	 .89 	 .66 	.22 	 1.3 	4.5 	1.6 

Ca 	 8.8 	4.9 	6.3 	 96.8 	105.4 	83.4, 

SO4 
	( total) 	 81.2 	96.5 	42.8 	 39.2 	272.2 	69.7 

SO
4 

(free), by difference 

NIL 	NIL 	NIL 

s/ The deposition rate is given in units ofmg/ta/hour  and the sampling . tiMe is 8i hours. 

CO 



Sample: Deposition probes, Test 3.2, B. C. Hydro 

Station 	 • Furnace Bottom 	 Boiler 	Transition Section 

Material 	 , 	SS 	REF 	SS 	REF 	SS 	, 	REF 

Mean Temperature °C 	--- 	570 	275 	412 	• 	285 	322 

% Water Soluble 	 6.4 	4.....M. 	 2.1 	.M.MM 	 3.4 	--- 

% Acid Insoluble 	 80.1 	MMIIM 	 69.3 	M.M.M. 	 78.5 	MIIMM 

, 	 

Analysis 	, % 	 WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 

SO4 	 1.4 	 1.2 	 1.8 

Ca 	 4.1 	0.0 	 0.8 	0.1 	 1.1 	0.2 

Fe 	 0.1 	3.9 	 -•- 	9.2 	 0.1 	3.1 

Mg 	 --- 	 0.2 	 --- 	0.3 	 -..- 	0.4 

K 	 0.0 	0.0 	 0.0 	0.0 	 0.0 	0.0 

Na 	 --- 	0.2 	 --- 	0.2 	 --- 	0.2 

. 	. 	_ 	 _ 	. 

WS = water soluble 

AS = acid soluble 

= trace 

z
 •
 q
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d
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-  189  - 

Progress Report 3.2 C 

Sample: Deposit from furnace bottom, Test 3.2 (A 1235 - 76) 

• 4sh Fusibility 	 Oxidizing 	Reducing 

Initial 	oc 	 1321 	 1232  

Spherical 	°C 	 1482+ 	 1421  
+ 	 1482+ 

amispherical 	°C 

Fluid 	 oc 	 + 	 + 

Ash Analysis 	 % 

SiO
2 	 56.52  

• Al 0 
2 3 	 26.64 

Fe
2
0
3 	 8.04  

Mn
3
0
4  

• TiO
2 	 1.22  

F
'2
0
5 	 n ng  

CaO  
2.26  

Mg° 	 1.55  

SO
3 	 no sample 

Na2
0 0.56  

K 0 
2 	 0.82 

Cl  
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Sample: 	Deposit from furnace wàils, Test • .2 (A 1236 	76) 

••  Ash Fusibility 	 Oxidizing 	Reducing•

Initial •°C 	 1260 	 1199  

Spherical 	°C 	 1449 	• 	1321  

Hemispherical 	°C 	 . 	1482+ 	 1399•
1  

:Fluid 	 oc 	 + 	 1460• 

Ash Analysis 	 70 

SiO
2 	 54.87  

A l
2
0
3 	 25.31  

Fe20
3 	 8.85  

Mn
3
0
4 

TiO
2 	 1.43  

P
2
05 	

0.16  
CaO  

2.76  
me 	 1.67  

SO
3 	 1.08 

Na  ,O 
2 	 0.68  

R
.2
0 	 1.10 

Cl 
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Sample: Deposit from sheet between 2nd and 3rd passes of air heater, Test 3.2 
(A 1239 - 76) 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	 oC 	 1282 	 "1216 	_ 

Spherical 	
o
C 	 1471 	 1388 	• 

1482+ 	 1482+  
Hemispherical 	

o
C 

+ 	 +  
Fluid 	

oc 

Ash Analysis 

SZO2 	 56.18  

A120
3 	 27.13  

Fe203 	 9_26 	•  

Mn3  0 	
----  

4 

TiO2 	 1.36  

P 205 
	

0.15  

CaO 	 2.66  

MgO 	 1.50  

SO3 	 0.58 

Na2° 	
0.53  

K20 	 MO  
2 

Cl 	 ----  
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Sample: Deposit from electrostatic precipitator, test 3.2 (Pi 1203-04-05) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1249 	 1210  

Spherical 	°C 	 1438 	 1310 

Hemispherical 	°C 	 1460 	 1338  

Fluid 	°C 	 1482+ 	 1482+  

Ash Analysis 	 % 

SiO
2 	 55.54  

Al
2
0
3 	 25.49 

Fe20
3 	 6.73  

Elm
'3
0
4  

TiO
2 	 1.84  

P 0 
2 5 	 0.21 

CaO 	 3.49 

Mg° 1.84  
803 
	 0.96  

Na
2
0 

0.78  

K2
0 	 1.10  

Cl 
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "A" Washed Coal 
Air Dried and Kiln-Dried, 3% Excess Oxygen 

PROGRESS REPORT 3.2D 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1/  

SUMMARY 

2/ 
As explained elsewhere-, the results of this joint prograware 

repOrted  in a series of four reports nuMbered A to D for each of 18  combustion i 

tests -Whl:Ohmake up the program. This progress report (3,2D) is thelinSi• Of.' 

the serieS:and presents results  of the  following detailed enalyses:Of •àsh; 	. 

• produced - in  test  3.2 done On October 20, 1976. 

1. Particle size distribution of fly ash 

2, Combustion calculations 

1/ - Energy Research Laboratories, Canada Centre for Mineral and Energy 
Technology (former Mines Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

2/- 
-Pilot-Scale  Combustion Tests with Coals from the Hat Creek Area  of  
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint  Program. Objectives and Procedures". Report ERPtERL 76/99 
Canadian Combustion Research Làboratory, Energy Research Laboratories, 
Canada  Centre for Mineral and Energy Technology, Department of Energy, 
Mines and 'Resources, Ottawa, Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ,  ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

, 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 0.6  

	

1.59 - 	2.00 	 0.9  

	

2.00 - 	2.52 	 1.4  

	

2.52 - 	3.17 	 1.9  

	

3.17 - 	4.00 	 0.2 	 3.1  

	

4.00 - 	5.04 	 0.3 	 4.3  

	

5.04 - 	6.35 	Coulter 	 0.6 	 5.8  

	

6.35 - 	8.00 
>

Counter 	 1.2 	 7.5  

	

8.00 - 10.08 	 3.2 	 10.1  

	

10.08 - 12.7 	 6.4 	 12.5  

12.7 	- 16.0 	 11.3 	 13.1  

16.0 	- 20.2 	 16.7 	 11.5  

20.2 	- 25.4 	 17.8_ 	 8.8  

25.4 	- 32.0 	 14.2 	 4.7  

32.0 	- 40.3 	 6_0 	 1.8  

40.3 	- 44.0 	/ 	 0.7 	 2.8  

44.0 	- 74.0 	1 	. 	 16.1 	 5.8  
Sieve 

	

+ 74.0 	J 	 5.3 	 3.4  

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

HAT CREEK "B" RAW COAL 

KILN-DRIED TWICE, 5% EXCESS OXYGEN 

PROGRES.S REPORT 4.1A 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-
1/ 

INTRODUCTION 

By an agreement between the B.C. Hydro and Power Authority 

(B.C. Hydro) and the Canada Centre for Mineral and Energy Technology (CANMET), 

a series of combustion tests are being done at the Canadian Combustion Research 

Laboratory to assess the suitability of Hat Creek coal as a boiler fuel for 

thermo-electric generation. A previous report— 
2/ 

 describes the objectives of 

the program, the pilot-scale equipment, the procedures and method of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 4.1, which was done on October 22, 1976. 

1/
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, 
Ottawa, Canada. 

2/, 
— 'Pilot-Scale Combustion Tests with Coals from the Hat CreeK Area of 

British Columbia, British Columbia Hydro and Power Authority - UNMET 
Joint Program. Objectives and Procedure". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. 	October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 4.1 

In this test, Hat Creek "B" raw coal was burned. The coal had been 

kiln-dried twice, which reduced the as-fired moisture content to 8.6%. The 

target level of excess oxygen in the flue gas was 5% (approx 25% excess air), 

and the target coal-feed rate was 131 kg/hr, which represents a heat input 

of two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data, shown in Tables 1 and 2, are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test  

At 0840 hr, after one hour of stable, unsupported coal combustion, 

the flame was observed to be yellow-orange in colour, and moderately trans-

parent. The furnace throat was clearly visible from the top of the furnace, 

as was the air-cooled furnace probe. Large deposits of sinter were visible 

under the throat. They were heaviest in the southwest and northeast corners 

of the furnace, but appeared weak. Small pieces of sinter were observed to 

flutter in the furnace draft. The furnace-bottom was clear. A small flow 

of burning coal particles could be seen, and a uniform layer of sinter, 

roughly 3 cm thick, was visible on the furnace-bottom walls. 

At 0930 hr, deposits blocked most of the furnace throat, leaving 

clear a projected throat area which measured 10 cm x 45 am. All of the 

sight ports in the furnace-bottom were blocked. Manual removal of the deposits 

with a poker was delayed a few minutes to permit some measurements to be 

completed. By then, the throat was blocked completely, and no flame was 

visible from the top of the furnace. The coal feed was stopped, and the deposits 

were removed with a poker, which was thrust through the top of the furnace. 

This was accomplished easily and quickly. The sight ports in the furnace-bottom 

were cleared and ash was dumped. At 0940 hr, coal feed was resumed with an 

oil-fired support burner, and at 0945 hr, the support burner was removed. 

At 0945 hr, the flame was bright and uniform in colour, and hazy with 

dust. When viewed through the sight port on the top of the furnace, the air-

cooled furnace probe was visible, and the furnace throat was obscured. When 

viewed through the sight ports in the bottom, the furnace-bottom was clear; 



- 201 - 	 Progress Report 4.1A 

some ash was visible on the bottom ledges, and deposits were visible under 

the south burner. Also, many burning particles of coal could be seen. When 

viewed through the sight port in the transition section, there was a dull 

red glow, which was not of sufficient intensity to make visible the test-air-

heater tubes. Ash, which was removed from the quench tank, consisted of 

very weak, dark-grey sinters, 3 to 10 cm in diameter. Ash was dumped 

approximately once an hour. 

During the next four hours, flame conditions remained stable, 

and some ash was sintered so firmly to the furnace-bottom walls that, it 

did not fall when the dump plates were swung open. At 1155 hr, the ash 

bridged across the bottom, was partly supported by the air-cooled deposition 

probe, and had to be broken loose with a poker, which was thrust through the 

furnace-bottom ports. Deposits also gradually built up below the furnace 

walls until roughly à of the projected throat area was blocked. 

At 1350 hr, a poker was again thrust through the top of the furnace 

to remove deposits from the furnace throat. The dump plates were then swung 

open, and a poker was thrust through the furnace-bottom ports to clear the 

ash into the quench tank. When this ash was raked from the quench tank, it 

was found to contain sinters 3 to 10 cm in diameter, and dark-grey in colour. 

At 1525 hr, deposits had to be knocked loose from the throat for 

a third time. They filled most of the furnace-bottom with ash. However, 

the scheduled end of the test was near, and this ash was not dumped. 

At 1550 hr, h of the projected throat area was blocked by a 
deposit which had formed in the southwest corner of the furnace below the 

throat. 

Deposition Probes During Test  

Only the air-cooled deposition probes in the furnace and the furnace-

bottom were visible during the test. 

The air-cooled furnace-bottom probe developed a few deposits of sinter, 

roughly 8 mm in diameter, on the top surface. These consolidated to form a 

continuous line approximately 15 cm long, which was later knocked off by sinters 

falling from the throat. 

The air-cooled furnace probe remained free of sinter throughout the 

test. 
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Furnace After Test  

When the dump plates were opened, roughly 30 litres of ash fell to 

the floor. This ash was composed of weak sinters, light-brown in colour; 

most of the sinters measured 2 to 5 cm in diameter, and some measured 15 cm 

in diameter. Two larger sinters, roughly 30 cm x 30 cm x 45 cm, remained 

hanging from the furnace-bottom walls. Some small whiskers of sinter adhered 

to the throat refractory. 

The furnace water walls were covered only by a thin layer of dust 

except for that portion up to 15 cm above the throat refractory, where some 

of the dust on the tubes appeared to be sinterd. The upper slope of the tubes 

forming the nose at the furnace exit was covered by a 1 to 2 cm thick layer of 

dust. There were 7 to 10 cm of dust on the bottom of the transition section. 

Most of it was tan-coloured, but a thin layer on the bottom was nearly black. 

The test air-heater tubes were clean on the upstream side, but a thin layer 

of dust was visible on the downstream side. The second-pass tube sheet of 

the main air-heater 	was covered by a 10 to 25 mm thick layer of dust. 

Deposition Probes After Test  

The refractory probe in the furnace-bottom, was observed before it 

was removed. It was covered evenly by a sintered deposit and had a maximum 

overall diameter of roughtly 25 mm. The deposit was thinner at the tip of the 

probe. 

The air-cooled probe in the ïurnace-bottom, was free of sinter. 

The refractory probe in the furnace had some sintered dust on the 

underside. 

The air-cooled 

sinter on the underside. 

The refractory 

unsintered dust slightly 

of the circumference. 

' The air-cooled 

coloured dust, 1 to 2 mm 

indications that part of  

probe in the furnace appeared to have 3 to 5 mm of 

probe in the transition section had a thin layer of 

upstream of the top surface, over approximately 600  

probe in the transition section, had a layer of tan-

thick, on the downstream surface. There were 

the deposit had fallen off. 
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TABLE 1 

OPERATING DATA 

Test No. 4.1  

Progress Report 4.1A  

Revised 18/11/76 

COAL  HAT CREEK COAL "B" RAW,  
DRIED TWICE. 

Station Obs. (R.M.S.  Dey.)  Parameters 

22/10/76, 

Comments 

EXCESS 02 5 

40(4) mmH
2
0 

37(2) mmH
2
0 

20(2) mmH 0 
152(6) mmll

2
20 

164(6)  1111111120 
 60(6) mm112 0 

59(5)mme0 2 

10 
11 
12 
5 
5 
4 
4 

feed to pulverizer 
feed to furnace 
dry weight 
Continous, knock.down every 

Toine:seglPed = 98.7 kg 
equivalent to 1253 kg 

coàl 

oversize,19.9% >140 mesh 
" 	,24.8% >200 mesh 
" 	,67.8% >325.mesh 

Test Duration 
Firing Rate 
Moisture Content of Coal 

111 	 t, 	II 	II 

Combustible " 	" " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
h) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 

BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

Secondary (Windbox) Air L 

FLUE GAS ANALYSIS 
a) CO2  
h) 01  
c) CO 
d) NO 
e) SO2  
f) SO

3 g) Acid dewpoint 
FLUE GAS TEMPERATURE 
a) Furnace Exit 
h) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
b) 
c) 

FLY ASH 
a) Loading 
b) Resistivity 

7 hours 
135(2) kg/hr 

1 	 8.6 
2 	 0.9 
2 	 60.2(0.9) 

once every — hour 

3 	 281(5) mmH
2
0 

2 	 235(5) mmH,0 
. 3 	 190(3) 	Ot 

2 	 100(2) 	°C 
2 	75(7) 7  below 200 mesh 

6 	 608(13) kg/hr 
6 	3.03(0.04) atmospheres 
4 	 183(4) 	°C 

11 	 14.9(0.3) 
11 	 5.1(0.1) 
11 	 218(125) 	ppm 
13 	 519(141) 	ppm  
14 	 937(80) 	ppm 
14 	 1.8(0.4) 	ppm 
18 	 32(2) 	uC 

11 	 601(20) 	oC 
12 	 286(4) 	°C 
16 	 157(3) 	oC 

7 	1006, 1070  
8 	807, 870  
9 	781,  803  

16 
15 
17 

c) Precipitator efficiency 	18 
d) Combustible content of 	18 

ash collected from precipitator 

C readings taken in 
°C 	second and third 

two hour period 

12900(3800) 	mgms/m3  measured at 20°C 
3./(2.2)x1010 2 an at 260°C 
3.2(0.8)x10 11 2 cm at 1570C; 6.7 x 10 10  n cm at 123°C 

88.6(4.7) 
3.8(0.3) 



TABLE 2 

DEVOSITION PROBES 

Station 	Deponition 	 Temperature 	
o
C 	 Deaéription of 

	

mean 	RMS 	min. 	max. 	initial 	final 	 Deposit 
DeV-i,  

	

-.-0 	• 	 75 mm of probe tip broken, 
o 

	

4., 	 12 mm thlék brown Crust, upstream 

	

41 	 CeraMiC 	1101 	40 	1044 	1161 	1099 

	

o 	 1044 	1 mm thiék brown cruat, down- 

	

m 	• 	 stream.  
. w19 u 

	

d 	 Grey scale, upstream,coveréd by 

	

el 	stainless 	534 	32 	484 	579 	579 

	

sq 	 518 	3 mm tan powder upstream,covered d 

	

r. 	hy grey powder / mm thirk_  

	

w . 	 ceramic 	784 	54 	712 	860 	813 	730 	grey - coloured scale; upatream, 

	

u 	 1 mm thiék. d 
9 	 Grey scale, upstream, 1 mm thick, 

d 

	

w 	 covered by beige powder, 1 mm' 
stainless 	538 	85 	405 	700 	635 	576 	thick, upétream, covered by / mm 

grey powder. even. 	 , 

	

d 	 Grey-tan powder,-upstream and o 

	

r 	
601 	14 

f 	 top side, 
f
2 ram - thick, easily 

	

',4 	ceramic 	 577 	619 	585 	619- 

	

u 	 brushed .of. w 
m 

g .20 

	

-1-1 	 Grey glaze upstream, 1 mm, 

	

4.) 	 tan powder downstream (some.had 1- 

	

(r11± 	 stainless 	536 	18 	507 	561 	507 	549 	fallen off), covered by grey 

	

M 	 powder, 1 mm downstream. w E-1 
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Raw Coal 
Kiln-Dried Twice,,5% Excess Oxygen 

PROGRESS REPORT 4.1B 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-2  

SUMMARY 

As explained elsewhere-
2/ 

 , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make pu the program. This progress report (4.1B) 

presents coal analyses and size distribution of the pulverized coal burned 

in test 4.1 done on October 22, 1976. 

11
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 --/ "Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 
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CCRL

RECORD OF ANALYSIS
_3098-76

A-1240

_7/1/7f,Hat Creet "B-Raw" (4.1)

SAMPLE CONDITION
AIR
DRIED

DRIED
107 ± 3°C SCREEN ANALYSIS

Proximate Analysis

Moisture 7.06 0.00

Mesh %
Inches

+ x 1/4 0.00
Ash 34.79 37.43

1/4 x 1/8 0.35
Volatile Matter 30.79 33.13 1/8 x 1/16 12 00.
Fixed Carbon (by Diff.) 27.36 29.44 1/16 x 1/32 39.35

Ultimate Analysis 1/32 x 30M 7.44

Carbon % 39.13 42.10 30M x 50M 19.95

Hydrogen % 053 283
50M x 0 20.91

. .

Sulphur % 021 1 10. .

Nitrogen % 0.86 0. 93

Ash % 3 4 . 79 Grindabilit Index
Oxygen (by Diff.) % 14.09 15.16

y
(Hardgrove): 48

Calorific Value

Calories per gram 3649 3926 Equilibrium Moist

B.T.U. per Lb. gross 6568 7067
(97% Hum),%:

Caking Properties

By Vol. Button @

Swelling Properties

Free Swelling Index (ASTM)

Sulphur Forms:

Sulphate 0.11

Pyritic 0.51

0 40

Ash Fusibility, OF OXID. RED

.Organic (by Diff.)

Total 1 02
Initial Deformation OF '2620 2480

.

Softening-Spherical OF 2700+ 2600
h

Softening-Hemispherical OF 2700+ 2660
:Specific Gravity in as

F1uid IF 2700+ 2700+
2.76

ASH ANALYSIS

Component % Component % _

Si02 48.24 CaO 3.82
Chlorine:

A1203 29.14 MgO 1.10
Fe203 11.11 S03 3.62 Trace Mercury:
Mn304

0. 13 Na20 0.28
Ti02 K20

0.3 7

P205 0.37
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TEST NO: 4.1 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

, 

2/ 
1 1 	Grab Samples 	 Composite Sample 

Size 	 3/ 	 4/ 

	

Wt % 	R.M.S. Deviation 	Wt Z 	LOI %:- 

60M 

60M x 100M 	 3.9 	79.3 

100M x 140M 	20.2 	2.5 	 15.1 	72.5 

140M x 200M 	4.0 	2.7 	 9.9 	67.0 

200M x 325M 	40.9 	9.5 	 24.2 	60.2 

325M x 0 	28.0 	18.1 	 46.9 	54.6 

1/ The mesh openings for the sieves are as follows: 2501.1 for 60 mesh, 
— 	1491.1 for 100 mesh, 1051.1  for 140 mesh, 74p for 200 mesh and 44p for 

325 mesh and where lp = 10-6  metres. 

2/ Grab samples were taken at 1 hour intervals during the test. 

3/ R.M.S: Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73. 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Raw Coal 
Kiln-Dried Twice, 5% Excess Oxygen 

PROGRESS REPORT 4.1C 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1  

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. 

This progress report (4.1C) presents a photographic record of the 

fireside fouling of the research boiler surfaces, the properties of ash 

deposits collected on probes and the chemical analyses of various ash forms 

produced in test 4.1 done on October 22, 1976. 

1
!Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of . Energy, Mines and Resources, Ottawa, 
Canada. 

2"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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Figure la 

Furnace bottom at end of 
test. Friable sinter 
blocks approximately 
half of furnace projected 
bottom area directly 
above dump plates. Air 
cooled deposition probe 
is partly covered with 
sinter. 

Figure lb 

Furnace bottom at end of 
test. Sinter has been 
removed from above dump 
plates and along west 
wall of bottom. Burners 
and throat are clear. 
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Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on left. Refractory 
probe on right. 

Figure id  

Burner deposition probes. 
Air cooled probe on left. 
Refractory probe on right. 

Figure le 

Transition section 
deposition probes. Air 
cooled probe on right. 
Refractory probe on left. 
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FIGURE 1f Main air heater tube sheet second pass up to 

2  -  3 inches of powder. 

FIGURE lg Photomicrograph, x 10, of a thin section of sinter 

which was found attached to the refractory near the 

burners. The sinter is weak and porous. 
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290 

Figure ii  

Low Temperature corrosion 
probe 121°C. 

Figure lj 

Low temperature corrosion 
probe 104°C. 
Probe is incorrectly labelled 
in photograph. Should be 
220°F. 
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Figure 1h 

Low Temperature corrosion 
probe 1380C. 



B.  C. Hydro - CANMET Joint.Program 

RATE 0F  DEPOSITION OF WATER . SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES 

Low Temperature 	 High Temperature 

	

, 	o, 
Probe Temperature 	 138°C  C 	 104

o
C 	 534oC 	5380C 	536 %.• 

Deposition rate / 

Fe 	 48.2 	60.7 	41.2 	 2.1 	16.8 	5.7 

Mg 	 1.34 	1.17 	.71 	 2.6 	12.2 	2.7 

Na 	 1.12 	 .89 	.89 	- 	1.3 	4.2 	1.6 

Ca 	 5.3 	3.9 	4.3 	 46.9 	89.0 	45.3 

SO
4 	

(total) 	 232.7 	203.6 	159.2 	 91.4 	392.0 	76.3 

SO
4 
 (free), by difference 

1 	129.5 	83.3 	73.4 	 92.5 

--. The deposition rate is given in unitsofmgim
2  thOur and the sampling time is 8i hours, 

oo 

to 

r 
te 

0 

ri  0 

bk 
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Sample: Deposit from the furnace bottom, Test 4.1 (A 1278 - 76) 

Ash Fusibility 	 Oxidizing 	Reduc ng 

Initial 	°C 	 1141 	 1 . 249  

Spherical 	°C 	 1482+ 	 1410  

Hemispherical 	°C 	 + 	 1482+  

Fluid 	°C 	 + 	 +  

Ash Analysis 	 % 

Si2 
	. O 	 52.77  

Al 0 
2 3 	 28.01  

Fe
2
0
3 	 10.79  

En 0 
3 4 	 ----  

TiO
2• 0.96 

P
2
0
5 	 0.23 

 CaO 
3.71  

mgo 	 1.44  

$O 3 	 no sample  
Na20 	 0.29  

K 0 
2 	 0.47  

Cl 	 ---- 
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Sample: Deposit from the furnace walls, test 4.1 (A 1283 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

. Initial 	°C 	 1271 	 • 1199 -  

Spherical 	°C 	 1438 	 1354' 

Hemispherical 	°C 	 1466 	• 	 1421 

-Fluid 	°C 	
1482+ 	 1449" 

_ 

Ash Analysis 	 % 

SiO2 	 51.13  

Al
2
0
3 	 97_67  

Fe
2
0
3 	 12.73  

Eh
3
0
4 	 ----  

TiO 
2 	 0.95  

P
2
0
5 	 0.28 

CaO  
4.20  

mgo 	 1.42  

SO
3 
	

164  
Na

2
0 	 0.31  

K
2
0 	 0.45 

Cl 
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- 	Deposit ftom.sheer between 2nd and 3rd Passes of air heater, Test 4..1 
Sampie 	(A 1282 - 76) 	 • 

Ash  1Fisibi1ity 	 Oxidizing 	 Reducing 

Initial 	
o
C 	 1310 	 1221  

o 	 1438 	 1338  Spherical 	 C 

Hemispherical 	
oC 	 1460 	 1449  

1482+ 	 1482+ 	. 
Fluid 	

o
C 

' 

Ash Analysis 

SID2 	
50.07  

Al D 3 	
27.01  

Fe
2  03 	

13.31  

Mn 	 ----  
30 4 

TiO2 	
0.96 

P 0 	 0.32 
2 5 

CaO 	 4.67 

14g0 	 1.22 

SO3 	 0.91  

Na2° 	
0.28  

K20 	
0.46  

Cl 	 ----  
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Sample: 	Deposit from electrostatic precipitator, test 4.1 (A 1248-49-50) 

Amh Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1288 	 1249  

Spherical 	oc 	 1432 	 1343 

Hemispherical 	°C 	 1471 	 1410  

Fluid 	°C 	 1482+ 	 1471  

Ash Analysis 	 % 

SiO
2 	 50.26  

Al
2
0
3 	 27.03 

Fe
2
0
3 	 9.38  

En
3
0
4  

TiO
2 	 1.20  

P
2
0
5 	 0.35 

CaO  
5.04  

MgO 1.93  

SO
3 	 1.25  

Na
2
0 

0.40  
K
2
0 	 0.48  

Cl 
----  
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DETAILED ANALYSES'OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Raw Coal 
Kiln-Dried Twice, 5% Excess Oxygen 

PROGRESS REPORT 4.1D 

by 

1/ 
THE STAFF 'OF THE CANADIAN COMBUSTION RESEARCH LABORATORY -- 

SUMMARY 

As explained elsewhere 21 , the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 

combustion tests which make up the program. This progress report (4.1D) is 

the last of the series and presents results of the following detailed 

analyses of ash produced in test 4.1 done on October 22, 1976. 

1. Particle size distribution of It ash 

2. Combustion calculations 

3. X-ray diffraction analyses of fireside deposits 

4. Summary of DTA studies on fireside deposits 

1/ Energy Research. Laboratories, Canada Centre for Mineral  and  Energy 
Technology (former Mines Branch), Department of Energy, Mines and 
Resources, Ottega, Canada. 

2/ — "Pilot-Scale  Combustion Tests with Coals from. the Hat Creek Area. of. 
British Columbia, British Columbia Hydro and Power  Authority, CAUMET 
Joint Program. Objectives and PrOcedure". Report ERP/ERL 76/99 
Canadian  Combustion Research  Laboratory, Energy Research Laboratories, 
Canada Centre lor Mineral and Energy Technology, Department of Energy, 

. Mines and Resources, Ottawa, Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 _ 	0.8  

	

1.59 - 	2.00 	 1.0  

	

2.00 - 	2.52 	 1.5  

	

2.52 - 	3.17 	 2.2  

	

3.17 - 	4.00 	 0.2 	 3.6  

	

4.00 - 	5.04 	 n 1 	 4.9  

	

5.04 - 	6.35 	Coulter 	 (1 • 7 	 6.7  
> 

	

6.35 - 	8.00 	Counter 	 1 3 	 8.3  

	

8.00 - 10.08 	 3.2 	 11.5 	'  

	

10.08 - 12.7 	 6.1 	 13.1  

12.7 	- 16.0 	 11.1 	 13.1  

16.0 	- 20.2 	 15.7 	 10.5  

20.2 	- 25.4 	 17.9 	 7.8  

25.4 	- 32.0 	 15.0 	 4.1  

32.0 	- 40.3 	 8.0 	 1.6  

40.3 	-44.0 I 	 ) 	1.4 	 0.3  

44.0 	- 74.0 	1 	 15.7 	 5.6  
Sieve 

	

+74.0 	J 	 3.2 	 3.4  

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 
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X-ray Diffraction Analyses of Fireside Deposits from Test 4.1, 

"B-raw" coal from Hat Creek. 

Mull, Crist 

Hem, Mag, Mull, Sill 

Mag, Hem, Mull, Unid (tr), Amorph 

Hem, Mull, Qtz, Amorph 

Furnace Bottom Ash 
(1278 76-435) 

Under Flame Probe Deposit 
(1272 76-451) 

Furnace Probe•  Deposit 
'(1274 76-452) 

Transit-ion Probe Deposit 
(1276 76-453) 

Abbreviations of Constituents: 

Qtz 	Quartz SiO
2 

Crist 	Cristobalite SiO
2 

Mull 	Mullite 3A1
2
0
3
.2SiO

2 
Hem 	Hematite Fe

2
0
3 

Mag 	Magnetite 
Fe304 

(or spinel-type close to this composition) 

Sill 	Sillimanite Al
2  03 

 .SiO
2 

Unid 	Unidentified material of significance 

Amorph 	Significant amorphous material present 

Notes: 

There is little indication of amorphous material in Furnace Bottom 

Ash samples. All others appear to contain some amorphous, particularly 

where indicated. 

Most films contain a few faint diffractions that were not identified. 

A combination of cristobalite and quartz is similar to mullite, 

causing some ambiguity in identification. 

Constituents are listed in decreasing order of abundance. On occasion 

"trace" is used for clarity. 

The sampling method is not representative and the order of abundance 

may be different from that of other larger samples. 
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SUMMARY OF DTA STUDIES ON FIRESIDE DEPOSITS 

Samples: 

Five samples of ash from the furnace bottom and one sample of ash 

collected by  the CCRL dust sampler were examined. 

Sample 1) 

. Sample 2). 

Sample 3) 

Sample 4) 

Sample 5) 

Sample 6) 

CCRL 980 Test 1.1 

CCRL 1092 Test 2.1 

CCRL 1190 Test 3.1 

CCRL 1278 Test 4.1 

CCRL 1360 Test 4.3 

CCRL 986 Test 1.1 

Stindance bottom ash- 

Hat çreek A-raw„ botte ash 

HatCreek A-washed, bottom ash 

Hat  çreek Be-raw, bottom ash 

Hat'  Creek B-raw, bottom ash 

Sundance fly ash. 

Procedures: 

Samples weighing approximately 50 mg  were  heated in a static air 

atinOsphere at 12
o
Clmin. to 1500

Ot
. TWo platinum foil pans: were heid in a 

vertical furnace, one containing the sample and the other containing 

ctàlumina as reference material. Pt: Pt/13% Rh thermocouPles were held 

with their beads denting the bottom of the pans. 

Results: 

Simple  1) No peaks were observed. The baseline shifted in the exothermic 

direction at 1360 °C When cool, the sample was dark and-glassy. 

Sample. 2)  No  peaks were -Observed. The baseline Shifted in the endothermic 

direction at 1450 °C. When cool, the sample was  brown-black  opaque, 

and:very hard. 

Sample 3) No peaks were Observed. The. baseline shifted in the endothermic 

'direction , at 1340°C. When cool,  the  sample was black with brown 

spots, opaque, and very hard. 

Sample 4) No peaks were observed. The baseline shifted in the exothermic 

direction at 1330°C. When cool, the sample was black with brown 

spots, opaque, and very hard. 
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Sample 5) No peaks were observed. The baseline shifted in the endothermic 

direction at 1160°C. When cool, the sample was brown, opaque, 

• 	and appeared to have melted. 

Sample 6) A sizable exothermic peak was observed in the 400°C to 500°C 

range and a small endothermic peak was noted at 11609C. Cooling 

and reheating in the range 1000°C to 1500°C failed to show any 

repetition of the latter thermal effect. When cool, the sample 

was dark and glassy. 

Comments: 

It seems certain that samples 1), 5) and 6) underwent melting. 

The other samples probably had some liquid phase present. The lack of DTA 

peaks is unusual. It most likely indicates that melting occurred over a very 

broad range. Cooling to 1000
o
C and reheating gave rise to no peaks either. 

The exothermic peak for sample 6) was most likely the result of combustion of 

a small amount of carbonaceous material. 

It can be concluded that DTA is not a very usefull  technique for  

studying these màterials. 
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CANADIAN COMBUSTION RESEARCH LABORATORY 
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ENERGY RESEARCH PROGRAM 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Raw Coal 
Kiln-Dried Twice, 3% Excess Oxygen 

PROGRESS REPORT 4.2A 

by 

1/ THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY 

INTRODUCTION 

By  an agreement betWeen the B. C. Hydro and Power Amthority 

(BC BYdr0)  and the Canada Centre for Mineral and Energy Technoloe CANMET),. 

a series of combustion tests are being done at the Canadian Combustion 
•••• 

Research Laboratory (CCRL) to assess the suitability of Hat Creek coal as a 
2/ 

boiler fuel for thermo-electric generation. A previous report- describes the 

objectives of the program, the pilot-scale equipment, the procedures and 

method of reporting results. 

This progress report summarized the data immediately available from 

Test No. 4.2, which was done on October 26, 1976. 

1/ 
— Energy Reseatch Laboratories, Canada Centre for Mineral and Energy Technology 

(former Mines .Branéh), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 
-1"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Minerai  
and Energy .  Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 4.2 

In this test, Hat Creek "B" raw coal was burned. The coal had been 

kiln-dried twice, which reduced the as-fired moisture content to 9.3%. The 

target level of excess oxygen in the flue gas was 3% (approx 15% excess air), 

and the target coal feed rate was 131 kg/hr, which represents a heat input of 

two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data, shown in Tables 1 and 2, are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test  

At 0840 hr, stable, unsupported coal combustion had been in progress 

for over an hour. The flame was observed to be yellow-orange coloured, and 

moderately opaque. The view of the furnace throat from the top of the furnace 

was partly obscured by flame or glowing ash particles. The air-cooled 

deposition probe in the furnace was intermittently visible but the refractory 

deposition probe was not. Deposits could be seen on all of the furnace walls 

below the throat, and they blocked roughly 1/3 of the projected .Èhroat area. 

The furnace-bottom was fairly transparent but many burning particles of coal 

were visible. The air-cooled deposition probe in the furnace-bottom was clearly 

visible. A deposit of sinter on the north wall of the furnace was visible 

through one of the sight ports. The transition section between the furnace and 

the test air-heater showed only a faint glow by which the test air-heater tubes 

could barely be discerned. 

At 0900 hr, the deposits under the furnace throat were.removed by 

thrusting a poker through the top of the furnace. Ash was then dumped, and 

when raked from the quench tank it was observed to be formed of nearly black 

coloured, small, weak sinters. The flame was more transparent. From the top 

of the furnace it was possible to observe part of the west wall of the furnace-

bottom and the air-cooled probe in the furnace-bottom. 

At 1000 hr, a poker was again used to remove deposits from the walls 

below the furnace throat. Then ash was dumped and raked out of the quench tank. 
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A few pieces of sinter 15 to 20 cm in diameter and some small sinters were 

fôuhd ix',  the ash .  The flame was bright and its colour was closer to yellow 

thah to orange, Some burnirig or glowing coal particles were -being swept into . 

the furnace exit, and there was a 5 to 8 cm layer of sinter whiskers on the , 

furnacebottOmwalls. 

At 1135 hr, deposits were removed from the furnace throat by 

thrusting a poker through the top of the furnace, and' ash was reMoved from 

the ledges adjacent to the dump plates by thrusting a poker through a.sight 

port in the bot-tom. This was repeated at 1310 hr, and a large sinter, l-5  to  

20 cm thick remained adhering to the south wall of the furnace-bottom ..  

By 1410 hr, deposits under the throat had built up.afresh and they 

blocked nearly 1/4 of the projected throat area. All visible walls of the 	, 

furnace-bottom had a layer of sinter, which was 5 to 10 am thick. By 1450 hr, 

the throat was nearly blocked with deposit, but the deposits were not removed 

until 1460 hr, when measurements were completed. A poker was thrust through 

the top of the furnace, and ash was dumped. 

At 1530 hr, the furnace-bottom was full of ash. The air-cooled 

deposition probe in the furnace was badly bent by falling sinters, and was 

partly immersed in the ash. Heavy deposits of sinter on the south wall of the 

furnace-bottom and below the furnace throat were evident. 

At 1553 hr,.the test was completed. Deposits were visible on the 

north side and part of the west.side of the furnace throàt. The furnacebottom 

walls were heavily coated with whiskers of sinter. After "'shutdownr,.a 

flame persisted for several minutes. This was.caused by oil from the support 

burner Which had struck and soaked into the deposits of sinter .  RoweVer, the. 

ash in the furnace-bottomhvery soon ceased to radiate visible light. 

Deposition Probe During the Test  

Only the air-cooled deposition probes in the furnace and the furnace-

bottom were visible during the test. 

The air-cooled deposition probe in the furnace-bottom initially 

developed a beard of sinter, 6 to 12 mm thick, on all of the top surface. 

Some of this sinter was knocked off and the probe was bent downward when the 

throat was first cleaned. The probe then became bearded evenly with sinter, 
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6 mm thick, and again this was knocked off when the throat was cleaned at 

1310 hr. This pattern of deposit development and their accidental removal 

did not change until the end of the test. Then the free end of the probe 

vas  buried in the ash on the furnace-bottom and the exposed portion was clean 

except for a continuous deposit, 4 mm thick, along the top surface. 

The air-cooled deposition probe in the furnace remained free of 

massive deposits throughout the test. 

Furnace After Test  

When the dump plates were swung open, only a small quantity of ash 

fell. A large sinter, roughly 30 cm square x 15 cm thick, remained hanging 

in the furnace-bottom, partly supported by the air-cooled deposition probe. 

The furnace-bottom walls and the throat refractory were covered with sinter, 

5 cm thick, and with some deposits less than 20 cm thick. The heaviest 

deposits were in the southwest and northeast corners. The ash ranged in 

colour from tan to rust-brown, with the former predominating.  Some  of the 

sinter was moderately strong. 

The furnace water walls bore some dust and at the lower end there 

were a few 3 to 4 mm globules of sinter. There were roughly 2 cm of dust on 

the upper slopes of the tubes forming the furnace throat and the nose of the 

furnace exit. 

There was a layer of dust 7 to 10 cm thick on the bottom of the 

transition section and the test air-heater. It was mostly tan coloured, with 

a thin charcoal-grey coloured layer on top. The test air-heater tubes were 

clean on the upstream surface, but had a 1 to 2 mm deposit of tan-coloured 

dust on the downstream surface. The main air-heater had 1 to 4 cm of charcoal-

grey coloured dust on the second-pass tube sheet. 

Deposition Probes After Test  

Before it was removed, the air-cooled probe in the furnace-bottom 

was clean. The ash which covered the free end did not adhere. 

The refractory probe in the furnace-bottom had broken off during 

the test and had been raked out of the quench tank. 

Before they were removed, both of the probes in the furnace were 

clean, except for a thin layer of dust. 
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. The refractory transition probe was clean on the upstream surface 

and was .covered by  1mm of tan coloured dust on the downstream surface. 

The air-cooled transition probe was covered evenly by 3 mm• thick, 

grey coloured dust. 
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TABLE 1 

OPERATING DATA 

Progress Report 4_9A 

Revised 18/11/76 

COAL  HAT CREEK "B" RAW, DRIED TWICE EXCESS  02  

,47.9% 325 mesh 

1110,  1008  
8 	907, 	844 
9 	• 873, 	845.  

o
C readings taken in 

o
C 	second and third 

two hour period 

7 

26/10/76 

Parameters Station Obs. (R.M.S. Dev.) 	 Comments 

Test Duration 
Firing Rate 
Moisture Content of Coal 

	

I, 	It 	II 

	

Combustible " 	" " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
h) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 

BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

B.  
Secondary (Windbox) Air L 

FLUE GAS ANALYSIS 
a) CO2  
h) 0 
c) CO

2 

d) NO 
e) SO2 

 0 SO
3 g) Acid dewpoint 

FLUE GAS TEMPERATURE 
a) Furnace Exit 
h) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
b) 
c) 

FLY ASH 
a) Loading 
b) Resistivity 

7 hours 
132.5(4.1) kg/hr 

1 	 9.3 	% •feed to pulverizer 
2 	 0.8 	% feed to furnace 
2 	 65.1(2.7) 	% dry weight 

once every i hour continuous dumping 
Total ash dumped=155 kg(dry) 

3 	 278(5) mmH
2
0 	equivalent to 1238.5 kg 

2 	 227(6) mmH,0 	 coal. 
3 	 199(6) 	Oe 
2 	 103(2) 	°C 
2 	83.6% below 200 mesh oversize, 15.3% 140 mesh 

" 	,16.4% 200 mesh 
6 	 649(16) kg/hr 
6 	3.07(0.08) atmospheres 
4 	 188(7) 	°C 

	

10 	 34(9) mmH
2
0 

	

11 	 34(9) mmH
2
0 

	

12 	 18(3) mmil„0 

	

5 	 145(8) mme0 

	

5 	 157(8) mmE 2
2
0 

	

4 	 53(11) mmH
2
0 

	

4 	 52 (9) mmH
20 

	

11 	 17.1(0.4) 	% 

	

11 	 3.1(0.2) 	% 

	

11 	 149(30) 	ppm 

	

13 	 580(123) 	ppm 

	

14 	 1016(22) 	PPm 

	

14 	 <1 	PRm 

	

18 	 24(3) 	uC 

11 	 628(18) 	oC 
12 	 292(12) 	oC 
16 	 156(12) 

measured.at  20°C 
, 16 	11600(2600) mgms/913 

 

15 1.5(1.4)x10 1 M cm at  262°C  
17 2.6(1.0)x10 11 P cm at 15d5 C; 1.8 x 10 11  ÇZ am at 114°C 

c) Precipitator efficiency 	18 	 92.0(0.9) 	% 
d) Combustible content of 	18 	 4.5(0:7) 	% 

ash collected from precipitator 
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TABLE 

DEVOS1TION PROBES 

• , 	 • 
• 

Station 	-Deposition 	 ' 	 Temperature 	°C 	 - 	 Description of 

	

mean 	- 	Rie 	Min. 	max. 	' 	initial 	final 	 - Deposit 
Dev- 

- 	lj- o 	 • 	 Probe  Broken 	. 
44 
4 	 . ceramic 	1220 	175 	957 	1e4e 	961 	1263 	Tan and grey sintér,t - mm thick, 
o 
m 	 uneVen. 
w 	19 	 . u 
m - 	 Tan acale, uneven, upstream. 

tainl 	711 	(68) 	545 	847 	781 	675 s 	ess 	
. 

P4 	 Tan powder, even,  2  ffim thick, e 
P-4 	

. 	 rimen, rrpqm 	, 

w 	ceramic 	781 	(59) 	723 	876 	856 	673 	Black scale, uneven, upstream. 
u 
m 

	

9 	 Grey dust, 2 mm thick, over 
e 

r=4 	 dark grey scale, upstream. 
stainless 	482 	(58) 	397 	568 	426 	428 Dark grey powder, 2. mm thiçk, 

dOwnstream. -  

0 o 	 Tan coloured dust, 11 mm thick, 
4 	 ceramic 	640 	(20) 	592 	666 	592 	631 
u 	 downstream. 
w w 

g 20  Grey powder, 1 mm thick, all 
.r1 44 	 around, over tan powder, 2 - mm 

stainless 	504 	(27) 	423 	538 	423 	496 	thick, -downstream and-grey acale, 
n 	 mpetreaM. 
le 
Et 

b"i 
0 

*09. 
• 11« 

CD 

m 
7:1 

 'CD• 
'LI 
0 
Ii  
rt 

a. e- • 
I-8 1 v 
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Progress Report 4.28 

COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Raw Coal 
Kiln-Dried Twice, 3% Excess Oxygen 

PROGRESS REPORT 4.2B 

by 

1/ 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY- 

SUMMARY 

As explained elsewhere-
2/ 

 , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. This progress report (4.2B) 

presents coal analyses and size distribution of the pulverized coal burned 

in test 4.2 done on October 26, 1976. 

Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
— 'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 
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RECORD OF ANALYSIS 

CCRL 

1%  -Raw"  (4_9  

Progress Report 4.:2B 

3099-76 
A-1284. 

7/1/77 

AIR 	DRIED 
SAMPLE CONDITION 	 DRIED 	107 ± 3 ° C 	SCREEN ANALYSIS 

,  

Proximate Analysis 	
Mesh 	 % 
Inches 

Moisture 	 7.81 	0.00  
+ x 1/4 	0.00  

Ash 	 28.43 	30.84  
1/4 x 1/8 	0.89 

Volatile Matter 	 32.59 	35.35 	1/8  x 1/16 	32.34 	. , 
Fixed Carbon (by Diff.) 	31.17 	33.81 	1/16 x 1/32 	38.53  

Ultimate Analysis 	 1/32 x 30M 	9.02  

Carbon 	 % 	44.07 	47.80 	30M 	x 50M 	10.51 

50M x 0 	8.71 
Hydrogen 	 % 	3.34 	3.62  

Sulphur 	 % 	0.84 	0.91  

Nitrogen 	 % 	0.92 	1.00  

Ash 	 % 	28.43 	30.84 	Grindability Index 
Oxygen (by Diff.) 	% 	14.59 	15.83 	 (Hardgrove): 	47  

Calorific Value  

Calories per gram 	4113 	4461 	
Equilibrium Moist 

 (97%  Hum),!.:  
B.T.U. per Lb. gross 	7403 	8030 

, 	
Caking Properties 

By Vol. ButtOn @ 	
Sulphur Forms: 

Swelling Properties 	
Sulphate 	 0.06  

Free Swelling Index (ASTM) 	 Pyritic 	 0.32  

	 ""« 	Organic (by Diff.)0.46 
Ash Fusibility, °F 	 OXID. 	' 	RED , 	Total 	 0.84  

Initial Deformation 	° F 	2700+ 	2580  

Softening-Spherical 	°F 	2700+ 	2690  
Specific Gravity in ash: 

Softening-Hemispherical °F 	2700+ 	2700+  
2.76  

Fluid 	 ° F 	2700+ 	2700+ 

ASH ANALYSIS 

Component 	% 	- 	Component 	% 

Si02 	50.85 	CaO 	 4.11 	
Chlorine: 	0.01  

Al203 	29.84 	MgO 	 0.94  
Fe203 	 SO3 	 17 	Trace Mercury: 	 

	

9 36 	 3 .  
Mn304 	 12 	Na20 	 0.31  0. TiO2 	 K20 

1 	11 	 0.36  
P20

5 
0.37 
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TEST NO: 4.2 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

2/ 
1/ 	Grab Samples 	 Composite Sample 

Size 	
_ 

3/ 	 AI  
Wt % 	R.M.S. Deviation 	Wt % 	LOI % 

60M 

60M x 100M 	 3.8 	84.1 

100M x 140M 	15.3 	3.4 	 16.8 	•76.6 

140M x 200M 	• 	1.2 	1.3 	 8.6 	70.5 

200M x 325M 	31.5 	8.2 	 23.3 	66.6 

325M x 0 	52.0 	• 	12.1 	 47.4 	60.2 

,The :nee openings for the sieves are as follows: 250p  for  '60 meal'', 
149p for 100 mesh,'1054 for 140 mesh, 74p.for 200 mesh and 41.4p for 
"325 mesh and Where. 111 = 1076  metres. 

2/ 	Grab samples were taken at 1 hour intervals during the test. 

3/ 	R.M.S: -  Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73. 
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Progress Report 4.2C 

FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

• PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - UNMET 

JOINT PROGRAM 

Hat Creek "B" Raw Coal 
Kiln-Dried Twice, 3% Excess Oxygen 

PROGRESS REPORT 4.2C 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1 
 
/ 

SUMMARY 

2/ 
As explained elsewhere— , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. 

This progress report (4.2C) presents a photographic record of the 

fireside fouling of the research boiler surfaces, the properties  of  ash 

deposits collected on probes and the chemical analyses of various eash forms 

produced in test 4.2 done on October 26, 1976. 

11
Energy Research Laboratories, Canada Centre for Mineral and Ertergy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 
•-1"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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PROGRESS REPORT 4:2C 

Figure la 

Furnace bottom at end of 
test. Large friable 
sinter in south west 
corner immediately above 
dump plates. Air cooled 
deposition probe extends 
into sinter. 

Figure lb 

Furnace bottom at end of 
test. Sinter immediately 
above dump plates has 
been removed. Large sinter 
extends from half way on 
west wall to south east 
corner of furnace bottom. 
Sinter along north and 
south walls partially 
blocks furnace throat. 
Burner on north side is 
clear of sinter. 



Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on left. Refractory probe 
on right. 

P1111 CLICILED 

4.2 HRT CREEK B 
BURNER PROBES A 

Figure le 

Transition section 
deposition probes. Air 
cooled probe on left. 
Refractory probe on right. 
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PROGRESS REPORT 4:2C 

Figure id  

Burner deposition probes. 
Air cooled probe of left. 
Refractory probe on right. 
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PROGRESS REPORT 4:2C 

Figure lf 

Main air heater tube 
sheet second pass up 
to 2 - 3 inches of 
powder. 
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Figure lg 

Low Temperature corrosion 
probe 138°C. 

Figure lh 

Low Temperature corrosion 
probe 121°C. 

Figure li 

Low temperature corrosion 
probe 104°C. 
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B. C. Hydro - CANNET Joint Program 

RATE OF DEPOSITION UF WATER SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES 

Low Temperature 	 High Temperature 

Q Probe Temperature 	 138 °C 	121 °C 	104 °C 	 711
o
C 	482

o
C 	504C 

Deposition  rate '  

Fe 	 62.6 	60.7 	31.8 	 2.1 	13.5 	4.3 

Mg 	 2.0 	 1.7 	0.5 	 1.8 	14.5 	2.6 

Na 	 1.3 	 0.9 	0.7 	 0.9 	4.2 	1.3 

Ca 	 5.3 	 3.5 	3.5 	 15.6 	70.7 	9.8 

SO
4 	

(total) 	 165.4 	102.7 	111.8 	 80.6 	289.5 	36.9 

SO
4 

(free), by difference 

	

34.3 	 27.8 	 30.8 	30.5 

.g)  The deposition rate is given in units ofing/m2 thour and the sampling time is 8i bourn. 

Ui  

e- 



Sample:Deposition probes, Test 4.2, B. C. Hydro 

Station 	 . Furnace Bottom 	, 	Boiler 	Transition Section 

Material 	 . 	SS 	REF 	SS 	REF 	SS 	, 	REF 

Mean Temperature °C 	377 	660 	250 	416 	262 	338 

% Water Soluble 	 6.4 	2.7 	4.8 	3.4 	4.6 	--- 

Acid Insoluble 	 8 	8 	60 6 	69.1 	60.8 	75.4 	--- 

Analysis 	, % 	 WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 

SO
4 	

2.4 	0.0 	1.3 	1.4 	2.1 

Ca 	 4.1 	0.0 	2.5 	0.4 	2.2 	0.3 	0.7 	0.4 	2.0 	0.2 

Fe 	 1.0 	3.6 	0.1 	0.8 	0.7 11.4 	--- 17.5 	--- 	3.6 

Mg 	 0.1 	0.3 	--- 	0.1 	0.1 	0.6 	--- 	0.5 	--- 	0.6 

K 	 0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 

Na 	 --- 	0.1 	--- 	--- 	--- 	0.1 	0.0 	0.0 	0.0 	0.1 

' WS = water soluble 

AS = acd soluble 

= trace 

Z
•

7  
z
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x  
ss

a
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Progress Report 4-i2  C - 

Sample: Deposit from the furnace bottom,iTest 4.2 (A 1312 - 76) 

Ash Fusibility 	V 	Oxidizing 	Reducing 

Initial 	°C 	 1332 	 1238  

Spherical 	oc 	 1482+ 	 1438  

Hemispherical 	°C 	 + 	 1482+  

Fluid 	°C 	 + 	 +  

Ash Analysis 	
% 

S i0 
2 	 55.17  

Al. 0 

	

2 	3 	 30.02  

	

Fe
2
0
3 	 8.34  

Eh 0 
3 4  

	

TiO
2 	 1.09  

	

F'2
0
5 	 0.28  

	

CaO 	 3.66 

Mg° 
1.75  

SO 

	

3 	 no sample  

Na 0 

	

2 	 0.31  
K
2
0 

0.45  

Cl 



0.31 

Ash Analysis o 

3.84  

0.99 

2.12 

0.26 

21.47 

11.11 

57.02 

fL3.0 

SiO
2 

Al
2
0
3 

Fe20
3 

Mh 0 
3 4 

TiO 
2 

P 0 
2 5 

CaO 

Mg0 

SO
3 

Na 20  
2 

K 0 
2 

Cl 
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Progress Report 4.2 C 

Sample: Deposit from the furnace walls, Test 4.2 (A 1312 - B 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1410 	 1143  

Spherical 	°C 	 1421 	 1154  

Hemispherical 	°C 	 1421 	 1171 

Fluid 	oc 	 1438 	 1249  



Progress Report 4,2 C 

Sample: Deposit from transition section, Test 4.2 (A 1312E) 

Ash • Fusibility 	 Oxidizing 	 Reducing 

Initial 	 oC 	 1316 • 	 1260  

Spherical 	oC 	 1471 	 • 	 1399•

1482+ 	 1460  
Hemispherical 	°C 

+ 	 1482+  
Fluid 	

o
C 

Ash Analysis 

SLO
2 	

52.30  

Al203 	
28.72 

2°3 	
8.94  

Mn
3  0 
	

---- 
4 

TiO2 
	

1.11  

P 0 
2 5 	

0.12  

• 	 Ca0 	 &-55  

MgO• 	 1_64

•SO3 	 0.58  

Na2  0 	
0.31  

K20 	 0.47  

Cl 	
----  

24. 9 
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Sample: Deposit from electrostatic precipitator, test 4.2 (A 1292-93-94) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1288 	 1249  

Spherical 	°C 	 1449 	 1371  

1477 	 1432 Hemispherical 	°C 
1482+ 	 1471 

Fluid 	°C 

Ash Analysis 	 % 

SiO
2 	 53.25 

Al
2
0
3 	 29.15  

Fe
2
0
3 	 7.37 

En
3
0
4 	 ---- 

TiO
2 	 1.28 

P
2
0
5 	 0.30  

CaO 	 4.97 

Mg° 	 1.48 

SO
3 	 0.81  

Na
2
0 

n_42  

K
2
0 	 0.50  

Cl 
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1 

/ 

DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY . - CANMET 

JOINT PROGRAM 

Hat Creek "B" Raw Coal 
Kiln-Dried Twice, 3% Excess Oxygen 

PROGRESS REPORT 4.2D 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-1/ 

SUMMARY 

2/ As explained elsewhere — , the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 

combustion tests which make up the program. This progress report (4.2D) is 

the last of the series and presents results of the following detailed 

analyses of ash produced in ' test 4.2 done on October 26, 1976. 

I.  Particle size distribution of fly ash 

Combustion calculations 

Energy Research Laboratories, Canada Centre for Mineral and Energy 
Technology (former Mines Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 
British Columbia, British Columbia Hydro and Power Authority - GANNET 
Joint Program. Objectives and Procedure. Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Minerai and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa. Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

, 	 , 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 0.4  

	

1.59 - 	2.00 	 0.5  

	

2.00 - 	2.52 	 0.8  

	

2.52 - 	3.17 	 1.2  

	

3.17 - 	4.00 	 0.2 	 2.2  

	

4.00 - 	5.04 	 n.3 	 3.3  

	

5.04 - 	6.35 	Coulter 	 0.9 	 4.9  

	

6.35 - 	8.00 > Counter 	 1.9 	 6.6  

	

8.00 - 10.08 	 4.5 	 10.1  

	

10.08 - 12.7 	 8.2 	 12.3  

12.7 	- 16.0 	 13.1 	 13.6  

16.0 	- 20.2 	 16.5 	 11.9  

20.2 	- 25.4 	 16.9 	 9.0 	_ 

25.4 	- 32.0 	 13.9 	 5.9  

32.0 	- 40.3 	 6.2 	 3.3  

40.3 	- 44.0 / 	 1,1 	_ 	 1.2  

44.0 	- 74.0 13.3 	 7.9  
Sieve 

	

+ 74.0 	J 	 3.0 	 4.9  

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 
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Energy, Mines and 
Resources Canada 

CANMET 
Canada Centre 
for Mineral 
and Energy 
Technology 

Énergie, Mines et 
Ressources Canada 

Centre canadien 
de la technologie 
des minéraux 
et de l'énergie 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET JOINT PROGRAM 

HAT CREEK "B" RAW COAL 

KUN-DRIED, 5% EXCESS OXYGEN 

TEST NO. 	4.3 

CANADIAN COMBUSTION RESEARCH LABORATORY 

NOVEMBER 1976 

ENERGY RESEARCH PROGRAM  

ENERGY RESEARCH LABORATORIES 
REPORT ERP /ERL 76/132-135 
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Progress Report 4.3A 

PILOT-SCALE COMBUSTION TESTS .  . 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Raw Coal 
Kiln-Dried, 5% EXcess Oxygen 

PROGRESS REPORT 4.3A 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1/ 
 

INTRODUCTION 

By an agreement between the B. C. Hydro and Power Authority (BC Hydro) 

and the Canada Centre for Mineral and Energy Technology (CANNET, a series of 

combustion tests are being done at the Canadian Combustion Research Laboratory 

(CCRL) to assess the suitability of Hat Creek coal as a boiler fuel for 

thermo-electric generation. A previous report-
2/ 

 describes the objectives of 

the program, the pilot-scale equipment, the procedures and method of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 4.3, which was done on October 28, 1976. 

11
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 
-1"P1lot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANNET Joint Program. 
Objectives and Procedure ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 4.3 

In this test, Hat Creek "B" raw coal was burned. The coal had been 

kiln-dried once, which resulted in an as-fired moisture content of 16.6%. 

The target level of excess oxygen in the flue gas was 5% (approx125% excess 

air), and the target coal feed rate was 142 kg/hr, which represents a heat 

input of two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data, shown in Tables 1 and 2, are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test  

At 0845 hr, stable, unsupported coal combustion had been in progress 

for over an hour. From the top of the furnace the flame appeared yellow-orange 

to orange in colour, and was fairly opaque. The furnace throat was visible 

but hazy, and a deposit of sinter was evident in the southwest corner below 

the throat. The flame extended above the throat, and some burning particles 

were carried into the furnace exit. When viewed from the top of the furnace, 

the air-cooled furnace-deposition probe was visible, but the refractory probe 

• was not. The transition section between the furnace and the test air-heater 

showed only a dull glow by which the test air-heater tubes could be discerned. 

The furnace-bottom was bright and transparent. There was a heavy deposit of 

• sinter in the southwest corner, and a light layer on the other walls. The 

air-cooled deposition probe in the furnace-bottom was clearly visible. 

At 0915 hr, the deposits below the furnace throat had grown 

sufficiently to block approximately 1/3 of the projected throat area. The 

throat, when viewed from the top of the furnace, was partly obscured by flame 

and glowing ash particles, and the refractory deposition probe in the furnace 

was visible intermittently. 

At 0945 hr, the deposits below the throat were knocked loose with 

a poker, which was thrust through the top of the furnace. The dump plates were 

swung open, and ash was cleared out of the furnace-bottom with a poker, which 

was thrust through the furnace-bottom ports. The furnace throat then appeared 
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to be clean but was partially obscured by flame and embers. The refractory 

deposition probe in the furnace was not visible from the top of the furnace. 

The furnace-bottom was transparent and the walls were fairly clean, but many 

burning particles of coal were visible. 

Conditions remained stable for the remainder of the test. Ash was 

dumped approximately every hour during periods when no measurements were in 

progress. The ash, which was raked from the quench tank, was composed of 

small sinters and mud. Large flakes of agglomerated dust or sinter and a 

substantial quantity of burning coal particles were being blown about in the 

furnace. A faint, flickering light was visible in the transition section, by 

which the test air-heater tubes were barely discernable. A large deposit of 

sinter developed in the ,southwest corner of the furnace-bottom, and by 1500 hr, 

deposits were visible under all sides of the furnace throat. These deposits 

blocked approximately 1/10 of the projected throat area. Substantial 

quantities of ash were in the corners of the furnace-bottom. 

When the test was completed at 1600 hr, the furnace-bottom was nearly 

full of ash. Large whiskers of sinter adhered to the walls. Burned-out 

particles of coal lay lightly on and covered the rough sinter surfaces. 

The ash in the furnace-bottom very soon ceased to radiate visible light. 

Deposition Probes During Test  

The deposition probes in the furnace, and the air-cooled deposition 

probe in the furnacerbottom, were visible during the test. 

The air-cooled probe in the furnace-bottom developed a beard of sinter 

roughly 10 mm thick and 10 cm long along the top surface. Later another lump 

of sinter 2 am in diameter was observed to be on the bottom surface. Both 

deposits fell off when the deposits below the throat were removed. The probe 

then remained clean until the test was completed. 

The air-cooled probe and the refractory probe in the furnace appeared 

to have only minor deposits throughout the test. The refractory probe was only 

visible intermittently. 

Furnace After Test  

When the dump plates were swung open,approximately 50 litres of 

tan to rust-brown coloured sinter fell to the floor. Two lumps measured 
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approximately 25 cm x 20 cm x 7 cm. The remainder consisted of smaller sinters, 

and all were friable. The furnace-bottom had a rough layer of sinter 5 to 8 cm 

thick on the walls and in the lower corners. The upper corners of the 

furnace-bottom were fairly clean. 

The furnace water walls were clean and shiny. The transition section 
eFanul9tgastp s  dv mate al walls were clean, but the bottom bore a 10 cm lay

er 	
a unitOguy 

light tan coloured. The furnace screen'tubes had a layer of grey powder on the 

downstream surface. 

Deposition Probes After Test  

Before it was removed, the refractory probe in the furnace-bottom, 

had a thin layer of tan coloured sinter at the tip and approximately 3 cm of 

tan coloured sinter on the top and sides near the wall. 

Before it was removed, the air-cooled probe in the furnace-bottom 

had a thin layer of tan coloured dust on the bottom surface and a thin layer 

of grey and black sinter on the top surface. 

The refractory probe in the furnace, before it was.removed, appeared 

to have a thin layer of dark grey sinter on the bottom surface. 

The air-cooled probe in the furnace, before it was removed, appeared 

to have a substantial layer of tan coloured dust on the top surface and a thin 

layer of dark grey sinter on the bottom surface. 

The refractory probe in the transition section, after it was removed, 

was clean and appeared to have been polished. 

The air-cooled probe in the transition section, after it was observed 

to have a thin.layer - of weakly adhering, tan coloured dust on the downstream 

surface. Some of the deposit had fallen off. The upstream surface appeared 

to have been sandblasted. 
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TABLE 1 

OPERATING DATA 

COAL  HAT CREEK "e RAW,.SINGLE . DRIED 

Progress Report 4.3A  

Revised 18/11/76 

5  EXCESS 02  

2 	81.8% below 200 mesh oversize, 17.6% 140 mesh 
" 	, 18.2% 200 mesh 

48.8% 325 mesh 

39(8) mmH20 
39(7) mmH 0 
19(4) mmil

20 
151(10) mel20 
167(8) mmH2

2
0 

56(12) mmH,0 
57(12) mmH;0 

15.1(0.5) 
5.0(0.2) 

	

202(46) 	ppm 

	

587(78) 	ppm 

	

1076(83) 	PPm 

	

1.9(0.3) 	PPm 
34 	uC 

11 	 609(10) 
12 	 285(8) 	oc

C  

16 	 155(6) 	OC 

6 	 634(56) kg/hr 
6 	3.05(0.10) atmospheres 
4 	 184(5) 	°C 

7 	960, 	1079  
8 	855, 	880 
9 	-780, 	704  

o
C readings taken in 

o
C 	second and third 

two hour period 

7 
150(10) 

1 	 16.6 
2 	 2.1(0.3) 
2 	 62(3) 

once every 1 

3 	 283(14) 
2 	 240(6Y 
3 	 198(4) 
2 	 71(5) 	-C 

hours 
kg/hr 

% feed to pulverizer 
% feed to furnace 
% dry weight 

hour Total ash dumped = 102 kg, 
equivalent to 1210 kg coal. 

mmR 0 
2 mmH 0 

oê 

10 
11 
12 
5 
5 
4 
4 

11 
11 
11 
13 
14 
14 
18 

, 3 
14100(3100) mgms/M 

1.2(0.4)x10 1I S2 cm at 256 -C 
6.3(0,8)x10 11 1  cm at 154 0 C; 

93.6(1.0) 
3.3(0;5) 	% 

measured at 20°C 

3.0 x 10 11  St cm at 119°C 

28/10/76 

Parameters Station Obs. (R.M.S. Dey.) Comments 

Test Duration 
Firing Rate 
Mbisture Content of Coal 

	

It 	 tt 

	

Combustible " 	" " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
h) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 

BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

Secondary (Windbox) Air L 

FLUE GAS ANALYSIS 
a) CO2  
b) 01  
c) CO` 
d) NO 
e) SO2  
f) SO; 
g) Acfd dewpoint 
FLUE GAS TEMPERATURE 
a) Furnace Exit 
h) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
b) 

FLY ASH 
a) Loading 
h) Resistivity 

c) Precipitator efficiency 	18 
d) Combustible content of 	18 

ash collected from precipitator 

16 
15 
17 



TABLE 2 

DEPOSITION PROBES 

Station 	DepoSition 	 Temperature 	
o
C 	 Description of 

	

mean 	RMS 	Min. 	max. 	initial 	final 	 Deposit 
, 	 Dey.  

0 O 	 . 
e 	 Tan coloured sinter , 

uneven, 
.  

e 	ceramic 	1123 	63 	1020 	1285 	1020 	1285 
o 	 12 mm thick, friable, adheres. 
pri 
w 	19 	  
u 	 Mauve coloured scale, even, 
Cu 
0 	stainless 	486 	32 	442 	538 	538 	532 	upstream, grey coloured powder, w e 	 1  mm  thick, downstream. 
;LI 

Grey coloured scale upstream, 

0) 	ceramic 	829 	32 	806 	889 	889 	847 	covered by 1 mm thick, grey - 
U 	 coloured powder uPstreaM and 
o 	 dar-inctr.%am 	  
0 	9 	 Mauve coloured scale, upstrèam, 
e 

rs4 	 beige powder, 2 mm thick, down- 
stainless 	496 	56 	394 	648 	531 	477 	stream, both covered by 1 mm 

thick 	grey powder. 	  

0 o 
4-1 
e 	ceramic 	617 	22 	570 	657 	577 	657 	Clean polished surface. u 
w 

ri? 

g 20  	 Black scale, upstream, beige 
4-1 e 	 powder, 1 mm thick, downstream, 
.ri 

1...1 	stainless 	415 	72 	370 	550 	448 	414 	both covered by grey powder 
@ 	 i Mm thick. 
I-4 

E-I 
>x1 
pi 
0 

(D 
7:1 
(D 	rr 

mz) 
0 
Il 0 
rt • 

e- 

• 	• 
W . UI 
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Raw Coal 
Kiln-Dried, 5% Excess Oxygen 

PROGRESS REPORT 4.3B 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-
1  
I 

SUMMARY 

2/ 
As explained elsewhere-, the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. This progress report (4.3B) 

presents coal analyses and size distribution of the pulverized coal burned 

in test 4.3 done on October 28. 1976. 

• lj
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
— 'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 
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CCRL  

Hat Creek "B-Raw" (4.3) 

310&76 

A1313  

7/1/77  

RECORD OF ANALYSIS 

AIR 	bRIED 
SAMPLE CONDITION 	 DRIED 	107 ± 3 ° C 	SCREEN ANALYSIS 

h Proximate Analysis 	 Mes 	 % Inches 
Moisture 	 17.33 	0.00  

+ x 1/4 	 0.00  Ash 	 23.81 	28.80  
1/4 x 1/8 	4.78  

Volatile Matter 	 29.72 	35.95  
1/8 x 1/16 	49.18  

Fixed Carbon (by Diff.) 	29.14 	35.25 	1/16 x 1/32 	24.27  

Ultimate Analysis 	 1/32 x 30M 	5.58  

Carbon 	 % 	40.68 	49.21 	30M x 50M 	7.19 

Hydrogen 	 % 	3.03 	3.67 	50M x 0 	 9.00  

Sulphur 	 % 	0.76 	0.92 	 

Nitrogen 	 % 	0.85 	1.03 	 
Ash 	 % 	23.81 	28.80 	Grindability Index 
Oxygen (by Diff.) 	% 	13.54 	16.37 	(Hardgrove): 	42  

Calorific Value  

Calories per gram 	3805 	4603 	Equilibrium Moist  
(97% Hum),%: 

B.T.U. per Lb. gross 	6849 	8285 

Caking Properties 
Sulphur Forms: By Vol. Button @ 

Sulphate 	 0.08  Swelling Properties  

Free Swelling Index (ASTM) 	 Pyritic 	 024 
 

, 	Organic (by Diff. )0.44 
Ash Fusibility, °F 	 OXID. 	RED 
 	Total 	 0.76 

Initial Deformation 	°F 	2650 	2500  

Softening-Spherical 	°F 	2700+ 	2680  
Specific Gravity in ash: 

Softening-Hemispherical °F 	2700+ 	2700+ 
2_76  

Fluid 	 °F 	2700+ 	2700+ , 

ASH ANALYSIS 

Component 	% 	Component 	% 
Chlorine: 	-  Si02 	50.82 	CaO 	 4.06  

Al203 	30.53 	MgO 	 1.29  
Fe203 	 8.43 	SO3 	 3.31 	Trace Mercury: 	  
Mn304 	 Na20 

	

0.10 	 0.33  
TiO2 	 K2O 

	

1.29 	 0.38  
P205 	 0.35 	 ... 
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TEST NO: 4.3 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

2/ 
1/ 	Grab Samples 	 Composite Sample 

Size 	 3/ 	 4/ 
Wt % 	R.M.S. Deviation 	Wt % 	LOI f".  

60M 
- 	  

60M x 100M 	 16.9 	77.7 

100M x 140M 	17.6 	4.7 	 12.8 	72.5 

140M x 200M 	0.6 	0.3 	 6.4 	66.2 

200M x 325M 	30.6 	7.8 	 16.2 	60.6 

325M  x0 	51.2 	4.9 	 47.7 	53.8 

1/ The mesh openings for the sieves are as follows: 250p for 60 mesh, 
149p for 100 mesh, 105p for 140 mesh, 74p for 200 mesh and 44p for 
325 mesh and where lp = 10-6  metres. 

2/ Grab samples were taken at 1 hour intervals during the test. 

3/ 	R.M.S: Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73. 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat  Creek "B" Raw Coal 
Kiln-Dried, 5% Excess Oxygen 

PROGRESS REPORT 4.3C 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY--
1/ 

 

SUMMARY' 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. 

This progress report (4.3C) presents a photographic record of the 

fireside fouling of the research boiler surfaces, the properties of ash 

deposits collected on probes and the chemical analyses of various ash forms 

produced in test 4.3 done on October 28, 1976. 

1 Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/” 
— Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - UNMET Joint Program. 
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 



Figure la 

Furnace bottom at end of 
test. Burners are clear 
of sinter. Furnace throat 
is clear excepting a small 
accumulation of sinter 
in the south west corner. 
Deposition probes are in 
foreground. 

Figure lb 

Furnace bottom at end of 
test. Closer view of 
south side of furnace 
where sinter accumulation 
is greatest. 
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Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on left. Refractory probe 
on right. 

Figure id 

Burner deposition probes. 
Air cooled probe of left. 
Refractory probe on right. 
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Figure le 

Transition section 
deposition probes. Air 
cooled probe on left. 
Refractory probe on right. 
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Figure lf

Main air heater tube

sheet second pass up

to 2 - 3 inches of

powder.
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Figure 1g

Low Temperature corrosion

probe 138°C.

Figure lh

Low Temperature corrosion

probe 121°C.

Figure li

Low temperature corrosion

probe 104°C.



!I The deposition rate is giver in units  of mg 
2
/hour and the sampling time is 8i hours. 
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B. C. Hydro - CANMET Joint Program 

RATE OF DEPOSITION OF WATER SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES 

Low Temperature 	 High Temperature 

Probe Temperature 	 138
o
C 	121

o
C 	104

o
C 	 486

o
C 	496

o
C 	415

o
C 

a Deposition  rate.'  

Fe 	 62.6 	46.7 	36.3 	 3.5 	10.0 	3.5 

Mg 	 2.5 	 1.6 	0.5 	 1.7 	15.6 	2.0 

Na 	 1.1 	 0.4 	0.4 	 1.3 	3.5 	1.6 

Ca 	 4.9 	 3.5 	2.9 	 30.3 	90.0 	21.3 

SO
4 	

(total) 	 139.3 	125.6 	76.6 	 117.7 	827.4 	635.5 

SO
4 

(free), by difference 

	

6.1 	29.7 	4.3 	 29.5 	525.0 	40.4 

1 

ts.) 

e••• 



- 273 - 

Progress Report 4.3 C 

Sample: 	Deposit from the fOrnace bottom,.TeSt 4-.3 (A 1360 'H 76). 

	

Ash Fugibility : 	 Oxidizing 	' Reducing 

Initial 	oc 

$phetical 	°C 

Remiseetical 	°C 

Flue - 	°C 	 _ 

Ash Analysis 	 % 

Si
02 	 55.18  

Al 0 
2 3 	 29.51  

Fe 0 
2 3 	 9.29  

Mh 0 
3 4  

TiO 

	

2 	 1.03  
P 0 

	

2 5 	 0_94  
CaO 

3.70  
mgo 	 1.35  

SO
3 	 no sample 

N 0 a2 	
0.31  

K 0 
2 	 0.59  

Cl 
----  
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Sample: Deposit from the furnace walls, Test 4.3 (A 1361 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	cc 	 1354 	 1238  

Spherical 	°C 	 1482+ 	 1388 

Hemispherical 	°C 	 1454  

Fluid 	°C 	 1482+ 

Ash Artalysi 	 % 

SiO2 	 52.19  

Al
2
0

3 	 28.11 

Fe
2
0

3 	 10.68  
Mn

3
0
4 

 

TiO
2 	 1.00  

P
2
0
5 

	

029  
CaO  

1.69  
MgO 	 1.22  
SO

3 	 1.60  

Na
2
0 	 0.31  

K
2
0 	 0.61  

Cl  
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Deposit from sheet between 2nd and àrd passes of air heater, Test 4.3 
Sample: (A 1364 - 76) 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	
o
C 	 1338 	 1188  

Spherical 	°C 	 1438 	 1382  

Hemispherical 	
o
C 	 1454 	 1432 -  

Fluid 	
o
C 	 1482+ 	 1482+  

_ 

Ash Analysis 

SiO2 	
50.54  

Al203 	
27.33  

Fe
2  03 	

12.85  

Mn3°4 	
---- 

TiO2 	
0.92  

P 0 2 5 	 MO  

Ca0 	 4.16 

MgO. 1 	1Q  

SO3 	 1.01  

Na20 	 0.26  

K20 	
0.44  

Cl 
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Sample: Deposit from electrostatic precipitator, Test 4.3 (A 1321-22-23) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1360 	 1221  

Spherical 	°C 	 1466 	 1343  

Hemispherical 	°C 	 1482+ 	 1360  

Fluid 	 oc 	 + 	 1382 

Ash Analysis 	 % 

SiO
2 	 52.51  

Al
2
0
3 	 28.94 

Fe
2
0
3 	 7.91  

Mn
3
0
4 	 ---- 

TiO
2 	 1.27 

P
2
0
5 

	

û7  

CaO  
4.73  

14g° 	 1.50  

SO
3 	 1.14  

Na
2
0 

0.40  
K
2
0 	 0.63  

Cl  



- 27.7 =
Progress Report 4.3D

DETAILED ANALYSES'OF ASH FORMS PRODUCED IN

P.ILOT-SCALE COMBUSTION TESTS

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

Hat Creek "B" Raw Coal
Kiln-Dried, 5% Excess Oxygen

PROGRESS REPORT 4.3D

by

THE STAFF OF THE.CANADIAN COMBUSTION RESEARCH-LABORATORY 1/

SUMMARY

As explained élsewher-e ?/, the results:of this joint program are

reported in a ser-ies of four reports numbered A to D for each of 18

combustion tests which make up the program. This progress report (4.3D) is

thé last of the series and presents results of the following detailed

analyses of ash produced in test 4.3 doneon October 28, 1976.

1. Particle size distribution of fly-ash

2. Combustion calculations

3.. X-ray diffraction analyses of fireside deposits

4.. Summary of DTA,atudies .on fireside deposits

Energy Research Laboratories, Canada Centre for.Mineral and Energy
Technology (former Mines Branch), Department of Energy., Mines and
Resources, Ottawa, Canada.

"Pilot-Scale Combustion Tests with Coals from.the Hat Creek Area of
British Columbia, British Columbia Hydro and Power Authority - CANMET
Joint Program. Objectives and Procedure". Report.ERP/ERL 76/99
Canadian Combustion Research Laboratory, :Energy Research Laboratories,
Canada Centre for Miner-al.and Energy Technology, Department of. Energy,
Mines And Resources, Ottawa, Canada. October 1976.
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

, 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 0.5  

	

1.59 - 	2.00 	 0.6  

	

2.00 - 	2.52 	 1.1  

	

2.52 - 	3.17 	 1.6  

	

3.17 - 	4.00 	 2.7  

	

4.00 - 	5.04 	 0.2 	 3.8  

	

5.04 - 	6.35 	Coulter 	 0.4 	 5.3  
> 

	

6.35 - 	8.00 	Counter 	 0.7 	 7.0  

	

8.00 - 10.08 	 1.7 	 10.3  

	

10.08 - 12.7 	 3.3 	 12.2  

12.7 	- 16.0 	 6.9 	 14.0  

16.0 	- 20.2 	 11.6 	 12.2----- 

20.2 	- 25.4 	 15.9 	 9.3  

25.4 	- 32.0 	 16.8 	 5.2  

32.0 	- 40.3 	 11.2 	 1.9  

40.3 	- 44.0 	 2.1 	 0.4  

44.0 	- 74.0 99_8 	 7.2  
Sieve 

	

+ 74.0 	J 	 6.4 	 4.7  

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 
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Target combustion condition 
for 5% 02 in flue gas 

Ultimate Analysis % 

Carbon 	42.10 
Hydrogen 	3.28 
Sulphur 	1.10 
Nitrogen 	0.93 
Ash 	37.43 
Oxygen 	15.16  

-.26 

-.24 

II -.22 

10  -20  

9 	-.18 

8 	-.16 

2 
7 	LI' 

o 	D 

0 6 >- •I2 > 

ci  
4 	-1.08 cu 

cn 

3 	-1.06 

• 04 

.02 

0 J0.0 

0 cr 8 
o o 

4 

0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION  AIR,  % 

200 

FIGURE 1: Combustion Calculations "B-Raw" Coal . 
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X-ray Diffraction Analyses of Fireside Deposits from Test 4.3, 

"B-ram" coal from Hat éreek. 

Mull, Crist 

Hem, Mig(sm), Mull(sm) 

Hem, Mull, Mag 

Hem, Mull, Meg 

Furnace Bottom Ash 
(1360 76-436) 

Under Flame Probe Deposit 
(1355 76-454) 

Furnace Probe Deposit 
(1357 76-455) 

Transition Probe Deposit 
(1359 76-464) 

Abbreviations of Constituents: 

Crist 	Cristobalite SiO
2 

Mull 	Mullite 3A1
2
0
3
.2SiO

2 
Hem 	Hematite Fe 0 

2 3 
Mag 	Magnetite 

Fe304 
(or spinel-type close to this composition) 

Notes:. 

There is little indication of amorphous material in Furnace Bottom 

Ash samples. All others appear to contain some amorphous, particularly 

where indicated. 

Most films contain a few faint diffractions that were not identified. 

A combination of cristobalite and quartz is similar to mullite, 

causing some ambiguity in identification. 

Constituents are listed in decreasing order of abundance. On occasion 

"small" is used for clarity. 

The sampling method is not representative and the order of abundance 

may be different from that of other larger samples. 



- 282 - 
Progress Report 4.3D 

SUMMARY OF DTA STUDIES ON FIRESIDE DEPOSITS 

Samples: 

Five samples of ash from the furnace bottom and one sample of ash 

collected by the CCRL dust sampler were examined. 

Sample 1) CCRL 980 Test 1.1 Sundance bottom ash. 

Sample 2) CCRL 1092 Test 2.1 Hat Creek A-raw, bottom ash 

Sample 3) CCRL 1190 Test 3.1 Hat Creek A-washed, bottom ash 

Sample 4) CCRL 1278 Test 4.1 Hat Creek B-raw, bottom ash 

Sample 5) CCRL 1360 Test 4.3 Hat Creek B-raw, bottom ash 

Sample 6) 'CCRL 986 Test 1.1 	Sundance fly ash. 

Procedures: 

Samples weighing approximately 50 mg were heated in a static air 

atmosphere at 12°C/min. to 1500° C. Two platinum foil pans were held in a 

vertical furnace, one containing the sample and the other containing 

a-alumina as reference material. Pt: Pt/13% Rh thermocouples were held 

with their beads denting the bottom of the pans. 

Results: 

Sample 1) No peaks were observed. The baseline shifted in the exothermic 

direction at 1360°C. When cool, the sample was dark and glassy. 

Sample 2) No peaks were observed. The baseline shifted in the endothermic 

direction at 1450°C. When cool, the sample was brown-black opaque, 

and very hard. 

Sample 3) No peaks were observed. The baseline shifted in the endothermic 

direction at 1340°C. When cool, the sample was black with brown 

spots, opaque, and very hard. 

Sample 4) No peaks were observed. The baseline shifted in the exothermic 

direction at 1330°C. When cool, the sample was black with brown 

spots, opaque, and very hard. 
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Sample 5) No peaks were observed. The baseline shifted in the endothermic 

direction at 1160°C. When cool, the sample was brown, opaque, 

and appeared to have melted. 

Sample 6) A sizable exothermic peak was observed in the 400°C to 500°C 

range and a small endothermic peak was noted at 1160°C. Cooling 

and reheating in the range 1000°C to 1500°C failed to show any 

repetition of the latter thermal effect. When cool, the sample 

was dark and glassy. 

Comments: 

It seems certain that samples 1), 5) and 6) underwent melting. 

The other samples probably had some liquid phase present. The lack of DTA 

peaks is unusual. It most likely indicates that melting occurred over a very 

broad range. Cooling to 1000
o
C and reheating gave rise to no peaks either. 

The exothermic peak for sample 6) was most likely the result of combustion of 

a small amount of carbonaceous material. 

It can be concluded that DTA is not a very usefull technique for 

studying these materials. 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH' COLUMBIA HYDRO AND POWER AUTHORITf - CANMET 

JOINT PROGRAM 

• 	Hat. Creek "B" Washed:Coai 
AitDried and:Kiln-Dried, 5% Excess Oxygen 

PROGRESS REPORT 5.1A 

bY 

1/ THE STAFF OF  THE CANADIAN  COMBUSTION RESEARCH  LABORATORY- 

INTRODUCTION 

By an agreement between the B. C. Hydro and Power Authority (BC Hydro) 

and the Canada Centre for Mineral and Energy Technology (CANNET), a series of 

combustion tests are being done at the Canadian dobbustion Research Laboratory 

(CCRL) to assess the suitability of Hat Creek coal as a boiler fuel for 

thermo-electric generation. A previous report—describes the objectives of 

the program, the pilot-scale equipment, the procedures and method of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No 5.1, which was done on November 1, 1976. 

1 -/ 
Energy Researéh Laboratories, Canada Centre for Mineral end Energy Technology 
(former Mines Branch), Department of Energy, Mines.and.Resources, Ottawa, 

. Callade 

2/, 
- 'Pilotr-Scale Combustion Tests with Coals froM the Hat Creek Area of British 

Columbia, British Columbia  Hydro and Power  Authority CANNET Joint Program. 
Objectives and 'Procedure. ". Report ERPIERL 76199 Canadian Combustion 
Research LaberatOty, Energy Research LabOratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy,  Mines  and Resources, Ottawa, 
Canada. OctOber 1976." 
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CONTROL PARAMETERS FOR TEST NO. 5.1 

In this test, Hat Creek "B" washed coal was burned. The coal had 

been air-dried and then kiln-dried, which reduced the as-fired moisture to 

8.6%. The target level of excess oxgyen in the flue gas was 5% (approx 25% 

excess air), and the target coal-feed rate was 120 kg/hr, which represents 

a heat input of two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data, shown in Tables 1 and 2, are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test  

At 0830 hr, stable, unsupported coal combustion had been in progress 

for an hour. The flame,when viewed from the top of the furnace, was orange-yellow 

coloured, and fairly short. There appeared to be little active combustion 

above the furnace throat. The flame was so transparent that the air-cooled 

deposition probe in the furnace bottom was faintly visible when viewed from 

the top of the furnace, and it was possible to see well down the west wall 

of the furnace bottom. The air-cooled deposition probe in the furnace was 

visible but the refractory probe was not. Deposits which were below the 

furnace throat on the east wall and in the southwest corner blocked approx-

imately 1/10 of the projected throat area. Burning coal particlee were 

carried by the flue gas into the furnace exit, through the transition section, 

and into the test air-heater. There was sufficient light in the transition 

section to  permit the test air-heater tubes to be seen clearly. The furnace 

bottom was transparent; the walls opposite the sight ports were visible in 

detail. There were deposits of ash on the ledges and in the corners of the 

furnace bottom. Much of this deposit remained in place when the dump plates 

were swung open. Then, the ash which was raked from the quench tank consisted 

of mud and small, weak sinters. 

At 0925 hr, the deposits below the throat had grown sufficiently to 

block nearly half the projected throat area, extending primarily from the 

southwest and northeast corners. 
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At 0940 hr, the deposits were easily dislodged by thrusting a poker . , 

through the top of the furnace. Then a poker was thrust through the furnace 

bOttom ports to remove ash from the corners and the ledges. When the ash was 

raked from the quench tank, it was found to be mostly small sinters, and a 

few large ones, 10 cm in diameter. All wete coloured  black. 

Combustion conditions then appeared to be very good. The flame was 

bright, short and fairly transparent. The furnace bottom was transparent, 

and few burning particles were observed. 

• At 1030 hr, flame conditions appeared to be very good, and deposits 

below the furnace throat were evident. A heavy layer of sinter on the south 

wall of the furnace bottom blocked the sight port located there. A deposit 

under the south burner was also visible. At 1120 hr, the deposits blocked 

approximately 1/3 of the projected throat area, and at 1150, after some 

measurements had been completed, more than of the projected throat area was 

blocked. The furnace bottom sight ports were also blocked with ash. A poker 

was thrust through the top of the furnace to dislodge the deposits, the dump 

plates were swung open, and a poker was used to clear the ash from the furnace 

bottom. A heavy deposit remained on the south wall and ledge of the furnace 

bottom. Approximately 50 litres of black sinters, measuring from 1 cm to 10 cm 

were raked from the quench tank. 

At 1405 hr, deposits were removed again from below the throat and 

above the burners. Ash was dumped. However, a poker was not applied through 

the furnace bottom ports, and therefore, much ash remained on the ledges and 

in the corners of the furnace bottom. Combustion conditons did remain stable. 

At 1600 hr, when the test was completed and the furnace was "shut-down", 

deposits again blocked approximately k of the projected throat area. A 

large sinter was in the southwest corner of the furnace bottom, and sinters 

roughly 5 cm thick were on the north wall of the furnace bottom. 

.Deposition Probes During Test Period  

The air,cooled deposition probes in the furnace and the furnace 

bottom were visible during the test. 

The air-cooled probe in the furnace bottom was clean during the 

early part of the test. Later, it developed a 3 mm beard of sinter along 

part of the top surface. When the throat deposits were first removed a piece 
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of sinter,measuring approximately 8 cm and resembling spanish moss, lay on 

the probe. This sinter did not appear to be plastic, but remained in place 

until throat deposits were next removed. Afterwards, the probe remained clean. 

Tha air-cooled probe in the furnace did not develop deposits of 

significant size in the test. 

Furnace After Test  

Approximately 25 litres of ash fell to the floor when the dump 

plates were swung open. The ash consisted of tan and black coloured, small, 

weak sinters, and one large sinter which was approximately 30 cm x 40 cm 

x 8 cm. A sinter adhering to the southwest corner of the furnace bottom was 

roughly 30 cm x 50 cm x 25 cm. Part of the east wall had a layer of sinter•

12 am thick, the remaining walls had isolated whiskers of sinter roughly 3 am 

thick, and some sinters, 3 cm thick, were on the throat refractory. All of 

the sinter was fairly friable. 

The furnace water walls bore a light layer of dark grey dust over 

most of their length, but there was a heavier layer of dust and small sinters 

for 15 cm above the furnace throat. There were 3 to 10 cm of tan-coloured, 

sandy dust on the bottom of the transition section. Tubes of the test 

air-heater were clean on the upstream surfaces but they had a thin layer of 

dust on their downstream surfaces. The furnace-exit tubes had a heavy layer 

of dust on the downstream surfaces. There were 2 to 7 am of dark grey dust on 

the second pass tube sheet of the main air-heater. 

Deposition Probes After Test  

The air-cooled probe in the furnace bottom, before it was removed, 

bore only a thin layer of sintered dust. 

The refractory probe in the furnace bottom, before it was removed, 

had a ragged deposit of sinter, approximately 3 cm thick, projecting from one 

side and the bottom. 

Both probes in the furnace, before they were removed, showed no 

deposits of significant size. 

The air-cooled probe in the transition section, after it was removed, 

appeared polished on the upstream surface and had a thin layer of tan-coloured 

dust on the downstream surface. 

The refractory probe in the transition section, after it was removed, 

had a very thin layer of dust on the downstream surface. 
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TABLE 1 

OPERATING DATA 

Test No.  5.1  

Progress Report  5.1A  

Revised 18/11/76 

5 

7 
118.0(4.6) 

1 	 8.6 
2 	 0.2 
2 	 72.9(0.9) 

once every - 

3 
2 
3 
2 
2 

hours 
kg/hr 

% feed to pulierizer 
% feed to furnace 
% dry weight 

hour continuous, 77 kg ash 
dumped, equivalent to 

mmH
2
0 	1143.5 kg coal. 

mmH,0 
oe 
OC 

271(6) 
238(4) 
202(2) 
108(2) 

6 	 647(43) kg/hr 
6 	3.07(0.09) atmospheres 
4 	 190(6) 

72.8% below 200 mesh oversize, 26.4%  140 mesh 
, 27.2% 200 mesh 
58.5% 325_mesh 

	

10 	 36(4) mMH
20 

	

11 	 36(4) mmH
20 

	

12 	 17(4) mmH
2
0 

	

5 	 145(5) mm420 

	

5 	 162(5) mmH
20 

	

4 	 63(3) mMH20 

	

4 	 64(5) mmH20 

14.8(0.3) 

	

5.0(0.1) 	7. 

	

152(22) 	ppm 

	

563(42) 	PPm 

	

731(38) 	ppm 
< 1 	p2m 
32 	‘JC 

638(19) 
298(12) 	oC 
160(9) 	O C  

6980(1050) mgmse 
2.8(0.9)x10 1°  S2 cm at 277 C 
5.9(1.3)x10 11  n cm at 159° C 

94(2) 
6.3(0.3) 

measured at 20°C 

5.7x10 11  n am at 121°C 

7 	1056, 	947 
WI,  854 

9 	 825, 	845 

o
C readings taken in 

second and third 
°C 	two hour period 

COAL  HAT CREEK "B" WASHED. DOUBLE DRIED EXCESS 02  

Parameters Station Obs. (R.M.S. Dev.) 

1/11/76 

Comments 

Test Duration 
Firing Rate 
Mbisture Content of Coal 

If 	 If 	IT 	II 

Combustible " 	" " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
h) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 

BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

Secondary (Windbox) Air L 
It 

FLUE CAS ANALYSIS 
a) C0 	 11 
b) 01 	 11 
c) CO` 	 11 
d) NO 	 13 
e) SO2 	 14 
f) SO

3 	
14 

g) Acid dewpoint 	 18 
FLUE CAS  TEMPERATURE 
a) Furnace Exit 	 11 
b) Boiler Exit 	 12 
c) Precipitator Entry 	 16 

SUCTION PYROMETER TEMPERATURES 
a) 
h) 
c) 

FLY ASH 
a) Loading 	 16 
h) Resistivity 	 15 

17 

c) Precipitator efficiency 	18 
d) Combustible content of 	18 

ash collected from precipitator 

111 



TABLE 2 

DEPOSITION PROBES 

Station 	Deposition 	 Temperature 	
o
C 	 Description of 

	

mean 	RMS 	min. 	max. 	initial 	final 	 Deposit 
Dey.  

0 o 	 Tan and orange coloured sinter, 4J 4..) 	ceramic 	1080 	47 	984 	1162 	1056 	1018 
o 	 25 mm thick, mostly downscream. 
pa 
o 	19 	  C) 
o 	 "1% e 	stainless 	579 	45 	487 	648 	552 	487 	Grey coloured scale, even,  
z 	 upstream. 

P., 

o 	ceramic 	743 	97 	615 	864 	864 	637 	Grey coloured scale, uneven, 

 u 	 upstream. 
o e 	9 	 Grey powder, 1 mm thick, even, 

 
stainless 	516 	50 	428 	588 	565 	484 	all around and over mauve  

coloured scale, upstream. 

o o .,-.1 
4 ceramic 621 20 586 653 601 640 Beige coloured powder, 2 mm 
C-) 
W 	 thick, downstream, uneven. 
m 

g 20 
.i-t 
4 

!!).  
	

stainless 	493 	18 	460 	522 	507 	505 	Beige coloured powder, 2 mm 

@ 	 thick, uneven, downstream. 
w 
H 

to 
rt. 

o  z 

Ui  

z.
zo

d
ea

  s
s

a
i2

o
id

  

1-1  
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Figure 2_. Illustration of flame pattern ( )
and burnout pattern (---- ). .
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Washed Coal 
Air-Dried and Kiln-Dried, 5% Excess Oxygen 

PROGRESS REPORT 5.1B 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY—/  

SUMMARY 

As explained elsewhere4/ 
 , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. This progress report (5.1B) 

presents coal analyses and size distribution of the pulverized coal burned 

in test 5.1 done on November 1, 1976. 

11
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 fl  . —/ 
Pilot-Seale Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 



- 295 Progress Report 5.1B 

TEST NO: 5.1 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of PUIverized Coal 

2/ 
1/ 	Grab Samples 	 Composite Sample 

, 
Size 3/ 	 4/ 

	

Wt % 	R.M.S. Deviation 	Wt % 	LOI i- 

60M 

60M x 100M 	 12.4 	80.6 

100M x 140M 	26.4 	4.2 	 17.4 	78.8• 

140M x 200M 	0.8 	0.4 	 8.2 •76.4 

200M x 325M 	31.3 	5.2 	 14.0 	75.3 

325M x 0 	41.6 	3.6 	 48.0 	68.2 

The mesh openings for the sieves are as follows: 250p for 60 mesh, 
149p for 100 mesh, 105p for 140 mesh, 74p for 200 mesh and 44p for 
325 mesh and where lp = 10-6  metres. 

2/ Grab sàmples were taken at 1 hotir intervals during the test.. 

3/.  Rin.S: Root Meàn Square Deyiation. 

4/ Uss on ignition, ASTM 3174-73. 
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(A1365) Sample: B Washed, Test 5.1, B. C. Hydro 

Analysis 

Screen Analysis 

	

+ 	k 	 o.00  

k 	0( 	 1/8 	 3.93  

	

1/8 w 	1/16 	 3(1_18  

	

1/16 * 	1/32 	 33.23  

	

1/32 » 	28M 	 11.03  

	

28m * 	48M 	
13.04  

	

48M* 	0 	 A.49  

Grindability 

Hardgrove Index 	 45  

Classification of Coal 

Rank (ASTM) 

Eq. Moisture 	% 

(97% Humidity) 
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Sample B Washed, Test 5.1, B. C. Hydro 

Progress Report 5.1 B 

(A1365) 

Analysis 	 Air Dried 	Dried at 107 ± 	3°C 

Proximate Analysis % 

Moisture 	 7.45 	 0.00  

Ash 	 22.04 	 23.81  

Volatile Matter 	 49.69 	 53.69  
Fixed Carbon (by Diff.) 	 20.82 	 22.50  

Ultimate Analysis 	Z . 

Carbon 	 49.26 	 53.23  

Hydrogen 	 3 • 49 	 3 • 77  

Sulphur 	 0.72 	 0.78  

Nitrogen 	 0.09 	 0.10  

Ash 	 ,9A14 	 23.81  

Oxygen (by Diff.) 	 16.95 	 18.31  

Calorific Value 

Calories/gram 	 4652 	 5026  

Btu/lb gross 	 8374 	 9048  
Megajoules/kilogram 	 19.48 	 21.05  

Sulphur Forms 	% 

Sulphatic 	 0,05  

Pyritic 	 0.17  

Organic (by Diff.) 	 0.50  

0.72 

TOTAL 

Chlorine 	 0.00 
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Sample: 	B Washed, Test 5.1, B. C. Hydro 	(A1365) 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	
oc 	 1427 	 1382  

Spherical 	°C 	 1482+ 	 1482+  

Hemispherical 	
o
C 	 + 	 +  

Fluid 	 °C 	 + 	 +  

•Ash Analysis 

SIO2 	 48.28  

Al203 	
31_41  

Fe
2
0
3 	

6 80  

Mn304 	
0.06  

TiO2 	 1.42  

P 205 	 0.38  

CaO 	 4.54  

MgO 	 1.30  

SO3 	 2.70  

Na20 	
0.29  

K20 	
0.37  

Cl 	 0.00  

Specific gravity 	 2.75 
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FiRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN

PILOT-SCALE COMBUSTION TESTS

'BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

Hat Creek "B" Washed Coal
Air-Dried and Kiln-Dried, 5% Excess Oxygen

.PROGRESS REPORT 5.1C

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY11

SUMMARY

As explained elsewhere?/, the.resuTts.of this joint:program are

r-epor-ted in a series of four..reports'numbered A to D for each of the 18

combustion tests wfiich.make up the program.

This progress report (5.1C) pr.esentsa photographic record of. the

fireside fotilïng of the research'boiler surfaces„ :the.properties of ash-

deposits collected on probes and-the chemical analyses, of various ash forms

produced in test.5.1 done on November 1, 1976.

1
Energy Research Laboratories, Canada Centre for Mineral andEnergy Technology
(former Mines:Branch), Department of 'Energy,.Mines and Resources, Ottawa,
Canada.

"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program.
Objectives and Procédures ". Report ERP/ERL 76/99 Canadian Combustion
Research Labor-atory., Energy Research Laboratories, Canada Centre-for Mineral
and Energy Technology, Department of Energy, Mines and Resources, Ottawa,
Canada. October 1976.



Figure lb 

Furnace bottom at end of 
test. Burners and furnace 
throat are clear of sinter. 

PROGRESS REPORT 5:1C 

Figure la 

Furnace bottom at end of 
test. Friable sinter 
extends from half way 
along west wall to south 
east corner immediately 
above dump plates. 
Refractory deposition 
probe in foreground is 
covered with sinter. 



Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on right. Refractory 
probe on left. 

.L HRT CREEK B 

URNER PROBES 

Figure le 

Transition section 
deposition probes. Air 
cooled probe on right. 
Refratory rpobe on left. 
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Figure id 

Burner deposition probes. 
Air cooled probe on left. 
Refractory probe on right. 
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FIGURE 1f Main air heater tube sheet second pass up to 

2 - 3 inches of powder. 

FIGURE lg Photomicrograph, x 10, of a thin section of sinter 

which was found attached to the refractory near the 

burners. The sinter is weak and porous. 
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Figure 1h 

Low Temperature corrosion 
probe 138°C. 

Figure li 

Low Temperature corrosion 
probe 121°C. 

Figure lj 

Low temperature corrosion 
probe 104°C. 
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11..1  The deposition rate is given in units  of  mg/m2  hour and the sampling time is 8i hours. 
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B. C. Hydro - CANMET Joint Program 

TABLE 

RATE OF DEPOSITION OF WATER SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES 

Law Temperature 	 High Temperature 

Probe Temperature 	 138 °C 	121 °C 	104 °C 	 579
o
C 	516

o
C 	493

o
C 

Deposition rates/ 

Fe 	 55.7 	53.6 	41.8 	 5.7 	16.8 	6.4 

Mg 	 2.0 	 1.4 	0.6 	 1.8 	19.8 	2.9 

Na 	 2.5 	 3.6 	1.3 	 2.2 	6.2 	2.9 

Ca 	 4.3 	 3.9 	2.5 	 28.1 	121.8 	20.7 

SO
4 

(total) 	 295.6 	153.1 	99.5 	 58.8 	304.8 	60.9 

SO
4 

(free), by difference 

1 	176.2 	38.4 	16.6 

t.11 
:*" 

ri 
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Sample: Meposit from-the furnace bottom, Test 5.1 (A 1403.- 70 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1310 	 1277  

Spherical 	°C 	 1482+ 	 1399  

Hemispherical 	°C 	 + 	 1460  

Fluid 	oc 	 + 	 1482+ 

Ash Analysis 	 % 

SiO
2 	 52.17  

Al 0 
2 3 	 29.1R  

Fe 0 
2 3 	 7.69  

Eh 0 
3 4 	 ---- 

TiO 
2 	 1.06  

P 0 
2 5 	 n_lfi  

CaO 
3.99  

MO 	 1.77  
SO

3 
	

027  
Na 0 2 	 0.37  
K 0 
2 
	

047  
Cl 
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Sample: Deposit from sheet between 2nd and 3rd passes of air heater, Test 5.•
(A 1407) 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	
o
C 	 1338 	 1238 •  

Spherical 	°c 	 1460 	 1388  

Hem 	
o

ispherical 	C 	 1482+ 	 1449  

Fluid 	
o
C 	 + 	 1482+  

Ash Analysis 

SZ02 	
50.82  

Al2
03 	

29.08  

Fe
2
0
3 	

9.93  

Mn304 	
----  

TiO2 	
1.23 

P 205 	 n An  

CaO 	 4.73 

MgO 	 53_ 

SO3 	 0.59  

Na 20 	
0.33  

K20 	
0.48  

Cl 	 ----  
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Sample: Déposit from electrostatic precipitator, Test 5.1 (A 1373-74-75)

Asti Fusibility Oxidizing Redncing

Initial °C 1282 1260

Spherical; °C 1438 1349

Hemispherical °C 1482+ 14.43

Fluid °C 1477

Ash Analysis %

S i02 50.78

Â120 3 29.35
Fe203

A-4g
mi,

304 ----
TiO-

2 1 _SF,

P205.
0. 4-4

CaO 5.58

MgO, 1.75

SO
3 :0 . 60

:Na20 n45

R2̂ 0.68

Cl
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Washed Coal 
Air-Dried and Kiln-Dried, 5% Excess Oxygen 

PROGRESS REPORT 5.1D 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY 

SUMMAItY 

As explained elsewhere-
a/

, the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 

combustion tests which make up the program. This progress report (5.1D) is 

the last of the series and presents results of the following detailed 

analyses of ash produced in test 5.1 done on November 1, 1976. 

1. Particle size distribution of fly ash 

2. X-ray diffraction analyses of fireside deposits 

3. Combustion calculations 

1/ - Energy Research Laboratories, Canada Centre for Mineral and Energy 
Technology (former Mines Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

2/ n  
- Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 

British Columbia, British Columbia Hydro and Power Authority - CARNET 
Joint Program. Objectives and Procedure". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF'  FLY ASH 

In the Table below  and in the Figure on the folloWing page-are 

given the particle size analyses for fly ash collected from.the tube sheet 

between the second and third passes of the air  heater ancr-for fly ash - 

collected from the electrostatic precipitator.  The analyses have:  been done 

using a combines Sieve-Coulter-Counter technique, Wherein the fraction 

paSsing 325 mesh (-44 micrometets)has been analyzed on the Coulter Counter. 

It  must be remeMbered. that the Coulter COunter, unlike most particle: size7. 

analysis techniques, relates particle volume  to equivalent sphetiCal 

diaMeter. 

, 	 - 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 0.2  

	

1.59 - 	2.00 	 0.3  

	

2.00 - 	2.52 	 0.8  

	

2.52 - 	3.17 	 1.3  

	

3.17 - 	4.00 	 0.2 	 2.4  

4.00 - 	5.04 	 0_1 	 3.4  
5.04 - 	6.35 	Coulter 	 0.6 	 4.7  

..› 6.35 - 	8.00 	Counter 	 1.2 	 6.1  

	

8.00 - 10.08 	 3.0 	 8.9  

	

10.08 - 12.7 	 5.5 	 11.2  

12.7 	- 16.0 	 9.3 	 13.4  

16.0 	- 20.2 	 14.5 	 13.1  

20.2 	- 25.4 	 17.0 	 9.8  

25.4 	- 32.0 	 15.4 	 6.0  

32.0 	-40.3 	 7_6 	 2.0  

40.3 	- 44.0 	, 	 l,.0 	 0.8  

44.0 	- 74.0 	

1 	

16.8 	 7.4  
Sieve 

	

+ 74.0 	 7.6 	 8.2  r 

The  values  given ,  represent differential volume per cent and In the absence of 

information  about variation of density with particle size, may be taken  as 

 weightper cent. 
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X-ray Diffraction Analyses of Fireside Deposits from Test 5.1, 

"13-washed" coal from Hat Creek 

Under Flame Probe Deposit 	Hem, Nag, Mull (tr) 
(1397 76-457) 

Furnace Probe Deposit 	 Hem, Eull, Mag 
(1399 76-458) 

Transition Probe Deposit 	 Hem, Mull, Unid(tr), Amorph 
(1401 76-462) 

Abbreviations of Constituents: 

Mull 	Mullite 3A1
2  03 

 .2SiO
2 

Hem 	Hematite Fe
2
0
3 

Mag 	Magnetite Fe
3  04 

 (or spinel-type close ttà this composition) 

Unid 	Unidentified material of significance 

Anorph 	Significant amorphous material present 

Notes: 

All samples appear to contain some amorphous material, particularly 

where indicated. 

Most films contain a few faint diffractions that were not identified. 

A combination of cristobalite and quartz is similar to mullite, causing 

some ambiguity in identification. 

Constituents are listed in decreasing order of abundance. On occasion, 

"trace" is used for clarity. 

The sampling method is not representative and the order of abundance 

may be different from that of other larger samples. 
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' PILOT-SCALE COMBUSTION. TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

HAT CREEK:"le WASHED COAL 

AIRDRIED AND XILN-DRIED, 3% EXCESS OXYGEN. ' 

PROGRESS REPORT 3..2A 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-
1/ 

INTRODUCTION 

By an agreement between the B.C. Hydro and Power Authority 

(B.C. Hydro) and the Canada Centre for Mineral and Energy Technology (CANNET), 

a series of combustion tests are being done at the Canadian Combustion Research 

Laboratory to assess the suitability of Hat Creek coal as a boiler fuel for 
2/ 

thermo-electric generation. A previous report - describes the objectives of 

the program, the pilot-scale equipment, the procedures and method of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 5.2, which was done on November 3, 1976. 

1/ 	 • 	 • 	- 	• 
Energy Research Laboratories', Canada Centre for Mineral and Energy Technology 
(former Mines BranCh), Department of Energy, Mines and Resources, 
Ottawa, Canada. 

2 
-I"Pilot-Scale  Combustion Tests with Coals from the Hat Craek Area of 

British Colnmbia, British Columbia Hydro and Power Authority- CANMET 
Joint Program.. Objectives and Procedure"; Report ERPJERL 76/99 
Canadian  Combustion  Research:Laboratory, Energy Research...Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources ., Ottawa, Canada.. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 5.2 

In this test Hat Creek "B" washed coal was burned. The coal had 

been air-dried and then kiln-dried, which reduced the as-fired moisture to 

8.6%. The target level of excess oxygen in the flue gas was 3% (approx 15% 

excess air) and the target coal feed rate was 120 kg/hr, which represents a 

heat input of two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data shown in Tables 1 and 2 are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test  

At 0840 hr, stable, unsupported coal combustion had been in progress 

for more than one hour. The flame, when it was observed from the top of the 

furnace, was yellow-orange coloured and it appeared to end a short distance 

above the furnace throat. When it was viewed from the top of the furnace, 

the flame was so transparent that the air-cooled deposition probe in the 

furnace bottom was intermittentlyvisible and both of the deposition probes 

in the furnace were visible. Some deposits were below the throat in the south-

west corner and on the east wall of the furnace. Many burning coal particles 

were carried through the furnace exit, but most of them were extinguished 

before they reached the test air-heater. Large quantities of faintly glowing 

ash particles were carried through the transition section. The test air-

heater tubes were clearly visible by the flickering light from the furnace. 

The furnace bottom was transparent but many burning coal particles 

were evident. Deposits of sinter were on the south wall of the furnace bottom 

and below the south burner. Ash on the south ledge of the furnace bottom 

blocked the sight port, which was cleared later with a poker. The air-cooled 

deposition probe in the furnace bottom was clearly visible. 

By 0930 hr, the south sight port in the furnace bottom was blocked 

again by sinter. Much ash lay on the furnace bottom, and this sloped 

upwards to the end walls. The deposits below the throat had grown, but they 
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blocked less than k of the projected throat area. At 1000 hr, ash was 

dumped, but much ash remained on the furnace bottom ledges. The ash which 

was raked from the quench tank consisted of small sinters and mud. 

At 1030 hr, the deposits below the furnace throat blocked rougly 

1/3 of the projected throat area. The flame appeared to be uneven, and to 

be deflected by the deposits. The deposits were removed without difficulty 

by means of a poker which was thrust through the top of the furnace. The 

dump plates were swung open, and a poker was thrust through the ports in the 

furnace bottom to remove ash from the ledges. The ash which was removed later 

from the quench tank consisted of small sinters and mud. The throat was then 

clean. The flame was uniform, and was coloured orange-yellow. From the top 

of the furnace,it was no longer possible to see the air-cooled deposition 

probe in the furnace bottom. However, it was possible to observe much of the 

west wall and some deposits on the west side of the furnace bottom. The furnace 

bottom was bright and transparent, and some burning coal particles were evident. 

Also, fairly heavy deposits of sinter were on the south wall, in the southwest 

corner and under the south burner. 

By 1300 hr, deposits had developed below the throat on the east wall 

and in the southwest corner of the furnace. They were removed by thrusting a 

poker through the top of the furnace and through the south ports in the furnace 

bottom. Ash was dumped. Then, the furnace throat was fairly clean, but the 

west wall of the furnace bottom was rough with sinter, and heavy deposits 

remained under the south burner and on the south wall of the furnace bottom. 

At 1400 hr, when it was observed from the top of the furnace, the 

furnace throat was still clean except for small deposits in the northeast and 

southwest corners. However, a bright spot in the flame near the south burner 

indicated that the fuel-air stream was strikinga deposit. The furnace bottom 

was bright and transparent as it was before, but only a few burning coal 

particles were evident. At 1430 hr, most of the furnace throat was closed by 

rough, massive deposits on all sides, and a poker was thrust through the top 

of the furnace to remove the deposits for the third time. This left the 

furnace bottom approximately half full of ash, which was not dumped. Then, 

conditions remained unchanged until the test was completed at 1555 hr, when 

deposits blocked approximately 1/5 of the projected throat area. After 
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"shutdown," the ash in the furnace bottom glowed visibly for approximately

15 min., which showed that the furnace.temperatures had been relately high

compared to most of the other tests.

Deposition Probes During Test Period

Both probes in the furnace, and the air-cooled probe in the furnace

bottom, were visible during the test.

The air-cooled probe in the furnace bottom, when it was first

observed at 0840 hr, bore one lump of sinter, approximately 2 cm in diameter.

This deposit adhered to the top and one side of the probe. By the deposition

of burning coal particles during the next two hours, this deposit grew

approximately 7 cm in diameter, and maintained its eccentric location on the

probe. It fell off when the furnace was cleaned at 1055 hr. The probe then

developed a few small sinters on the top surface, which consolidated to form a

beard roughly 7 mm thick by 2 cm long on top of the probe. Most of this fell

off when the furnace was cleaned at 1430 hr. The probe was clean at the end

of the test.

The air-cooled probe in the furnace showed no large deposits in the

test.

The refractory probe in the furnace appeared to. be clean until

1400 hr, when some sinter was observed on it. This sinter fell off later,

and the probe bore no evident deposit at the end of the test.

Furnace After Test

When the dump plates were swung open approximately 20 litres of

tan-coloured, friable sinters, 2 cm to 12 cm in diameter, fell to the floor.

Approximately twice that volume remained in the furnace bottom, either

adhering to the walls or bridging across and being partly supported by the

air-cooled deposition probe. One piece of sinter thus supported was

approximately 50 cm x 25 cm x 20 cm. Two deposits which measured approximately

15 cm in diameter, adhered to a vertical refractory wall of the furnace throat,

which was generally rough with sinter. The colour of the sinter varied from

tan to black, and all of it was friable.

The furnace water walls were covered by a few millimeters of black

dust and some nodules, approximately 5 mm in diameter..of sinter. The upper

slope of the tubes forming the nose at the furnace exit was covered by a heavy
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layer of grey . and black dust. Fine sandy tan-coloured deposit, 5 to.12 cm 

thick, was:-7.  in the bottoeufthe transition section. The downstream ' 

surface of the fùrnace screen tubes bore a thin tancoloured powder which 

was covere
à 

by,a thin layer of black coloured dust.  The .upstreamsurfâces 

of the test air-heater tUbeS were clean,allid•the downstreamsurfaces had a 

layer of tan-coloùred dust. roughly 1 mm thick. There .  were 1 to 4 am of dark 

grey coloured dust:on the second pass tube sheet  of the main  air-heater. 

Deposition Probes After Test 

The air-cooled probe in the furnace bottom, before it was removed, 

bore no deposits of substantial size. 

The  refractory probe ,  in  the  furnace bottom was broken during the 

test, and was lost in the bottom ash. 

The air-coOled probe in the furnace, before, it was removed, appeared 

to be clean. 

The refractory probe, in the furnace, before it was remoVed, bore 

some nodules of sinter,roughIy5 mm in diameter, on the bottom surface .  

The aircooled probe  in the transition. section, after it was removed, 

Was clean and dull black coloured on the upstream surface. The downstream 

surface Was émiered by light tan-coloured dust, 2 to 3 mm 	 • 
• 

The refractory probe in the, transition section, after It was remoVed, 

Was Clean on the upstream surface and on the downstream surface, It had a layer 

of fine light tan-coloured dust, approximately 1 mm thick. 
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TABLE .1 

OPERATING DATA 

TihOurs 
111.(2)..- kgthr .  

• "A:6 	% 

% 
once every 	hour 

feed to pulverizer 
feed to furnace 
dry weight 
76 kg Ash dumped; 
equivalent to 1042 kg coal. 

It 4 

11 
11 
11 
13 
14 
14 
18 

11 
12 
16 

7 
8 
9 

263(3) umH
2
0 

231(2) mmH,0 

	

198(5) 	ot 

	

107(3) 	°c  
73.6% below 200 mesh oversize, 

It 
25.9% 
26.4% 
54.3% 

140 mesh 
200 mesh 
.25.mesh 

33(1) 
33(1) 
17(1) 

140(3) 
153(1) 
48(4) 
47(3) 

15.8(0.4) 
3.0(0.2) 
151(54) 
667(85) 
718(23) 

<1 
28 

mmH20 
mmH20 
mmil 0- 
mmH

2
0 2 

mmH2
0 

mmH20 
mmll2

0 

% 
7.  

ppm 
ppm 
PPm 

P8mC 

631(28) 
289(11) 
153(6) 

942 c 
821 	- •

o
C 

799. 	
ot 

readings taken in 
second and third 
two hour period 

o
C 

o
C 

measured at 20°C 

0  9.3 x 10 	m 1°  n c at 121C 

COAL -  HAT CREEK "B"-WASHED. Doung DRIED .EXCESS J .   7. 

3 NoVémber 1976' 

ParaMeters Station Obs. (R.M.S. Dey.) Comments 

Test.Duration 
Firing Rate: 
Mbisture Content of Coal - 	1 

• If 	II 	 2 . 
Combustible -" 	" " 	 2 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) :Inlet Air Pressure 	• 	3 
b) Outlet Air . Pressure 	 2 
c)Inlet Air TeMperature . 	3 
d) Outlet Air Temperature 	- 2 
e) Coal Fineness 	 2 

BOILER-OPERATING CONDITIONS 
.a) Steam Flow 
b) Steam Pressure 
.c) .  Combustion Air Temp. 
d) Furnace Pressures 

Furnace 	 10 
• Inlet 	 11 

Boiler Exit . 	 12 
Primary (Coal) Air L 	5 

.1 	 5 
Secondary (Windbox) Air L 	4 

PLUE GAS ANALYSIS 
a) CO2  
•h) 0„ 
c) CO 
d) NO 
e) S02  
f) SO

3 g) Acid dewpoint 
FLUE GAS TEMPERATURE 
a) Furnace Exit 
h) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
b) 
c) 

FLY ASH 
a) Loading 
b) Resistivity 

tI  

c) Precipitator efficiency 
d) Combustible content of 	18 

ash collected from precipitator 

16 
15 
17 
18 

1107, 
912; 

. 816, 

6 	 658(18) kg/hr 
6 	3.14(0.04) atmospheres 
4 	 186(8) 	° c  

6970(810) mgms/m3 
 1.0(0.5)x1010  0 cm at 264SC 

6.8(1.1)xn le  0 cm at 160 C 
94.4(0.7) 	7. 
8.6 	 7. 
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TABLE 2 

MOSITION PROM 

Station 	Deposition 	 Temperature 	°C 	 Deacription  of 

	

meun 	RMS 	min. 	max. . 	initial 	final 	 Deposit 
	 _ 	Dev. 	 - • 

O 
	

Thermocouple  defective o 4J 	 Tan-orange colouted.sinter, 2 mm  ceramic 	 1036 4 	 e:  
o 	 thick, uneven, upstream. al  
w 	19 	  u 	 Grey . coloured scale, even, w 
ei 	stainless 	495 	(36) 	433 	552 	552 	• 	538 	upstream. 	Light grey powder, 
e 	 2 mm thick, uneven, downstream. 	, P=A  

Tan coloured loose sinter, 13 mm 

w 	ceramic 	768 	(67) 	67 .5 	869 	' 	748 	675 	thick, uneven, easily falls off, 
u 	 upstream.  w 

	

9 	 Grey Coloured sàale, even, e f... 	 upstream-. 	Grey coloured powder, 
stainless 	552 	(27) 	514 	579 	543 	574 uneven, 2 mm thick, downstream. 

e 
0 	 Light tan coloured dust, uneven, .,-1 
4-J 	ceramic 	624 	- (18) 	581 	655 	604 	626 u 

 w 	 2 mm thick, downstream. 
Cl)  

g 	20 	
. 	  

.,1 	 Black coloured scale, uneven, 
4..à 	 upstream. 	Tan coloured powder, 
(•!?, 	stainless 	550 	(32) 	471 	595 	482 	576 	2 mm . thick, uneven, downatream. 
M 
w 
H 
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Washed Coal 
Air-Dried and KilnDried, 3% Excess Oxygen 

PROGRESS REPORT 5.2B 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1 
 
/ 

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each Of the 18 

combustion tests which.make up the program. This progress report (5.2B) 

presents coal analyses and size distribution of the pulverized coal burned 

in test 5.2 done on November 3, 1976. 

1/ 
— Efiergy Research Laboratories, Canada Centre for Mineral and Energy Technology 

(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/ 
— "Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CAN= Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 
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TEST N0: 5.2

B. C. Hydro - CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

1/
2_/

Grab Samples Composite Sample

Size

Wt %
3/

R.M.S. Deviation Wt %
4/

LOI %

60M

60M.x 100M 11.2 80.3

100M x 140M 25.9 4.0 17.5 80.6

140M x 200M 0.5 0.1 8.2 78.7

200M x 325M 27.9 3.7 14.9 77.7

325M x 0 45.7 6.2 48.2 71.2

1/ The mesh openings for the sieves are as follows: 25011 for 60 mesh,
149p for 100 mesh, 105u for 140 mesh, 74}t for 200' mesh and 44p for
325 mesh and where lu = 10-6 metres.

2/ Grab samples were taken at 1 hour intervals during the test.

3/ R.M.S: Root Mean Square Deviation.

4/ Loss on ignition, ASTM 3174-73.
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Sample: B Washed, Test 5.2, B. C. Hydro 	(A1408) 

Analysis , 	. 

Screen Analysis 

	

+ 	k 	
o.00 %  

k 	* 	1/8 	 6.147  

	

1/8 * 	1/16 	 40.06 %  

	

1/16* 	1/32 	 31AIR %  

	

1/32 * 	28M 

	

8.16 % 	' 

	

28M* 	48M 	• 

48M. 	0 

	

5.76% 	• 

Grindability 

Hardgrove Index 	 44  

Classification of Coal 

Rank (ASTM) 

Eq. Moisture 	% 

(97% Humidity) 
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Sample B Washed, Test 5.2, B. C. Hydro 	(k1408) 
, 

Analysis 	 Air Dried 	Dried at 107 ± 3 °C • 

Proximate Analysis % 

Moisture 	 8.41 	 0.00 

Ash 	 20.07 	 21.91 

Volatile Matter 	 43-69 	 47.70 

Fixed Carbon (by Diff.) 	 27.81 	 30.39 

Ultimate Analysis 	% 

Carbon 	 50.29 	 54.91  

Hydrogen 	 3.60 	 3.93  

Sulphur 	 0.12 	 0.90  

Nitrogen 	 0.99 	 1.08 

Ash 	 2007. 	 21.91 

Oxygen (by Diff.) 	 15.0 	 17.27  

Calorific Value 

Calories/gram 	 472(1 	 1113.___ 

Btu/lb gross 	 8496 	 9276  

Megajoules/kilogram 	 19.76 	 21.58  

Sulphur Forms 	% 

Sulphatic 	 0.04  

Pyritic 	 0.14  

Organic (by Diff.) 	 0.64  

0.82 
TOTAL 

Chlorine 	 0.00 
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Sample : 	B. C.  Hydra,  B. Washed, Test 5.2 	 (A1408) 

Ash Fusibility 	 Oxidizing 	 eedlicing 

Initial 	
o
C 	 1410 	 1354 .  

SPherical 	°C 	 1482+ 	. 	1482+ 	• 

Hemispherical. 	°C 	 •  4" 	 4  

Fluid 	
o
c 	 + 	 +  

Ash Analysis 

sto2 	 4R.4,  

Al203 
	 31.07 	« 

Fe203 	
6_61  

Mn
3  04 	 0_07  

Ti02 	 1.45  

P 205 
	 0.37  

CaO 	 4.47  

MgO 	 1.64  

"3 	 3.12  

Na20 	 ____0.99 

R20 	 0• 35  

Cl 	 0.00  

Specific gravity 	 2.78 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS . 

BRITISH COLUMBIA - HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek le Washed Coal . 
Air-Dried  and  Kiln-Dried, 3% Excess'Oxygen 

PROGRESS REPORT 5.2C 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-/  

SUMMARY 

2/. 
As explained elsewhere- , the.resUlts of this joint program are 

reported in a series of four reports  numbered A to D for each Of  the 18

combustion tests  whichmake up the'program. 

This'  progreas report (5.2C) presents a photographiC  record  of the 

fireside fouling of the research. boiler surfaces, the properties of ash 

deposits collected on probes and the amical analyses Of various ash forms 

produced in test 5.2 done on November 3, 1976 

1/ 	 • - Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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Figure la 

Furnace bottom at end of 
test. South wall above 
dump plates is blocked 
by friable sinter extend-
ing from each wall to 
west wall of furnace. 
Above this wall is a ridge 
of sinter on the west 
wall of the furnce. 

Figure lb 

Furnace bottom at end of 
test. Burners are clear. 
Throat of furnace is 
partially blocked by 
sinter extending in from 
centre of east side of 
furnace. 
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Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on right. Refractory 
probe on left. 

Figure id  

nurner deposition probes. 
Air cooled probe on 

Refractory probe 
oil  

-Figui:e  le 

Transit -ion section 
deposition probs. Air 
co..11od prob,: on ri ,.1,11t-
Refract:cry 7;robe on 1eEL. 
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Figure 1f 

Main air heater tube 
sheet second pass up 
to 2 - 3 inches of 
powder. 
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Figure 1g

Low Temperature corrosion

probe 138°C.

Figure lh

Low Temperature corrosion

probe 121°C.

Figure li

Low temperature corrosion

probe 104°C.



High Temperature 

495°C 	552°C 	.550°C  Probe  Temperature 

DepOsition . ratel 

Fe 

Mg 

Na  

Ca . 

(free), by difference 

SO
4 

(total) 

SO4 
 

7.0 

1.4 

1.3 

25.8 

0.0 

40.7 

0.6 

1.1 

1.9 

59.7 

56.2 

Low Temperature 

6.4 

2.6 

2.2 

13.9 

115.4 

24.8 

17.3 

3.5 

154.8 

259.1 

59.1 

1.4 

2.0 

5.3 

104.1 

70.1 

2.8 

2.0 

6.9 

108.7 

121 °c 104 °C 138 °C 

B, C. Hyd•o -JANMET joint Program 

RATE OF DEPOSITION OF WATER 'SOLUBLE:MATERIALS .0$ CORROSION AND DEPOSITION PROBES 

21/  The deposition rate is given in units ofing/m 2/hour and the sampling time is 8i hours. 

!cl 

0 
go- 

co 

Ln lUl  

0 
6-3 e n) co 

0 

r!,  

1• ) 



Sample: Deposition probes, B. C. Hydro 

Station 	 . Furnace Bottom 	 Boiler 	Transition Section 

Material 	 . 	SS 	REF 	SS 	REF 	SS 	, 	REF 

Mean Temperature °C 	257 	--- 	289 	409 	• 	288 	329 

% Water Soluble 	 5.9 	3.4 	3.5 	2.4 	4.7 	--- 

% Acid Insoluble 	 74.2 	85.6 	72.6 	85.8 	75.0 	--- 

Analysis 	, % 	 WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 

SO
4 	

0.0 	0.0 	1.2 	0.8 	1.8 

Ca 	 5.7 	0.0 	2.9 	0.2 	2.4 	0.1 	1.4 	0.2 	3.3 	0.1 

Fe 	 0.7 	3.7 	0.1 	0.5 	0.4 	4.0 	--- 	2.2 	--- 	2.2 

Mg 	 0.1 	0.4 	--- 	0.1 	--- 	0.7 	--- 	0.4 	0.1 	0.6 

K 	 0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 

Na 	 --- 	0.1 	--- 	0.1 	--- 	0.1 	--.. 	--- 	0.1 	0.1 

_ 	 . 	_ 	 _ 

WS = water soluble 

AS = acid soluble 
- = trace 
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Sample: Deposit from electrostatic precipitator, Test 5.2 (A 1443-44-45) 

Ash Fusibility 	 Oxidizing 	Rechicing 

Initial 	oc 	 1288 	 1249  

Seerical 	°C 	 1438 	 1360  

HereesPberical 	°C 	 1482+ 	 1438  

Fluid 	 °C 	 1432+  

Ash Analysis 	 % 

Si
2  O 	 51.37  

Al 0 
2 3 	 29.85  

Fe
2
03 	 5.58  

Mn
3
0
4 	 ---- 

TiO
2 	 1 61  

P 0 
2 5 	 0.45  

CaO 
5.79 

 MgO 1.94  

SO 
3 	 0.84  

Na 0 
2 	 0.43  

K 0 
2 	 0.50  

Cl 	
----  
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Sample: Deposit from the furnace bottom, Test 5.2 (A 1446 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1299 	 1277  

Spherical 	oc 	 1482+ 	 1460  

Hemispherical 	°C 	 + 	 1482+  

Fluid 	oc 	 + 	 + 

Ash Analysis 	 % 

Si02 	 55.14  

Al
2
0
3 	 31.71 

Fe
2
0
3 	 5.55  

Mn 0 
3 4  

TiO
2 	 1.22  

P
2
0
5 	 0_1R  

CaO 
4.24  

Mg° 	 1.60  

SO
3 	 0.10 

Na
2
0 	 0.33  

K
2
0 	 0.46 

Cl 	 ____ 
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S 	DePosit from sheet between 2nd and 3rd passes of air heater, Test 5.2 ample : 
(A 1450 - 76) 

, 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	
o
C 	 1349 	 1299  

Spherical 	°c 	 1482+ 	 _ _1410  

Hemispherical 	°C 	
+ 	 1482+  

	

+ 	 + 
Fluid 	

o
C 

i 
Ci 	• 

Ash AnelYsis 

StO L 	 50.78  
2 

Al203 	 30.31  

6_913  

2°3 

3o4 	
---- 	 

TiO2 	
1.33  

P 205 
	

0.37  

CaO 	 4.97  

MgO 	 1.90  

SO3 	 0.54 

Na 2  0 	
0.31  

K20 	
C 	 0.43 

__ 
Cl 
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Sample: Deposit from the furnace walls, Test 5.2 (JP, 1447 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	oc 

Spherical 	°C 

Hemispherical 	°C  	. 

Fluid 	°C 

Ash Analysis 	 % 

SiO
2 	 50.63  

Al
2
0
3 	 28.98 

Fe
2
0
3 	 11.11  

Mn
3
0
4  

TiO
2 	 1.17  

P
2
0
5 	 0.45  

CaO 	 4.34 

/4g0 
1.67  

SO
3 	 1.75  

Na
2
0 

0.40  
K
2
0 . 	0.46  

Cl  
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER ,AUTHORITY - CANMET 

JOINT PROGRAM . 

Hat Creek "B" Washed Coal 
Air-Dried and Kiln-Dried, 3% Excess Oxygen 

PROGRESS REPORT 5.2D 

by 

THE STAFF OF THE CANADIAN ÇOMBUSTION RESEARCH LABORATORY 1/  

SUMMARY 

2/ As explained elsewhere — , the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 

combustion tests which make up the program. This progress report (5.2D) is 

the last of the series and presents results of the following detailed 

analyses of ash produced in test 5.2 done on November 3, 1976. 

1. Particle size dietribution of fly ash 

2. Combustion  calculations 

1/ 
Energy Sesearch'Laboratories, Canada Centre for Mineral and Energy 
TechnolOgy  (former Mines 'Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

II Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 
British,Columbia, British  Columbia  :Hydro and Power Authority - CANMET 
Joint Prograb Objectives and. Procedure". Report ERP/ERL 76 1 99 
Canadian Combustion Research Làboratory, Energy  Research Làboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and  Resources, Ottawa, Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH

Progress Report 5.2 D

In the Table below and in the Figure on the following page are

given the particle size analyses for fly ash collected from the tube sheet

between the second and third passes of the air heater and for fly ash

collected from the electrostatic precipitator. The analyses have been done

using a combines sieve-Coulter-Counter technique, wherein the fraction

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter.

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume to equivalent spherical

diameter.

PARTICLE SIZE (Micrometers) AIR HEATER PRECIPITATOR

1.26 - 1.59 0.5

1.59 - 2.00 0.5

2.00 - 2.52 0.9

2.52 - 3.17 1.4

3.17 - 4.00 0.3 2.6

4.00'- . 5.04 0.4 4.3

5.04 - 6.35 Coulter 1.0 6.7

6.35 - 8.00 Counter 2.0 8.9

8.00 - 10.08 5.0 11.4

10.08 - 12.7 . 91 100-

12.7 - 16.0 14.6 9.8

16.0 - 20.2 18_7 8.2

20.2 - 25.4 17.9 6.5

25.4 - 32.0 11_R 3.4

32.0 - 40.3 4.3 1.4

40.3 - 44.0 0.5 1.2

44.0 - 74.0 10.8 9.5
Sieve

+ 74.0 3.6 12.0

The values given represent differential volume per cent and in the absence of

information about variation of density with particle size, may be taken as

weight per cent.
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Ultimate Analysis 	% 

Carbon 	53.23 
Rydrogen 	3.77 
Sulphur 	0.78 
Nitrogen 	0.10 
Ash 	 23.81 
Oxygen 	18.31 

Target combustion conditions 
for 3% 02 in flue gas 

28 

26 

24 

22 

20 

18 

_116 

o 
o  
er 

m
I4 

0312 
—J 

cr 10 

0 CC 8 
c.) 

6 
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%
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Y
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O
L
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M
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100 
0 J0•0 

200 

—26 

-•24 

II -•22 

10  -20  

9 —18 

8 -•16 

2 
7 D - • 1 4 I'Lj  2 

0 > 

)- 
■ 	co 

5'3 .-10 0  
0 

4  
0 

3 	-.06 

2 -.04 

1 	-.02 

120 	140 	160 	180 

TOTAL COMBUSTION  AIR,  % 

FIGURE 1: Combustion Calculations "B-Washed" Coal. 
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Energy, Mines and Énergie, Mines et
Resources Canada Ressources Canada

CANMET
Canada Centre Centre canadien
for Mineral de la technologie
and Energy des minéraux
Technology et de l'énergie

PILOT-SCALE COMBUSTION TESTS

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET JOINT PROGRAM

HAT CREEK "B" WASHED COAL

AIR-DRIED, 57 EXCESS OXYGEN

TEST NO. 5.3

CANADIAN COMBUSTION RESEARCH LABORATORY

NOVEMBER 1976

ENERGY RESEARCH PROGRAM

ENL(:i;Y RESEARCH LAü02ATORT?ES
REPORT ERP/ER[. 76/144-147
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PILOT-SCALE COMBUSTION TESTS, 

BRITISH COLUMBIA HYDRO AND.POWER AUTHORITY - CANMET 

JOINT PROGRAM 
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Air-Dried, 5% Excess Oxygen 

PROGRESS REPORT 5.3A 

by 

- 	- 
THE, STAFF OF THE. CANADIAN  COMBUSTION. 	LABORATORY- 

1/ 

INTRODUCTION 

By an agreement-between the B, C.  Hydro and Power Anthotity. (BC Hydro) 

and the Canada Centre for Mineral and Energy TeChnoiogy (CANMET),'a series of 

combustion tests are being done at the Canadian  Combustion Research. Laboratory 

(ÇCRL) to assess the suitability  of Hat  Creek coal as a &oiler fuel for 

 thermo-eledtric generation. .A previous report:
//' 

describes ,els: objectives  of 

the program, the pilot-Scale equipment, the procedüres and method.of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 5.3, which was done on November 5, 1976. 

I/ 
- Enetgy Research laboratories, Canada Centre for Mineral and Energy Technology 

(former Mines Branch ): , Department of Energy, Mines and Resources, Ottawa, 
Canada.. 

21, 
- 'P ilot-Scale:  Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia  Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure "- Report ERPJERL 76/99 Canadian Combustion 
Research Laboratory, Energy  Research  Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of  Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 5.3 

In this test Hat Creek "B" washed coal was burned. The coal had 

been air-dried only, which reduced the as-fired moisture to 20.3%. The 

target level of excess oxygen in the flue gas was 5% (approx 25% excess air), 

and the target coal feed rate was 120 kg/hr, which represents a heat input 

of two  Olga  Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data, s:Iown in Tables 1 and 2, are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test  

At 0840 hr, stable, unsupported coal combustion had been in 

progress for more than one hour. When it was viewed from the top of the 

furnace, the flame appeared to be yellow-orange coloured, and it was so 

transparent that it was possible to see fairly well down the walls of the 

furnace bottom, although the air-cooled deposition probe located there was 

not visible. The flame appeared to end a short distance above the furnace 

throat, and there were very few burning coal particles at the furnace exit. 

Both deposition probes in the furnace were visible. There were deposits on 

all sides of the fer7nace below the throat, blocking approximately 1/10 of 

the projected throat area. The test air-heater tubes were barely visible in 

the flickering light from the furiace. The furnace bottom was bright and 

transparent, very few bv.rnim,,  Leal particles were evident, there were 2 to 

4 cm of sinter on thc walla of the furnace bottom, and some ash was visible 

on the ledges adjacent to the dump plates. The air-cooled deposition probe 

in the furnace bottom was clearly visible through the sight ports located 

there. 

At 0930 hr, the view of the throat from the top of the furnace was 

hazy. The deposits in the southwest and northeast corners below the furnace 

throat blocked nearly of the projected throat area. A large sinter was 

also visible on the north wall of the furnace bottom. At 0940 hr, the 

deposits were knocked loose with a poker which was thrust through the top of 
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the furnace. Ash was dumped. The ash, which later was raked from the quench 

tank, consisted mostly of small sinters. A few sinters measured 10 pm in 

diameter, and all were medium grey coloured. Then, the furnace throat was 

clean but somewhat obscured by flame or dust, and the refractory deposition 

probe in the furnace was barely visible. The flame appeared brighter than 

before, but the appearance of the test .air-heater was the same as before. 

The furnace bottom was fairly clean, and some ash remained on the ledges. 

The air-cooled deposition probe in the furnace bottom was bent downward. 

Combustion conditions were relatively constant until the end of the 

test. At 1415 hr, deposits were visible below the furnace throat, and they 

blocked approximately 1/10 of the projected throat area. The furnace bottom 

was nearly half-full of ash, which blocked the south sight port. Ash had 

not been dumped since 1000 hr, therefore, this was done again at 1420 hr. 

The ash fell readily, although large quantities remained on the ledges and 

in the corners. The ash removed from the quench tank consisted of fine, 

tan-coloured sand and small, weak sinters. 

At 1525 hr, large quantities of dust were observed to be cascading 

off the nose at the furnace exit. Just before an oil-fired support burner 

was inserted at 1615 hr, the air-cooled deposit probe in the furnace bottom 

was faintly visible from the top of the furnace. There were heavy deposits 

on the east and west walis of the furnace, below the throat, and these blocked 

approximately of the projected throat area. When the support oil burner 

was turned off and the furnace was "shut-down" at 1618 hr, a flame presisted 

for a few minutes from oil that had struck the deposits in the furnace. 

The ash deposits ceased to glow very quickly, although the refractory behind 

them was visible for a few minutes after shut-down. 

Deposition Probes During Test Period  

Both probes in the furnace, and the air-cooled probe in the furnace 

bottom were visible. 

The air-cooled probe in the furnace bottom first developed a few 

sinters approximately 5 mm in diameter. These fell off during cleaning of 

the furnace, and were replaced by somewhat larger sinters on the top surface. 

These gradually consolidated to form a beard 7 mm thick on most of the probe 

but they fell off later and only a thin layer of sinter remained at the end 

of the test. 
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The air-cooled probe in the furnace did not develop any evident 

deposits during the test 

The refractory probe in the furnace at 0930 hr, had a lump of 

sinter, measuring 2i cm in diameter, on the bottom surface at the outer end. 

Later, this sinter fell off and there were no noticeable deposits for the 

remainder of the test. 

Furnace After Test  

When the dump plates were swung open, approximately 40 litres of 

ash fell to the floor. With the exception of one sinter, 25 x 20 x 15 am, 

and a few pieces, 10 cm in diameter, the ash consisted of small sinters and 

dust. Its colour ranged from tan to grey. The sinters were very friable and 

when broken up, had the consistency of fine sand. A small number of sinters 

2 to 5 am in diamater, adhered to the furnace bottom walls and the throat 

refractory. 

The furnace water walls were fairly heavily coated with dust. 

There were 1 to 2 mm of dust on the exposed surfaces of the tubes, and the 

grooves between them were partly filled with dust from the throat to the 

furnace exit. There was also a heavy layer of tan-coloured, sandy material 

on the upper slopes of tubes forming the throat and the nose at the furnace 

exit. 

The bottom of the transition section bore 5 to 8 cm of fine, tan-

coloured sand. The walls of the transition section were clean. On their 

downstream surfaces, the furnace screen tubes had a 3 to 4 mm layer of dust, 

coloured various shades of grey. The test air-heater tubes appeared to have 

been sand blasted on their upstream surfaces, but there was a layer of tan-

coloured dust, 1 to 2 mm thick, on their downstream surfaces. The second pass 

tube sheet of the main air-heater bore a 2 to 5 cm layer of dust which was 

dark grey except for a thin surface layer which was tan-coloured. 

Deposition Probes After Test  

The air-cooled probe in the furnace bottom, before it was removed 

bore only a thin layer of dust and sintered particles. 

The refractory probe in the furnace bottom, before it was removed, 

was almost hidden by a sinter, which measured approximately 5 cm in diameter 

and which adhered to the top of the probe and the furnace wall. 
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Both of the probes in the furnace, before they were removed, 

appeared to have no evident deposits. 

The  air-cooled probe  in the  transitiorrsectiOn, after it was -

removed, was polished:on the upstream surface. On the déwnstream  surface, 

 tan-colouted duet, 3mM thiéki  covered most ofthe surface. _Approximately 

half of the due had fallen off: and left some Clean surface'. 	. 

The refractory probe in the transitionsection, after it waà • 

removed, had a layer  of  tancoloured dust 1 to 2 mMsthiCk, eOr 907 of 	- 

the probe circumference on the downstream surface. Much of it had fallen-off, 

- 
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TABLE 1 

OPERATING DATA 

It 

c) Precipitator efficiency 

14.7(1.5) 
5.0(0.1) 

80(10) 
644(62) 
690(5) 

<1 
32 

648(9) 
283(2) 
152(2) 

PPm 
PPm 
PPm 
pgm  

oc 
O C  
O C  

OC  readings taken in o
C 	second and third o
C 	two hour period 

gins/m3  measured at 20°C 
253° C 
154° C 8.7 x 10 1 0  S.2 cm at 129°C 

8 ---833, --783 
9 	799, 	727 _ 

7 	976, 890 

COAL  HAT CREEK "B" WASHED, AIR-DRIED EXCESS 0 2 5  

5 NoveMber 1976 

Parameters Station Obs. (R.M.S. Dev.) Comments 

Test Duration 
Firing Rate 
Moisture Content of Coal 

Combustible 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
b) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 
BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

4prnace 
, 	Inlet 

Boiler Exit 
Primary (Coal) Air L 

I! 

Secondary (Windbox) Air L 
It 

4 hours 
124(4) kg/hr 

1 	 20.3 
2 	 3.0(0.7) 
2 	 74.5(0. 8 ) 

once every 	6 hour 

266(5) mmH 0 
220(2) mmH20 
199(2) 
73(4) 	°C 

82.5%below 200 mesh 

6 	 592(14) kg/hr 
6 	2.97(0.5) atmospheres 
4 	 181(4) 	

oc 

	

10 	 31(1) mmH,)0 

	

11 	 31(1) mme0 

	

12 	 15(2) mmH
2
0 

	

5 	 130(6) mMH
22
0 

	

5 	 148(3) mmH
2
0 

	

4 	 51(4) mmH
20 

	

4 	 50(3) mmH
2
0  

feed to pulverizer 
feed to furnace 
dry weight 
67 kg Ash dumped, 
equivalent to 1222 kg coal. 

oversize, 16.7% 140 mesh 
17.5% 200 mesh 
55.4% 325 mesh 

tt 	It 

3 
2 
3 
2 
2 

FLUE GAS ANALYSIS 
a) CO2 	 11 
b) 02 	 11 

c) CO 	 11 
d) NO 	 13 
e) SO2 	 14 
f) SO

3 	
14 

g) Acid dewpoint 	 18 
FLUE GAS TEMPERATURE 
a) Furnace Exit 	 11 
b) Bolier Exit 	 12 
c) Precipitator Entry 	 16 

SUCTION PYROMETER TEMPERATURES 
a) 
b) 
c) 

FLY ASH 
a) Loading 	 16 
b) Resistivity 	 15 2.6(0.1) 

17 2.40.3) 
18 

d) Combustible content of 	18 
ash collected from precipitator 

6710(500) 
x10 1° 2 cm at 
x10 11  cm at 

94.8(0.6) 
4.0(0.4) 
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TABLE 2 

DEPOSITION PROBES 

Station 	DçPositign 	 Temperature 	oC 	 Description of 

	

mean 	REES 	min. 	max; 	initial 	final 	 Deposit 
Dee..  

0 	 . 	 Tan coloured.scale, upstream. o 
4 
4  
	 ceramic 	990 	(36) 	905 	1045 	1045 	941 	Tan. powder, 15 mm upstreaM, 

o 	 1 mm.downstream covered up-, 
PI 	 stream by light hrown reuRt.  
w 	19 
u 
m 
e Croy scale Upstteam, geejr. dust stainless 	561 - 	(45) 	466 	615 	615 	511 w 	 all  around,  1 mm thick. e 
P4  

ceramic 	745 	(29) 	703 	790 	790 	765 	Grey scale upstteam coYered by 
8 	 black dust, 2 mm thick, all 
m 	 around.  

9  
e 

	

Grey  scale, eveni upstream. P. 
stainless 	441 	(16) 	405 	462 	462 	423 	.Grey dUst, i mm thick all around. 

e o 
4-1 	 Beige dust, eyen, 	mm thick, 4J 	ceraMic 	622 	(13) 	.603 	640 	608 	630 u  
w 	 downstream. 
V)  
g 

.,-1 
4 	 « 
!I 	stainIeas 	586 	(4) 	579 	594 	581 	585 	

Grey being - dust, even, all 
 

M 	 around. 	. 
P 
E,I 

(.0 
› 
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Figure 2. Illustration of flame pattern (-) 
and burnout pattern (----). 
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

Hat Creek "B" Washed Coal
Air-Dried., 5% Excess Oxygen

PROGRESS REPORT 5.3B

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1

SUrMARY

As explained elsewhere?/ , the.results of'this,jointpr-ogr-am are

reported in a series of four reports numbered A to D for each.of the 18

combustion tests which.makeup the program. This pro.gress report (5.3B)

presents coal analyses and size distribution of tlie;pulver-ized coal burned in

test 5.3 done.ôn November 5, 1976.

.Energy Research Laboratories, Canada Centre for Mineral and Energy Technology
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa.,
Canada.

?/"Pi1ot-Sca1e Combustion.Tests with Coals from the Hat Creek Area of British
Columbia, British Columbia Hydro and Power Author.ity - CANMET Joint Program.
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and
Energy Technology, Department of Energy, Mines and Resources,. Ottawa, Canada.
October '1976,.-
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TEST NO: 5.3 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

2/ 
1/ 	Grab Samples 	 Composite Sample 

Size 	 3/ 	 4/ 

	

Wt % 	R.M.S. Deviation 	Wt % 	LOI %- 

60M 

60M x 100M 	 3.1 

100M x 140M 	16.7 	3.8 	 17.1 	83.0 

140M x 200M 	0.8 	0.3 	 9.7 	79.9 

200M x 325M 	37.9 	3.2 	 23.7 	76.2 

325M x 0 	44.6 	1.2 	 46.4 	69.1 

1/ The mesh openings for the sieves are as follows: 250p for 60 mesh, 
— 	149p for 100 mesh, 1051i  for 140 mesh, 741J  for 200 mesh and 44p for 

325 mesh and where lp = 10-6  metres. 

2/ Grab samples were taken at 1 hour intervals during the test. 

3/ 	R.M.S: Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73. 
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Sàmple: B Washed, Test 5.3, B. C. Hydro (41451.) 

. 	 . 
Analysis 

Screen Analysis 

	

+ 	4 	 o.00 %  

4 	me 	1/8 	 15 36 % 

	

1/8 w 	1/16 	 51.75 %  

	

1/16 * 	1/32 	 19,00 %  

	

1/32 g 	2gm 

	

28M ig 	48M 
4.56 %. 

	

48M ;1( 	0 

Grindability 

Hardgrove Index 	 39 	» 

Classification of Coal 

Rank (ASTM) 	 . 

Eq. Moisture 	% 

(97% Humidity) 



-  356  - Progress Report 5.3 B 

Sample B Washed, Test 5.3, B.C. Hydro 	(A1451) 

, 

Analysis 	 Air Dried 	Dried at 107 ± 3°C 

Proximate Analysis % 

Moisture 	 18.07 	 0.00  

Ash 	 16.94 	 20.68  

Volatile Matter 

	

37_68 	 45.99  __ 
Fixed Carbon (by Diff.) 	27.31 	 33.33  _ 

Ultimate Analysis 	% 

Carbon 	 45.99._ 	 56.13  

Hydrogen 	 1.18 	 3.88  

Sulphur 	 0.63 	 0.77  

Nitrogen 	 0,90 	 1.10  

Ash 	 16.94 	 20.68  

Oxygen (by Diff.) 	 14_29 	 17.44  

Calorific Value 

Calories/gram 	 4203 	 5130  

Btu/lb gross 	 7565 	 9233 	— 
Megajoules/kilogram 	 17.60 	 21.48  

Sulphur Forms 	% 

Sulphatic 	 0.04  

Pyritic 	 0.10  

Organic (by Diff.) 	 0.49  

0.63 

TOTAL 

Chlorine 	 0.00 
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Sample: 	B Washed, Test 5.3, B.C. Hydro 	(A1451) 

, 

Ash Fusibility 	 Okidizing 	 Reducing 

Initial 	
o C 	 1482+ 	 1399  

Spherical 	
oC 	+ _ 	_ 	 1482+  

+ 	 +  
Hemispherical 	

o
C 

Fluid 	
o
C 	 +  

Ash Analysis 

SLO2 	 49.43  

Al203 	
31.85  

6.1 57 _ Fe203 

Mn 	 0.06  
3  04  

TiO 2 	
1.52  

P 205 	 0.41  

Ca° 	 4.66  

14g° 	 1.51 

SO3 	 3.00  

Na2  0 	
0.31  

K 0 	 0 
2 	

.36  

Cl 	 0.00  

Specific gravity 	 2.79 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "B" Washed Coal 
Air-Dried, 5% Excess Oxygen 

PROGRESS REPORT 5.3C 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-2  

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each. Of the 18 

combustion tests whïch make up the program. 

This progress report (5.3C) presents a photographic record of the 

fireside fouling of the research boiler surfaces, the properties of ash 

deposits collected on probes and the chemical analyses of various ash forms 

produced in test 5.3 done on November 5, 1976. 

lj
Energy Research Laboratories, Canada 
(former Mines Branch), Department of 
Canada. 

Centre for Mineral and Energy Technology 
Energy, Mines and Resources, Ottawa, 

2/,, 
	Combustion Tests with C 

Columbia, British Columbia Hydro and 
Objectives and Procedures". Report 
Research Laboratory, Energy Research 
and Energy Technology, Department of 
Canada. October 1976. 

oals from the Hat Creek Area of British 
Power Authority - CANMET Joint Program. 
ERP/ERL 76/99 Canadian Combustion 
Laboratories, Canada Centre for Mineral 
Energy, Mines and Resources, Ottawa, 
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FIGURE la Furnace bottom at end of test. Burners and furnace 

throat are clear of sinter. Refractory deposition 

probe, in foreground is covered by sinter. 

FIGURE lb Main air heater tube sheet second pass up to 

2 - 3 inches powder. 



E.3 HAT CREEK 13 
BOTTUM PRO8E5 

5 .3 HRT CREEK 
BURNER PROBES 

E. 3 FART CREEK 
TRFINS . SECT I t3N PROBE 
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Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on right. Refractory 
probe on left. 

Figure ld 

Burner deposition probes. 
Air cooled probe on 
right.. Refractory probe 
on len. 

Figure le 

Transition section 
deposition probes. Air 
cooled probe on right. 
Refractory probe on left. 
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Figure lf

Low Temperature corrosion

probe 138°C.

Figure 19

Low Temperature corrosion

probe 121°C.

Figure lh

Low temperature corrosion

probe 104°C.
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Sample: Deposit from electrostatic precipitator, Test 5.3 (A 1490-A-B-C) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1288 	 1299  

Spherical 	°C 	 1438 	 1382 

Hemispherical 	°C 	 1482+ 	 1432  

Fluid 	oc 	 + 	 1482+ 

Ash Analysis 	 % 

SiO
2 	 51.77  

A l
2
0
3 	 30.25 

Fe
2
0
3 	 5.97  

Mn
3
0
4 

 

TiO
2 	 1.55  

P
2
0
5 	 0_/16  

CaO 
5.57  

14g0 	 1.84  

SO
3 	 0.10  

Na
2
0 	 0.38 

K
2
0 	 0.49  

Cl  
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Sample: Deposit from the furnace bottom, Test 5.3 (A 1486 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1338 	 1321  

Spherical 	oc 	 1482+ 	 1477 

Hemispherical 	°C 	 + 	 1482+  

Fluid 	°C 	 + 	 + 

Ash Analysis 	 % 

SiO
2 	 54.78  

Al203 
	 30.97 

Fe
2
0
3 	 6.88  

lin
3
0
4 	 ----  

TiO
2 	 1.19  

P
2
0
5 	 0.33 

CaO 
4_29  

1,4g0 1.39  

SO
3 	 0.17 

Na
2
0 

0.31  
K
2
0 	 0.49  

Cl  
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Sample: Deposit from the furnace walls, Test 5.3 (A 1487 - 76) 

Ash Fusibility 	. 	 Oxidizing 	Reducing 

• Initial 	°C 	 1349 	 1288  

• Spherical 	°C 	 1482+ 	 •1432  

Hemispherical 	°C 	 + 	 1482+  

Fluid 	- 	°C 	 + 	 +
• 

Ash Analysis 	 % 

Si02 	 51.84 

Al
2
0
3 	 29.62  

Fe 0 
2 3 	 8_41  

Mn
3
0
4 	 ----  

TiO 
2 	 1.15  

P
2
0
5 	 0.39  

CaO• 	

4.09  

Mg° 	 1.61  

SO3 
	 1.19  

• Na
2  0 
	 0.29  

IC 0 
2 	 0.49  

Cl 
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Sample: Deposit from sheet between 2nd and 3rd passes of air heater, Test 5. 
(A 1490) 

, 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	 oC 	 1310 	 1282 

Spherical 	
o
C 	 1449 	 1371  

Hemispherical 	°C 	
1482+ 	 1477 

 

Fluid 	 oc 	 ______ + ___ 	 1482+  

Ash Analysis 

sLo2 	
50.66  

Al203 	
29.55  

Fe
2
0
3 	

9.40  

Mn3
04 	

----  

T102 	
1.31 

P2
05 	 0 42  

CaO 	 5.09 

MgO 	 1.86 

SO3 	 0.49  

Na 20 	
0.28  

K20 	
0.46  

Cl 	
----  
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS . 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - UNMET 

.JOINT PROGRAM 

Hat Creek "B" Washed Coal 
Air-Dried, 5% Excess Oxygen 

PROGRESS REPORT 5.3D 

by 

.THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY I/ 

SUMMARY 

2/ As explained elsewhere — , the results of this joint program are 

repOrted in a series of four  reports mmmbered A to D for each of 18 

combustion tests Which make up the program. This progresa report (5.3D) is 

the last of the series and presents'resulta of the following detailed 

analyses of aah produced in test 5.3 done  on  NoveMber 5, 1976. 

1. Particle size distribution of fly ash 

2. X-ray diffraction analyses of fireside deposits 

3. Combustion calculations 

Energy Research Laboratories, Canada Centre for Mineral and Energy 
TeChnology (former Mines Branch), Department of' Energy, Mines and 
ReSources, Ottawa, Canada. 

"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedure". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Minerai and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October 1976. 



-  368  - 
Progress Report 5.3D 

PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 0.4 

	

1.59 - 	2.00 	 0.8 

	

2.00 - 	2.52 	 1.1 

	

2.52 - 	3.17 	 1.5 

	

3.17 - 	4.00 	 0.3 	 2.6 

	

4.00 - 	5.04 	 0.3 	 3.7 

	

5.04 - 	6.35 	Coulter 	 0.6 	 5.4 
i' 

	

6.35 - 	8.00 	Counter 	 1.2 	 7.3 

	

8.00 - 10.08 	 3.0 	 11.0 

	

10.08 - 12.7 	 5.8 	 13.3 

12.7 	- 16.0 	 10.5 	 14.4 

16.0 	- 20.2 	 16.3 	 12.4 

20.2 	- 25.4 	 21.7 	 8.4 

25.4 	- 32.0 	 17.0 	 5.7 

32.0 	- 40.3 	 10.1 	 3.0 

40.3 	- 44.0, 	 2.0 	 1.0 

44.0 	- 74.0 	1›.  

	

+ 74.0 	
Sieve 	

8.4 	 3.3 

	

2.8 	 4.7 

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 
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X-ray Diffraction Analyses of Fireside Deposits from Test 5.3, 

"B-iineluel coal from Hat Creek. 

Furnace Bottom Ash 
(1486 76-480) 

Under Flame Probe Deposit 
(1480 76-481) 

Furnace Probe Deposit 
(1482 76-482) 

Transition Probe Deposit 
(1484 76-483) 

Abbreviations of Constituents: 

Mull, Crist, Feld, Hem, Qtz 

Hem, Mull, Crist, Feld, Mag 

Mag, Hem, Qtz, Amorph 

Hem, Qtz, Crist, Mull, Amorph 

Crist 	Cristobalite SiO
2 

Mull 	Mullite (3Al 203 .2Si0 2) or Sillimanite (Al203 .Si0 2) 

Feld 	Feldspar (Anorthite) CaO.Al 203 .2Si0 2  

Qtz 	Quartz SiO
2 

Hem 	Hematite Fe
2
0
3 

Mag 	Magnetite 
Fe304 

(or spinal-type close to this composition) 

Amorph 	Significant amorphous material present 

Notes: 

All samples appear to contain some amorphous material, particularly 

where indicated. There is little indication of amorphous material 

in Furnace Bottom Ash samples. 

Most films contain a few faint diffractions that were not identified. 

A combination of cristobalite and quartz is similar to mullite, causing 

some ambiguity in identification. Mullite and sillimanite give very 

similar diffraction patterns. It is very doubtful that they can (or 

should) be distinguished in mixtures such as these. 

Constituents are listed in decreasing order of abundance. 

The sampling method is not representative and the order of abundance 

may be different from that of other larger samples. 
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Target combustion conditions
for 5% 02 in flue gas

120

Ultimate Analysis

Carbon 53.23

Hydrogen 3.77

Sulphur 0.78

Nitrogen 0.10

Ash 23.81

Oxygen 18.31

0 J0•0
140 160 180 200

TOTAL COMBUSTION AIR, %

FIGURE 1: Combustion Calculations "B Washed" Coal
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" Raw Coal 
Kiln-Dried Twice, 5% Excess Oxygen 

PROGRESS REPORT 6.1A 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY.-/  

INTRODUCTION 

By an agreement between the B. C. Hydra and Power Authority (BC Hydro) 

and the Canada Centre for Mineral and Energy Technology (CANNET), a series of 

combustion tests are being done at the Canadian Combustion Research Laboratory 

(CCU) to assess the suitability of Hat Creek coal as a boiler fuel for 

thermo-electric generation. A previous report4
/ 
 describes the objectives of 

the program, the pilot-scale equipment, the procedures and method of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 6.1, which was done on November 9, 1976. 

Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
—'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 6.1 

In this test Hat Creek "C" raw coal was burned. The coal had been 

kiln-dried twice, which reduced the as-fired moisture content to 11%. The 

target level of excess oxygen in the flue gas was 5% (approx 25% excess air) 

and the target coal feed rate was 110 kg/hr, which represents a heat input of 

two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data shown in Tables 1 and 2 are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test  

At 0840 hr, stable, unsupported coal combustion had been in progress 

for over an hour. When it was viewed from the top of the furnace, the flame 

was yellow-orange coloured and active combustion appeared to end a short 

distance above the throat. Some deposits were visible below the throat, with 

the heaviest concentration being in the southwest corner, but pieces of sinter 

were observed to fall at frequent intervals. There were only a few particles 

of burning coal at the furnace exit. Both deposition probes in the furnace 

were visible. There was a dull red glow in the transition section by which 

the test air-heater tubes were faintly visible. The furnace bottom was bright 

and transparent. Many small particles of burning coal were evident. There 

appeared to be 5 to 7 am of rough sinter on the south wall of the furnace 

bottom, the south sight port was blocked with sinter, and there was a 

considerable quantity of dusty ash on the ledges adjacent to the dump plates. 

Both deposition probes in the furnace bottom were clearly visible. Ash had•

been dumped twice, and when raked from the quench tank it was light grey 

coloured and it had the consistency of mud. 

During the next hour the deposits below the furnace throat grew to 

the point where they blocked roughly 4 of the projected throat area. The flame, 

when it was observed from the top of the furnace, appeared to be less uniform 

than before. A small increase of CO content of the flue gas was noted. At 

0945 hr, the deposits were removed with a poker which was thrust through the 
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top of the furnace, and ash was dumped. Then, the flame was bright and 

uniform, and the furnace throat appeared to be clean. A large deposit of 

sinter remained on the south wall of the furnace bottom and on the south 

ledge, although the north wall of the furnace bottom appeared to be fairly 

clean. The ash which was removed from the quench tank consisted of small, 

grey sinters. 

Conditions remained stable for several hours. At 1140 hr, ash was 

dumped again. At that time the flame was bright, uniform and orange-yellow 

coloured. The furnace throat was clean except for a deposit 7 to 10 cm thick 

in the southwest corner, and there was still a heavy deposit of sinter and 

ash on the south wall and ledge of the furnace bottom. 

At 1310 hr, approximately 1/3 of the projected throat area was 

blocked by sinter which projected from the southwest and northeast corners. 

The south sight port in the furnace bottom was again blocked by sinter. A 

few minutes later, the deposits below the furnace throat fell, damaged the 

deposition probes in the furnace bottom, but left the throat clean. Ash was 

dumped at 1330 hr, and a poker was thrust through the south ports in the furnace 

bottom to remove ash from the ledge. The sight port was also cleared with a 

poker. The ash which was raked from the quench tank consisted of light grey 

mud and small sinters. 

Good combustion conditions persisted for the remainder of the test. 

No further deposits developed below the furnace throat, and the glow in the 

transition section was a little brighter than before. Large quantities of 

dust cascaded from the upper slope of the nose at the furnace exit. At 1535 hr, 

when a support oil burner was inserted prior to shutdown, the furnace throat 

was clean, but a heavy deposit of sinter was observed below the sight port, 

on the south wall of the furnace bottom. After shutdown, the ash and refractory 

in the furnace bottom maintained a visible glow for approximately ten minutes. 

Deposition Probes During Test Period  

The probes in the furnace, and the air-cooled probe in the furnace 

bottom, were visible throughout the test. The refractory probe in the furnace 

bottom was visible until 1330 hr. 

The air-cooled probe in the furnace bottom remained clean for the 

first hour of the test, then it developed one sinter, 5 mm in diameter on the 
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underside, which remained until the end of the test. No change occurred

until 1310 hr, when a few millimeters of deposit along the top surface were

observed. Later, this deposit was knocked off when deposits falling from the

furnace throat struck the probe and bent it downward. No evident deposits

developed in the remainder of the test.

The refractory probe in the furnace bottom, when first observed,

had a ragged beard of sinter, approximately 3 cm long,,hanging from the bottom

surface. Pieces periodically fell off and new deposits grew in their stead..

While the shape of the deposits changed constantly, the dimensions remained

fairly stable. The probe disappeared from view at approximately 1330 hr, when

large deposits fell from the furnace throat.

The probes in the furnace had no evident deposits on them throughout

the test. At times the refractory probe was difficult to see through the

haze of glowing ash particles.

Furnace After Test

When the dump plates were swung open,approximately 15 litres of ash

fell to the floor. This material was tan coloured. Nearly half of it was

unsintered, and had the consistency of fine sand. The largest sinter was,.,

approximately 25 x 15 x 7 cm, and there were a few pieces approximately 10 cm

in diameter. The furnace bottom walls were clean, but some unsintered ash lay

on the ledges adjacent to the dump plates. There were patches of sinter•

approximately.3 cm thick covering one-half of the east and west walls of the

throat refractory, and a few small patches of sinter on the refractory walls

containing the burners. The furnace water walls had a 1 to 2 mm-thick layer

of grey and black dust on the outer surfaces of the tubes; the grooves between

the tubes had heavier deposits of dust. There were also heavy deposits of

grey dust on the upper slopes of the furnace throat and on the nose at the

furnace exit.

The floor of the transition section was covered.by a layer of tan and

grey coloured dust, 5 to 10 cm thick, and on top of this was a thin layer of

dark grey coloured dust. The walls of the transition section were clean but

there was a thin layer of dust on the walls of the test air-heater. The furnace

screen tubes had a few millimeters of tan and grey dust on the downstream

surfaces. The upstream surfaces of the test air-heater tubes were clean, and
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the downstream surfaces bore a thin layer of tan-coloured dust. There were 

1 to 5 cm of fine, dark grey dust on the second pass tube sheet of the main 

air-heater. 

Deposition Probes After Test  

The air-cooled probe in the furnace bottom, before it was removed, 

bore a thin layer of sintered deposit and one strongly adhering lump of sinter 

approximately 5 mm in diameter. 

The refractory probe in the furnace bottom, before it was removed 

was broken at the furnace wall. It was pointed down at 450  and was supported 

by its thermocouple. It bore only a thin layer of sintered deposit. 

Both probes in the furnace, before they were removed, had no deposits 

of significant size. 

The air-cooled probe in the transition section, after they were 

removed, was clean and had a dull black finish on the upstream surface. The 

downstream surface had a deposit of tan-coloured dust, 1 to 3 mm thick, most 

of which had fallen off. 

The refractory probe in the transition section, after it was removed, 

was clean on the upstream surface, and had a 2 mm layer of light tan-coloured 

dust on the downstream surface. This deposit adhered very weakly, and some of 

it had fallen. 
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OPERATING DATA . 

Test No. 6.1 

Progress Report  6.1A 

42(7) mMH2 n, 
42(7) mmH20 
21(4) mme0 2 
150(5) mmH20 
164(7) mmH,0 
56(8) mmH20 
56(8) mmH2

0 

10 
11 
12 
5 
5 
4 
4 

1 
2 
2 

3 
2 
3 
2 
2 oversize, 19.9 >140 mesh 

26.4 >200 mesh 
57.7 >325 mesh ' t  

10600(500) mgms/m
3 

4.1(0.4)x10 9 0 cm at 262 °C 
4.0(1.0)x10 10 St cm at 148 °C; 

94.9(0.2) 	7. 
4.6(0.4) 

measured at 20°C 

1.4 x 10 1 '0 cm at 119°C 

14.8(0.5) 
5.1(0.1) 
133(36) 
581(38) 
745(13) 

<1 
 22 

574(19) 
279(11) 
150(5) 

PPm 
PPm 
PPm 
Pgricl 

o c o
C  

OC  

926 
861 
854 

11 
11 
11 
13 
14 
14 
18 

11 
12 
16 

C readings taken in 
OC 	second and third 

rwo hour period 

7 	950, 
8 	810, 
9 	730, 

COAL  HAT CREEK "C" RAW. DOUPLP_DRTED EXCESS 02 
9 November 1976 

Comments Parameters 	 Station Obs. (R.M.S.  Dey.)  

Test Duration 
Firing Rate 
Moisture Content of Coal 

	

tt 	t, 	tt 

	

Combustible " 	" " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
b) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 

BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

tt 

Secondary (Windbox) Air L 

7 hours 
115.4(4.5) kg/hr 

	

11.0 	% feed to pulverizer 

	

1 	% feed to furnace 

	

68.0(0„8) 	% dry weight 
once every 	hour 26.0 kg Ash dump09 

equivalent to 943,5 kg coal 

272(4)mmH,0 
240(5) MmKO 

	

196(5) 	ct 

	

99(2) 	°C 
9) below 200 mesh 

6 	 597(17) kg/hr 
6 	2.97(0.07) atmospheres 
4 	 183(6) 	

o
C 

73.6(4. 

FLUE GAS ANALYSIS 
a) CO2  
b) 0, 
c) CO 
d) NO 
e) SO2  
f) SO

3 g) Acid dewpoint 
FLUE GAS TEMPERATURE 
a) Furnace Exit 
b) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
b) 
c) 

FLY ASH 
a) Loading 
b) Resistivity 

I 

c) Precipitator efficiency 	18 

d) Combustible content of 	18 
ash collected from precipitator 

16 
15 
17 



TABLE 2 

DEVOS1TION PROMS 

_ 

Ststion 	Deposition 	 temperatmre 	
o
C 	 •Descriptiou ef 

	

mean 	RMS 	• 	mine 	max. 	initial 	final 	 Deposit 
Dem. 	 

d 0 	 Grey coloUred scale: covered by 
.4, 
4 	 ceramid 	1000 	(27) 	- 	934 	- 1042 	1011 	1002 	< i mm.thick.grey dust,- 	' 
o 
al 	 upstteauh  
w 	19 u 	 . 
di 	 Grey SCale, - uneven, upstream, 

stainless 	549 	(23) 	498 	577 	574 	552 	grey"powder, 1 mm thiCk, 
1=4 	 downstrese.  

w 	ceramic 	761 	(85) 	658 	860 	860 	703 	Grey scale, upstream, 
u 
di 
e. 	9 
P 
0 	 Grey scale, upstream. P...4 

stainless 	543 	(27) 	394 	588 	588 	565 	Grey-beige powder, 2" mm thick, :  
dOwnStreaM. 

0 o 	 Beige cOloured powder, 3 mm ..--4 
4 	 ceramic 	581 	(16) 	556 	603 	559 	603 	thick, downstream. u 
w 
m 

g 20 
.4-4 4.4 	 Grey-beige pOwdet, 2,mm.thick, 
U) 	stainlesS 	556 	(23) 	531 	583 	- 	540 	583 
e 	 downstream. 
;q 
P 	 _ 

Pi 
o  

00 
pi 
fD 
0 
O H 

e 
• rt• 
'0 
0 
M 0 
rt 	• 

Ls) 
C0 

V
1

*9
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io
d

ax
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o
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C t! Raw Coal 
Kiln-Dried Twice, 5% Excess Oxygen 

PROGRESS REPORT 6.18 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-1/  

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports nuMbered A to D for each of the 18' 

combustion tests which. make up the program. This progress repbrt (6.1B) 

Presents coal analyses and size distribution of the pulverized coal burned 

in  test 6.1 done on November 9, 1976. 

• 1/
Energy  Research  Laboratories, Canada Centre for Mineral and Energy Technology 
(former-:Mines  Branch), Department of Energy, Mines and  Resources, Ottawa, 
Canada.. 

2/, 
-:- 	 Combustion Tests with Coals from the Hat Creek Area of  British  

Columbia, British- Columbia Hydro and Power Authority - - CANMET Joint Program. 
Objectives and Procedure!'.. Report ERPIERL 76/99 Canadian  Combustion  Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy TeChnology, Department of Energy, Mines and Resources, Ottawa. , Canada.. 
October 1976. 
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TEST NO: 6.1 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

2/ 

1/ 	Grab Samples 	 Composite Sample 
Size 	 3/ 	 4/ 

	

Wt % 	R.M.S. Deviation 	Wt % 	LOI % 

60M 

60M x 100M 	 9.2 	80.0 

100M x 140M 	19.9 	 3.2 	 15.0 	75.3 

140M x 200M 	6.5 	 6.0 	 7.0 	71.1 

200M x 325M 	31.2 	10.8 	 16.0 	69.6 

325M x 0 	42.4 	13.6 	 52.8 	63.9 
, 

1/ The mesh openings for the sieves are as follows: 250p for 60 mesh, 
149p for 100 mesh, 105p for 140 mesh, 74p for 200 mesh and 44p for 
325 mesh and where lp = 10-6  metres. 

2/ 	Grab samples were taken at 1 hour intervals during the test. 

3/ 	R.M.S: Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73. 
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Sample: C Raw, Test 6.1, B.C. Hydro 	(A1491) 

Analysis 

Screen Analysis 

	

+ 	è 	 0.00 %  

k 	g 	1/8 	 2.607.  

	

1/ 8  « 	1/1e 	 20.38  ..L..  

	

1/16 w 	1/32 
. 	98...07`Z  

	

1/32 w 	28M 
---1.1.23_%... 

	

28M le 	48M 18.87  Z 

	

48M le 	0 

'GrindabflitY- 

Hardgrove Index 	 45  

Classification  Of Coal 

Rank (ASTM) 

Eq: Moisture,  .% 

(97Z Humidity) 
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Sample C Raw, Test 6.1, B.C. Hydro 	(A1491) 

Analysis 	 Air Dried 	Dried at 107 ± 3°C 

Proximate Analysis % 

Moisture 	 10.55  	OM  

Ash 	 25.33 	 28.32  

Volatile Matter 	 31.68 	 35.42 

Fixed Carbon (by Diff.) 	 12.4à___ 	 36 26 

Ultimate Analysis 	% 

Carbon 	 43.49_ 48.62 _  

Hydrogen 	 3.24 	 3.62 

Sulphur 	O. _  

Nitrogen 	 0_11 	 0 12 _ _ __ _ 	• _ 

Ash 	 ____25.13  

Oxygen (by Diff.) 	 16.65 	 18.61 

Calorific Value 

Calories/gram 	 4142 	 4631  

Btu/lb gross 	 7456 	 8335  

Megajoules/kilogram 	 17.34 	 19.39  

Sulphur Forms 	% 

Sulphatic 	 0.05  

Pyritic 	 0.12  

Organic (by Diff.) 	 0.46 	 ------- ---- 

0.63 

TOTAL 	_____ 

Chlorine 	 0.00 
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SamPle 	CBAM4 Test 6.1, B.C. Hydro 	(A1491) 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	
o
C 	 1482+ 	 1454 

Spherical 	
oC 	 * 	 1482+-  

o 	

, 
Hemispherical 	C 	 -I- 

; 	 + 	 Fluid 	 OC 	 + 	 , 

Ash Analysis 

sLo2 	 49.982, 

Al20 	 32_10a 3 

Fe203 	 ____.1.89i  
Mn 0 	 0.16 % 

3 4 

TiO 	 1.30 %  
2 

P205 	 0.18 % 

CaO. 2.59% 

MgO 	 : 1.437. 

SO3 	 1.37 % • 

• Na20 	
0.50 % 

K20 	
0.47% 

0.007. 

•

Cl 

Specific gravity 	 2.75 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN

PILOT-SCALE COMBUSTION TESTS

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

Hat Creek "C" Raw Coal
Kiln-Dried Twice, 5% Excess- Oxygén

PROGRESS REPORT 6.1C

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY11

SUMMARY

As explained elsewhere?/, the results of this joint program.,.are

reported in a series of four reports numbered A to D for each.of the 18

combustion tests which.make pu the program.

This progress report (6.1C) presents a photographic record of the

fireside fouling of the research boiler surfaces, the properties of ash

deposits collected on probes and the chemical analyses of various ash forms

produced in test 6.1 done on November 9, 1976.

rnergy Research Laboratories, Canada Centre for Mineral and Energy Technology
(former MLnes Branch)-, Department of Energy, Minc!s and Resources, Ottawa,
Canada.

?/"Pi1ot-Scale Combustion Tests with Coals from the Hat Creek Area of British

Columbia, British Columbia Hydro and Power Auttiority - CANMrT Joint Program.
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral

and Energy Technology, Department of Energy, Mines and Resources, Ottawa,
Canada. October 1976.



Figure lb 

Furnace bottom at end of 
test. A small accumulation 
of friable sinter extends 
along the south wall. 
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Figure la 

Furnace bottom at end of 
test. Burners and furnace 
throat are clear of sinter. 
Air cooled deposition probe 
projects from east wall, 
refractory deposition 
probe from west wall. There 
is a small accumulation of 
friable sinter on west wall 
at same elevation as burners. 



Figure id 

Burner deposition probes. 
Air cooled probe on 
right. Refractory probe 
on left. 

S.I HH -
TRFINS. 
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Figure le  

Furnace bottom deposition 
probes. Air cooled probe 
on right. Refractory 
probe on left. 

Figure le 

Transition section 
deposition probes. Air 
cooled probe on right. 
Refractory probe on left. 
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FIGURE 1f Main air heater tube sheet second pass up to 

2 - 3 inches of powder. 

FIGURE lg Photomicrograph, x 10, of a thin section of sinter 

which was found attached to the refractory near the 

burners. The sinter is weak and porous. 
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Figure lh

Low Temperature corrosion
probe 138°C.

Figure li

Low Temperature corrosion

probe 121°C.

Figure 1J

Low temperature corrosion
probe 104°C.
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B. C. Hydro - CANNET Joint Program• 

RATE OF DEPOSITION OF WATER SOLUBLE MATERIALS ON CORROSION AND DEPOSITION:PROBES 

Low Temperature 	 High Temperature 

Probe Temperature 	 138 °C 	121 °C 	104 °C 	 549°C 	543°C 	556°C 

a - Deposition rate / 

Fe 	 62.6 	54.2 	30.3 	 9.2 	14.1 	14.1 

•Mg 	 2.6 	1.3 	0.7 	 2.3 	12.4 	4.0 

Na 	 0.9 	0.7 	0.4 	 4.2 	4.5 	3.2 

Ca 	 7.8 	4.3 	1.9 	 12.5 	160.7 	7.6 

SO
4 

(total) 	 55.1 	58.3 	58.3 	 394.0 	263.4 	209.1 

"4 (free), by difference 

	

I 330.3 	 143.7 

The deposition rate is given in units ofte/m2/hour and the sampling time is 8i hours. 

- 
%.0 
Le 

cr. 

;à 
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Sample: 	Deposit from the furnace bottom, Test 6.1 (JA1 1529 - 76) 

Aeh Fusibility 	 Oxidizing 	Reducing 

Initial 	oc 	 1421 	 1199  

Spherical 	°C 	 1482+ 	 1482+  

Hemispherical 	°C 	 + 	 +  

Fluid 	°C 	 + 	 ,..1. 

Ash Analysis 	 % 

Si02 	 55.49  

Al
2
0
3 	 31.31 

Fe
2
0
3 	 7.95  

Mn
3
0
4  

TiO
2 	 1.03  

P
2
0
5 	 0.19  

CaO 2.38  

me 	 1.37  

SO
3 	 0.23 

Na
2
0 	 0.47  

K
2
0 	 0.61 

Cl  
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Sample: Deposite from the furnace walls, Test 6.1 (A 1530 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1449 	 1204  

1482+ 	 1460 
Spherical 	°C 

Hemispherical 	°C 	 + 	 1482+  

Fluid 	 °C 	 + 	 +  

Ash Analysis 	 % 

SiO
2 	 53.83  

Al
2
0
3 	 10_47  

Fe
2
0
3 	 9.07  

En
3
0
4 	 ----  

TiO
2 	 1.07  

P
2
0
5 	 0_2à  

CaO 
2.64  

Mg° 	 1.26  

SO
3 	 0.12 

Na
2
0 	 0.50  

K
2
0 	 0.60  

Cl  
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Sample: Deposit from sheet between 2nd and 3rd passes of air heater, Test 6.1 
(A 1533 - 76) 

Ash Fusibility 	 Oxidizing 	 Reducing 
, 	  

Initial 	
o
C 	 1288 	 1232  

Spherical 	°C 	 1482+ 	 1438  

Hemispherical 	
o

C 	+ 	1482+- 

o 	 + 	 + 
Fluid 	 C 

Ash Analysis 

SiO2 	 52.68  

Al
2
0
3 	

30.14  

Fe
2
0
3 	

10.61  

Mn304 

TiO
2 	

1.09  

P
2
0
5 	

0.28  

CaO 	 3.13  

MgO 	 1.27  

SO3 	 0.43 

Na
2
0 	 0.45  

K20 	
0.57  

Cl 	 - 
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Sample:. Deposit.from electrostatic precipitatôr..,-Test 6.1-(A 1505-06-07)

Ash..Fusibility oxidizing Reducing.

Initial °C 1388 1310

Spherical °C 1482+ 1449

Hemispher-ical °C + 1482+__

Fluid °C + +

Ash Analysis

Sf02

A120 3

Fe203,

Mn304

CaO

Ti02

P205

MgO

SO3

Na20

K2O

53.26

10- 91

6.53

1.38

n_it;

3.77

1.74

0.69

0.67

06l
Cl
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" Raw Coal 
Kiln-Dried Twice, 5% Excess Oxygen 

PROGRESS REPORT 6.1D 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY 11  

SUMMARY 

As explained elsewherel
/

, the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 

combustion tests which make up the program. This progress report (6.1D)  is 

the last of the series and presents results of the following detailed 

analyses of ash produced in test 6.1 done on November 9, 1976. 

1. Particle size distribution of fly ash 

2. X-ray diffraction analyses of fireside deposits 

3. Combustion calculations 

J 
Energy Research Laboratories, Canada Centre for Mineral and Energy 
Technology (former Mines Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

2I "Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedure". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 0.4 

	

1.59 - 	2.00 	 0.5 

	

2.00 - 	2.52 	 0.8 

	

2.52 - 	3.17 	 1.4 

	

3.17 - 	4.00 	 0.2 	 2.4 

	

4.00 - 	5.04 	 0.4 	 3.5 

	

5.04 - 	6.35 	Coulter 	 0.7 	 5.1 

	

6.35 - 	8.00 	Counter 	 1.6 	 6.8 

	

8.00 - 10.08 	 3.9 	 10.0 

	

10.08 - 12.7 	 7 • 4 	 11.9 

12.7 	- 16.0 	 11.9 	 13.0 

16.0 	- 20.2 	 16.3 	 11.6 

20.2 	- 25.4 	 17.3 	 8.7 

25.4 	- 32.0 	 14.5 	 6.3 

32.0 	- 40.3 	 7.0 	 3.0 

40.3 	- 44.0 	 3.5 	 1.1 •  

44.0 	- 74.0. 	 9.0 	 4.3 
Sieve 

	

+ 74.0 	 6.3 	 9.2 

The values given represent differential volume per cent and in the absence o 

information about variation of density with particle size, may be taken as 

weight per cent. 
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X-ray Diffraction Analyses of Fireside Deposits from Test 6.1, 

tic -r 	coal from Hat Creek. 

Furnace Bottom Ash 
(1529 76-484) 

Under FlaMe Tree Deposit 
(1499 76-485) 

Furnace Probe Deposit 
(1501 76486) 

Hem, Mull, Feld, Qtz 

Hem, Qtz, Mag, Crist, AmorPh 

Hem, Qtz, Mag, Amorph 

Abbreviations of Constituents:. 

Feld 	Feldspar (Anorthite) CaO.Al203 .2S102  

Qtz 	• Quartz SiO 
• 	.2 

MulIite Muilite (3Al203 .2Si02) or Sillimanite (Al203 .S102) 

Criat 	Cristealite SiO
2 

Hem 	Hematite Fe 20
3 

Mag 	Magnetite Fe304  (or spinel-type close to this composition) 

Amorph 	Significant amorphous material present. 

Notes: 

There is little indication of amorphous material in Furnace Bottom 

Ash samples. All others appear to contain some amorphous, particularly 

where indicated. 

Most films contain a few faint diffractions that were not identified. 

A combination of cristobalite and quartz is similar to mullite, causing 

some ambiguity in identification. Mullite and sillimanite give very 

similar diffraction patterns. It is verydoubtful that they can (or 

should) be distinguished in mixtures such as these. 

Constituents are listed in decreasing order of abundance. 

The sampling method is not representative and the order of abundance 

may be different from that of other larger samplea. 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - - UNMET 

JOINT PROGRAM 

Hat Creek "C" Rsw Coal 
Kiln-Dried Twice, 3% Excess-Oxygen 

PROGRESS REPORT 6.2A 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATOKY--/  

INTRODUCTION 

By an agreement between the B. C. Hydro and Power Authority (BC Hydro) 

and the Canada Centre for Mineral and Energy Technology (CANNET), a series of 

combustion tests are being done at the Canadian Combustion Research Laboratory 

(CCRL) to assess the suitability of Hat Creek coal as a boiler fuel for 

thermo-electric generation. A previous report-
2/ 
 describes the objectives of 

the program, the pilot-scale equipment, the procedures and method of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 6.2, which was done on November 12, 1976. 

1/
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2.1
"Pilot-Sca 1e Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 



- 406 - 	 Progress Report 6.2A 

CONTROL PARAMETERS FOR TEST NO. 6.2 

In this test, Hat Creek "C" raw coal was burned. The coal had been 

kiln-dried twice, which reduced the as-fired moisture to 13.0%. The target 

level of excess oxygen in the flue gas was 3% (approx 15% excess air), and 

the target coal feed rate was 110 kg/hr, which represents a heat input of 

two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data, shown in Tables 1 and 2, are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. An illustration of the pattern of the flame 

is shown in Figure 2. 

Furnace During Test  

At 0845 hr, stable, unsupported coal combustion had been in progress 

for more than one hour. When it was viewed from the top of the furnace, the 

flame was uniformly yellow-orange or orange in colour, and was so transparent 

that the air-cooled deposition probe in the furnace bottom was intermittently 

visible. 	Active combustion appeared to end a short distance above the 

furnace throat. A small deposit of sinter was evident below the throat on 

the north side. Very few particles of burning coal were evident at the 

furnace exit. Both deposition probes in the furnace were visible. There was 

very little light in the transition section and nothing could be seen in the 

test air-heater. The furnace bottom was bright, transparent and full of small 

particles of burning coal. The north wall of the furnace bottom appeared to be 

clean but there was a large deposit of sinter on the south wall and much ash 

on the south ledge adjacent to the dump plates. The air-cooled deposition probe 

in the furnace bottom was clearly visible. 

Furnace conditions remained fairly stable. At 1000 hr, the flame was 

uniform yellow-orange coloured, and 1/10 of the projected throat area was 

blocked by deposits on the north side and in the southwest corner. Ash was 

dumped and when it was raked from the quench tank, it consisted of mud and 

yellow-grey coloured small sinters. By 1045 hr, most of the deposit under the 

north side of the furnace throat had fallen. The deposit in the southwest 

corner was still there. Heavy deposits of sinter covered the south wall of 
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the furnace bottom, and blocked the sight port located there. Fewer particles 

of burning coal were evident than before. 

By 1130 hr, deposits had built up below the furnace throat on the 

north and east walls, and in the southwest corner, and they blocked more than 

1/10 of the projected throat area. Ash . was dumped and a pOker was thrust 

through the ports in the south side of the furnace .  bottom to clear ash from 

the ledge adjacent to the dump plates. However, muCh of the ash remained 

because it could not be reached in this manner. Only small sinters and mud 

appeared in the ash removed from the quench tank. 

Deposits below the furnace throat continued to grow and fall until 

at 1420 hr, they blocked approximately à of the projected throat area. The 

heaviest deposits were in the southwest corner and on the east wall of the 

furnace bottom. They were removed with a poker which was thrust through the 

top of the furnace. Then, the furnace bottom was half-full of ash, and much 

of this ash did not fall when the dump plates were swung open later. 

At 1500 hr, the furnace throat was fairly clean and the flame was 

bright and uniform. The furnace bottom was bright, transparent, and free of 

burning coal particles. By 1530 hr, however, the projected area of the furnace 

throat was 1/3 blocked with sinter on the southwest and northeast corners. 

Flame appeared to be striking the sinter, but the flue gas analysis did not 

show any deterioration of combustion conditions. Some flame was visible in 

the furnace bottom, which was half full of ash and had a heavy deposit of 

sinter on the south wall. The north wall of the furnace bottom was fairly 

clean. 

By 1600 hr, one-half of the projected area of the furnace throat was 

blocked, but combustion conditions were good and the flame temperature, which 

was measured by a radiation pyrometer at the top of the furnace was higher 

than at any other time during the test. The test air-heater was brighter than 

earlier in the test, but it was still not possible to see the tubes. There 

was sufficient flame in the furnace bottom to make it fairly opaque. 

At 1615 hr, an oil torch was inserted and it was observed that 

sinter blocked nearly 3/4 of the projected throat area. Much of this sinter was 

above the burners. After "shutdown" the ash in the furnace bottom glowed 

brightly for several minutes. 
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Deposition Probes During Test Period  

The air-cooled probe in the furnace bottom and both probes in the 

furnace were visible in the test. 

The air-cooled probe in the furnace bottom remained clean until 

1000 hr, when a few small sinters were observed on the top surface. These 

fell a short time later, but were gradually replaced and at 1300 hr, the 

probe bore a beard of sinter rougly 7 mm thick on part of the top surface. 

At 1400 hr, this beard covered the top 120°  of the probe's circumference, 

and sinter whiskers were also forming randomly on the sides and bottom. When 

the furnace throat was cleaned at 1420 hr, falling sinter bent the probe and 

dislodged most of the deposits. The free end of the probe was buried in the 

ash lying on the furnace bottom, and only a small quantity of deposit remained 

on the top surface of the exposed portion of the probe. A fresh layer of sinter 

then began to develop and at the end of the test at 1415 hr, a beard of sinter 

was 7 mm thick on the top surface of the probe, and 3 mm thick around the 

remainder of the probe's circumference. 

The air-cooled probe in the furnace was clean throughout the test. 

The refractory probe in the furnace showed no evident deposit until 

1340 hr, when a ragged deposit of sinter was observed to be on the bottom 

• surface.At 1410 hr, this deposit had grown to a diameter of approximately 4 cm, 

but it was observed to fall off suddenly, leaving the probe clean. At 1600 hr, 

a fresh deposit, approximately 4 am in diameter had developed. 

Furnace After Test Period  

When the dump plates were swung open, approximately 60 litres of ash 

fell to the floor. It consisted mostly of sinters, ranging in size from 1 cm 

in diameter to 35 cm x 25 cm x 15 cm, and with most of them being 8 to 12 cm in 

diameter. They ranged in colour from medium grey to tan and orange-brown. 

Some of them were strong enough to bear a man's weight without being crushed. 

Another 40 litres of ash remained in the furnace bottom as two large sinters 

supported by the air-cooled probe and large sinters on the northwest and 

southwest corners of the furnace bottom. Small surface areas of these sinters 

had the appearance of slag and this was caused most likely by the oil support 

burner which was inserted at shutdown. These sinters ranged in colour from 

tan to orange-brown. There were also very weak sinter whiskers, 2 to 7 cm long, 
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on most of the furnace bottom walls. The throat refractory was clean except 

for small patches of sinter whiskers, 2 to 7 cm long, under the south burner 

and in the northeast corner of the throat. 

The:furnace water walls were covered with grey dust, and there were 

heavy layers of grey ash on the upper slopes  of. the  furnace throat and on the 

nose at the furnace exit. The bottom of the transition section was covered by 

4 to 10 cm of dust which lay in three layers of different colours: a black 

coloured bottom layer, a pale-tan coloured middle layer and - a dark grey coloured 

top layer which was also thin. On the downstream surfaces, the furnace screen 

tubes had a few millimeters of dust Which was layered dark grey and tan. The 

test air-heater had 2 mm of.dust on the walls, the upstream  surfaces of the 

tubes were clean, and the downstream surfaces bore 2 to 3 mm of tan-coloured 

dust. There were 1 to 5 cm of dark. grey dust on the second pass tube sheet of 

the main air-heater. 

Deposition Probes After Test  

The air-cooled probe in the furnace bottom, before it was removed, 

had no large deposits of sinter. 

The refractory probe in the furnace bottom, before it was removed, 

had a 10 to 12 mm layer of sinter on the top and one side. 

The air-cooled probe in the furnace, before it was removed, appeared 

to have a layer of dust on the top surface. 

The refractory probe in the furnace, before it was removed, had 

whiskers of sinter, 12 to 15 mm thick, on the bottom surface and on the free 

end. 

The air-cooled probe in the transition section, after it was removed, 

had a very thin layer of dust on the upstream surface, and a layer of pale tan 

coloured dust, 2 to 3 mm thick, covered by a thin layer of dark grey coloured 

dust on the downstream surface. Part of the deposit on the downstream surface 

had fallen off. 

The refractory probe in the transition section, after it was removed, 

was clean on the upstream surface and had a weakly adhering pale tan coloured 

layer of dust, 2 to 3 mm thick, on the downstream surface. This covered 1200  

of the probe's circumference. 
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TABLE 1 

OPERATING DATA 

Test No. 6.2 

Progress Report  6.2A 

COAL: HAT CREEK "C" RAW, DOUBLE DRIED EXCESS 02 3 

Test Duration 
Firing Rate 
Mbisture Content of Coal 

	

Iv 	t, 

	

Combustible " 	" " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
b) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 
BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

Secondary (Windbox) Air L 

12 November 1976 

Parameters Station Obs. (R.M.S. Dey.) Comments 

FLUE GAS ANALYSIS 
a) CO2  
b) 0, 
c) CO` 
d) NO 
e) SO2  
f) SO2  
g) Acrd dewpoint 
FLUE GAS TEMPERATURE 
a) Furnace Exit 
b) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
b) 
c) 

FLY ASH 
a) Loading 
b) Resistivity 

tt  

7 hours 
104(5) kg/hr 

1 	 13.0 
2 	 0.8(0.4) 
2 	 72.4(0.9) 

once every — hour 

3 	 268(4) mmll
2
0 

2 	 233(4) mmH10 
3 	 184(7) 	ot 
2 	 92(5) 	°C 
2 	66.7(5.8) below 200 mesh oversize, 20.6 >140 mesh 

" 	,33.3 >200 mesh 
6 	 597(23) kg/hr 	" 	,61.7 >325 mesh 
6 	2.93(0.05) atmospheres 
4 	 177(10) 	°C 

	

10 	 35(5) 	mmH20 

	

11 	 35(5)mmH10 

	

12 	 18(2) 	mmH`
2
O 

	

5 	 143(1) 	mmH
2
0 

	

5 	 156(4) 	mmH
2
0 

	

4 	 41(5) 	mmH20 

	

4 	 40(5) 	mmH20 

	

11 	 16.6(0.5) 	% 

	

11 	 3.0(0.2) 	% 

	

11 	 169(57) 	PPm 

	

13 	 693(183) 	ppm 

	

14 	 768 (47) 	ppm 

	

14 	 <1 	ppm 

	

18 	 35 	uC 

	

11 	 570(29) 	°c 

	

12 	 274(11) 	°c 

	

16 	 150(5) 	C 

7 	1104  , 1104 
8 	820, 912 
9 	s05  ,  808 

o
C readings taken in 

	

-C 	second and third 

	

o
C 	two hour period 

16 	8160(870) mgms/m
3 

measured at 20°C 
15 	— R cm at oc 
173.7(0.6)xi010n cm at 10°C; 4.5 x 10 1 0  Ft cm at 122°C 

c) Precipitator efficiency 	18 	 94.0(0.3) 	% 
d) Combustible content of 	18 	 4.3(0;4) 	% 

ash collected from precipitator 

feed to pulverizer 
feed to furnace 
dry weight 
78.1 kg ash dump'ed, 
equivalent to 1014 kg coal. 



TABLE 2 

DEPOSITION PROBES 

Station 	Deposition 	 Temperature 	
o
C 	 Description of 

	

mean 	RMS 	min. 	max. 	initial 	final 	 Deposit 
Dey.  

0 	 Grey scale  (and  sinter), even, o .8.1 
4.à 	 ceramic 	1008 	41 	939 	1078 	995 	939 	all around, covered by 8 mm  o 	 friable sinter on upstream and m 	 downstream.  
w 	19 
C) 	 Black scale, upstream. m 

stainless 	545 	23 	482 	570 	565 	482 	Grey-white powder, 1 mm thfrk, 
e 	 downstream.  

Grey scale, even, upstream. 

Q) 	ceramic 	792 	85 	631 	991 	702 	991 	Grey powder, even, 12 mm thick, 
C) downstream. 
o 
e 	9 	  
P 	 Clean upstream. e 14 	 Grey sinter, even, covered by stainless 	529 	14 	502 	556 	545 	511 	grey powder,.uneven, 2mm, down- 
	 erream.  

e 	 Clean upstream. 
o 	 Grey-white powder, 3 mm thick, 4-1 
4 	 ceramic 	572 	29 	532 	615 	534 	615 	uneven, downstream, some fallen. u 
o 
m 

g 20 	  
4-4 	 Clean upstream. 
4 	 Grey-beige powder, 3 mm thick, ..-1 
CI) stainless 	559 	16 	529 	576 	529 	570 	uneven, downstream, some fallen. e 
w 
Ii-4  
H 
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Progress Report 6:2B

COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

Hat Creek "C"Raw Coal
Ki1n-Dried Twice, :3Z Excess Oxygen

PROGRESS REPORT 6.2B

by

THE STAFF OF'THE CANADIAN COMBUSTION RESEARCH LABORATORY1/

SUMMARY

As explained elsewhere?/, the results of this joint program are

repor-ted in a series of four reports numbered A to D for each of the 18

combustion tests whi.ch.makeup theprôgr-am. This progress report. (6..2B)

presents, coal analyses and size distribution of the pulverized coal burned

in test 6.2 done.on,November 12,..1976.

Energy Research Laboratories, Canada Centre for Mineral and Energy Technology

(former Mines Branch), Department of Energy, Mines and Resources, Ottawa,

Canada.

?/"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British
Columbia, British Columbia Hydrô and Power Authority - CANMET Joint Program.
Objectives and Proceduré". Report ERP/ERL 76/99 Canadian-Combustion Research
Laboratory, Energy Research Labora.tor.ies, Canada Centre for Mineral.and
Energy Technology,.Department of Energy, Mines and Resources, Ottawa,, Canada.
October 1976.
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TEST NO: 6.2 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

2/ 
1/ 	Grab Samples 	 Composite Sample 

Size 3/ 	 4/ 
Wt % 	R.M.S. Deviation 	Wt % 	LOI 7.—  

60M 

60M x 100M 	 8.5 	84.2 

100M x 140M 	20.6 	6.7 	 15.2 	79.4 

140M x 200M 	12.6 	1.0 	 6.7 	76.8 

200M x 325M 	28.4 	14.6 	 17.2 	74.9 

325M x 0 	38.5 	17.4 	 52.5 	68.6 

1/ 	The mesh openings for the sieves are as follows: 25011 for 60 mesh, 
— 	1494 for 100 mesh, 105 31  for 140 mesh, 74 31  for 200 mesh and 44p for 

325 mesh and where lp = 10-6  metres. 

2/ 	Grab samples were taken at 1 hour intervals during the test. 

3/ 	R.M.S: Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73. 
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Sample: C Raw, Test 6.2 e  B.C. Hydro (A1534) 

Analysis 

Screen Analysis 

	

+ 	è 	 0.00%  

t 	* 	1/8 	 451 % 

	

1 /8  e 	1/16 	 41.22 %  

	

1 / 16  * 	1/32 	 29.53 %  

	

1/32* 	2814:- 	 7.27 /  

	

28M gi 	48M 	 9.31  % 

	

48M» 	0 	 8.16% 	... 

. 	. 	. 	' 

Grindàbility 

Hardgrove Index 	 43 

Classification of Coal 

Rank (ASTM) 

Eq. Moisture 	% 

	

(97% 	HUmidity) 	
. 
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Sample C Raw, Test 6.2, B.C. Hydro (A1534) 

Analysis 	 Air Dried 	Dried at 107 ± 3 °C 

Proximate Analysis % 

Moisture 	 10.15 	 0.00  

Ash 	 _23.22 	 25.84  

Volatile Matter 	 32.38 	 36.03 

Fixed Carbon (by Diff.) 	 34_27 	 „3e.13 

Ultimate Analysis 	% 

Carbon 	 46 18 _ 	51.39 _ 

Hydrogen 	 3.35 3 73  	• _  

Sulphur 	 1,05  	1.17 

Nitrogen 	 0.99 	 1.11 

Ash 	 23.22_  _ 	 _ _25.84_ 

Oxygen (by Diff.) 	 15.08 	 16.76  

Calorific Value 

Calorics/gram 	 4354_ 	__ 	 4845  

Btu/lb gross 	 7837___ ___ 	 8720  

Mégajoules/kilogram 	 18_23 	 20.28  

Sulphur Forms 	% 

Sulphatic 

Pyritic 

Organic (by Diff.) 	 _ 	 

TOTAL 

Chlorine 	 0.00 
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Progress Report 6.2 B 

Sample: C Rae, Test 6.2, B.C. Hydro. (41534) 

Ash FuSibility _ 	 Oxidizi4g 	 Reducing 

Initial 	 OC 	 1471 	 au 
Spherical 	

oc 	1482+ 	 1482+  

Hemispherical 	OC 	 + 	 +  

Fluid 	 °C 	 + 	 +  

, 

Ash Analysis 

SLO2 	 51.20 %  

Al203 	
29.06 %  

6.787. Fe
2
0
3 

0.107e  
Mn

3
0
4 

TiO2 	 1.10 %  

0.16_%  P
2
0
5 

 

CaO 	 2.81 %  

MgO 	 1.2Q  %  
SO3 	 2.67 %  

0.5470  
20 

 

0.60 %  K20 

0.007.  
Cl 

Specific gravity 	 2.69 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN

PILOT-SCALE COMBUSTION TESTS

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

Hat Creek "C" Raw Coal

Kiln-Dried Twice, 3% Excess Oxygen

PROGRESS REPORT 6.2C

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1/

SUMMARY

As explained elsewhere?/, the results of this joint program are

reported in a series of four reports numbered A to D for each.of the 18

combustion tests which make up the program.

This progress report (6.2C) presents a photographic record of the

fireside fouling of the research.boiler surfaces, the properties of ash

deposits collected on probes and the chemical analyses of various âsh forms

produced in test 6.2 done on November 12, 1976.

T:nergy Research Laboratories, Canada Centre for Mineral and l'snergy Technology
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa,
Canada.

?/"Pilot-Sca1e Combustion Tests with Coals from the Hat Creek Area of British

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program.
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral
and Energy Technology, Department of Energy, Mines and Resources, Ottawa,
Canada. October 1976.



Figure lb 

Furnace bottom after part 
of the sinter has been 
removed. Burners and 
furnace throat are clear 
of sinter. 
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PROGRESS REPORT 6:2C 

Figure la 

Furnace bottom at end of 
test. Friable sinter 
extends from west wall of 
furnace at the elevation 
of the air cooled deposition 
probe blocking about half 
the projected are a of the 
furnace bottom. 



S.2 HRT CREfK C 

Figure le 

Transition section 
deposition probes. Air 
cooled probe on right. 
Refractory probe on left. 

PROGRESS REPORT 6.2C 

Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on right. Refractory 
probe on left. 

Figure id 

Burner deposition probes. 
Air cooled probe on 
right. Refractory probe 
on left. 



- 421- 

PROGRESS REPORT 6:2C 

Figure 1f 

Main air heater tube 
sheet second pass up 
to 2 - 3 inches of 
powder. 



E.2  HAT CREEK C 
260 F 

6.2 HRT CREEK C 
2E0 F 

9.2 HRT CREEK 
220 F 
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PROGRESS REPORT 6:2C 

Figure lg 

Low Temperature corrosion 
probe 1380C. 

Figure lh 

Low Temperature corrosion 
probe 121°C. 

Figure li 

Low temperature corrosion 
probe 104°C. 



rP  

o u
o

d
ax

  s
s

a
iS

o
ia

  

B. C. Hydro - CANMET Joint Program 

RATE OF DEPOSITION OF WATER SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES 

Low Temperature 	 High Temperature 

Probe Temperature 	 138°C 	121 °C 	104 °C 	 545°C 	529oC 	559 oC 

Deposition rate / 

Fe 	 50.2 	33.7 	27.4 	 22,6 	12.1 	15.6 

Mg 	 1.9 	0.7 	0.5 	 2.6 	13.2 	4.4 

Na 	 1.1 	1.1 	0.7 	 3,2 	3.9 	4.2 

Ca 	 9.4 	3.9 	2.3 	 17.0 	168.9 	10.5 

SO
4 	

(total) 	 114.8 	78.2 	61.3 	 167.7 	182.9 	115.4 

SO
4 

(free), by difference 

	

5.8 	5.0 	 71.1 

!ij The deposition rate is given in units ofmg/m2/hour  and the  sampling time is 8i hours. 

e••• 

t•-) 

te's 



Sample: Deposition probes, Test 6.2, B. C. Hydro 

Station 	 , Furnace Bottom 	 Boiler 	Transition Section 

Material 	 . 	SS 	REF 	SS 	REF 	SS 	, 	REF 

Mean Temperature °C 	285 	542 	276 	422 	• 	293 	300  

% Water Soluble 	 6.9 	2.4 	--- 	5.2 	 6.0 

% Acid Insoluble 	 78.9 	92.5 	--- 	73.5 	--- 	69.6 

Analysis 	, % 	 WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 

SO
4 	

1.3 	0.0 	 1.6 	 0.0 

Ca 	 4.8 	0.0 	2.1 	0.1 	 3.6 	0.0 	 6.1 	0.0 

Fe 	 0.2 	2.6 	--■ 	0.7 	 0.4 	3.6 	 0.1 	3.2 

Mg 	 --- 	0.4 	0.0 	0.1 	 0.1 	0.5 	 0.1 	0.3 

K 	 0.0 	0.0 	0.0 	0.0 	 0.0 	0.0 	 0.0 	0.0 

Na 	 --- 	0.2 	0.0 	--- 	 0.2 	0.1 	 0.1 	0.1 

WS = water soluble 

AS = acid soluble 

= trace 

I 

ecï 

o 

cn 

rr 
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Progress Report 6.2 C

Sample: Deposit from the furnace bottom, Test 6.2 (A 1572 - 76)

Ash Fusibility. Oxidizing Reducing

Initial °C 1388 1299

Spherical °C .1482+ 1482+

Hemispherical °C +

Fluid °C + +

Ash Analysis , %

Si02 53..61
A1203 30.85

Fe203 . 6.97

Mn304

Ti0
2 1..08

p205 0.24

CaO 2_68

M90 1.91

SO3 0.14

Na20
0.48

K20 0.61

Cl
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Progress Report 6.2 C 

Sample: Deposit from the furnace walls, Test 6.2 (A 1573 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1382 	 1299  

Spherical 	°C 	 1482+ 	 1477  

Hemispherical 	°C • 	 + 	 1482+  

Fluid 	°C 	 +
_ 	

+ 

Ash Analysis 	 % 

SiO
2 	 53.34  

Al
2
0
3 	 30.23 

Fe
2
0
3 	 7.31  

Mn
3
0
4 

 

TiO
2 	 1.08  

P
2
0
5 	 0.30 

CaO 
2.71  

14g° 	 1.51  

SO
3 	

0.61 

Na
2
0 	 0.51  

K
2
0 	 0.58 

CI.  
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Deposit from sheet between 2nd and 3rd passes of air heater, Test 6.2 
Sample: 	(A 1576) 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	
o
C 	 1382   1288 

Spherical 	
o
C 	 _____ 1482t 	 1482+  

o 	 + 	 + Hemispherical 	C 	- - — - - 

Fluid 	
o
C 	 +  

 +-- 

Ash Analysis 

s 02 	 ____    53.18 

Al 0 	 30.91 
2 3 	 _ _  

Fe
2 
 03 7.25 

Mn3  0 
 

4 
 

TiO2  1_93  

P205 	 _____P•23___ __ 

CaO  

MgO 	 1.50  

SO3 	 0.39  

0 Na 20 	
.53  

K20 	
0.59  

Cl 	 -- - 
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Progress Report 6.2 C 

Sample: Deposit from electrostatic precipitator, Test 6.2 (A 1542-43-44) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1349 	 1188  

Spherical 	oc 	 1482+ 	 1449 

Hemispherical 	°C 	 + 	 1482+  

Fluid 	°C 	 + 	 A- 

Ash Analysis 	 % 

Si02 	 52.31  

A l
2
0
3 	 30.80 

Fe
2
0
3 	 5.85  

Mn
3
0
4 	 ----  

TiO
2 	 1.46  

P
2
0
5 	 0.43 

CaO  
3.97  

Mg° 	 1.86  

503 
	 0.63  

Na
2
0 	 0.74  

K
2
0 	 0.60  

Cl  
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" Raw Coal 
Kiln-Dried Twice, 3% Excess Oxygen 

PROGRESS REPORT 6.2D 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-- 

SUMMARY 

2/ 
As explained elsewhere — , the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 

combustion tests which make up the program. This progress report (6.2p) is 

the last of the series and presents results of the following detailed 

analyses of ash produced in test 6.2 done on November 12, 1976. 

1. Particle size distribution of fly ash 

2. Combustion calculations 

Energy Research Laboratories, Canada Centre for Mineral and Energy 
Technology (former Mines Branch), Department of Energy,. Mines and 
kesoUrces e_ Ottawa, Canada. 

"Pilot-Scale  Combustion Tests with Coals from the Hat Creek Area of 

British Columbia, British Columbia  Hydro  and Power Authority - UNMET 
Joint Program. Objectives and Procedure". Report ERPJERL 78/99 
Canadian Combustion Research laboratory, Energy  Research  Laboratories, 
Canada Centre for Mineral and Energy TechnolOgy,. Department of Energy,. 
Mines and Resources, Ottawa, Canada. October 1976- 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size- 
. 

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 0.4 

	

1.59 - 	2.00 	 0.4 

	

2.00 - 	2.52 	 0.7 

	

2.52 - 	3.17 	 1.0 

	

3.17 - 	4.00 	 0.2 	 1.9 

	

4.00 - 	5.04 	 0.3 	 2.7 

	

5.04 - 	6.35 	Coulter 	 0.6 	 4.0 

	

6.35 - 	8.00 i) Counter 	 1.2 	 5.6  

	

8.00 - 10.08 	 2.9 	 9.1 

	

10.08 - 12.7 	 5.7 	 12.6 

12.7 	- 16.0 	 10.4 	 14.6 

16.0 	- 20.2 	 15.8 	 13.8 

20.2 	- 25.4 	 19.3 	 9.7 

25.4 	- 32.0 	 15.8 	 6.9 

32.0 	- 40.3 	 8.7 	 3.5 

40.3 	- 44.0 	 3.0 	 1.1 

2.7 44.0 	- 74.0 	If.  

	

+ 74.0 	

10.8 

5.3 
Sieve 

9.3 

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 



DISPERSANT 

PARTICLE SIZE ANALYSIS 
.13 - 

X PERCENT 

(11-) 3  .h •n 	vi 
m 

FOR MODEL TA 
PART IA 

COULTER ELECTRMOCS WC. 

3908 70 ST. 

HIALEAH. FU. 830113 

SAMPLE SITTINGS 

f IA  A INA. 

3 Te 
d V- 	 (-5./.1-) 3  when 	• WI 

Al - 	dl / 
FOR MODEL T 

APER. SIZE SERIAL 

- - - 
.157 	.199 	.750 	.315 .397 	.500 5.04 	6.35 	8.00 	10.09 	12.7 

-1  I  

,■1 

1/ 
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MI I 

1 IMO 
WM 

mum 

• NI a 
OM 
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1 
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0 
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rn 

(1) 

0 
Il  
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t=1 

r•J 

■■■■•■ 

j_...in 

1 	1 	1 	1 	1 I 1 1 

.15 	.2 

4221010 

60 

so 

do 

lt 

/5 

20 

10 

o le, 'Hit 	 tviirrmliturmil 	r p  11 	r' 1 	ripintimp  r I di i itu i tilpint 1-1 	r i tiri(ITI 1 riffl I( 	pump 	r tit i riurnupwr 1-1 	r 	(Jr. i‘r 
.3 	.4 	.5 	.6 	.7 	.8 	.9 	1.0 1.5 	20 	 3.0 	a 	5 	6 	7 	R 9 10 13 	70 	 30 	40 	50 	60 /0 ID 90 100 

MICRON DIAMETER Log Scale 

100 

90 

90 

75 

/0 

e COULTER COUNTER°  Model T &TA 

C C - W  

ELECTROLYTE 

ORGANIZATION 

OPERATOR 

EQUIPMENT 

---71AMPLE 

7 ---A7S 	. é; ,e 	o 're's/ 	 7A?g,son/.4_10e4 

1.59 	2.03 	2.57 	3.17 	1.00 

/oP1,3.4 

16.0 	20.2 	25.4 	37.0 	40.3 	50.9 .630 	.794 	1.02 	1.26 84.0 02,6 	10 .6 	118 161 203 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - ÇANMET 

JOINT PROGRAM 

Hat Creek "C" Raw Coal 
Kiln-Dried Once, 5% ExcesS Oxygen. 

PROGRESS REPORT 6.3A' 

by 

/ THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY- 
1 

INTRODUCTION 

By an agreement between the B. C. Hydro and Power Authority (BC Hydro) 

and the Canada Centre for Mineral and Energy-  Technology (CANMET), a'series of 

combustion tests are being done at the Canadian Combustion Research Laboratory 

(CCRL) to assess the suitability of Hat Creek coal as a boiler fuel for 
2/ 

thermo-electric generation. A previous report- describes the objectives Of 

the program, the pilot-scale equipment, the procedures and method of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 6.3, which was done on November 16, 1976. 

j
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/," 
- 'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 6.3 

In this test Hat Creek "C" raw coal was burned. The coal had been 

kiln-dried once, which reduced the as-fired moisture to 19.6%. The target 

level of excess oxygen in the flue gas was 5% (approx 25% excess air), and 

the target coal feed rate was 120 kg/hr, which represents a heat input of two 

Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data, shown in Tables 1 and 2, are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test  

At 0845 hr, stable, unsupported coal combustion had been in progress 

for over an hour. When it was observed from the top of the furnace, the flame 

was uniformly yellow-orange in colour. Active combustion appeared to end a 

short distance above the furnace throat. Fairly heavy deposits of sinter 

under the furnace throat blocked approximately of the projected  throat area. 

The heaviest deposits were in the southwest corner, and there were deposits 

on the east and north sides. The air-cooled deposition probe in the furnace 

was visible but the refractory probe was not. No burning particles of coal 

were evident at the furnace exit. There was not sufficient light in the 

transition section to discern any features of the test air-heater. When it 

was viewed through the sight port in the furnace bottom, the furnace bottom 

was bright and clear and some flame was visible near the top of it. All the 

walls of the furnace bottom bore sinter whiskers approximately 2 cm long, and 

a heavy deposit of sinter was observed to be under the south burner. The 

air-cooled deposition probe in the furnace bottom was visible in detail. 

At 0925 hr, when the furnace was again inspected from the top, 

most of the deposits had fallen from the furnace throat, leaving it fairly clean. 

A large quantity of ash was visible in the furnace bottom. Otherwise, conditions 

were unchanged. 

At 1000 hr, fresh deposits, which had formed below the furnace throat, 

in the southwest corner and above the north burner, blocked roughly 1/10 of the 
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projected throat area. Ash was dumped. However, much ash remained in the

furnace bottom where it had bridged across the south end. The ash, which

was raked from the quench tank consisted of small sinters, mud, and a few

large sinters, approximately 15 cm in diameter. All were friable, and ranged

in colour from grey to brown.

Combustion conditions .remained stable for the next two hours. At

1145 hr, the deposits below the throat blocked 4 of the projected throat area,

but the flame was bright and uniform. No burning particles of coal were

evident at the furnace throat. The transition section was faintly illuminated

by flickering light from the furnace; sampling probes in the test air-heater

were visible but the tubes were not. The furnace bottom was bright,

transparent, and filled with small particles of burning coal. Ash was dumped

but most of it remained where it had bridged across the south end of the

furnace bottom. The material.removed from the quench tank consisted of small

grey-brown coloured sinters and mud.

At 1300 hr, the furnace throat above the burners was almost completely

blocked by very porous and light sinter. Combustion conditions in the furnace

bottom appeared to be unaffected. The deposits were easily removed with a

poker which was thrust through the top of the furnace. This left the throat

clean and the flame uniform. The furnace bottom was more than half full of

ash, and most of the air-cooled.deposition probe located there was buried in

ash. Ash was not dumped because some measurements were incomplete.

At 1340 hr, ash was dumped, and a poker was thrust through the ports

in the furnace bottom to dislodge and break the bridge of sinter which lay

across the furnace bottom and to push the broken pieces into the quench tank.

Some ash still remained on the south ledge adjacent to the dump plates. A

5 to 8 cm beard of sinter was on the south wall of the furnace bottom. The

north wall of the furnace bottom had only a light deposit of sinter. The

material which was raked from the quench tank was small, weak sinters, tan-

brown and grey coloured, and one fairly strong sinter, approximately 25 cm in

diameter.

The flame remained bright and uniform for the remainder of the test.

At 1440 hr, when it was viewed from the top of the furnace, the throat had

much sinter on all sides, but it was not significantly blocked. Many burning

coal particles were at the furnace exit, and dust was cascading from the upper
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slope of the tubes forming the exit nose. The furnace bottom remained 

bright and clear, many burning coal particles were visible, the south wall 

was heavily layered with sinter, and the north wall was fairly clean. 

Conditions were similar at 1535 hr, when the boiler was shut down. The 

refractory and sinter in the furnace bottom cooled below the visible 

temperature range in approximately five minutes. 

Deposition Probes During Test Period  

Only the air-cooled probes in the furnace and the furnace bottom 

were visible during the test period. Both the refractory probes were too 

short to be in the field of view. 

At 0845 hr, the air-cooled probe in the furnace bottom had a beard 

of sinter 3 to 10 mm long on the top surface. Deposits falling from the 

burner throat knocked this off soon after. Isolated lumps of sinter, 

approximately 10 mm in diameter, then developed on the top surface, and were 

in turn knocked off by falling deposits which also bent the probe downward. 

A few small lumps remained on the probe. At 1300 hr, fresh deposits had 

formed an irregular beard of sinter on the top surface of the probe, but when 

the furnace throat was cleaned at 1305 hr, the probe was bent further, and 

most of it was buried in ash. Some sinter remained on the top surface of the 

exposed portion. After the furnace bottom was cleaned at 1340 hr,.the probe 

was clean. Only a few small sinters had developed on the top surface at the 

time the test was ended. 

The air-cooled probe in the furnace remained free of large deposits 

throughout the test. 

Furnace After Test  

When the dump plates were swung open, approximately 30 litres of 

ash fell to the floor. It consisted of sinters ranging up to 12 cm in diameter. 

All were very weak, and ranged in colour from tan to grey. This left the 

furnace bottom clean except for some dust and sinters on the ledges adjacent 

to the dump plates. The throat refractory under each burner bore a deposit of 

sinter, approximately 15 cm in diameter and 2 to 5 cm thick. There were also 

small deposits of sinter in the corners, and the walls were rough with small, 

thin patches of sinter. 
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Most of the furnace water walls were coveed with a thin layer of 

grey dust, but one area on the east wall, approximately 30 cm in diameter, 

hada layer of dust thick enough to fill the grooves between the tangent 

tubes. There were also heavy deposits of grey and sandy dust on the upper 

slopes of the furnace throat, and on the upper slope of the nose at the 

furnace exit. 

On the bottom of the transition section there were 4 to 5 cm of tan 

and grey coloured dust covered by a thin layer of dark grey dust. The furnace 

screen tubes bore 2 to 3 mm of dark grey dust on the downstream surfaces. 

2 mm of grey dust were on the walls of the test air-heater. The tubes of the 

test air-heater were clean on the upstream surfaces, and had a 1 mm layer of 

tan-coloured dust on the downstream surfaces. 1 to 5 cm of grey coloured 

dust were on the second pass tube sheet of the main air-heater. 

Deposition Probes After Test  

The air-cooled probe in the furnace bottom, before it was removed, 

bore only thin layers of deposit. 

The refractory probe in the furnace bottom, before it was removed, 

was broken at the furnace-bottom wall. Part of the broken portion hung from 

the thermocouple and bore small deposits of sinter. 

Both the air-cooled probe and the refractory probe in the furnace, 

before they were removed, appeared to have only thin layers of deposit. 

The air-cooled probe in the transition section, after it was removed, 

was smooth, clean and black on the upstream surface. The downstream surface, 

over 1200  of the probe's circumference, bore a 1 to 2 mm layer of tan-coloured 

dust which was covered by a thin layer of grey dust. The deposit adhered only 

weakly to the probe, and some of it had fallen. 

The refractory probe in the transition section, after it was removed, 

was clean on the upstream surface and very clean on most of the downstream 

surface because much deposit had fallen. Evidence of the deposit was visible 

on both sides of the probe, at 900  to the direction of gas flow, and part of 

the deposit was in place near the tip of the probe. From this it was determined 

that the deposit was a tan-coloured dust, and had been approximately 3 mm thick. 
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7.5x S-2 cm at 118°C 101 0 
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COALt  HAT CREEK "C" RAW, DRIED ONCE  EXCESS 02 5 	 z 
16 November 1976 

Parameters 	 Station Obs. (R.M.S. Dey.) Comments 

6 hours 
119(3) kg/hr 

1 	 19.6 	% feed to pulverizer 
2 	 1.3(0.2) 	% feed to furnace 
2 	 68,9(1.8) 	% dry weight 

once every — hour 57.5 Kg ash dumped, 
equivalent to-1107 Kg coal. 

Test Duration 
Firing Rate 
Moisture Content of Coal 

	

It 	It 	tl 

	

Combustible " 	" " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 
h) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 

BOILER OPERATING CONDITIONS 
a) Steam Flow 
b) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Air L 

Secondary (Windbox) Air L 

FLUE GAS ANALYSIS 
a) CO2 

 h) 02 
c) CO 
d) NO 
e) SO2  
f) SO

3 g) Acid dewpoint 
FLUE GAS TEMPERATURE 
a) Furnace Exit 
h) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
h) 
c) 

FLY ASH 
a) Loading 
h) Resistivity  

3 
2 
3 
2 
2 

6 	 578(10). kg/hr 
6 	2.93(0.02)atmospheres 
4 	 189(7) 	°C 

	

10 	 46(3) mmH20 

	

11 	 45(3) mmH
2
0 

	

12 	 23(2) mmH20 

	

5 	 154(3) mmH20 

	

5 	 166(4) mmH20 

	

4 	 61(3) mmH20 

	

4 	 61(3) mmH20 

11 	 15.4(0.2) 
11 	 4.9(0.2) 
11 	 94(7) 
13 	 690(56) 
14 	 707(39) 
14 	 <1 
18 	 36 

597(18) 
289(4) 
158(2) 

7 	1074  ,  1250  
8 	955,  1192  
9 	909  , 	72  

9050(1180) laguls/!;13 
 8.1(0.5)x109  n cm at 262-C 

4.1.(0.4)x10 10 St cm at 158°C; 
93(1) 

4.5(1.4) 

11 
12 
16 

16 
15 
17 

c) Precipitator efficiency 	18 
d) Combustible content of 	18 

ash collected from precipitator 

readings taken in 
second and third 
two hour period 

274(3) mmH
2
0 

235(3) mmH10 

	

195(3) 	et 

	

76(2) 	°C 
72(3)below 200 mesh oversize,12.7% >140 mesh 

" 	,28.0% >200 mesh 
" 	,63.0% >325 mesh 



TABLE 2 

DEPOSITION PROBES 

	

Station 	Deposition 	 Temperature 	°C 	 Description of. 
Mean 	RMS 	min. 	max. 	initial 	final 	 Deposit 

Dey.  

ei o 	 Probe shattered, no . 
i, 4.à 	ceramic 	1114 	(38) 	982 	1117 	1036 	982 	sample, 
o.  
14 
o 	19. 	  
u 	 Grey coloured scale:, UneVen, 
e 
e 	stainless 	469 	(67) 	325 	583 	583 	325 	covered by light grey powder, 
14 
0 	 -I mm thick, downstream. 
ex.4 	

Grey coloured scale, upstreaM. 

o 	ceramic 	655 	(70) 	513 	693 	693 	513 	Darkgrey coloured powder, 2 te 

u 	 tgàuogdne side, easily 
m 

9 	 Black coloured sinter, upstream. 
e 

rzi 	 Grey coloured pOwder, uneVen, 
stainless 	502 	(79) 	307 	588 	516 	588 	2 mm thick, downstream. 

e 	 Grey poWder, uneven, -2 mm thick 
o 	 on sides, trace downstreàm.as if 
.t.J 	ceramic 	563 	(18) 	522 	592 	559 	592. 	most of - deposit (> 3 mm) were u 
o 
m 	 lost. 

g 20   Grey  powder, uneven, 3 mm thick, 
e) 
..-1 	 downstream, some lOst. 
w 	stainleas 	424 	(14) 	396 	457 	419 	457 e o 
h 	. 

0 zi
od

au
  s

sa
iE

oa
d  

e••• 
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COAL. ANALYSES 'FOR PILOT -SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER  AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek 	Raw Coal 
KilnDtied  Once, 5%.  Excess Oxygen 

PROGRESS REPORT 6..3B 

by 

THE STAFF OF THE', CANADIAN COMBUSTION RESEARCH LABORATORY1/  

SUMMARY 

As eXplained elsewhere-
2/  , the results of this joint program are 

repOrted in a series of' four reports numbered A to D for each of the 18 

combustion Tests whiCh mak up the program. This -progreSs report (63B) 

presents cOal  analyses 'and  size distribution of the . puiVerized coal:burned 

in test 6.3 done on -November 16, 1976, 

1 -1Energy Research Laboratories, Canada Centre for  Minerai  and Energy Technology 
(former Mines Btanch), Départment of Energy, Mines. and Resources, Ottawa, 
Canada.. 

2/ , 
- 'Pilot+Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia,  British Columbia:Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian  Combustion Research 
Laboratory, Energy Research laboratories, Canada Centre. for Mineral and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 
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TEST NO: 6.3

B. C. Hydro - CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

1/
2/

Grab Samples Composite Sample

Size

Wt %

3/

R.M.S. Deviation Wt %

4/
LOI %

60M

60M x 100M 2.3

100M x 140M 12.8 3.2 12.2 82.2

140M x 200M 15.3 0.5 10.9 75.0

200M x 325M 35.0 20.2 17.1 72.2

325M x 0 37.0 19.8 57.5 65.5

1/ The mesh openings.for the sieves are as follows: 25011 for 60 mesh,
149u for 100 mesh, 10511 for 140 mesh, 74u for 200 mesh and 44u for
325 mesh and where lu = 10-6 metres.

2/ Grab samples were taken at 1 hour intervals during the test.

3/ R.M.S: Root Mean Square Deviation.

4/ Loss on ignition, ASTM 3174-73.
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Saeple 	C Raw, Test 6.3, B. C. HYdro (A1577) 

Analysis 

Screen Analysis 

+ • 
è 	* 	1/8 	 1.557..  

	

1 /8  * 	1/16 	 15.91 7. 

	

1/16 * 	1/32 	 24.77 %  

	

1/32 * 	28M 	 11.49 7. 

	

28M le 	48M 	 22.00 7. 

	

48M fif 	0 	 24.28%  

Grindability 

Hardgrove Index 	 43 

Classification of Coal 

Rank (ASTM) 

Eq. Mbistute 	% 
(97% Humidity) 
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Sample C Raw. Test 6.3, B.C. Hydro (A1577) 

Analysis 	 Air Dried 	Dried at 107 ± 3°C 

Proximate Analysis % 

Moisture 	 13 89 	 0.00  

Ash 	Zet06 	 30.26  

Volatile Matter 	 29.86 	 34.68 

Fixed Carbon (by Diff.) 	 30.19 	 35.06 

Ultimate Analysis 	% 

Carbon 	 41.87 	 48.62 

Hydrogen 	 2.99 	 3.47  

Sulphur 	 0.53 	 0.62  

Nitrogen 	 0.93 	 1.08  

Ash 	 26.06 	_ 	 30.26  

Oxygen (by Diff.) 	 13.73 	 15.95  

Calorific Value 

Calories/gram 	 3919 	. 	 4551  

Btu/lb gross 	 7054 	 8192 

Megajoules/kilogram 	 16.41 	 19.05 ' 

Sulphur Forms 	7, 

Sulphatic 

Pyritic 

Organic (by Diff.) 

TOTAL 

Chlorine 	 0.00% 
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Sample: C-Raw, Test 6.3, B.C. Byato 	(A1577) 

Ash Fusibility 	 Oxjdieng 	 Reducing 

Initial 	
oC 	 1460 	 1332.  

____ 	 1482+  Spherical
oC 	 1482+ 

HeMispherical 	°C 	 + 	 +  

+ 	 +  
Fled 	

oC 

Ash AnalYsis 

S02 	
31.22 %  

Al203 	
29.00 % 	. 

6.84 i 
Fe203 

0.097. 
Mn304 

1.037. 
TiO2  

P 0 

	

0.147. 
2 5 

CaO 	 2.33 % 

MgO 	 1.39 % 

SO3 	 2.87 %  

Na20 	
0.48  %  

0.597G 
K2  0 

0.007. 
Cl 

Specific gravity 	 2.75 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" Raw Coal 
Kiln-Dried Once, 5% Excess Oxygen 

PROGRESS REPORT 6.3C 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-2  

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. 

This progress report (6.3C) presents a photographic record of the 

fireside fouling of the research boiler surfaces, the properties of ash 

deposits collected on probes and the chemical analyses of various ash forms 

produced in test 6.3 done on November 16, 1976. 

Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 -I"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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FIGURE la Furnace bottom at end of test. Burners and furnace 

throat are clear of sinter. Air cooled deposition 

probe in foreground projects from east wall. Remains 

of refractory deposition probe may be seen across from 

it on west wall. 

FIGURE lb Main air heater tube sheet second pass up to 

2 - 3 inches of powder. 



E. PRT CREEK c 
eu7.7u,  PrW,,  

Figure le 

Transition section 
depoition probes. Air 
cooled probe on right. 
Refractory probe on left. 

PROGRESS REPORT 6:3C 

Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on right. Refractory 
probe on left. 

Figure  id  

Burner deposition probes. 
Air cooled probe on 
right. Refractory probe 
on left. 
Burner probes are incorrectly 
labelled as Bottom probes. 
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Figure 1f 

Low Temperature corrosion 
probe 1380C. 

Figure lg 

Low Temperature corrosion 
probe 121°C. 

Figure lh 

Low temperature corrosion 
probe 104°C. 
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B. C. Hydro - CANNET Joint Program 

RATE OF DEPOSITION OF WATER SOLUBLE MATERIALS  ON CORROSION AND DEPOSITION PROBES 

Low Temperature 	 High Temperature 

o 
Probe Temperature 	 138 °C 	121 oC 	104 o

C 	 469 0C 	502C 	4243C 

Deposition rate ./ 

Fe 	 40.8 	31.9 	10.4 	 27.5 	6.4 	11.3 

Mg 	 1.5 	0.6 	0.5 	 2.0 	8.6 	3.9 

Na 	 0.7 	0.4 	0.4 	 1.6 	3.5 	1.6 

Ca 	 7.8 	4.3 	2.5 	 17.6 	107.4 	11.1 

SO 	(total) 	 61.3 	47.4 	33.7 	 84.9 	139.4 	19.7 

SO
4 

(free), by difference 

I 	

7.2 

The deposition rate is given in units ofmg/m2/hour and the sampling time is 8i hours. 
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Sample: Deposit from the furnace bottom, Test 6.3 ( O, 1616 - 76) 

Ash Fusibility 	 Oxidizing 	' 	Reducing 

Initial 	°C 	 1360 	• 	 1288  

Spherical 	°C 	 1482+ 	 1482+  

Hemispherical 	°C 	 + 	 +  

Fluid 	°C 	 + 	 + 

Ash Analysis 	 % 

SiO
2 	

54.16 

Al
2
0
3 	 30.80 

Fe
2
0
3 	 6.93  

Mn 0 
3 4 

TiO
2 	 L.03  

•
P
2
0
5 	 0.17 

Ca0 	 2.44 

mo 	
• 1.09  

S03 	 •
0.15 

Na
2
0 0.51  

K
2
0 	 0.58  

Cl  
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Sample: Deposit from the furnace walls, Test 6.3 (A 1617 - 76)

Ash Fusibility oxidizing Reducing

Initial. °C 1371 1249

Spherical °C 1482+ 1482+

Hemispherical °C + +

Fluid °C + +

Ash Analysis %

Si02 54.25

A1203 31.22

Fe203 7.58

Mn 304

TiO 2 1.06

p205 -_11 25
Cao 2.44

M80 1.16

SO3 0.62

Na20 0.48

R20 0.57

Cl
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Deposit. from sheet between 2nd and 3rd pasSes of àïr heater, Test 6.3 Sampler --  
(A 1620 - 76) 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	 °C 	 1366 	 1271  

Spherical 	
o
C 	 1482+ 	 1471  

	

+ 	 1482+  
Hemispherical 	

oc 

o 	 + 	 + 
Fluid 	 C 

Ash Analysis 

Si02 	 53.29  

Al203 r 	30.46  

9.17 
Fe 03  2  

---- 
Mn

3
0
4 

TiO 2 	
1.11  

P 0 

 

25 	
0.26  

CaO 	 3.04  

MgO 	 1.48 

SO3 	 0_39  

Na20 

K20   

Cl 	 ---- 	  
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Sample: Deposit from electrostatic precipitator, Test 6.3 (A1585-86-87) 

• 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1349 	 1304  

Spherical 	°C 	 1482+ 	 1438 

A- 	 1482+ 
Hemispherical 	°C 

Fluid 	oc 	 + 	 + 

Ash Analysis 	 % 

SiO
2 	 51.41  

Al
2
0
3 	 29_81  

Fe
2
0
3 	 6.20  

Mn
3
0
4  

TiO 
2 	 1.36  

P
2
0
5 	 0.28 

CaO 	 3.60 

MgO 	 1.65  

SO
3 	 0.72 

Na
2
0 	

0.70  
K
2
0 

n g8  
Cl ---- 
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN

PILOT-SCALE COMBUSTION TESTS

BRITISH COLUMBIAHYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

Hat Creek "C" Raw Coal
Kiln-Dried Once, 5% Excess Oxygen.

PROGRESS'REPORT 6.3D

by

THE STAFF OF THEC?,NADIAN.COMBUSTION RESEARCH LABORATORY 1/

S iJrMARY

As explained.elsewhere ?/, the results of thisjoint program are

reported in a series ôf:four reports numbered A to D:for each of 18

combustion tests whichmake up the program. This^ progress report (6.3D) is

the last of the series and presentsxesults of the.followïng detailed

analyses of ash produçed in test 6..3 done on November 16, 1976.,

1. Particlesize distribution of fly ash

2. Combustion calculations

3. X-ray diffraction analyses of fireside depôsits

1/

2/

Energy Research.Laboratories, Canada Centre for Mineral and Energy
Technology (former-. Mines Branch), Department of Energy, Mines and

Resources, Ottawa,, Canada.

"Pilot-Scale Combustion.Tests with Coals from the,Hat Creek Area of
British Columbia, British Columbia Hydro and Power Authority - CANMET

Joint.Program.. Objectives and'Procedure". Report.ERP/ERL 76/99

Canadian Combustion Research,Laboratory, Energy Research Laboratories,
Canada Centre for Mineral and Energy Technôlogy,.Department of Energy,
Mines and Resources„ Ottawa, Canada. October 1976.
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 ‘ 	 0.4 

	

1.59 - 	2.00 	 0.6 

	

2.00 - 	2.52 	 1.1 

	

2.52 - 	3.17 	 1.6 

	

3.17 - 	4.00 	 0.2 	 2.7 

	

4.00 - 	5.04 	 0.3 	 3.7 

	

5.04 - 	6.35 	Coulter 	 0.7 	 5.4 
> 

	

6.35 - 	8.00 	Counter 	 1.2 	 7.2 

	

8.00 - 10.08 	 2.9 	 10.3 

	

10.08 - 12.7 	 5.6 	 12.4 

12.7 	- 16.0 	 10.8 	 13.5 

16.0 	- 20.2 	 16.1 	 11.5 

20.2 	- 25.4 	 19.1 	 8.3 

25.4 	- 32.0 	 16.0 	 6.7 

32.0 	- 40.3 	 8.9 	 3.3 

40.3 	- 44.0 	, 	 3.1 	 1.3 

5.0 
Sieve 

44.0 	- 74.0 	1› 	

4.8 

, 

	

+ 74.0 	

10.3 

5.0 

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

weight per cent. 
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Ultimate Analysis 	% 

Carbon 	48.62 
Hydrogen 	3.62 
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FIGURE 1: Combustion Calculations "C-Raw" Coal. 
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X-ray Diffraction Analyses of Fireside Deposits from Test 6.3, 

"C-raw" coal from Hat Creek. 

Furnace BottomAsh 	 Mull, Crist, Qtz, Feld, Hem, Amorph 
(1616 76-487) 

Under Flame Probe Deposit 	Hem, Qtz, Crist (tr), Feld (tr), Mull (tr), 
(1589 76-488) 	 Amorph 

Transition Probe Deposit 	 Hem, Mull, Feld, Qtz 

(1593 76-489) 

Abbreviations of Constituents: 

Feld 	Feldspar (Anorthite) CaO.Al 203 .2Si02  

Qtz 	Quartz SiO2 
Crist 	Cristobalite SiO

2 
Mull 	Mullite (3A1

2
0
3
.2Si02) 

°
r Sillimanite (Al

2
0
3.

Si0
2
) 

Hem 	Hematite Fe 0 
2 3 

Amorph 	Significant amorphous material present. 

Notes: 

There is little indication of amorphous material in Furnace Bottom 

Aeh samples. All others appear to contain same amorphous, particularly 

where indicated. 

Most films contain a few faint diffractions that were not identified. 

A combination of cristobalite and quartz is similar to mullite, causing 

some ambiguity in identification. Mullite and sillimanite give very 

similar diffraction patterns. It is very doubtful that they can (or 

should) be distinguished in mixtures such as these. 

Constituents are listed in decreasing order of abundance. 

The sampling method is not representative and the order of abundance 

may be different fram that of other larger samples. 
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" WaShed Coal 
Air-Dried and KilnDried Once, 5% ExCess Oxygen 

PÉOGRESS REPORT 7.1A 

by 

/ 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY- 

1 

INTRODUCTION 

By an agreement between the B. C. Hydro and Power Authority (BC Hydro) 

and the Canada Centre for Mineral and Energy Technology (CANMET), a series of 

combustion tests are being done at the Canadian Combustion Research Laboratory 

(CCRL) to assess the suitability of Hat Creek coal as a boiler fuel for 
2/ 

thermo-electric generation. A previous report describes the objectives Of 

the program, the pilot-scale equpment, the procedures and method'of_reporting 

results. 	 - 

This progress report summarizes the data immediately available from 

Test No. 7.1, which was done on November 18, 1976. 

1/ 
	Research Laboratories, Canada Centre for Mineral and Energy Technology 

(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
— 'Pilot-Scale Combustion Tests with Coals from  the Hat  Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure ", Report UP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy., Mines. and Resources, Ottawa, 
Canada. October 1976.. 
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CONTROL PARAMETERS FOR TEST NO. 7.1 

In this test Hat Creek "C" washed coal was burned. The coal had 

been air-dried and kiln-dried once, which reduced the as-fired moisture to 12.8%. 

The target level of excess oxygen in the flue gas was 5%, and the target coal 

feed rate was 110 kg/hr, which represents a heat input of two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data, shown in Tables 1 and 2, are self-explanatory. 

The locations of the measuring stations are shown in Figure 1, which is a 

diagram of the research boiler. 

Furnace During Test Period  

At 0845 hr, stable, unsupported coal combstion had been in progress 

for more than one hour. When it was observed from the top of the furnace, the 

flame was orange-yellow coloured, and uniform. Active combustion appeared to 

end a short distance above the throat. Sinter had formed all around the furnace 

throat, and blocked h of the projected throat area. The heaviest deposits 

were located in the southwest corner. The air-cooled deposition probe in the 

furnace was clearly visible, but the refractory deposition probe waS not, 

because it was too short to be in the field of view. There were no particles 

of burning coal evident at the furnace exit. The transition section was fairly 

bright with light reflected from the furnace. Gas sampling probes. in the test 

air-heater were clearly visible, and the test air-heater tubes were faintly 

visible. The furnace bottom was very bright and clear; no particles of burning 

coal were visible. The furnace bottom walls appeared to be uniformly covered 

with sinter whiskers 2 to 3 am long. There were a few centimetres of ash on 

the ledges adjacent to the dump plates. The air-cooled deposition probe in the 

furnace bottom was clearly visible. 

At 0915 hr, 	the projected area of the furnace throat was blocked 

with sinter which had formed in the southwest and northeast corners, but 

combustion conditions in the furnace bottom appeared to be unaffected. 

At 0925 hr, the laboratory experienced a power failure which forced 

a "shutdown" of the research boiler. Power was restored at 0932 hr and the 
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boiler was immediately relit on oil. While combustion conditions were being 

stabilized the deposits at the furnace throat were knocked loose with a 

poker which was thrust through the top of the furnace, and ash was dumped. 

Stable, unsupported coal combustion was quickly achieved and measurements 

were resumed at 1020 hr. Combustion conditions were comparable to those 

observed at 0845 hr. 

At 1050 hr, sinter deposits were evident on all sides of the furnace 

throat, but they were the heaviest in the southwest corner. Approximately 1/10 

of the projected throat area was blocked. When it was observed from the top 

of the furnace, the flame appeared to diverge from each burner, and ranged in 

colour from yellow at the centre to orange-yellow at the edges, rather than 

the previously-observed pattern of a uniform colour across the entire cross-

section of the furnace. Conditions at the test air-heater were unchanged. 

The furnace bottom was bright, transparent, and a small quantity of burning 

coal particles were evident. The furnace bottom walls bore a moderately heavy 

layer of sinter whiskèrs. 

At 1122  hi, the projected area of the furnace throat was 1/3 blocked 

with sinter which had formed mainly in the southwest and northeast corners. 

Test measurements in progress precluded removal of the deposits at that time, 

and by 1135 hr, the furnace - throat was 3/4 blocked. 

At 1140 hr, a poker was thrust through the top of the furnace to 

remove the deposits at the furnace throat. This was accomplished with a 

little difficulty; the deposits appeared to be plastic rather than dry and 

brittle, and therefore did not break away from the walls readily. After 

cleaning, a small deposit was evident in the northwest corner below the furnace 

throat. Ash was then dumped and approximately 45 litres of ash were raked 

from the quench tank. This material consisted mostly of sinters 2 to 8 cm in 

diameter. There were several pieces 12 to 20 cm in diameter, and one piece 

25 am in diameter. Some of the sinters were moderately strong. The flame was 

then bright and mostly yellow in colour. The furnace bottom was also bright 

and transparent, but many small particles of burning coal were evident. Some 

ash remained on the south ledge adjacent to the dump plates. 

At 1200  tir, the furnace throat was ragged with sinter, and by 1240 hr, 

1/10 of the projected area of the furnace throat was blocked. Otherwise, 

combustion conditions were unchanged. At 1320 hr, the furnace throat was more 
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than à blocked with sinter, mostly from the east and west sides. The furnace 

bottom had become slightly opaque with flame. 

At 1325 hr, a poker was thrust through the top of the furnace to 

remove the deposits from the furnace throat. They were cleared away without 

difficulty, and subsequently the furnace bottom was transparent. Ash was 

not dumped at this time because a measurement of electrostatic precipitator 

efficiency was in progress. 

At 1405 hr, the furnace throat was still fairly clean, the flame was 

bright yellow in colour, and clearly shaped. The test air-heater was bright 

and the tubes were clearly visible. Conditions in the furnace bottom were 

unchanged. At 1440 hr, deposits below the furnace throat were again evident 

and they blocked 1/5 of the projected throat area. At this time some of the 

ash in the furnace bottom was clearly observed to be plastic. 

At 1520 hr, the furnace throat was blocked with sinter, which had 

again formed in the southwest and northeast corners. No burning particles of 

coal were evident at the furnace exit, and only a small quantity was visible 

in the furnace bottom. The furnace bottom was approximately 1/3 filled with 

ash. At 1528 hr, the furnace throat was cleaned for the fourth time.by 

thrusting a poker through the top of the furnace and it was observed that the 

deposits were tacky. The furnace bottom was then more than half full of ash 

which buried the air-cooled deposition probe located there, but ash was not 

dumped because a fly ash resistivity measurement was in progress. 

From 1540 hr, to the end of the test, deposits on the throat 

refractory interfered with and deflected the flame but no massive blockage of 

furnace throat occurred. At 1607 hr, an oil support burner was inserted, and 

the boiler was "shut-down" shortly thereafter. A small flame from oil-soaked 

sinter persisted for a few minutes, and the ash and refractory in the furnace 

bottom maintained a visible glow for approkimately fifteen minutes. 

Deposition Probes During Test Period  

Only the air-cooled deposition probes in the furnace and in the 

furnace bottom were visible during the test. 

The air-cooled probe in the furnace bottom, when it was first observed 

at 0845 hr, had a beard of sinter 8 mm long on most of the top surface. There 
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were also shorter whiskers randomly,located around the probe, and a few

larger pieces of sinter, 8 mm to 25 mm in diameter, adhering to the top and

sides. At 1020 hr, the probe was clean except for a deposit of sinter 3 cm

in diameter, shaped like a wasp's nest, with a hole in the centre of it.

Closer examination showed that the deposit. was centred.around a small hole in

the probe where the thermocouple had been silver-soldered in place. The

silver solder had melted:, leaving a small air .leak. The probe subsequently

developed a few small deposits of sinter, randomly located, and at 1135 hr,

had also developed a beard of sinter, 2 to 8 mm long on the bottom surface.

After the furnace throat was cleaned at 1140 hr, the probe was clean. At

1240 hr, a few 1 cm lumps of sinter were observed on the top surface of the

probe, and a small wasp's nest had been re-established around the leak in the

probe. By 1320 hr, the probe bore whiskers, 5 mm long, all around the

circumference, but most of these sinters were knocked off when the throat

deposits were removed a fewminutes later. At 1405,hr, the probe had an

intermittent beard of sinter 8 mm long on the top surface, and some shorter

whiskers on the bottom surface. These grew gradually until the throat deposits

were removed at 1530 hr. Then the probe.was buried in ash and could no longer

be observed.

The air-cooled probe in the furnace appeared-tô,be'clean throughout

the test.

Furnace After Test

When the dump plates were swung open approximately 15 litres of small

sinters, tan to dark brown coloured, fell to the floor. These were all friable.

However, the furnace bottom was completely bridged with sinter which, when it

was dislodged, comprised an additional volume of roughly 80 litres, mostly

in the form of large sinters, up to.30 cm in diameter. Some of them were

strong enough to bear a man's weight. They also ranged in colour from tan to

dark brown. The walls of the furnace bottom were fairly uniformly covered with

sinter whiskers, 5 cm long and light tan coloured. The furnace throat

refractory was also covered,with sinter whiskers,'5 to 7 cm long. These

appeared to be tan-coloured underneath, with a'grey or black surface layer that

probably was caused by the oil support burner used during shut-down. Some of
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the sinters showed evidence of partial slagging. The refractory on the west wall of 

the throat at the burner level bore a deposit, 20 cm in diameter and 8 am 

thick and which had a slagged surface. The furnace water walls were moderately 

coated with grey and black dust. There were heavy layers of grey and tan-

coloured dust on the upper slopes of the furnace throat and on the nose at the 

furnace exit. 

The bottom of the transition section had a layer of fine dust, pale 

tan coloured, 2 to 4 cm thick. The downstream surfaces of the furnace screen 

tubes bore a layer of tan-coloured dust, 2 to 3 mm thick, with a thin layer 

of black dust on top. The walls of the test air-heater bore a 2 mm layer of 

dust, the tubes were clean on the upstream surfaces, and they had a thin layer 

of red-tan coloured dust on the downstream surfaces. The second pass tube 

sheet of the main air-heater had a deposit of grey dust 1 to 5 cm thick. 

Deposition Probes After Test  

The air-cooled probe in the furnace bottom, appeared to have a thin 

layer of sintered dust on the bottom surface. 

The refractory probe in the furnace bottom, projected only 3 cm 

beyond the inside wall. The exposed portion bore a deposit of sinter a few 

millimetres thick on two sides, but there were indications that part of the 

deposit had been knocked off. 

The air-cooled probe in the furnace, appeared to be clean. 

The refractory probe in the furnace did not project into the furnace 

for enough to be visible from either the top or the bottom of the furnace. 

The air-cooled probe, after it was removed from the transition 

section, was clean on the upstream surface, and had a deposit of weakly adhering 

pale-tan coloured dust, up to 3 mm thick, on the downstream surface. Some of 

the deposit had fallen off. 

The refractory  probe, after it was removed from the transition section, 

was clean on the upstream surfàce. On the downstream surface it bore a layer 

of tan-coloured dust, 1 mm thick, over 180 0  of the probe's circumference. 
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4 hours 
108(2) kg/hr 

1 	 12.8 
2 	 <0.1 
2 	 79.2(0.6) 

once every -- hour 

feed to pulverizer 
feed to furnace 
dry weight 
57.8 Kg ash dumpèd,_ 
equivalent to 1016 Kg coal. 

619(7) ,  kg/hr 
1.06 atMOspheres: 

193(6) 

oversize, 12.3% 
" 	, 29.6% 

, 49.2% 

>140 Mee 
>200 mein). 
>325-meah 

3 	 264(2) .  :mpg 0 
2 	 227(3) tffie2,0 
3 •  202(2) 
2 	 9T(1) 	9C 
2 	70.4% below 200 meen .  

6 
6 
4 

II 	II' 

mmH 0 2 mmH 0 
zum1120 2 mmH 0 2 mall 0 2 mmH 0 2 
mmH 0 2 

ppm 
ppm 
PPm 
PRm .c  

oC  
oc 

oc  
oc 

 o
C 

readings taken in 
second and third 
two hour period 

3 
5060(800) me:me/3Z 

6.3(0:7)x109  n  cm.  at 269-C 
9.6(4.6)i1en exa at',157 °C; 

94.8(1.2) 	H% 
4.1(0:6) 

measured at 20°C 

2.4 lc 10"  0 dm at 118° 

15.9(0.3) 
5.0(0.2) 

61(11) 
958(18) 
685(21) 

<•1 
29 

.650(10) 
297(9) 
157(4) 

7 	1070,  
8 	888,  
9 	875, 

971_  
:773 

11 
11 
11 
13 
14 
14 
18 

11 
12 
16 

COAL:  HAT CREEK "C" RAW,AIR-DRIED AND 

KILN-DRIED 

EXCESS  02 	 %. 

Nôvember 1976 

Parameters : Station Obs.  R.M.S. Dev.) Comments • 

Test Duration 
Firing Rate 
Moisture Content of Coal 

Combustible " 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS , 
 e) Inlet Air Pressure 

h) Outlet Ait Pressure 
c) Inlet Air Temperature 
d) Outlet Air UMPerature 
e) Coal Fineness 
BOILER OPERATING CONDITIONS 
a) Steam Flow 
h) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace  Pressures 

Furnace 
Inlet 
Boiler Exit 
Primary (Coal) Alr L 

5 

	

Secondary (Windbox) Air L 	4 

	

R. 	4 
FLUE GAS ANALYSIS 

a) C°2 
b) 02 
c) CO 
d) NO 
e) S02  
f) SO3  
g) Acid dewpoint 
FLUE GAS TEMPERATURE 
a) Furnace Exit 
b) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
h) 
c) 

FLY ASH 
a) Loading 
h) Resistivity 

Precipitator efficiency 	18 
Combustible content of 	18 
ash collected from precipitator 

'10 

16 
15 
17 

c) 
d) 

39(3) 
41(2) 
21(3) 

147(3) 
159 (4) 
64(2) 
66(4) 

The suction pyrometer became 
partially blocked by dust in this 
reading. 
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TABLE 2 

DEPOSITION PROBES 

Station 	Deposition 	 Temperature 	
o
C 	 Description of 

mean 	RMS 	min. 	max. 	initial 	final 	 Deposit 
Dey. 

 0 Black scale upstream covered by 
o 
4-i 	 beige sinter, 12 mm thick, un- 
4-1 	ceramic 	990 	22 	955 	1020 	982 	1000 O 	 even and 100 mm thick beige 
pa   sinter on sides and downstream, 
w 	19 	  
u uneven. 
m 	 Thermocouple partly unsoldered 

stainless 	442 	23 	414 	489 	433 	453 	Grey scale covered by beige 

_  4+ 	
powder, 	mm thick, all around. , 

L Grey scale upstream. 
ceramic 	489 	25 	457 	540 	457 w 	 480 	Black powder, 1 mm thick, down- 

u 
m 	 stream.  
e 	9 w 	 Black scale upstream covered by 
44 	 dark grey powder, 3 mm thick, 

stainless 	 Thermocouple broken 
all around. 

o o 	
Clean upstream. 

..-f 	 Grey-beige powder, 3 mm thick, 
4 	 ceramic 	628 	5 	617 	648 	617 	626 u 
w 	

downstream. 
m 

g 20 
4-I 	 Clean upstream. 
4.1 
4-1 	 Light grey powder,  3 mm thick, 
(;9. 	stainless 	565 	13 	552 	586 	577 
M 	

586 	downstream. 
P 
H 
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" Washed Coal 
Air-Dried and Kiln-Dried Once, 5% Excess Oxygen 

PROGRESS REPORT 7.1B 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-
1  
/ 

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tessts which make up the program. This-progress report (7.1B) 

presents coal analyses and size distribution of the pulverized coal burned 

in test 7.1 done on November 18, 1976. 

11
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 -1"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 
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TEST NO: 7.1

B. C. Hydro - CANMET Joint Program

TABLE

Size Analysis of. Pulverized Coal

1/
2/

Gr-ab Samples_ Composite Sample

Size .

Wt.Z

.
3/

R.M.S. Deviation Wt %
4/

LOI %

60M

60M x 100M 2..5

100M x 140M 12,3' 3.1. . .13.3 84.0

140M x 200M 17.4 0.3 10.7 81.2

.200M x.325M 19.6 0.9 18.6 81.4

325M x 0 50.8 2.3 55 76.9

The mesh openings:for the sieves are asfollows: .25011 for 60 mesh,
149^t for 100 mèsfi, 10511 for 140 mesh, 74u for 200 mesh and 44u for
325 mesh and where 1j1 = 10-6 metres.

Grab samples were taken at 1 hour intervals dur:[ng the test.

R.M.S: Root Mean Square Deviation.

Loss on ignition,.ASTM 3174-73.
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Sample: C Washed, Test 7.1, B. C. Hydro . 	(P11621) 

Analysis 

Screen Analysis 

	

+ 	4 	 0.0070  

k 	* 	1/8 	 2.9670  

	

1/8 * 	1/16 	 32.08 % 

	

1/16 * 	1/32 	 34.77  %•  

	

1/32 * 	28M 	 11.17%  

	

28M * 	48M 	 12.28 % 

	

48M * 	0 	 6.74% 	. 

Grindability 

Hardgrove Index 	 40 

Classification of Coal 

Rank (ASTM) 

Eq. Moisture 	% 

(97% Humidity)  
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Sample 
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C Washed, Test 7.1, B. C. Hydro (A1621) 

Analysis 	 Air Dried 	Dried at 107 ± 3°C 
_ 	  
Proximate Analysis % 

Moisture 	 ________12.25_ 	 0.00  

Ash 	 _16..35_ 	 19.09  
Volatile Matter 	 31_no 	 _37.61 _ 
Fixed Carbon (by Diff.)  	38-Da_  

Ultimate Analysis 	% 

Carbon 	50.31 __ 	57.33 . 	_ 
Hydrogen 	 3.57 4.07 . 	. . . . _ 

Sulphur 	 ________D-6.2_ 	 0 71 ..___------.-----,- 
Nitrogen  

Ash 	 16,75_ 	 19 09 __ 	_ 	.. __ 

Oxygen (by Diff.) 	 15.44 	 17.59  

• 	• 

Calorific Value 	- 

Calories/gram 	 4763 _ 	 5428 

Btu/lb gross 	 8573 	 9770 

Megajoules/kilogram 	 19.94 	 22.73  

Sulphur Forms 	% 

Sulphatic 

Pyritic 	. 

Organic (by Diff.) 	 - - - - - - -- — - - 

TOTAL 	 - 	 

Chlorine 	 0.00  7 
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Sample: C Washed, Test 7.1, B. C. Hydro (A1621) 

Ash Fusibility 	 Oxidizing 	 Reducing 

0 
Initial 	 C 	 1438 	 1282  

Spherical 	oC 	 1482+._ 	 1460_ 

Hemispherical 	oC 	 + 	 1 AS3 2+  

Fluid 	 C 	
+ 

 

Ash Analysis 

SLO2 	
50.61  %  

Al2
03 	

29,57 

5.28 t 
Fe

2
0
3 

0.07 % 
Mn

3
0
4 

1.26 % 
TiO2 

P205 	
0.27 % 

CaO 	 3.48 % 

MgO 	 1.50 %  

SO3 	 3.66  %  

0.60  %  
Na20 

0.58 % 
K20 

0.00 % 
Cl 

Specific Gravity 	 2.92 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Rat  Creek "C" Wasiled Coal 
Air-Dried and Kiln-Dried  Once, 5%  Excess Oxygen 

PROGRESS REPORT 7.1C 

by 

/ THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1  

SUMMARY 

As explained elsewhere...
2/ 

 , the results of this joint progràm are •  

reported in a series of four reports numbered A to D for  each. orthe:18 

combustion tests which.make up the Program. 

This  progress report (7.1C) presents a photographic record of the 

fireside fouling of the research boiler surfaces, the properties of ash 

deposits collected on probes and the cheMical analyses of various ash forms 

produced in test 7.1  done on November 18, 1976. 

1/ 
- Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 

(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
-'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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Figure la 

Furnace bottom at end of 
test. Friable sinter 
completely bridges bottom 
of furnace directly above 
dump plates. 

Figure lb 

Furnace bottom at end of 
test. Sinter bridge has 
been removed. Burner on 
north side is surrounded 
by heavy sinter whiskers. 



Figure ld 

Burner deposition probes. 
Air cooled probe on 
right. Refractory probe 
on left. 

Figure le 

Transition section 
deposition probes. Air 
cooled probe on right-
Refractory probe on left. 
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Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on right. Refractory 
probe on left. 
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Figure lf Main air heater tube sheet second pass up to

2 - 3 inches of powder.

Figure 1g Photomicrograph, x 10, of a thin section of sinter

which was found attached to the refractory near the

burners. The sinter is weak and porous.



7 HIT CREEK C 
2130 F 

7.1 HFIT CREEK C 
ZS0 F 

7.1 HRT CREEK C 
220 F 
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Figure lh 

Low Temperature corrosion 
probe 1380C. 

Figure li 

Low Temperature corrosion 
probe 121°C. 

Figure lj 

Low temperature corrosion 
probe 104°C. 
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Sample: Deposit from the furnace bottom, Test 7.1 (A 1656 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1399 	 1288  

Spherical 	°C 	 1482 f 	 1482+ 

Hemispherical 	°C 	 + 	 +  

Fluid 	°C 	 + 	 + 

Ash Analysis 	 % 

SiO
2 	 55.56  

Al
2
0
3 	 19_44  

Fe
2
0
3 	 6.07  

141130
4 

TiO
2 	 1.16  

P
2
0
5 	 0 3n  

CaO 
3.33  

14g° 	 1.58  

SO3 	
O1  

Na
2
0 	 0.54  

K
2
0 	 0.68 

Cl  
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Progress Report 

Sample: Deposit from the furnace walls, Test 7.1 (A 1657 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1349 	 1304  

Spherical 	°C 	 1482+ 	 1449  

Hemispherical 	°C 	 + 	 1482+  

Fluid 	°C 	 + 	 +  _ 

Ash Analysis 	 % 

SiO
2 	 53.31  

Al
2

0
3 	 30.69 

Fe203 	 7.56  
Mn

3
0

4  
TiO

2 	 1.22  
P

2
0

5 	 0_79  
CaO 

3.49  
MgO 	 1.37  

S 03 	
n_71  

Na
2
0 	 0.56  

K
2
0 

n 59  

Cl 	 ---- 

C 
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Deposit from sheet between 2nd and 3rd passes of air heater, Test 7.1 
Sample: (A 1660'-  76) 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	
o
C 	 1310 	 1243 

Spherical 	
o
C 	 1482+ 	 1460_ 

Hemispherical 	°C 	___±_-_ 	 1482+  

Fluid 	
o
C   	+ 	 +  

_ 

Ash Analysis 

StO2 	
51.31 

2 
Ali03 	

9.34 
 

8 Fe203 	
.86 

 
---- 

Mn
3
0
4 

1 
TiO2 	

.11 
 

P 205 	 0.15  

CaO 	 3.20  

MgO  

SO3 	 0.37  

Na 20 	
047 

 

K20 	
0.65  

Cl 
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Sample: Deposit from electrostatic precipitator, Test 7.1 (A 1629-30-31) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1310 	 1271  

Spherical 	°C 	 1438 	 1388 

Hemispherical 	°C 	 1482+ 	 1471  

Fluid 	°C 	 + 	 1482+ 

Ash Analysis 	 % 

SiO
2 	 50.88  

Al
2
0
3 	 30.14 

Fe
2
0
3 	 6.23  

Mn
3
0
4 	 ----  

TiO
2 	 1.73  

P
2
0
5 	 0.46 

CaO  
5.07  

14g0 	 1.99  

SO
3 	 0.69 

Na
2
0 	 0.85  

K
2
0 

06h  
Cl 

--- 	 
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1 / 

2/ 

DETAILED_ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE ,  COMBUSTION TESTS 

BRITISH. COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT 'PROGRAM 

Hat Creek "C" Washed Coal 
AirDried and KiIn-Dried Once, W.' Excess OXYgen 

PROGRESS REPORT 7.1D 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY -j 

SUMMARY 

.21 
As explained' elsewhere — ,  the  results  of this joint prograM are 

reported in a series of four reports numbered A to D for each of 18 

combustion tests WhiCh make up the program. This progreas report (7 ...1D) .  is 

the last of the series and presents results of the following detailed 

analyses of ashproduced  in., test  7.1 done on November 18, 1976. 

1. Particle size distribution of fly se 

2. 1(-Tay diffraction  analyses  of fireside. deposits 

3. Combustion calculations 

Energy  Research  Laboratories, Canada Centre for Mineral and Energy 
Technology (former Mines Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area  of 
British Columbia,  British. Columbia  Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedure. Report: ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy  Research  Làboratories, 
Canada Centre for Mineral and Energy'TeChnology, Department.  Of Energy, 
Mines and Resources, Ottawa, Canada. Octôber 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH

In the Table below and in the Figure on the following page are

given the particle size analyses for fly ash collected from the tube sheet

between the second and third passes of the air heater and for fly ash

collected from the electrostatic precipitator. The analyses have been done

using a combines sieve-Coulter-Counter technique, wherein the fraction

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter.

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume to equivalent spherical

diameter.

PARTICLE SIZE (Micrometers) AIR HEATER PRECIPITATOR

1.26 - 1.59 0.6

1.59 - 2.00 0.9

2.00 - 2.52 1.2

2.52 - 3.17 1.9

3.17 - 4.00 3.1

4.00 - 5.04 0.1 4.2

5.04 - 6.35 Coulter 0.3 5.8

6.35 - 8.00 Counter 0.5 7.0

8.00 - 10.08 1.2 10.1

10.08 - 12.7 2.3 11.8

12.7 - 16.0 4.7 12.6

16.0 - 20.2 9.1 11.8

20.2 - 25.4 15.2 9.8

25.4 - 32.0 18.4 7.0

32.0 40.3 12.3 2.9

40.3 - 44.0 5.6 1.2

44.0 - 74.0 22.3 4.0
Sieve

+ 74.0 8.0 4.1

The values given represent differential volume per cent and in the absence of

information about variation of density with particle size, may be taken as

weight per cent.
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X-ray Diffraction Analyses of Fireside Deposits from Test 7.1, 

"C-washed" coal from Hat Creek. 

Furnace Bottom Ash 
(1656 76-490) 

Under Flame Probe Deposit 
(1632 76-491) 

Transition Probe Deposit 
(1636 76-492) 

Hull, Crist, Feld, Hem 

Hem, Mull, Feld, Mag, Amorph 

Rem, Mull, Amorph 

Abbreviations of Constituents: 

Feld 	Feldspar (Anorthite) CaO.A1
2
0
3
.2Si0

2 
Crist 	Cristobalite SiO

2 
Hull 	Mullite (3A1

2
0
3
.2Si0

2
) or Sillimanite (Al

2
0
3
.Si0

2
) 

Hem 	Hematite Fe
2
0
3 

Nag 	Magnetite Fe
3  04 

 (or spinel-type close to this  composition) 

Amorph 	Significant amorphous material present. 

Notes: 

There is little indication of amorphous material in Furnace Bottom 

Ash samples. All others appear to contain some amorphous material, 

particularly where indicated. 

Most films contain a few faint diffractions that were not identified. 

A combination of cristobalite and quartz is similar to mullite, causing 

some ambiguity in identification. Mullite and sillimanite give very 

, similar diffraction patterns. It is very doubtful that they can (or 

should) be distinguished in mixtures such as these. 

Constituents are listed in decreasing order of abundance. 

The sampling method is not representative and the order of abundance 

may be different from that of other larger samples. 
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28

1
26

24

22

20 10

-,•26

•24

.22

•20

ti •I8

Cn

-06

•04

•02

Ultimate Analysis %

120

Carbon 57.33

1{ydrogen 4.07

Sulphur 0.71

Nitrogen 1.21

Ash 19.09

Oxygen 17.59

i 1 1 - I0 J0.0
140 160 180 200

TOTAL COMBUSTION AIR., %

FIGURE 1: Combustion Calculations "C-Washed" Coal.
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I+ Energy, Mines and 
Resources Canada 

CANMET 
Canada  Centre 
for Mineral 
and Energy 
Technology 

Énergie, Mines et 
Reources Canada 

Centre canadien 
de la technologie 
des minéraux 
et de l'énergie 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY  -  CANMET JOINT PROGRAM 

HAT CREEK "C" WASHED COAL 

AIR-DRIED AND KILN-DRIED ONCE, 37 EXCESS OXYGEN 

TEST NO. 	7.2 

CANADIAN COMBUSTION RESEARCH LABORATORY 

NOVEMBER 1976 

ENERGY RESEARCH PROGRAM  

ENERGY RESEARCH LABORATORIES 
REPORT ERP/ERL 76/164 -167 
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PILOT,-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat: Creek ''C" Washed Coal 
Air-Dried and Riln-q)ried Once, 3% Excess Oxygen 

PROGRESS REPORT 7.2A 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-1/  

INTRODUCTION 

By an agreement between the B. C. Hydro and Power Authority (BC Hydro) 

and the Canada Centre for Mineral and Energy Technology (CANMET), a'series of 

combustion tests are being done at the Canadian Combustion Research Laboratory 

(CCRL) to assess the suitability of Hat Creek coal as a boiler fuel for 
2/ thermo-electric generation. A previous report- describes the objectives of 

the program, the pilot-scale equipment, the procedures and method of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 7.2, which was done on November 22, 1976. 

1/ 
Energy Research Laboratories, Canada Centre. for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada: 

2/, 
- 'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre f .or Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 7.2 

In this test Hat Creek "C" washed coal was burned. The coal had been 

air-dried and kiln-dried once, which reduced the as-fired moisture to 13.8%. 

The target level of excess oxgyen in the flue gas was 3%, and the target coal 

feed rate was 110 kg/hr, which represents a heat input of two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data shown in Tables 1 and 2 are self-explanatory. The 

locations of the measuring stations are shown in Figure 1, which is a diagram of 

the research boiler. 

Furnace During the Test Period  

At 0845 hr, stable, unsupported coal combustion had been in progress 

for more than one hour, and of the furnace's projected throat area was blocked 

with deposits of sinter. These were immediately removed by means of a poker, 

which was thrust through the top of the furnace. The deposits came loose easily 

and left the furnace throat cleanly. The flame was then observed to be bright 

yellow and diamond-shaped, diverging from each burner and meeting at the centre 

of the furnace. The edges of the flame were orange-yellow. Active combustion 

ended a short distance above the furnace throat. From the top of the furnace it 

was possible to see well down the west wall of the furnace bottom and both 

deposition probes in the furnace were clearly visible. No burning particles of 

coal were evident at the furnace exit. The transition section was fairly 

bright with flickering light reflected from the furnace; the gas sampling probe 

in the test air-heater was clearly visible, and the test air-heater tubes were 

faintly visible. The furnace bottom was bright and transparent. Many burning 

coal particles were evident. The furnace bottom walls were uniformly covered 

with sinter whiskers, and a large quantity of sinter, which had been knocked 

loose from the furnace throat, was on the dump plates. The air-cooled deposition 

probe in the furnace bottom was visible in detail. 

During the next hour deposits again built up in the southwest and 

northwest corners below the furnace throat, blocking 1/5 of the projected throat 

area. When it was observed from the top of the furnace, the flame had a less 

distinct shape than before and it was fairly uniformly yellow coloured. 
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At 0940 hr, ash was dumped.and when it • was raked from the quench 

tank, it was found to consist of sinters from 2 to 25 cm in size and to range 

in colour from medium sand to grey. All of the sinters were friable; the 

large ones broke into several  pièces • when they fell from the quench tank to the 

floor. 

At 1030 hr, the projected area of the furnace throat was observed to 

be 1/3 blocked with sinter, mostly from the southwest and northeast corners. 

Combustion conditions were nevertheless good, and no burning particles of coal 

were at the furnace exit. The furnace bottom was bright and transparent, only 

a small quantity of burning coal particles could be seen, and the furnace 

bottom walls were uniformly bearded with sinters approximately 5 cm long. 

At 1032 hr, a poker was thrust through the top of the furnace and 

the deposits at the throat were removed easily. When it was viewed from the 

top of the furnace, the flame  vas  observed to resume the diamond shape noted 

previously. Ash was dumped, and was removed from the quench tank. The ash 

consisted of weak sinters, 5 to 12 cm in diameter, and dark grey coloured. 

Sonie  ash remained on the ledges adjacent to the dump plates. Combustion 

conditions in the furnace bottom were unchanged. 

For the next  l  hours, conditions remained stable. At 1150 hr, 

the furnace throat appeared ragged with sinter but blockage was minor. At 

1245 hr, the throat  vas  found to be a blocked with sinter which had again 
formed in the southwest and northeast corners, and a few particles of burning 

coal were at the furnace exit. The furnace bottom was slightly hagy with 

flame, and no burning coal particles were visible. 

At 1255 hr, the deposits at the furnace throat were removed for the 

third time by thrusting a poker through the top of the furnace. The deposits 

broke loose readily but they were:observed to be somewhat plastic. Ash was 

dumped . and grey sinters up to 25 cm in diameter were removed from the quench 

tank.. Some were moderately strong. The diamond-shaped flame Pattern noted 

previously was-re-established, and - no burning .coal particles were evident at 

the furnace exit. The furnace bottom was again transparent, and large quantities 

of burning coal particles were.visible. 

At 1400 hr, the furnace throat was again somewhat ragged with sinter, 

and a deposit of sinter approximately 20 cm thick was visible on the west wall 

of the furnace bottom. The transition section was brighter than before, and 
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the tubes of the test air-heater were clearly  visible.  Heavy deposits of 

sinter, slightly plastic on the surface, were observed on the walls of the 

furnace bottom. The upper sight port on the north wall of the furnace bottom 

was largely blocked with sinter. 

By 1430 hr, sinter had again formed below the furnace throat, more 

or less equally on all sides and blocking of the projected throat area. 

Combustion conditions were not noticeably affected. The deposits were removed 

at 1440 hr, and ash was dumped. Weak sinters up to 25 cm in diameter, ranging 

in colour from grey to black, were raked from the quench tank. From the top 

of the furnace, the air-cooled deposition probe in the furnace bottom was 

intermittently visible. 

By 1520 hr, the furnac-e throat was again rough with sinter, and a 

large deposit was in the'southwest corner below the furnace throat. By 1550 hr, 

this deposit and another on the north side of the furnace had grown to block 

1/3 of the projected throat area. The air-cooled deposition probe in the 

furnace bottom was faintly visible from the top of the furnace. Otherwise 

combustion conditions were unchanged. 

At 1552 hr, the test was completed and an oil support burner was 

inserted. At 1536 hr, the boiler was"shut down". A flame from oil spray which 

had impinged on the sinter deposits persisted briefly but by 1558 hr the 

furnace was dark. 

Deposition Probes During Test  

The air-cooled probe in the furnace bottom and both probes in the 

furnace were visible in the test. 	 e' 

The air-cooled probe in the furnace bottom, when first observed at 

0850 .hr, had whiskers of sinter 1 to 3 mm in length on the top and bottom 

surfaces. By 0935 hr, these had formed a beard 10 mm long on the top surface 

and 5 cm long on the bottom surface. There was also a wasp's-nest-like deposit 

• centred on the thermocouple junction in the side of the probe. After the 

furnace throat was cleaned at 1032 hr, the probe was bent downward and bore 

only a 5 mm long beard of sinter along part of the top surface. This had 

doubled in length by 1115 hr, but by 1150 hr part of it had fallen off, leaving 

a 2 mm long beard of sinter on the top surface, a few lumps of sinter 

approximately 1 cm in diameter, and a wasp's nest at the thermocouple junction 
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25 mm in diameter. At 1245 hr, the probe was bearded all around with sinters 

5 mm long, but part of this deposit fell off when the furnace throat was 

cleaned a few minutes later. At 1400 hr, part of the probe was sintered all 

around to a diameter of 25 mm, but a portion at the free end, 20 cm in length, 

was clean except for some isolated lumps of sinter roughly 1 cm in diameter, 

and a deposit at the thermocouple junction, 2 cm in diameter. At 1430 hr, 

the deposits on the probe were reduced to a thin layer on the top surface, and 

a 7 mm long beard on part of the bottom surface. 15 cm of the free end of the 

probe was clean except for a deposit 25 mm in diameter at the thermocouple 

junction. There was no further change until the test was completed. 

The air-cooled probe in the furnace was clean throughout the test 

period. 

The refractory probe in the furnace, when it was first observed at 

0845 hr, bore sinter whiskers 1 cm long on the bottom surface and oh the free 

end. This stayed until 1245 hr, when the probe appeared to be clean. At 

1430 hr, sinter whiskers 1 to 2 cm long were again observed on the bottom 

surface and free end of the probe, and these remained in place until the test 

was completed. 

Furnace After Test  

When the dump gates were swung open approximately two litres of ash, 

consisting of sinters up to 10 cm in diameter, fell to the floor. The sinters 

were tan and brown coloured, and some  were fairly strong. A large sinter, 

roughly 50 cm x 30 cm x 15 cm, remained in the furnace bottom, where it had 

bridged across the south end. It was grey-tan coloured, was moderately strong, 

and was partially slagged on the side exposed to the flame. The furnace bottom 

walls were uniformly bearded with sinters 1 to 3 cm long except the north wall, 

which bore a deposit of sinter up to 10 cm thick. The furnace throat refractory 

was heavily sintered all around, particularly above the burners, where the 

sinters were up to 15 cm thick. These deposits were tan and brown coloured 

and were slagged on the surface by the oil support burner which was operated 

prior to "shutdown". Some of the deposit was covered with soot from the 

burning oil which had struck it. The furnace water walls bore a thin layer of 

dark grey-black dust. The upper slopes of the furnace throat and the nose at the 

furnace exit had a heavy layer of grey and black dust. 
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A layer of fine dust, 2 to 5 cm thick and light tan in colour and 

covered by thin layer of grey dust, lay on the bottom of the transition section. 

The downstream surfaces of the furnace screen tubes had a deposit of fine, 

tan-coloured dust, approximately 2 mm thick, covered by black soot. There were 

2 mm of tan-coloured dust on the walls of the test air-heater. This deposit fell 

off readily  when,  the  walls were rapped with a hammer. The test air-heater tubes 

were clean on the upstream surfaces, but had a weakly adhering deposit of dust, 

2 mm thick and light tan in colour, on the downstream surfaces. There were 

1 to 4 cm of medium grey dust on the second pass tube sheet of the main air-

heater. 

Deposition Probes After Test  

The air-cooled probe in the furnace bottom, before it was removed, 

had a thin layer of dust on the top surface, and a thin layer of tan-coloured 

scale on the bottom surface. Some whiskers of sinter, 3 to 5 mm long adhered 

to the scale on the bottom of the probe. 

The refractory probe in the furnace bottom, before it was removed, 

bore rough, weak sinter all around and had an overall diameter of 4 cm. The 

deposit was thickest on the bottom surface. 

The air-cooled probe in the furnace, before it was removed, appeared 

to be clean except for some dust on the top surface. 

The refractory probe in the furnace, before it was removed, had a 

layer of dust on the top surface, and there appeared to be some sinter whiskers 

on the bottom surface. This could not be confirmed because the probe was not 

visible from the bottom of the furnace. 

The air-cooled probe in the transition section, after it was removed, 

was found to have a clean, black, sand blasted upstream surface. The downstream 

surface had a weakly adhering layer of tan-coloured dust, 1 mm thick. It appeared 

that some of the deposit had fallen off. 

The refractory probe in the transition section, after it was removed, 

was clean and shiny on the upstream surface. The downstream surface bore a 

deposit of tan-coloured dust, 3 to 4 mm thick, which fell off readily. 
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TABLE 1 

OPERATING DATA 

Test No.  7.2  

Progrees Report ._7.2A- 

COAL:  HAT CREEK "C" WASHED, DOUBLE DRIED. EXCESS 

Parameters 	 Station Obs. (R.M.S.-Mey.) 

3  
22 November 1976 

Comments 

0 2 

-7 
104(2) 

13.8 
0.1 

80.1(0.3) 
every 

bOtirs 
Icg/ht 

hour 
%. 

once 

7 
8 
9 

oversize, 13.2% 
" 	, 24.6% 
" 	, 47.0% 

>140 mesh 
>200 mesh 
>325.mesh 

readings taken in 
second and third 
two hour period 

measured at 20°C 
10 9  to 1012 n cm readings 
4.8 x  1O 	at 122°C. 

It 

FLUE GAS ANALYSIS 
a) CO2 

 h) 0, 
c)  CO 4  
d) NO 
e) S02  
f) SO1  
g) Acrd dewpoint 
FLUE GAS TEMPERATURE 
a) Furnace Exit 
b) Boiler Exit 
c) Precipitator Entry 

SUCTION PYROMETER TEMPERATURES 
a) 
h) 
c) 

FLY ASH 
a) Loading 
h) Resistivity 

c) 
d) 

3 	 267(4) .m0 
2 	 224(3) mm40 
3 	 203(3) 	0e. 
2: 	 99(3) 	°C 
2 	75.4% below 200 mesh 

.6 	 626(18) kg/hr 
6 	3..04 (0.03) atmospheres 
4 	 199(4) 	

-o
C: 

mmH20 
mmH 0 

ul.E412Q 
 mmH 0 -2 mMH20 : 

mill
2 
 0, .  

MMH2-0• .  

11 	 16.8(0.2) 
11 	 3.0(0.2) 
11 	 73(4) 	ppm 
13 	 741(62) 	pPm 
14 	 677(34) 	PPm 
14 	 < 1ppm 
18 	 32 	°C 

11 	 636(17) 	
o
C 

12 	 301(5) 	°C 
16 	 155(3) 	oC 

985, .1086 
754, 1001 
707 ;  . 907 

16 
15 
17 

It 

Test Duration 
Firing Rate 
Moisture Content of Coal 	1 

2 
Combustible " 	" " 	 2 
Ash Dumping Frequency 

PULVERIZER OPERATING CONDITIONS 
a) Inlet Air Pressure 	' 
h) Outlet Air Pressure 
c) Inlet Air Temperature 
d) Outlet Air Temperature 
e) Coal Fineness 

BOILER OPERATING CONDITIONS 
a) Steam Flow 
h) Steam Pressure 
c) Combustion Air Temp. 
d) Furnace Pressures 

Furnace 	 10 
Inlet 	 11 
Boiler Exit 	 12 
Primary (Coal) Air L 	5 

5 
Secondary (Winagn) Air L 	4 

R. 	4 

41(4) 
41(4) 
20(2) 

146 (3) 
155-(4) 
56(4) 
55(4) 

o C QC  
oC  

Precipitator efficiency 	18 
Combustible content of 	18 
ash collected from precipitator 

5400(800) umms/m
3 

n cm at 278 ° C; 
8(4) x 10 1 0  SZ cm at 153 °C; 

92.4(1.4) 
4.5(0.5) 

feed to pulverizer 
feed to furnace 
dry weight 
79.5 Kg of ash dumped, 
equivalent to 983 Kg coal. 



TABLE 2 

DEVOSITiON PROBES 

Station 	Déposition 	 Temperature 	
o
C 	 Description of 

	

mean 	RMS 	min. 	max. 	initial 	final 	 Deposit 
Dev.  

0. 	 Dark grey scale upstream Covered 
o 4.1 	 unevenly by 25 mm-grey-beige 
44) 	ceramic 	1051 	25 	1018" 	1107 	1080 	1054 
o 	 friable sinter, all around.. 
pl 
Q) 	19 	  
u 	 Grey brown scale all around 
w 
e 	stainless 	462 	56 	397 	509 	509 	451 	covered by 6 mm beige grey sintel w 
z 	 and crust upstream, 4 mm sinter 

ei4   AnurnatrImnm 	 

Grey scale covered by 1 mm grey- 
ceramic 	750 	47 	680 	858 	788 	680 o 	 black powdery upstream, uneven. C.)  

o 
e 	9 	  w 	 Black scale upstream covered by 
44 

stainless 	500 	58 	385 	588 	477 	534 	3 mm grey-black powder, uneven, 
all around. 

e 	 Grey-black scale covered unevenl 
o ..-1 	 by beige grey powder, 3 mm 
4.' 	ceramic 	630 	13 	610 	646 	610 u 	 646 	thicky upstream. 
o 
U)  

g 20 
•.-1 
4 
•-1 	 Grey-beige powder, 1 mm thick, 
o 	stainless 	496 	14 	477 	527 	477 	527 	downstream. 
g 
E-f 

rt. 

o.  

li
o

d
ea

  s
s
a
i2

o.
za

  

>>. 



Figure 2. Illûstration of flame pattern ( )
and of burnout pattern
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Progress Report 7.2B 

COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" Washed Coal 
Air-Dried and Kiln-Dried Once, 3% Excess Oxygen 

PROGRESS REPORT 7.2B 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY2  

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. This progress report (7.2B) 

presents coal analyses and size distribution of the pulverized coal burned 

In test 7.2 done on November 22, 1976. 

11
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 
-/ "Pilot -Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British  Colomb  
Objectives and Procedure 
Laboratory, Energy Resea 
Energy Technology, Depar 
October 1976. 

la  Hydro and Power Authority - CANMET Joint Program. 
". Report ERP/ERL 76/99 Canadian Combustion Research 
rch Laboratories, Canada Centre for Mineral and 
tment of Energy, Mines and Resources, Ottawa, Canada. 
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TEST NO: 7.2 

B. C. Hydro - CANNET Joint Program 

TABLE. 2 

Size Analysis of Pulverized Coal 

1 
2/ 

Grab Samples 	 Composite Sample 
Size 3/ 	 4/ 

	

Wt % 	R.M.S. Deviation 	Wt % 	LOI i,-  

60M 	 0.3 	0.0 

60M x 100M 	1.3 	0.4 	 1.6 	87.8 

100M x 140M 	11.6 	1.8 	 11.6 	85.3 

140M x 200M 	11.3 	0.7 	 11.3 	82.6 

200M x 325M 	22.5 	1.8 	 22.5 	81.3 

325M x 0 	53.0 	1.4 	 53.0 	78.4 

The mesh openings for the sieves are as follows: 250p for 60 mesh, 
149p for 100 mesh, 105p for 140 mesh, 74p for 200 mesh and 44p for 
325 mee and where lp = 10-6  metres. 

2/ Grab samples were taken at 1 hour intervals during the test. 

3/ R.M.S: Root Mean Square Deviation. 

4/ Loss on ignition, ASTM 3174-73. 
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(A1661) Sample: C Washed, Test 7.2, B. C. Hydro 

Analysis 

Screen Analysis 

	

+ 	4 	 0.00  

k 	* 	1/8 	 6.75  

	

1/8 * 	1/16 	 55.33  

	

1/16 of 	1/32 	 25.12  

	

1/32k 	28M 	 4.79 

	

28M * 	48M 	 4.83 

	

48M* 	0 	 3.18 

Grindability 

Hardgrove Index 	 38 	•  

Classification of Coal 

Rank (ASTM)  

Eq. Moisture 	% 

(97 70  Humidity)  
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Sample , C Washed, Test 7.2, B. C. Hydro (A1661) 

Analysis 	 Air Dried 	Dried at 107 ± 3°C 

Proximate AnalySis % 

MOisture 	 11„91 	 .0.00 	• 

ASh 	 16.00 	 18.16 

Volatile  Matter 	 13.79 	 38.36 

Fixed Carbon (by'Diff.) 	la.L3o 	4M8  

Ultimate Analysis. 	% 

Carbon 	 50.84 	 57.71 

Hydrogen 	 _3.51 _ 	 • 	1.98 ------ 	.- 	- 
Sulphur 	 0,66 0.75 -- 	--- 
Nitrogen 	. 	 1.09   
A_Sh 	 16..011  

OgYgen (bY Mfr.) 	 15.99 	 18.16  

Calorific Value 	 . 

Calories/gram 	 4766 	____ 	 5410 

Btu/lb grogs 	 _ 	8579'_ 	9739 

Megajouleà/kilogram. 	
, 	

19.95 	 22.65 

Sulphur Forms 	% 

Sulphatic 	
• 	 , 

Pyritic 	 -_ 

Organic (by.Diff.) 

TOTAL 

Chlorine 	 0.1:02 % 	_ 
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Sample: C Washed, Test 7.2, B. C. Hydro (A1661)

Ash Fusibility Oxidizing Reducing

Initial °C 1482+ _ 1410

Spherical °C

Hemispherical °C + +---

Fluid °C + +-- -

Ash Analysis

SiO 51.23 %2

A1203 _ 30.19 % .

Fe203 5.11 %

Mn304 --

T102 1.26 %

P205
0.36

- -- -
%
---

CaO 3.64 %

MgO 1.44 %_

S03 2.96 %

Na2O
0.64 %

0.63 %
K20

---

Cl --

Specific Gravity 2.54
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• FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

'BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM.  

Hat Creek "C" Washed Coal 
Air-Dried and Kiln-Dried Once, 3% Excess Oxygen 

PROGRESS REPORT 7.2C 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY2  

SUMMARY 

2/ 
As explained elsewhere-  , the results of this joint program are 

reported in a series of four reports numbered A to D1ot each of the 18 

combustion tests which. make up the program. 

This progress report (7.2C) presents a photographic record of the 

fireside fouling of the research boiler surfaces, the properties of ash 

deposits collected on probes and the chemical analyses of various ash forms 

produced in test 7.2 done on November 22, 1976. 

1/ 
- Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 

(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2/, 
'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 
Columbia, British Columbia Hydro and Power Authority - UNMET Joint Program. 
Objectives and Procedures". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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Figure la 

Furnace bottom at end 
of test. Friable sinter 
bridges south side of 
bottom. 

Figure lb 

Furnace bottom at end of 
test. Loose friable 
sinter blocks nearly 1 
of the throat area. 
Sinter has developed 
mainly from NE and SW 
corners. Air cooled 
probe projects from E 
wall above in photograph, 
refractory probe projects 
from W wall. 



Figure id  

Burner deposition probes. 
Air cooled probe of left. 
Refractory probe on right. 

Figure le 

Transition section 
deposition probes. Air 
cooled probe on left. 
Refractory probe on right. 
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Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on left. Refractory probe 
on right. 
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Figure lf

Main air heater tube

sheet second pass up

to 2 - 3 inches of

powder.



7 . 2 HF1T CREEK C 
250 F 

7.2 HRT CREEK C 
220 F 
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Figure lg 

Low Temperature corrosion 
probe 1380C. 

Figure lh 

Low Temperature corrosion 
probe 121°C. 

Figure li 

Low temperature corrosion 
probe 104°C. 



B. C. Hydro - CANMET Joint Program 

RATE OF DEPOSITION OF WATER SOLUBLE MATERI£ ON CORROSION AND DEPOSITION PROBES 

, 
Low Temperature 	 High Temperature 

Probe Temperature 	 138 °C 	121 o
C 	104

o
C 	 462

o
C 	500oC 	496°C 

Deposition rates/ 

Fe 	 55.2 	63.2 	35.3 	 26.9 	7.8 	7.8 

Mg 	 1.9 	 0.9 	0.6 	 1.4 	7.1 	2.4 

Na 	 2.9 	 1.1 	0.7 	 1.6 	6.5 	2.9 

Ca 	 6.3 	 3.9 	2.5 	 18.2 	116.6 	12.7 

SO
4 

(total) 	 104.4 	73.5 	61.3 	 182.9 	186.6 	129.6 

SO
4 

(free), by difference 

1 	9.1 	 84.1 	 70.1 

The deposition rate is given in units ofing/m2 /hour and the sampling time is  8i hours. 

li
o

d
a
x
  



Sample: Deposition probes, Test 7.2, B. C. Hydro 

Station 	 . Furnace Bottom 	 Boiler 	Transition Section 

Material 	 . 	SS 	REF 	SS 	REF 	SS 	, 	REF 

Mean Temperature °C 	239 	566 	260 	399 	- 	258 	332 

% Water Soluble 	 2.5 	1.6 	4.8 	-..... 	MMM 	 6.5 

% Acid Insoluble 	 88.2 	_ 	93.0 	65.7 	--- 	.6.M 	 72.1  

Analysis 	, % 	 WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 	WS 	AS 

SO
4 	

0.0 	0.0 	0.0 	 1.6 

Ca 	 2.3 	0.2 	1.3 	0.2 	4.3 	0.0 	 2.5 	0.3 

Fe 	 0.1 	1.4 	--- 	0.2 	0.3 12.8 	 0.3, 1.8 

Mg 	 --- 	0.2 	--- 	0.1 	0.1 	0.7 	 --- 	0.6 
. 
K 	 0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	 0.0 	0.0 

Na 	 -..... 	MMM 	 MIMI.. 	MM.» 	MM .. 
	001 	 0.1 	0.2 

WS = water soluble 

AS = acid soluble 

= trace 

D
 Z

 •L
  

za
od

aa
  s

s
e

12
o1

d
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Sample: Deposit from the furnace bottom, Test 7.2 (A  1701 - 76) 

Ash Fusibility 	 Oxidizing 	Reducing 

Initial 	°C 	 1366 	 1332  

Spherical 	°C 	 1482+ 	 1482+ 

Hemispherical 	°C 	 + 	 +  

Fluid 	°C 	 + 	 4. 

Ash Analysis 	 % 

SiO
2 	

52.26 

Al
2
0
3 	 31.20 

Fe
2
0
3 	 5.63  

Mn
3
0
4  

TiO
2 	 1.73  

P
2
0
5 	 0.38  

CaO 	 5.28 

Me 	 1.97  
SO

3 	 0.06  

Na
2
0 

0.53  
K
2
0 	 0.67  

Cl 
----  
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Sample: Deposit from the furnace walls, Test 7.2 (A 1702 - 76)

Ash Fusibility Oxidizing Reducing

Initial °C .1238 1182

Spherical °C 1454 1382

Hemispher-ical °C .1482+ 1438

Fluid °C + 1477

Ash Analysis %

Si02 4.9.02

A 1203 28.44
Fe203 13.75

Mn304

TiO 2
1.11

P205 0.35
Cao

3.50
Mg0 1.39

SO3 1.41

Na20 0.68

K20 n- 59
Cl
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Deposit from sheet between 2nd and 3rd passes of air heater, Test 7.2 
Sample: (A 1705 - 76) 

, 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	 oC 	 1310  	1266 

Spherical 	
o
C 	 1482+ 	 _ 	 1438 

Hemispherical 	°C   
 + 	 1482+  _ 

°C 
 	_±____ 

Fluid 	 C 

Ash Analysis 

50 70 SLO2 	 ____f _________ 

Al
2
0
3 	

___2_.e19____ 

Fe
2
0
3 	

______6_.13 	_ __ 

Mn3
0
4 

 

TiO
2 	

1.47  

P 2
05 	

0.41 

CaO 	 4.30  

MgO 	 3.36 

SO3 	 0.39 

Na
2
0 

0.63 
K20 

Cl 
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Sample: Deposit from electrostatic precipitator, Test 7.2 (A 1675-76-77) 

ASh FUsibility 	 Oxidizing 	Reducing 

Initial 	eC 	 1332 	 1299  

Spherical 	°C 	 1443 	 1399 

Hemispherical. 	°C 	 1482+ 	 1477  
_ 

Fluid 	°C 	 + 	 1482+  

Ash Analysis 	 % 

SiO 
2 	 56.06  

Al
2
0
3 	 32.78 

Fe
2
0
3 	 5.56  

Mn
3
0
4  

TiO
2 	 1.18  

P
2
0
5 	 0.25 

CaO 
3.35  

14g° 	 1.25  

SO3 
	 n Aii  

Nat 	 0.87  
K20 
 2 	 0_61  

Cl 
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" Washed Coal 
Air-Dried and Kiln-Dried Once, 3% Excess Oxygen 

PROGRESS REPORT 7.2D 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY 1  

SUMMARY 

As explained elsewhere 
21

, the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 

combustion tests which make up the program. This progress report (7.2D) is 

the last of the series and presents results of the following detailed 

analyses of ash produced in test 7.2 done on November 22, 1976. 

1. Particle size distribution of fly ash 

2. Combustion calculations 

1/ 
— Energy Research Laboratories, Canada Centre for Mineral and Energy 

Technology (former Mines Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

2/ n  
— Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 

British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedure". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October 1976. 
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PARTICL'E,SIZE DISTRIBUTION 10F FLY ASH

In the Table below and in the Figure on the following page are

given the particle size analyses for fly ash collected from.the tube sheet

between the second and third passes of the air heater and'for- fly ash

collected from the electrostatic precipitator. The analyses have been done

using a combines sieve-Coulter-Counter technique, wherein the fraction

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter.

It must be remembered that the Coulter Counter, unlike most.partic.le size-

analysis techniques, relates particle volume to equïvalent spherical

diameter.

PARTICLE SIZE (Micrometers) AIR HEATER PRECIPITATOR

1.26 - 1.59 0.4

1.59 - 2.00 0.7

2.00 - 2.52 1.0

2.52 - 3.17 1.4
3.17 - 4.00 0.3 2..5

4.00 - 5.04 0.4 3.5

5.04 - 6.35 Coulte:r 0.9 4,8

6.35 - 8.00 Counter 1.8 6.4

8.00 - 10.08 4.1 9.5

10.08 = 12.7 7.4 12.0

12.7 - 16.0 12.2 13.5

16.0 - 20.2 17.8 12.1

20.2 - 25.4 20.0 9.5

25.4 - 32_.0 16.0 6.6

32.0 - 40.3 9.2 .3:5

40.3 - 44.0 1.6 1.2

44.0 - 74.0 5.9 3.8Sieve
+ 74.0 2.4 7.6

The values given represent differential volume.per cent and in the absence of

information about variation of density with particle size:., may be taken as

weight per cent.
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PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" Washed Coal 
Air-Dried, 5% Excess Oxygen 

PROGRESS REPORT 7.3A 

by 

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1! 

INTRODUCTION 

By an agreement between the B. C. Hydro and Power Authority .(BC Hydro) 

and the Canada Centre for Mineral and Energy Technology. (GANNET), a series of 

combustion tests are being done at the Canadian Combustion Research Research 

(CCRL) to assess the suitability of Hat Creek coal as a boiler fuel for 
2/ 

thermo-electric generation. A previous report- describes the objectives of 

the program, the pilot-scale equipment, the procedures and method. of reporting 

results. 

This progress report summarizes the data immediately available from 

Test No. 7.3, which  vas  done on November 24, 1976. 

1 —/ 
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 
(former Mines Branch), Department of EnergY, Mines and Resources, Ottawa, 
Canada. 

2/, 
— 1 Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program. 
Objectives and Procedure ". Report ERP/ERL 76/99 Canadian Combustion 
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral 
and Energy Technology, Department of Energy, Mines and Resources, Ottawa, 
Canada. October 1976. 
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CONTROL PARAMETERS FOR TEST NO. 7.3 

In this test Hat Creek "C" washed coal was burned. The coal had 

been air-dried, which reduced the as-fired moisture to 21.8%. The target level 

of excess oxygen in the flue gas was 5%, and the target coal feed rate was 

110 Kg/hr, which represents a heat input of two Giga Joules/hr. 

TEST DATA AND DESCRIPTION 

The operating data shown in Tables 1 and 2 are self-explanatory. The 

locations of the measuring stations are shown in Figure 1, which is a diagram of 

the research boiler. 

Furnace During Test  

At 0830 hr, stable, unsupported coal combustion had been in progress 

for more than one hour. From the top of the furnace, deposits of sinter were 

observed all around the furnace throat, and they blocked 1/5 of the projected 

throat area. The flame was uniformly orange-yellow coloured, and active combustion .  

appeared to end a few inches above the furnace throat. Flakes of sinter were 

blowing about in the furnace, but there were no burning coal particles at the 

furnace exit. Both deposition probes in the furnace were clearly visible. 

The transition section was aglow with light reflected from the furnace by which 

the flue gas sampling probe in the test air-heater was clearly visible and the 	' 

tubes were only dimly visible. The furnace bottom was bright and transparent. 

Large quantities of burning coal particles were visible, and flickers of 

flame were observed in the upper levels. The furnace bottom walls were fairly 

clean and the air-cooled deposition probe was visible in detail. 

Conditions changed very little during the next hour, except that 

deposits of sinter began to form on the furnace bottom walls, and the deposits 

in the furnace throat slowly grew until they blocked 1/3 of the projected 

throat area. 

At 0950 hr, a poker was thrust through the top of the furnace to 

easily remove the deposits at the throat. Ash was dumped and the material 

removed from the quench tank consisted of small, weak sinters, grey to tan 

coloured. The flame was then observed to diverge from the burners to form a 

diamond shape, which was coloured yellow in the centre and orange-yellow at the 

edges. Some ash remained on the south ledge of the furnace bottom. 
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By 1035 hr, the throat was again ragged with sinter, and deposits 

up to 10 cm thick were on the west and north sides. The characteristics 

of the flame remained unchanged. At 1115 hr, a 15 cm thick deposit was above 

the north burner, but it fell later. Combustion conditions remained stable. 

At 1340 hr, the projected area of the furnace throat was 1/5 blocked 

with sinters in the southwest and northeast corners and on the east side. The 

flame was fairly uniform and orange-yellow coloured. The air-cooled deposition 

probe in the furnace bottom was intermittently visible, when it was viewed from 

the top of the furnace. The transition section was brighter than when first 

observed, but the test air-heater tubes were still only dimly visible. The 

furnace bot.tom continued to be bright'and transparent. It was filled with a 

cloud of burning coal particles. A large quantity .'of ash lay on the dump plates, 

mostly at the south end of the furnace bottom. A uniform layer of sinter whiskers, 

2 to 4 cm long covered the walls of the furnace bottom. 

During the next half-hour, the deposits in the furnace throat rapidly 

grew to block half of the projected throat area. The deposits were removed at 

1410 hr by thrusting a poker through the top of the furnace. Ash was • 

dumped. Approximately 40 litres of small sinters, with a few pieces measuring 

12 cm diameter, were removed from the quench tank. All were weak, and ranged 

in colour from grey to brown. The furnace throat was then clean, the flame 

was yellow and approximately diamond-shaped, and a small quantity of ash remained 

on the south ledge of the furnace bottom. 

Within an hour the furnace throat was again ragged with sinter and 

fairly large deposits were visible on the west wall and above the north burner. 

The flame was bright, but neither uniform nor of a clearly defined shape. 

Through the sight ports in the furnace bottom it was possible to see a large 

deposit on the south wall below the burner. By 1600 hr, à the projected area 

of the furnace throat was blocked with rough sinter deposits which had formed 

on all sides. The flame was orange-yellow coloured and was uniform. 

At 1611 hr, when an oil support burner was inserted prior to"shut-

dome some of the deposits fell from the furnace throat. They appeared to be 

plastic. At 1616 hr, the oil support burner was removed and the bolier  was 

"shut-down". Flame from oil spray had struck the sinter deposits and a small 

flame remained for approximately five minutes. The ash and refractory in the 

furnace glowed brightly for several minutes and was still glowing at 1625 hr. 
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Deposition Probes During Test Period

The air-cooled probe in the furnace bottom and both probes in the

furnace were visible in the test.

The air-cooled probe in the fûrnace bottom, when it was first observed

at 0830 hr, was bearded along part of the top surface with lumps of sinter.

These lumps, which measured up to 10 mm in diameter were joined together.

Sinters 3 to 5 mm long formed a beard along part of the bottom surface. These

deposits stayed until the furnace throat was cleaned at 0950 hr, when most of

the deposits were dislodged. At 1035 hr, the last 15 cm of the probe were

clean, but the remainder bore deposits up to 20 mm thick on the top surface,

and a few small whiskers on the bottom surface. These deposits were not As

large at 1115 hr. At 1340 hr, the probe was observed to bear randomly-placed

whiskers of sinter 3 to 5 mm long, with an irregular deposit on the top surface,

up to 10 mm thick. After the furnace throat was cleaned at 1410 hr, the probe

was clean. At 1510 hr a rough deposit, 5 to 12 mm thick, was observed on part

of the top surface. At 1600 hr, the probe bore some randomly-placed whiskers

of sinter 3 to 8 mm long, a few lumps of sinter 15 mm in diameter. It also bore

a deposit 15 mm in diameter, shaped like a wasp's nest and centred over a

small air leak at the thermocouple junction in the probe.

The air-cooled probe in the furnace appeared to remain clean throughout

the test.

The refractory probe in the furnace did not develop any visible

deposits until 1115 hr, when some whiskers of sinter were observed on the tip

and the bottom surface. By 1210 hr, these had grown to form a rough deposit

with an overall diameter of approximately 4 cm. Shortly thereafter, this fell

off and left only a few whiskers on the bottom surface. By 1340 hr, sinter

had again formed, mostly on the bottom surface, to an overall diameter of 4 cm.

At 1600 hr, the deposits were estimated to be 6 cm in diameter, and extended

7 or 8 cm beyond the tip of the probe. When the oil support burner was inserted

at "shut-down", most of the deposits fell off the probe.

Furnace After Test

When the dump plates were swung open, approximately 15 litres of tan

coloured ash fell to the floor. This ash consisted of dust, small, weak

sinters, and a few pieces of fairly strong sinter, 12 cm in diameter. The

furnace bottom was fairly clean. Only a few litres of dust and small sinters
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remained on the ledges adjacent to the dump plates and the walls were lightly 

layered with sinter whiskers 1 to 3 cm long. The south wall of the furnace 

bottom, had a sinter up to 5 cm thick. The furnace throat refractory bore 

deposits of sinter up to 15 cm thick all around. This material was orange-

brown coloured and was mostly slagged on the fire side, presumably from the 

oil support burner which was operated during%hut-down". The furnace water 

walls were lightly layered with grey dust except for a band, 30  to 45 cm wide, 

halfway up the water walls, where deposits of grey dust filled the grooves 

between the tubes. There were also heavy layers of light grey dust on the 

upper slopes of the furnace throat and on the nose at the furnace exit. 

There were approximately 3 cm of light grey-tan coloured dust 

lying on the bottom of the transition section. The downstream surfaces of 

the furnace screen tubes bore a loose layer of dust, 2 to 3 mm thick and 

coloured various shades of grey. A similar layer of dust, part of which had 

fallen off, was on the walls of the test air-heater. The upstream surfaces 

of the test air-heater tubes were clean, but the downstream surfaces bore a 

weakly adhering layer of dust, approximately 2 mm thick and tan-grey coloured. 

The second pass tube sheet of the main air-heater had a layer of grey dust 

1 to 4 cm thick. 

Deposition Probes After Test  

The air-cooled probe in the furnace bottom, before it was removed, 

had a thin layer of weakly adhering tan-coloured scale on the bottom surface, 

and a thin layer of dust on the top surface. 

The refractory probe in the furnace bottom, before it was removed, 

had rough, tan-coloured, friable sinters, up to 3 cm long on the top and bottom 

surfaces. 

Neither the air-cooled probe nor the refractory probe in the furnace, 

before they were removed, had large deposits. 

The air-cooled probe in the transition section, after it was removed, 

was clean and polished on the upstream surface. The downstream surface had a 

weakly adhering layer of tan-coloured dust, up to 3 mm thick and much more dust 

had fallen off than remained. 
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The refractory probe in the transition section, after it was removed,

was clean and shiny on both the upstream and downstream surfaces. However,

a thin line of tan-coloured dust was on each side of the probe, normal to

the direction of gas flow. This appeared.to be the roots of a deposit which

had fallen off the downstream surface.
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TABLE 1 

OPERATING_DATA 

COAL:  HAT CREEK "G" WAPTED,  

SINGLE DRIED  
Station Obs. (R.M.S. Dey.) 

Test No.  7  • 3  

Progress Report 7.3A 

	 % 

24 November 1976 
Comments Parameters 

EXCES 2 

Test  Duration 
Firing Rate 
Moisture Content of Coal 	1 

II 	 II 

Combustible " 	" " 
Ash Dumping Frequeocy 

PULVERIZER OPERATING CONDITIONe 
a) Inlet Air PresSure 	 3 
h) Outlet Air Pressure 	 2 
c) Inlet Air Temperature 	 3 
d) Outlet Air Temperature 	2 
e) Coal FinenesS 	 2 

BOILER OPERATING CONDITIONS 
a) Steam  Flow  
b) Steam Pressure_ 
c) Combustion Air TeMp. 
d) Furnace Pressures 

Furnace 	 10 
Inlet 	 11 
Boiler Exit 	 12 
Primary (Coal) Air  L 	5 

,R 	• 	5 
Secondary (Windbox).Air L 	4 

• 'R 	4 
FLUE GAS ANALYSIS 
a) CO2 	 11 

11 
2 

0 CO 	 11 
d) NO 	 13 
e) SO1 	 . - 14 
f) StY.; 	 14 
g) Acïd dewpoint 	 18 
FLUE GAS TEMPERATURE 
a) Furnace EXit 	 11 
h) Boiler Exit 	 12 
c) Precipitator Entry 	 16 

SUCTION PYROMETER TEMPERATURES' 
a) 
b) 
c) 

FLY ASH 
• à) Loading 
1) Resistivity 

Precipitator efficiency 	18 

Combustible content of 	18 
ash collected from precipitator 

2 
2 

16 
15 
17 

c) 
d) 

feed to pulverizer 
feed to furnace 
dry- weight 
46..1 Kg Ash dumped, 
equivalent to 1002..5 Kg 

coài. 

5200(400)mgne/y,1 3 
 6.2(1.2)x109 S2 cm at 268 - C 

3.0(2.9)x101I 2 cm at 157 ° C 
96.4(0.6) 
2.2(0.2) 

1080  
910  

6 	 363(16) kg/hr 
6 	2.86(0.05) atmospheres, 
4 	 191(7) 	

oc 

7 	1060, 
8 
9 



. TABLE 2 

DE?OSITION PROBES 

Station 	Deposition 	 Temperature 	°C 	 Description of 

	

mean 	RES 	min. 	max. 	initial 	final 	 Deposit 
Dey.  

0 	 Grey mauve scale, even, all 
o 4..1 around covered by 12 mm thick, 
ai 	ceramic 	968 	38 	919 	1045 	972 	919 
o 	 grey-cream, friable 	sinter, 
ça 	 ,mnRtly Antenatraam  
w 	19 
u 	 Grey sinter, uneven, upstream 
0 
0 	stainless 	•529 	23 	496 	581 	522 	500 	covered by 2 mm thick grey-beige 
w 
e 	 powder, all around, uneven. 
PL4 
	 . 

Rose-beige scale, even, upstream 

w 	ceramic 	858 	41 	820 	927 	820 	774 	covered by 6 mm thick, yellow- 

u 	 beige powder, uneven, all around. 
0 

	

9 	 Grey scale upstream covered by 
e 

;LI 	
3 mm thick grey powder, uneven, 

stainless 	523 	49 	482 	637 	538 	487 all around 

e 	 Polished upstream. 
o 4-1 	 Light grey-beige powder, uneven, 
4.) ceramic 	635 	11 	615 	649 	615 	646 
u 	 2 mm thick, downstream. 
w 
m 

g 20  Polished upstream. 
4 
.,1 	

Light-grey powder, 2 mm thick, 
M 
0 	stainless 	1 	525 	9 	505 	559 	522 	534 	downstream on sides. 	Evidence 
0 
w 

	
I 	

that some deposit has fallen. 
E-I 	 ..... 

0 
co 

m 	1-3 

r Wt  
>cl 
0 
Pi 0 
rt 	• 

• 

D'e 
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Figure  2. Illustration Cif flame  pattern  ( 
and of burnout pattern 
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Progress Report 

COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" Washed Coal 
Air-Dried, 5% Excess Oxygen 

PROGRESS REPORT 7.3B 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY.-/  

SUMMARY 

2/ 
As explained elsewhere- , the results of this joint program are 

reported in a series of four reports numbered A to D for each of the 18 

combustion tests which make up the program. This progress report (7.3B) 

presents coal analyses and size distribution of the pulverized coal burned 

in test 7.3 done on November 24, 1976. 

1/ 
— Energy Research Laboratories, Canada Centre for Mineral and Energy Technology 

(former Mines Branch), Department of Energy, Mines and Resources, Ottawa, 
Canada. 

2 
-j'Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British 

Columbia, British Columbia Hydro and Power Authority - CANNET Joint Program. 
Objectives and Procedure". Report ERP/ERL 76/99 Canadian Combustion Research 
Laboratory, Energy Research Laboratories, Canada Centre for Mineral and 
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada. 
October 1976. 

7.3B 
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TEST NO: 7.3 

B. C. Hydro - CANMET Joint Program 

TABLE 2 

Size Analysis of Pulverized Coal 

, 

2/ 
1/ 	Grab Samples 	 Composite Sample 

Size 	
_ 

3/ 	 4/ 

	

Wt % 	R.M.S. Deviation 	Wt % 	LOI %.- 

60M 	 0.7 	0.1 

60M x 100M 	1.3. 	0.4 	 2.1 	84.6 

100M x 140M 	9.5 	2.1 	 9.5 	85.5 

140M x 200M 	16.1 	2.0 	 16.1 	83.7 

200M x 325M 	12.1 	1.0 	 12.1 	83.0 

325M x 0 	60.4 	1.3 	 60.4 	76.2 
, 	 - 

1/ The mesh openings for the sieves are as follows: 250p for 60 mesh, 
149p for 100 mesh, 105p for 140 mesh, 74p for 200 mesh and 44P for 
325 mesh and where lp = 10-6  metres. 

2/ Grab samples were taken at 1 hour intervals during the test. 

3/ R.M.S: Root Mean Square Deviation. 

4/ Less on ignition, ASTM 3174- 73. 
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(A1706) Sample: C Washed, Test 7.3, B. C. Hydro 

Analysis 

Screen Analysis 

	

+ 	h 	 0.007.  

k 	* 	1/8 	 5.767.  

	

1/8 * 	1/16 	 33.15 %  

	

1/16 * 	1/32 	 25.11 %  

	

1/32 * 	28M 	 8.72 %  

	

28M * 	48M 	 14.17 %  

	

48M * 	0 	 13.09 %  

Grindability 

Hardgrove Index 	 36 

Classification of Coal 

Rank (ASTM) 

Eq. Moisture 	% 

(97% Humidity) 
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Sample C Washed, Test 7.3, B. C. Hydro 

Progress Report 7.3 B- 

.(441706) 
_ 

Analysis 	 Air Dried 	Dried at 107 -1 3°C 

Proximate Analysis % 

MOisture 	 20.30 	 0.00_  

Ash 	 15.14 	 19.00  

Volatile Matter 	 30.57 	 38.36  

Fixed Carbon (by Diff.) 	 __33.99 	. 	42.64 

UltiMate Analysis 	% 

Carbon 	 , 	46.14. 	 57.89' 

Hydrogen 	 T 3 .16" 	 _3.96  

Sulphur 	 0 . - 59 	 0.74 
, 

Nitrogen 	 0.96 	 1.20  

Ash 	 19.14 	 j.9.Q9 	 . 

Oxygen (by Diff.) 	 11.71 	 17.21 

• Calorific Value 	 . , 	• 

Calories/gram 	 4302 	 5398 	 _ 	• 

Btu/lb gross 	 7744 	• 	9716 .  • 

Megajoules/kilogram 	 18.01 	 22.60  

Sulphur FormS 	Z .  
Sulphatic 

Pyritic 	 . 

Organic (by Diff.) 

TOTAL 

Chlorine 	 0.02 % 
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(11706) Sample: 	C Waahed, Test 7.3, B. C. Hydro 

. 	 , 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	 °C 	 1399 	 1288 

• 	 Spherical 	
o
C 	 1482+ 	 1482+  

Hemispherical 	
o
C 	 + 	 +  

Fluid 	 °C 	 + 	 +  
, 

Ash Analysis 

sL0
2 	

__4A.2421_ 
Al203 	

28.66  7  

Fe
2
03 	

6.88 %  

-- 
Mn

3
0
4 

TiO2 	
1.24 % 

P
2
05 	

0.43 % 

CaO 	 3.63 %  

MgO 	 1.81 % 

SO3 	 2.98 %  

Na
2
0 	 0.67 %  

K20 	
0.63   % 

--- 
Cl 

Specific Gravity 	 2.62 
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH PRODUCED IN

PILOT-SCALE COMBUSTION TESTS

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM'

Hat Creek "C" Washed Coal
Air-Dried, 5% Excess Oxygen

PROGRESS REPORT 7.3C

by,

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY1/

SUMMARY

As explained elsewhere?/, the results of this.joint program are

reported in a series of four reports numbered A to D:for.'.each of the 18

combustion tests which make up the program.

This progress report (.7.3C) presents a photographic record of the

fireside fouling of the research boiler surfaces, the properties of ash

deposits collected on probes and the chemical analyses of various ash forms

produced in test 7.3 done on November 24, 1976.

Energy Research Laboratories, Canada Centre for Mineral and Energy Technology
(former Mines Branch), Department of.Energy,, Mines and Resources, Ottawa,
Canada.

?/"Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of British

Columbia, British Columbia Hydro and Power Authority - CANMET Joint Program.
Objectives and Procedures". Report: ERP/ERL 76/99 Canadian Combustion
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral
and Energy Technology, Department of Energy,.Mines and .Resources, Ottawa,
Canada. October 1976.
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FIGURE la 	Furnace bottom at end of test. 	Furnace throat is about 

half blocked by friable sinter. Burners appear to be 

clear. Refractory probe in foreground on west wall is 

covered with sinter. 

FIGURE lb Main air heater tube sheet second pass up to 

2 - 3 inches of powder. 



Figure ld 

Burner deposition probes. 
Air cooled probe of left. 
Refractory probe on right. 

7 3 1-1Fr"  

71,11 
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Figure lc 

Furnace bottom deposition 
probes. Air cooled probe 
on left. Refractory probe 
on right. 

Figure le 

Transition section 
deposition probes. Air 
cooled probe on left. 
Refractory probe on right. 
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Figure lf 

Low Temperature corrosion 
probe 138°C. 

Figure lg 

Low Temperature corrosion 
probe 121°C. 

Figure lh 

Low temperature corrosion 
probe 104°C. 



B. C. Hydro - CANMET Joint Program

RATE OF DEPOSITION OF WATER SOLUBLE MATERIALS ON CORROSION AND DEPOSITION PROBES

Probe Temperature

Low

138 °C

Temperature

121 °C 104 °C

High

529°C

Temperature

523°C 525°C

8/Deposition rate

Fe 18.9 37.3 27.8 9.2 9.8. 3.5

M9 1.2 1.0 1.1 0.7 3.0 2.0

Na 2.2 2.0 2.0 1.3 3.5 2.9

Ca 3.9 17.2 6.3 20.7 67.2 14.8

SO4 (total) 53.6 44.7 41.2 81.2 126.3 49.2

SO4 (free), by difference

2.2 10.5

A/ The deposition rate is given in units of mg/m2/hour and the sampling time is 8j hours.

V

W
0
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Sample: Deposit from the furnace bottom, Test 7.3 (A 1747 - 76) 

Ash Fusibility 	 Oxidizing 	 Reducing 

Initial 	
o
C 	 1377 	_1318_ 

Spherical 	°C 	 1482+ 	 14R2 

Hemispherical 	°c 	
+ 	 1482+  

Fluid 	 °C 	-- + -- 	
+ 

_ 

Ash Analysis 

SiO2 	 54.78  

Al203 	
31.34  

Fe
2
0
3 	

6.84 

---- 
Mn

3
0
4 

TiO2 	
1.17  

P
2
0
5 	

0.32 

CaO 	 3.39  

MgO 	 1.52 

SO3 	 0.07 

Na20 	 0.54  

K20 	
0.67  

Cl 
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Sample: Deposit from the furnace walls, Test 7.3 (A 1748 - 76) 

, 

Ash Fusibility 	 Oxidizing 	 Reducing 

o 
Initial 	 C 	 1399 	 1327  

Spherical 	°C 	 1482+ 	 1482+  

Hemispherical 	
o
C   A7_ 	 4-  

Fluid 	
o
C 	 + 	 +  

_ 

Ash Analysis 

SLO2 	 54.91  

Al203 	
31.36  

Fe2  03 	
7.52  

Mn304 	
----  

TiO2 	
1.08  

P205 	
0.30 

CaO 	 2.96 

MgO 	 1.1.3  

SO3 	 0.88  

Na20 	 0.48  

K20 	
0.62  

Cl 	 ----  
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Deposit from sheet between 2nd and 3rd passes of air heater, Test 7.3
Sample: (A 1751 - 76)

Ash Fusibility Oxidizing Reducing

Initial °C 1321 1266__ .

Spherical °C 1460 1399

Hemispherical °C 1482+ 1482+

°
+ +

Fluid C

Ash Analysis

Si0 50.112

A1203 29.04

Fe203 7.56

Mn304 ---- ----

Ti02 1.48

P0 0.33

CaO 4.49 -

MgO 2.86

S03 _ 0_43

Na20 . 0.59

K20 0.63 --

Cl ---- --
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Sample: Deposit from electrostatic precipitator, Test 7.3 (A 1720-21-22-22A) 

ASh Fusibility . 	 Okidizing 	 Reducing 

Initial 	
oc 	 1332 	 194A  

Spherical 	°C 	 1482+ 	 141A  

Hemispheri.cal 	
o
C 	 + 	 1477  

Fluid 	 oc 	
+ 	 1482+  _ 

Ash Analysis 

sto2 	
52.23  

Al203 
	

30.99  

6.26' 
Fe

2
0
3 	 . 

Mh
3
0
4 	

,._---  

Tel 	 1,63  

P
2
0
5 	 n 40  

Ca0 4 . 87  

MgO 	 1.66,. 

SO3 	 0.63 •  

Na
2
0 	 0.81  

K 0 	 - 	0,68  
2 

Cl 	 ----  
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN 

PILOT-SCALE COMBUSTION TESTS 

BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET 

JOINT PROGRAM 

Hat Creek "C" Washed Coal 
Air-Dried, 5% Excess Oxygen 

PROGRESS REPORT 7.3D 

by 

1 
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY —/ 

SUMMARY 

2/ 
As explained elsewhere — , the results of this joint program are 

reported in a series of four reports numbered A to D for each of 18 

combustion tests which make up the program. This progress report (7.3D) is 

the last of the series and presents results of the following detailed 

analyses of ash produced in test 7.3 done on November 24, 1976. 

1. Particle size distribution of fly ash 

2. X-ray diffraction analyses of fireside deposits 

3. Combustion calculations 

1/ — Energy Research Laboratories, Canada Centre for Mineral and Energy 
Technology (former Mines Branch), Department of Energy, Mines and 
Resources, Ottawa, Canada. 

2/ , 
Pilot-Scale Combustion Tests with Coals from the Hat Creek Area of 
British Columbia, British Columbia Hydro and Power Authority - CANMET 
Joint Program. Objectives and Procedure". Report ERP/ERL 76/99 
Canadian Combustion Research Laboratory, Energy Research Laboratories, 
Canada Centre for Mineral and Energy Technology, Department of Energy, 
Mines and Resources, Ottawa, Canada. October 1976. 
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PARTICLE SIZE DISTRIBUTION OF FLY ASH 

In the Table below and in the Figure on the following page are 

given the particle size analyses for fly ash collected from the tube sheet 

between the second and third passes of the air heater and for fly ash 

collected from the electrostatic precipitator. The analyses have been done 

using a combines sieve-Coulter-Counter technique, wherein the fraction 

passing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter. 

It must be remembered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume  to equivalent spherical 

diameter. 

-PARTICLE SIZE (Micrometers) 	 AIR HEATER 	 PRECIPITATOR 

	

1.26 - 	1.59 	 0.6 

	

1.59 - 	2.00 	 0.9 

	

2.00 - 	2.52 	 1.4 

	

2.52 - 	3.17 	 ',2.0 

	

3.17 - 	4.00 	 0.2  

	

4.00 - 	5.04 	 0.3 	 4.4 

	

5.04 - 	6.35 	Coulter 	 0.7 

	

6.35 - 	8.00 
i)

Counter 	 1.6 	 7.0 

	

8.00 - 10.08 	 3.9 	 9.3 

	

10.08 - 12.7 	 7.6 	 10.8 

12.7 	- 16.0 	 12.7 	 12.0 

16.0 	- 20.2 	 19.3 	 11.9 

20.2 	- 25.4 	 21.2 	 10.5 

25.4 	- 32.0 	 18.0 	 6.2 

32.0 	- 40.3 	 8.8 	 3.0 

40.3 	- 44.0 	 1.4 	 1.2 
. 

44.0 	- 74.0 	1 	. 	 3.1 	 4.1 
Sieve 

	

+ 74.0 	f 	 1.2 	 5.6 
, 

The values given represent differential volume per cent and in the absence of 

information about variation of density with particle size, may be taken as 

-weight per cent. 



gt; COULTER COUNTER°  Model T &TA 	 PARTICLE SIZE ANALYSIS 

: 
d2  )3  .0 	112 .111 k 	

1 T. -2-- 	" 

FOR MODEL Y 

APIR. SIZE SERIAL 

.15 .• 

X PERUKE 

it= Mt
, 

) .fien 	.11I 
M 	/ 

FOR MODEL TA 

COULTER ELECTRONICS  l. 

FPO • 28 ST. 

MALIAN, FIA. 101718 

SEMPLE SITTINGS 

ORGANIZATION 

C C  
0 AAAAA OR 

8017-1"MiTIT 
A A DIA. if* &IA 1,411 -7 

A • • 	• 	 AIP 	 Ar 	 0.10  

MI 

•• • 
11•• 

I
 •
 
l
i
o
d
a
u
  
s
s
a
i
:o
i.
  

Sm. 

1 

16/01.8 DISPIRSANT ELECTI1OLTTE 

.794 1.00 	1.26 2.00 	7.52 	3.17 	4.10  6.35 	8.00 	10.08 	12.7 20.2 	25.4 32.0 	40.3 	30.8 64.0 	197 	101.6 	128 1.59 16.0 3.04 

•0 Er1ffl 
--

- Mr, 1■ 
• IMI 

.11  

#.=. 
A 	 . 

.157 .198 .250 	.315 .V27 .500 .630 

•••1 MI6 

•••Il II•11M 

161 203 

Is 	22 	 22 	ào 	SO 	60 70 80 TO 100 ISO 	X0 

In 1 , „ I  „ 	 H I 	 r,i,, TTT1 1 I I I 1; I WI 	I II  III Houlooloof  It 	 li t 	 I 	11 111 

.10 	 .6 	 1.5 	2.0 	 3.0 	4 	5 	6 	8 9 10 

MICRON DIAMETER Leg Scale 

• 

103 

90 

10 

eo 

10 

2o 

4221010 
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X-ray Diffraction Analyses of Fireside Deposits from Test 7.3, 

"C-washed" coal from Hat Creek.. 

Furnace Bottom Ash 
(1747 76-493) 

Under Flame Probe Deposit 
(1714 76-494) 

Furnace Probe Deposit 
(1716 76-495) 

Transition Probe Deposit 
(1718 76-496) 

Mull, Feld, Crist, Hem 

Hem, Mull, Mag, Feld, Amorph 

Mag, Hem, Mull (tr), Anorph 

Hem', Mull, Crist (tr), Anorph 

Abbreviations of Constituents: 

Feld 	Feldspar (Anorthite) CaO.Al203 .2Si02  

Crist 	Cristobalite SiO
2 

Mull 	Halite (3A1
2
0
3
.2SiO

2
) or Sillimanite (Al

2
0
3
.Si0

2
) 

Rem 	Hematite Fe
2
0
3 

Nag 	Magnetite Fe
3  04 

 (or spinel-type close to this composition) 

Anorph 	Significant amorphous material presen. 

Notes: 

There is little indication of amorphous material in Furnace Bottom 

Ash samples. All others appear to contain  soma  amorphous material, 

particularly where indicated. 

Most films contain a few faint diffractions that were not identified. 

A combination of cristobalite and quartz is similar to mullite, causing 

some ambiguity in identification. Mullite and sillimanite give very 

similar diffraction patterns. It is very doubtful that they can (or 

should) be distinguished in mixtures such as these. 

Constituents are listed in decreasing order of abundance. 

The sampling method is not representative and the oreder of abundance 

may be different from that of other larger samples. 



Ultimate Analysis 	7. 

Carbon 	57.33 
Hydrogen 	4.07 
Sulphur 	0.71 
Nitrogen 	1.21 
Ash 	 19.09 
Oxygen 	17.59 

Dry air 

02 

SO2 

-20 10 
Target combustion condition 
for 5% 02 in flue gas //02 

28 

26 

24 

22 

20 

18 

N >- 
0 cr 8 
u cp 

-26 

II 

-24 

-22 

9H  

8 — 
UJ 
:E 

7 
_J 
C) 

6  âi 
.2 
0 

5 

4 	-H 

3 

•I8 

•16  

. 14 11-1  

-J 

-12 

co 
-HD 

ce 

.08 cm 
cr) 

•06 

4 

2 

0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR,  % 

o 
o  

%
 B

Y
  V

O
L

U
M

E
 

aa 14 

0312 
-J 

œl0 

•02 

-04 

—1 0 J0.0 
200 

1 

1 
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FIGURE 1: Combustion Calcultions, "C -Washed" Coal. 
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