





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 CANMET. Volume 1 discusses the tests and the results

in terms of the project objectives which were:

a) to evaluate the feasibility of burning various 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 paraﬁeters 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 pulverized-fired technology. However, in the design
of steam generators for this coal, it i1s 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.moisturé 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 107 residual moisture before it can be reliably handled.

The three samples of washed Hat Creek coals burned in the project
generally producedihotter, 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-scale coal handling
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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 desigged 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 héndling problems after blending.
Alternatively, it may prove more economical to waéh 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 degree of confidence.’
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The

FOREWORD

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

HA'"

schedule nomenclature given in Table 1 (page 2).

Series Progress Reports

The
1)

2)

3)

4)

The

"A" series reports included;

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

a record of the deposition probe temperatures and

the visual characteristics of the deposits.

above information was provided to B.C. Hydro and Power

Authority within two days after a test had been completed.

IIBII

Series Progress Reports

The
1)

2)

"B" series reports included;

proximate and ultimate analysis of the coal feed to

the pulverizer and

size distribution of the pulverized coal feed to the

boiler.

Series Progress Reports

"G‘"
The
1)

2)

3)

"c" series reports included;
photographic records of the internal surfaces of the

boiler,

chemical analysis and ash fusion characteristics of

the boiler and probe deposits,

chemical analysis of the fly ash collected in the



TABLE 1

CONTROL CONDITIONS FOR THE TEST PROGRAM

Test No. Coal Degree of Excess 02 Feed Rate
Drying Level, 7% Kg/hr
1.1 Spndance Nomne 5 100
1.2 " " 3 100
*
2.1 Hat Creek "A" raw KD twice 5 196
2.2 " " " 3 196
' : k&
3.1 Hat Creek "A" washed AD + KD 5 134
3.2 " " " 3 134
4.1 Hat Creek "B" raw KD twice 5 lél
4. 2 " 11 1" 131
4.3 " M KD 5 142
5.1 Hat Creek "B" washed AD + KD 120
5 . 2 1" n 1" 120
5.3 " " AD 5 " 120
6.1 Hat Creek "C" raw KD twice 110
6 .-2 " " " llO
6.3 L KD 120
7.1 Hat Creek "C" washed AD + xp 110
7 R 2 " 1] 1" 110
7 . 3 13 11} AD ) 110
%
KD = kiln-dried
k%

air-dried




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, 1.1B, 1.1C and 1.1D
form a complete data report qu,SundénCe 57 O2 combustion test. Analyses

have been modified or corrected when necessary.
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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.ComBustiqn 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 Columbienydro 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 bulverized-firing
technology. However, the‘cbmbustion'charaeteristics of the coal are 1arge1y
unknown.. In a-program sponsored jointly by B.C. Hydro and CANMET, the
Canadian Combustion Research Laboratory-will carry out a series of combustion
trials to provide informatioﬁfabout fuel,characteristics,‘cémbustion 7
performance, corrosion potential, pollutant formation, anduelectrostetic
precipitation characterietics of‘the fly ash. - This information is.necessary
to provide a rational basis for boiler design. - ' |

Described in this report are the'CCRL.pilqt—écale pulverized—fired
research boiler, objectives of the program comprising eighteen.tests of ten
hours duration each, details of the test procedure and measurements taken,

some of which are unique.

Energy Research Laborator1es, Canada Centre for Mineral .and Energy
Technology (CANMET), Department of Energy, Mlnes and Resources,
Ottawa, Canada. :



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 Edmonfon 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.




evaluation:

2.

3.

To establish whether combustion performance is likely

to be improved by upgrading the coal by water washing;

To detefmine,withinthe limitationé of the CCRL‘pilotéscale

research boiler, major design féatures-required in a utility -
combustion system for generating high4pressure superheated

steam with Hat Creek coal.

The following performance parameters were selected for

1,

8.

described in a subsequent section entitled Experimental Procedures.

Coal comminution and handling characteristics at various

levels of moisture content;

Cpmbustion performance of each coal sample at excess
air levels corresponding to concentrations of 37 and 5%

oxygen in the flue gas, and at various levels of

moisture content,;

Generation of particulate and gaseous pollutants during

combustion;

- Corrosion potential of condensed sulphuric acid on "cold .

end" boiler surfaces;

Fouling potential of ash constituents, both ‘in liquid and

solid state, on refractory and heat-transfer surfaces at

various temperatures;

. Collection efficiency of the fly ash by eleétrostatic

precipitatioﬁ;

 In-situ electrical resistivity of the fly ash;

Flame temperature profiles in the furnace.

The techniques employed to.measure the foregoing parameters are

.
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PILOT-SCALE RESEARCH BOILER

The research boiler, schematically shown in Figure 1, has been
adequately described elsewhere-l/except for an on-line ash removal system
designed to accommodate the high-ash coalé. This modification consists of a
sheet-metal skirt enclosing é 50 cm squafe 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 furﬁace 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, aliowing 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 9.97

Ash 45.5%

Gross Calorific Value 11.94 MJ/Kg
(5136 Btu/1b)

1/ . .
=" 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.




"B" Coal, raw; 50 drums
Residual Moisture 12.5%
Ash 30.37
Gross Calorific Value 15.52 MI/Kg
(6676 Btu/lb)

"C" Coal, raw;
Residual Moisture . 20.8%
Ash 21.97%
Gross Calorific Value 16.16 MJ/Kg
| (6952 Btu/1b).

"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 repbrted by Birtley Engineering Ltd. to contain
about 15% ash, and to have a gross calorific.value of about 16.97 MJI/Kg
(7300 Btu/1lb). 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 petrographic evaluation by Dr. B.N. Nandi.

Béfbré fhe combustion trials, proximate and ultimate:anaiyseé‘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 détermine the firing rates for the combustidn-trials. These
éamplés were not necessérily representive of all of the coals used in the
combustion tests. Therefore, cumulative samples of the crushed coal fed to
the pulverizer and the pulveriéed coal fed to the burners will be collected
for an assessment. of coal quality for each test period. The preliminary coal
analyses indicated that washing markedly upgraded the'"A" raw coal by reducing
its ash content by 40Z 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°cC.

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 temperature are held at levels which limit
moisture extraction to 6% per pass.- Therefore, some coals will be passed

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

However, since the effect of moisture conteht 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, (b) air
dried only or (¢) 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; 57 and 37, corresponding to approximately 257 and

15%Z 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 smallvquantities of avaiiable coal; B.C.'Hydro and
CCRL agreed to a basic program of 18 tests. The desired control conditiéns
for these tests are summarized iﬁ.Table 2. On completion of the basic
program, other tests may be done if more ihformation'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'lancihg and bunker sufficient coal for

" approximately 10 h operation at the desiréd féédHrate,.

2. At 0400 hr: Light up the boiler on Np..2.oil.qt.16;gph,
and 37 oxygen in the flue gas; start all continuous ,
monitoring instruments and .allow the boiler to stabilize».. )

at full steaming rate and pressure.

_ 3. At 0630 hr: Start feeding pulverized coal at tﬁq
specified classifier speed;‘millltemperature, and
‘excess oxygen in.the flue gas, leaQing one oil torch in
voperation,' o | : o :
-4._Af10730 hr: Remove the oil.torch{-
 5. AtzQBQQ hr: Dump bottom ash and begin scheduled tests,. .
| recofd boiler panel readings.hourly,aﬁd nbtévfrequéncy 
ofAbottom‘aSh_rgmqval, maintain‘thé specifiéd-@oal;feed_
~rate and exceés ox&gen iééélvgsvcioseiy és possible,
takerwhatever'steps'aré‘neCess;ry to prevent'aéh 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 tamk
and dump the remaining bottom ash on the dry floor. Collect
ash samples and photograph the system as specified in the

next sectiom.

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, Statiomn 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. 002 and CO content of the flue gas, measured by continuous

infra-red monitors, Station 20.

4. O2 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. 802 content of the flue gas, measured by a continuous

chemifluorescent monitor, Station 15.

7. SO2 and 803 content of the flue gas, measured by the API and
the Shell-Thornton methods, respectively, two or three times

per test, Station 15.




8.

10.

_15_‘

Low—temperaturé corrosion potential, mgésured by three
mild-steel probes inserted simultaneously into the flue-
gas stream and maintained at three different temperatures

for about four hours, one set per test, Station 13.

. Fly-ash loading, measured isokinetically by a combined

cyclone and filter system; two to four samples*?er test,
Station 16. These samples are to be analyzed for carbon

content, chemical composition and size distributiom.

Ash fouliﬁé'of heat-transfer surfaces, evaluated by two

 methods. The first method is by - examination of thickness,

11.

structure and chemical composition of deposits on three pairs
of temperature—mdnitored probes Idcated in the furnace bottom
(Station 19), above the'furnacevthroat'(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

'éshvfouling is by examination of the_thiCkness;:thSical

structure, Chemidal composition'and melting'characteriétics
of ash deposits selected from various parts of the furnace

and air heater after shutdown (Stations'l9;'8;-20,'ll).

Electrostatic precipitator efficiency, measured by passing s

. part of-tbe'flue gas through‘a-small electrostatic

12.

precipitator for a peridd of 45 min., threevsampleéipef
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 an& particle size

distribution.

Fly ash resistivity, measured by an‘in—situAresistivity

apparatus at flue-gas temperatures, of‘lSOQCAand 315°C:at

Stations 17 and 13 respectively, two measurements at each

location per test. - In addition, one,measurément 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 iow-temperéture 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 observationms.

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, 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 locationms,

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




4) a‘record of the deposition probe temperatures and the

visual characteristics of the deposits.

The above information is expected to be available within 48 hours

after a test has been completed.

"B" Series Progress Reports

"B" series reports will include; ‘
1) proximate and ultimate arnalysis of the coal feed to the

. pulverizer and

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

"C"‘Series.PrqgggSS‘Reports
"C" series reports will include;

1) photqgfaphic 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 thé

. electrostatic precipitator and
4) chemical aﬁalysis.of the gas borme fly ash.

~ "D" Series.Progress Reports

"'D" series reports will include;

D diffefeptial,chermal analysis of depésits,.
_ 2) . ‘p.et':i.rlographic examination of deposits,’

3) X-Ray diffraction analysis of fly-aéh and.deposit;;

4) -particle size distribution of fly-ash and

‘5) electron microprobe énalysis,of deposits, if'neéesséry;

The four progress repérts, when“assemﬁled, representﬁa.coﬁplete data

report for a combustion test. As an example, progress reports -1.1A, 1.1B,

1.1C and 1.1D will‘bé.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

Equilibrium Moisture
Hardgrove Grindability Index

Proximate Analysis
(moisture free)

Ash
Volatile Matter

Fixed Carbon

Ultimate Analysis
Carbon
Hydrogen
Sulphur
Nitrogén
Ash
Oxygen
Gross Calorific Value,
moisture free basis
Btu/1b
Cal/gm

Ash Fusibility (Oxidizing)
Initial
Spherical
Hemispherical
Fluid

N8

S T B

N N N NN N N

SUNDANCE HAT CREEK COALS
Raw Raw Raw Washed Washed Washed
A B C A B c
16.8 27.3 21.7 24.0 24.7 23.1 23.5
43 62 49 39 47 43 41
14.1 52.8 34.6 25.4 31.9 24.1 19.5
35.8 26.3 35.3 38.7 1 46.0 38.5 39.5
50.1 21.9 30.1 35.9 22.1 37.4 41.0
63.3 30.7 45.1 | 52.3 47.0 54.3 56.6
3.9 2.6 3.6 4.0 3.6 .1 4.2
0.2 1.0 1.2 0.7 1.3 .8 0.8
0.9 0.6 1.0 1.2 0.9 .1 1.2
14.1 '52.8 34.6. 25.4 31.9 24.1 19.5
17.6 12.3 14.5 16.4 15.3 15.6 17.7
10517 5025 7496 8901 7928 9018 9714
5840 2792 4164 4945 4404 5010 5397
1300 >1480 1398 >1480 1404 1460 >1480
1340 >1480 >1480 >1480
1370
1480

_8'[_
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TABLE 2

CONTROL ‘CONDITIONS FOR THE TEST PROGRAM

Test No. Coal Degree of - LExcess O2 Feed Rate
Drying Level, 7 Kg/hr

1.1 Sundance None 5 100
1.2 " " 3 100
2.1 Hat Creek "A" raw KD twice 5 196
2.2 wooom " 3 196
3.1 Hat Creek "A" washed AS*‘+ KD 5 134
3.2 oo " 3 134
4.1 Hat .Creek "B'" raw KD twice 5. 131
4.2 meoo " 3 131
4.3 oo KD 5 142
5.1 Hat: Creek "B" washed AD + XD -5 120
5.2 oo " 3 120
5.3 I - AD 5 120
6.1 Hat Creek "C" raw 'KD twice T5 110
6.2 weow | " 3 110
6.3 - "o _ KD. 5 120
(7.1 Hat Cfeék "C" washed AD + KD 5. “f110

7.2 I | o 3 110
7.3 oo AD 5 110

*KD = kiln-dried

**AD = air-dried




COAL
K\ STORAGE
HOPPER

- — ~ J - — o — ——— l -

Y v Vv T N~
ELECTROSTATIC HEAT AIR BOILER PULVERIZER
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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'RESEARCHTLABORATORY;l/

INTRODUCTION

By ansagreement between the B.C. Hydro and Power Authority (B.C. Hydro)
and the Canada Centre for Mineral and Energy Tethnology (CANMET); a series of
combustion tests are being done-at the Canadién Cbmbuétion Research Laborétory
to assess the su1tab111ty of Hat Creek coal as a boiler fuel for thermo-electrlc
_'generatlon. A previous report Zjdescrlbes the objectlves of the program, the

pilot-scale.equipment, the.procedures and method of‘reportlng results.

Th1s progress report summarlzes the data 1mmed1ately avallable from

Test No. 1. 1» which was done on October 5, 1976

‘l/Energy'Researeh Laboratories, Canada Centre for Mineral and Energy Technology
(former Mines Branch), Department of Energy, Mlnes and Resources,
Ottawa, Canada.

E/"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

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 an as-received moisture of 177. The target level of excess
oxygen in the flue gas was 57 (approx. 257 excess air), and the target
coal-feed rate was 100 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: . .
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 plﬁinly."

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

refractory walls.

After 1.5 hr, the flame was observed to have 1engthéned‘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 furnace throat was:coated»wlth 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 Somelevidence 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 airlheater 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 e391ly

_The a1r—cooled probe in ‘the furnace bottom was covered on the

traillng edge by 2 mo of orange coloured powder.

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

coloured powder which adhered weakly

o The a1r-cooled probe in the furnace was covered llghtly by an.

”-'orange,coloured powder.

7 The refractory probe in the tran51tlon 'section was covered lightly
by a tan coloured powder which adhered weakly
. The a1r—cooled probe in the tramsition section was covered lightly

by an otrange coloured powder.
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TABLE 1
OPERATING DATA

EXCESS O

Test No. 1.1
Progress Report 1.1A

Revised 18/11/76

5 7

2

5/10/76

Parameters

Station Obs.

(R.M.S. Dev.)

Comments

Test Duration
Firing Rate
Moisture Content of Coal
" . 11] 1] "
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
" R
Secondary (Windbox) Air L
11} R

FLUE GAS ANALYSIS
a) 002
b) 0
c) CO
d) NO
e) SO
f) SO3
g) Acid dewpoint
FLUE GAS TEMPERATURE
a) Furnace Exit
b) Boiler Exit
c) Precipitator Entry
SUCTION PYROMETER TEMPERATURES
a)
b)
c)
FLY
a)
b)

2

ASH
Loading
Resistivity
"
¢) Precipitator efficiency
d) Combustible content of

N =

N

NN W W

oo

16

15
17

18

ash collected from precipitator

7 hours
99.0(2.0) kg/hr
17.1(1.8) A

2.6(0.2) A
83.9(0.2) A
once every — — hour

205 (7) mmH20

176 (7) mmH.O
208 (4) °
88 (5) 'C
827 below 200 mesh
578 (13) kg/hr
2.97(0.05) atmospheres
198 (7) o¢c
29 (1)  mmH,0
29 (1) mmH20
11 (1) 2o
111 (2) mmHZ
120 (3)  mmH,0
53 (2) mmHZO
53 (3) 20
15.5 (0.4) y4
5.1.(0.1) yA
46 (5) pPpm
600 (45) ppm
80 (2) ppm
< 1 ppm
670 (14) °¢c
307 (7) °c
164 (6) °c
1178, 1130 °c
995, 1090 °c
965, 1030 °c
- mgms/m
3.8(2. 6)x108 Q cm at 271°C

Q cm at 1480C
A
1.3 (0.1) %

4.9 x 10°

feed to pulwerizer

feed to furnace

dry weight

20 kg dumped at énd
of run, only, equivalent
to 865 Kg coal.

10.5% 140 mesh
17.67 200 mesh
49.1% 325 mesh

oversize,

not detectable

readings taken in
second and third
two hour pariod

measured at 20°C

error




' TABLE 2
DEPOSITION PROBES

-7Deposition vSthion _ - Temperature °c Description of
Probe RO - mean ggs. min. _mag. - initial final Deposit
B ceramic 19 1173 - 76 1076 1270 1098 1263 Tan powder, 1 mm thick, even,
] : o , easily brushed off
Q —
8 - : ; .
f stainless 19 525 67 437 671 559 568 Orange powder on trailing
o edge, 2 mm thick
ceramic 9 590 67 540 687 610 ' 558 | Tan powder, 1 mm thick,
9 ’ S E adheres weakly
g
-
2 , S _
stainless| 9 451 72 372 626 518 . 433 Orange powder, 1 mm thick,
¥ ceramic 20 685 14 662 711 662 707. Tan powder, 1 mm thick,
3 ' : o N S adheres weakly
§
o
a5 _ ' : L .
, g stainless| 20 523 40 482 586 586 513 Orange powder, 1 mm thick,
‘ _ : , . even
u -
(=
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3aoday ssaadoag

‘ON 3s9L.

T

- 'Lz -



B 3 BURNER
'S = SIGHTPORT
Ls_1178

. M 995 - 9

Na 965 °c ) o S

.. Figure.2. TIllustration of flame pattern
‘ and burnout pattern (----).

_Sz_

VI'T 3aoday ss9a8oag



29 Progress Report 1.1B

COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS
BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET
JOINT PROGRAM

Sundance Coal
Fired as Received, 57 Excess Oxygen

PROGRESS REPORT 1.1B

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY LY

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 (1.1B)
presents coal analyses and size distribution of the pulverized coal burmed

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.

"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  3046_76

CCRL ' : A-1010
Sundance (1.1) 5% oxygen - 21-12-76
AIR DRIED
SAMPLE CONDITION DRIED 107 = 3°C SCREEN ANALYSIS
Proximate Analysis ?ﬁiﬂes yA
Moisture 13.80 0.00_ 14 x 3/8 0.00
x .
Ash
. 12.59 1 16.61 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
By Vol. Button @ Sulphur ?orms.
Swelling Properties Sglphate
Free Swelling Index (ASTM) Pyritic
Organic (by Diff.)
ibili ° OXID.
Ash Fusibility, °F ID RED Total
Initial Deformation °F| 2440 2320
Softening-Spherical °F| 2490 2390 -
Specific Gravity in ash:
Softening-Hemispherical °F 2560 2480 pec y 2 01
Fluid °F| 2620 2620 '
ASH ANALYSIS
Component % Component A
Al203 23.64 Mg0 0.93
Fe203 4.58 S03 , 2.42 Trace Mercury:
Mn304 1.03 Na20 2.45
Ti02 0.50 k20 0.26
F205 0.20
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TEST NO: 1.1

B. C. Hydro - CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

1/ Grab SamplesZ/ Composite Sample

Size 3/ 4/
Wt 7 R.M.S. Deviation Wt 7 LOI 7

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

|w
~

| &
~

The mesh openings for the sieves are as follows: 250u for 60 mesh,
149u for 100 mesh, 105u for 140 mesh, 74U for 200 mesh and 44p for
325 mesh and where 1lu = 1076 metres.

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

R.M.S: Root Mean Square Deviation.

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, 57 Excess Oxygen

PROGRESS REPORT 1.1C

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/-

SUMMARY

As explained elsewhereg/, 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. . '

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.










B. C. Hydro - CANMET Joint Program

'RATE OF DEPOSITION OF WATER SOLUBLE MATERTALS ON CORROSION AND DEPOSITION PROBES

Low Temperature

High Temperature

Probe Tefiperature 138 °%¢ - 131 ° 104 °c 525°¢C 451°¢ 523°C

Deposition rate-g/ _ _
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
s0, (total) 13.8 15.3 15.3 217.7 - 146.0 261.2
804 (free), by difference

8.6

a/

The ‘depoéition-rate is giVen in :unit'éofmg/mz/,hour and' the

sampling time is 8% hours.

310day ssaiSoag -

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

Ash Fusibility Oxidizing Reducing
Initial °Cc 1332 1310
Spherical °c 1360 1354
Hemispherical °C 1388 1382
Fluid °c 1443 1421
Ash Analysis %

S10, . 50, 25
1,9, 24.31
Fe 04 4.92
Mn,0, o o
Ti0, 0.68 -
P05 0.3%
Ca0 12,52
Mg0 2,01
S04 0,06
Na,0 1.61
K0 0.25

cl




- 37 =

Progress Report 1.1 C

Samples .Déposit from furnace walls, Test 1.1, (A 981)

Ash Fus,;ibi_l'ity Oxidizing . Reducing
- Initial g 1282 1210
Spherical °c . 1332 1299
Hemispherical °C 1360 1360
Fluid - °c 1438 1377
Ash Analysis %
810, 47,76
41,9, 22.69
Feq0q 6.94
- Mn0, ——=-
T, 0.66-
P05 0.36
€ao 13.28°
Mg0 1.52
80, 3.46
Na,0 1.53
K,0 0.24

cl
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Sample:  Deposit from screen tubes, Test 1.1, (A 982)
~Ash Fusibility - .Oxidizing Reducing
Initial °C 1271 1188
Spherical °C 1299 1271
Hemispherical °C 1327 1327 -
Fluid °C 1393 1366
Ash Analysis %
§i0,, 44,83
A1203 21,41
Fe 0, 5.06
Mn304 ————
P205 0.37
Cao - 18.29
Mg0 1.99
S04 ) . 1.63
Na,0 2.46
K,0 0.29

cl




Prfogresszépo'rt: 1.1¢
Sample: Deposit from transitioti section, Test 1.1 (A 983)
Ash Fusibility » , .Oxid’izing A Reducing
Initial °C 1343 _ 1266
Spherical °C ' . 1399 : 1343
' Hemispherical °C | 1432 1360
Fluid ‘¢ | _ 1482 - | _ 110
Ash Analysis b
$10, . , _ 54,64
AL 0, _ . 25.82
Fe,03 | 403
Mn
N | Sindnielni
Tio, . 0:65
GBS . 0.33
. Gal- . | | 12,46
g0 . - 131
 Na0 - _1.22
R0 S 0.28
c1 ' L




Progress Report

Sample: Deposit from sheet between 2nd and 3rd pass of air heater

1.1¢C

Test 1.1 (A 984)
‘Ash Fusibility Oxidizing Reducing
Initial °C 1349 1277
Spherical °C 1388 1321
Hemispherical °C 1416 1332
Fluid °C 1460 1377
Ash Analysis %
510, 50,75
A1,9, 23.17
Fe 03 5.04
Mn304 .
Ti0, 0.70
P05 0.38
Cao 15.01
Mg0: 1,49
803 | 0.48
Na,0 1.22
kP - 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 un
Hemispherical °C 1271 1254
Fluid °C . 1382 1338
Ash Analysis %
510, 40,84
ALD,. 21.35
Fe 0, 5,04
Mn,'3o'4i ===
Ti0, 0.97
- F05 0.38
¢a0 21,79
Mo 2,42
so, 1.06 '
a0 3,53
K0 0.39
c1
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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 PHOGRAM

Sundance Coal
Fired as Received, 5% Lxcess Oxygen

PROGRESS REPORT 1.1D

by

‘THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-l/

SUMMARY

As explained elsewhere 2/, the results of this joint prdgramrare
reported in a series of four reports numbered A to D for each of 18
combustion tests which make up the program. Thié progress report (1.1D) is
the last of the series and presents results of the folloﬁingpdétéiled

analyses of ash produced in test 1.1 done on October S,Al976.

. Combustion calculations

Particle size distribution of fly-ash

X-ray diffraction analyses of fireside deposits

H W =
.

Summary of DTA studies on fireside deposits

;jiEnergy'RESéarch Laboratories, Canada Centre for Mineral and Energy
Technology (former ‘Mines. Branch), Department of Energy, Mines .and
Resources, Ottawa, Canada. '

2-'/""P:'Llot—.Sc:_ale‘C0mbus‘tion 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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Ultimate Analysis 7%

63.29

Progress Report 1.1D

Carbon
26 Hydrogen 3.90
Sulphur 0-51
Nitrogen 0.82
241 Ash 14.61
Oxygen 17.17 -
22| Calculated flue-gas composition: -1l
a) 37 0, 16.67% CO2, 205 ppm 502, 267% excess air.
b) 57 02, 14.8% CO2, 195 ppm SO2, 317 excess air.
20 , 10
Target combustion condition
for 572 02 in flue gas 9
- 8
S w
; :
0314 — 7 2
- O
~ >
— 6>
gglz >
) 2
x IO S .
L5 4 . o
> 4 o
(1 4 —
S 8
6 13
al- 32
2+ ) SOZ —!
0 1 1 il | - P
100 120 140 - 1860 180 200

TOTAL COMBUSTION AIR, %

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

diametgr;

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 »}>Sieve 18.0 1.2

+76.0 [ 2.0 0.0

The values given represent differéntial 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.

Fufnace Bottom Ash
(980 76-431)

Under Flame Probe Deposit
(1003 76-~442)

Furnace Probe Deposit
(1004 76-443)

Feld, Qtz, Crist (sm)

Feld, Qtz, Cpd A

Qtz, Cpd A, Hem

Transition Probe Deposit Qtz, Cpd A
(1005 76-444)
Abbreviations of Constituents:

Feld Feldspar (Anorthite) CaO.A1203.23i02

Qtz Quartz SiO2

Crist Cristobalite SiO2

em ' ite F

Hem Hematite e203 A

Cpd A = TUnidentified with strong3.50 d-value
Notes:

Thete is little indication of amorphous material in Furnace Bottom

.Ash-samﬁlesL A1l 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 diffe;ént 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 120C/min. to 1500°C. Two platinum foil pans were held in a
vertical furnace, one containing the sample and the other containing
O-alumina as reference material. Pt: Pt/137 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 133000. When cool, the sample was black with brown

spots, opaque, and very hard.
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1Samp1e,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.

JSampLe‘6) A sizable exothermic peak was observed in the 400°C to SOOOG
raﬁge and a small endothermic peak was noted at 1160°C. Cooling
andyreheﬁting in the range 1000°C.to 1500°C,failed to show any
repetition of the latter thermal effect. When cool, the-Samﬁlei

was dark and glassy.

Comments: .

It seems certain that samples 1), 5) and 6) underwent melting.
The bthér samples probably had some liquid phase present. The lack of DTA
peaks is unusual. It most likely indicates that melting occurréd.oﬁer a very
broad range. Cooling to 1000°C and reheating gave rise to no peﬁkS'either.
The exothermiC‘peak for sample 6) was most likely the ;esuit 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 AUTHORITY - CANMET

JOINT PROGRAM

Sundance Coal
Fired as Received, 37 Excess Oxygen

PROGRESS REPORT 1l.2A

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

INTRODUCTION

By an agreeﬁent between the B. C. Hydro and Power Authority (BC Hydtro)
and the Canada Centre for Mineral and Energy Technology (CANMET), a series of
combustion tests are being done at the Canadian Combustion ResearchuLaBoratory
(CCRL)*to assess the suitability of Hat Creek cpal as a boiler fuel for
vﬁhermo-electric;generation. A previous reportg/ describes the objgctives of
the brogram,‘the'éilot—scale equipment, the proceduresAand‘method of feporting

results.

This progress report summarizes the data immediately available from

Test No. 1.2, whichwas done on October 7, 1976.

-l/Energy'Research Laboratories, Canada Centre for Mineral ‘and Emergy Technology
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa,

Canada.

gj"Pilotiscale 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 167. The target level of excess
oxygen in the flue gas was 3% (approx. 157 excess air), and the target coal
feed rate was 100 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;Iest

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 :shut down.

'Fdrnace’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

throughout the test.

The.refractory probe in the furnace developed a heavy deposit

of sinter .

The air-cooled probe in the furnace bottom developed a few
whiskers of sintef, 5 to 8 mm long, mostly on thefbottqm'surface}
These fell off from time to time. '
‘The refractory probe in the furnace bottom developed aHS.to 8 mm
beard of sinter allkaround, wﬁich decreased in thickneSsgtoyardf

the end of the tesf,_but'showed no evidence of slagging.

Furnace After Test

Most of the:depoéits on the furnace walls had;fallen;offfupon
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 app:oximately
8 mm of dust on the bottom of the transition section (between the furnace and

air-lheater) and a:light dust depoéit on the test air-heater tubes.

.Degpsition 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 surface was clean.

The refractory probe in the transition section had a light layer
of tan coloured dust on the leading edge but there were indications that

a heavier deposit had fallen off.



The air-cooled probe

dust.

The réfractory probe

deposit all around, giving an

The air-cooled probe
a few whiskers of tan coloured

deposit had fallen off.

The refractory probe
by the sheathed thermocouple.
about 1 cm thick.
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in the furnace had only a film of tan coloured

in the furnace had tan coloured sintered

overall diameter of about 4 cm.

in the furnace bottom was bare éxcept for

sinter.. There were indications that a larger

in the furnace bottom was broken and supported

The probe bore nodules of tan coloured sinter
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SUNDANCE AS RECEIVED
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TABLE 1

OPERATING DATA

EXCESS O

Test No. 1.2

Progress Report 1.2A

Revised 18/11/76
3 7

2

7/10/76

Parameters

Station Obs.

(R.M.S. Dev.)

Comments

Test Duration
Firing Rate

Moisture Content of Coal
1" " 13 11

Combustible "

Ash Dumping Frequency

PULVERIZER OPERATING CONDITIONS

a)
b)
c)
d)
e)

Inlet Air Pressure
Qutlet Air Pressure
Inlet Air Temperature
Qutlet Air Temperature
Coal Fineness

BOILER OPERATING CONDITIONS

a)
b)
c)
d)

Steam Flow
Steam Pressure
Combustion Air Temp.
Furnace Pressures
Furnace
Inlet
Boiler Exit
Primary (Coal) Air L
11 R
Secondary (Windbox) Air L
11" R

FLUE GAS ANALYSIS

a)
b)
c)
d)
e)
f)
g)

co,
0y
co

NO
S0
502

Acgd dewpoint

FLUE GAS TEMPERATURE

a)
b)
c)

Furnace Exit
Boiler Exit
Precipitator Entry

SUCTION PYROMETER TEMPERATURES

a)
b)
c)
FLY
a)
b)

c)
d)

ASH
Loading
Resistivity
11}
Precipitator efficiency
Combustible content of

NN WN W NN =

~ O O

16

15
17
18
18

ash collected from precipitator

4.
8.

7.5 hours
96.7(2.1) kg/hr
16.0(1.4) Z

3.2(0.3) yA
84.5(1.6) A
once every hour
203 (4) mmHZO
174 (4) mmH,O

206 (5) g
92 (3) C

93.47% below 200 mesh

596 (13) kg/hr
3.01 (0.05) atmosphergs
198 (6) c

26
27
11
110
119
41
46

)]
(6)
(2)
(6)
(5)
(6)
(6)

17.3 (0.4) yA
3.1 (0.2) yA
46 (3)
567 (29)
88 (3)
<1

[eNeoNeoNeNoNoNaol

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

1190, 1125

1028, 1075

o

900, _ 980

310 mgms/g3

7(1.1)x10" & cm at 28000
6 x 10°  cm at 156 C
89(1) 7

2.4(0.2)7%

feed to pulverizer
feed to furnace

dry weight
total ash dumped at end
of test = 17.7 K

equivalent to 87% Kg coal

oversize, 6.17 140 mesh
" , 6.6%7 200 mesh
" , 45.47 325 mesh

not detectable

readings taken in
second and third
two hour period

measured at 20°C, one
measurement
, 7.2 x 10° Q e at 118°C
of three measurements,
using a)
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Progress Report 1.2B

COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS
BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

Sundance Coal
Fired as Received, 37 Excess Oxygen

4

PROGRESS’ REPORT 1.2B = -

. by -

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY
Asvexplainéd elsewhereg/, the results of this joint program are
reported in a series of four reporfs numberéd A to D for each of the 18
combustion tests which make up the program. .This progress report (1.2B)
presents coal analyses and size distribution of the pulverized coal burned

in test 1.2 done on October 7, 1976.

1

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

g/"Pilot-Sa::ale 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  3047-76
CCRL A-1015
Sundance (1.2) 3% Oxygen 21-12-76 .
= = — —
AIR DRIED
SAMPLE. CONDITION DRIED 7 107 * 3°C SCREEN ANALYSIS
Proximate Analysis ?ﬁizes ' YA
Moisture 14,37 0.00
Ash 12.98 15.16 L/4 x 3/8 .00
Volatile Matt 29. 44 34.38 28 x 178 —
olatile Matter . . )
. ‘ ] - 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 % 12,98 15.16 Grindability Index
Oxygen (by Diff.) % 14.71 17.17 | (Hardgrove): 43
Calorific Value . :
. ' ‘ : , Equilibrium Moist
Calories per gram 4901 5723 (97% Hum), %z :
. e UMy A 17-68 ~
B.T.U. per Lb. gross 8822 10302 —_—
Céking ?tépetties | . _
By Vol. Button @ Sulphur Forms :
‘Swelling Propefties Sulphate : . | —
Free Swelling Index (ASTM) - Pyritic. —
: Organic (by Diff.)
Ash Fusibility, °F -|ox1D. RED Total
Initial Deformation °F| 2390 | = 2330 .
- Softening-Spherical °F| 2480 2400 ‘
) ) S Specific Gravity in ash:
Softening-Hemispherical °F| 2530 2530 2.92
Fluid °F| 2700+ 2630 ==
| ASH ANALYSIS
| component | - 2 Cbmponent %
. g : Chlorine: 0.01
[ 8102 | 49.76 Ca0 12.60
1A1203 23.96 Mg0 0.85
Fe203 4.35 S03 2.50 Trace Mercury:
| Mn304 0.93 Na20 2.26
1'Ti02 0.47 K20 0.26
| F205 0.17
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TEST NO:1.2

" B. C. Hydro - CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

1/ Grab Samplésgjv Composite Sample

Size 2/ i/
Wt 7 R.M.S. Déeviation we % LOI Z

60M
60M x iOOM . ‘>" . 0.7
100M x 140M - 5.8 89.4
140M x 2004 | 17.8 0.4 12.9 | 86.1
200M x 325M o ' ) 14.0 84.9
325M x 0 : 66.5 82.6

1/ The mesh openings for the sieves are as follows: 250u for'60 mesh,
149u for 100 mesh, 105u for 140 mesh, 74u for 200 mesh and 44u for
325 mesh and where 1y = 106 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.




- 63 - Progress Report 1.2C

fFIRESIDE'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, 37 Excess Oxygen

PROGRESS REPORT 1.2C

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYl/

SUMMARY

As explained elsewhereg/, the results of this joint program are.
'reﬁorted 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 fouling of the research boiler surfaces, the propertles of ash

deposites: collected on probes and the chemical analyses of various ash forms

produced in test 1.2 done on October 7, 1976.

0 _

—/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
Reésearch 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 1lc

Furnace bottom deposition

probes. Air cooled probe

on left. Refractory probe
on right.

Figure 1d

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.










B. C. Hydro - CANMET Joint Program

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

Low Temperatufe

High Temperature

Probe Temperature 138 % 131 °c 104 ° 426 °C 444°C 473°C

Depositidn rateﬂl )
Fe © 0.0 0.4" 0.4 0.6 5 0.6 '0.0
Mg ., 0.4 0.3 0.3 .6 1.6 1.0
Na ' 0.9 0.9. .1 24.3 52.8 44.2
Ca 18.7 12.4 15.0 83.4 84.5 71.8
S0, (total) 22.9 26.0 21.5 182.9 287.4 250.3

SO4 (free), by difference

a/ The deposition rate is given in units ofu@/mZ/hour and the sampling time is 8% hours.

3x0day ssaifoag
_89_

21

*ON 389]

(A"



Sample:  Deposition pnobes; test 1.2

Station

{Transition

{ Furnace Bottom Boiler Section
Material [ ss ‘REF Ss REF ss REF
Mean Temperature °C 219 613 | 209 | 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
50, 18 |0.0 8.0 2.4 3.6 9.7
Ca 1.0 7.0fz2.1 2.1{1.1 4.0[0.8 4.7[1.6 9.13.6 4.7
Fe 1.6 3.5]0.9 0.9|2.56 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|-=-- 0.4f1.1 2.4[--- 0.2]0.2 1.8 0.4 1.6
WS = water soluble
AS = acid soluble

=== = tpace

0 ¢°1T 3Ixoday ssaadoag

_69_
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Sample: Deposit from Furnace Bottom, Test 1.2, (Al044-76)

Ash Fusibility Oxidizing Reducing
Initial - °C 1338 1332
Spherical og 1371 1360
Hemispherical . °C . 1393 1388
Fluid  °C 1449 1432
Ash Analysis %

S0, 52.92
A1,0, 25.22
Fe.20,3 4,11
Mn_0 ——-
34
Ti0, 0.71
R0, 0.33
Ca0 12.31
MgO0 1.26
0.
50, 08
Na20 1.15
K,0 0.27

Cl




- 71 -

‘Progress Report 1,2 C

Sample: Deposit from furnace walls, Test 1.2, (A 1045-76)

Ash Fusibility Oxidizing Reducing
Initial °c 1338 1299
Spherical °C 1360 1349
Hemispherical °C 1382 1382
Fluid °C 1399 1421

Ash Analysis %
§10, 51.36
Aly9, 23.97
Fe,03 4,92
10,
T10, 0.66
F505 0.36
Gao 11.80
Mgo 1.31
504 2.39
Na 0 1.35
K0 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 °C 1382 1382

Ash Analysis %
§io 2 45,52
1,9, 21.97
Fey03 5.06
Mh304 ———-
110, 0.87
%5 0.38
Ca0 17.70
Mgo 1.95
50, 1,65
Na,0 2.67
K0 0.30

c1
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Sample: Deposit from transition section, Test 1.2 (A 1047 - 76)

'Ash Fusibi lity Oxidizing Reducing
TInitial °c 1349 1321
‘Spherical °c 1382 1371
Hemispherical °C 1399 1399
 Fluid °C 1410 1432.
- Ash A’nalys is %
Sio 2 53.27
Al 203 24,80
Fe,20 3 4.16
Mn,0, T
T:I.O‘:Z 0.65
P 20 5 0.35
Cca0o 11.25
Mg0 - 1.09
: 1.61
SO 3
Na 20 1.26
Kz‘o | 0,23
Ccl ————
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Sample: Deposit from sheet between 2nd and 3rd passes of air heater

Test 1.2 (A 1048 = 76)
Ash Fusibility Oxidizing Reducing
Initial °Cc 1310 1288
Spherical °C 1349 1321
Hemispherical °C 1377 1388
Fluid °C 1432 1410
Ash Analysis %

SiO2 49,55

Al,0, 23.53

T102 0.84

on5 0.34

Ca0 15,51

Mg0 1,51

S0, 0.51

Nazo 1,57

KZO 0.28

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

Sundance Coal
Fired as Received, 37 Excess Oxygen

PROGRESS REPORT 1.2D

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYl/

SUMMARY

As explained-elsewhereg/, 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 thé'iast of
the series and presents results of the following detailed gnalyseS‘of-aSh

produced in test 1.2 done on October 7, 1976.
1. Particle size distribution of fly ash

2. Combustion calculations

'l/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 - 01 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 —12.7 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 }Sieve 25,8 2.4

+ 74.0 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.




Lurlvoallvh VUOLUME 4 LARGER 1nAN

COULTER BLECTRONICS INC.
oS - 200,

@, COULTER COUNTER® Model TaTA PARTICLE SIZE ANALYSIS remceny  SWTRI

HIALEAK, PLA. 320N

_LL_

["CEEAWIZA T 100
CCRL - WRL 3, 5o 1 )
a A (42 w A AL) when W2 Wi SAMPLE SETTHNGS
OFEEATOR k=dyf o (T') when W2 = W) = (5 o« Wiw
FOR MODEL T FOR MODEL TA
BQUIPMENT APER, SiZE SERIAL ";I:_T v | in A |on | v | A} a
[reTY TLECTROLYTE DISPERSANT
7LST NMo. L2 Isoton Ultrasonic| 100u|6102033
LS
j”a c— — —
A 98 2% S % 500 60 7% 100 128 18 2.0 257 AN 400 S04 635 800 1008 W7 160 202 4 320 403 308 640 806 gé 18 W m
Y
— Ny-
.
h AY
N
. N -
AV
N =
X
h Y
\
~
N h W
N\ X
A N
A ¥
i, >
X
3\
e N\ A t
A 4
A §
A
A
AN
b - A
-
A
A 4
A
— Y X
A A ¥
X
A Y
A
X
. X
AY
) ¥ AN
X A\
2\
Y
X A
X A
A W
2
X Y
X A ¥
A\
A ¢
A
1 U
A A
N I}
A
A
S
A Y
h A Y
h Y
AN
“F
1 1
T L L | UL LU T LU RS RRRAN R Ll U L LSLBLREN LR AR RRRRE LALLL LIS Ll il L mqnn LB LA RN RARA
a8 2 3 a s 8 2 8 9 w0 1.8 20 a0 ‘ s 6 71 8 910 18 2 ) © 0 6 M ®© % 00 1% 20

MICRON DIAMETER Log Scole
aniowe

dZ°1 3aodoy ssei8oig



- 78 -

Progress Report 1.2D

28 Ultimate Analysis 7
Carbon 63.29 .
26— Hydrogen 3.90 726
Sulphur 0.21
- Nitrogen 0.82 i
24 Ash 14.61 24
Oxygen 17.17
22|—Calculated flue-gas composition: =!Il 22
a) 3% 02, 16.67 CO2, 205 ppm SO2, 267 excess air.
20l-b) 5% 07, 14.87 CO2, 195 ppm S02, 31% excess air. 0 J,Zo
Target combustion conditions
for 37 09 in flue gas
181 Ve —49 18
216 8 416
S w
g o s w
5 o' 7314 =
e o) D
O > J
> N e
% S @ 1"
°o B3 @®
& IO 5 .410
- ~ o~
N> / o -
8 g 8 : —14 408 SN
vy
61— 13 406
41— —12 04
— ————— — —
2 50, | 02
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TOTAL COMBUSTION AIR, %

FIGURE 1: Combustion Calculations '"'Sundance'' Coal.
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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, 57 Excess Oxygen

PROGRESS REPORT 2.1A

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYE/

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
ébmbustion tests are being done at the Canadian Combustion Research Labo;atofy
(CCRL). to assess the suitability of Hat Creek coal as a boiler fuel for
thermo-electric gemeration. A previous reportg/ 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.

l/E'nergy RéSEarch Laboratories, Canada Centre for Mineral and Energy Techndlogy
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa,
Canada.

z/"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. 2.1

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 7Z. The
ash content at this moisture level was 58.7%. The target level of excess
oxygen in the flue gas was 57 (approx 257 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 Figuré 1 which is a

diagram of the research beiler.

Furnace During Test

At 0900 hr, stable, unsupported combustion had been in progress
for 13 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 furmace
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 attempts to 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 burmer 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 deposits
were broken loose with a poker. They had formed a fairly strong bridge, but

came 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 thgn 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 tﬁe
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 furmace
exit, indicating heavy deposits of dry fly ash. Ash removed from ;he quench.
tank continuédrto be in the form of fine mud until the test was terﬁinated,

at 1615 hr. When the o0il 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.ProbesﬁDuring 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 furnace was covered by a 3 mm thick,
tan coloured powder on the upstream side and 6 mm thick, grey coloured powder

covering a 3% 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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TABLE 1

OPERATING DATA

Test No. 2.1
Progress Report 2.1A

Revised 18/11/76

ash collected from precipitator

COAL HAT CREEK "A" RAW, DOUBLE DRIED EXCESS 0, 5 7
12/10/76
Parameters. Station Obs. (R.M.S. Dev.) Comments
Test Duration 4 hours After stable ignition
Firing Rate 155(5) kg/hr obtained
Moisture Content of Coal 1 7.1 7 feed to pulverizer
" " won 2 0.6 % feed to furnace
Combustible " "o 2 45.2(0.3) %Z dry weight
" Ash Dumping Frequency once every ‘hour . continuous dumping
PULVERIZER OPERATING CONDITIONS total ash dumped = 86 Kg
-a) Inlet Air Pressure 3 291(4) mmH20 equivalent to 1268 Kg
b) Outlet Air Pressure 2 245(5) mmH_O coal
c) Inlet Air Temperature 3 191(3) 08
d) Outlet Air Temperature 2 104(1)
e) Coal Fineness 2 767 below 200 mesh oversize, 14.2%7 140 mesh
BOILER OPERATING CONDITIONS ", 23.97 200 mesh
a) Steam Flow 6 467(9). kg/hr ", 98.27 325 mesh
b) Steam Pressure 6 2.68(0.05) atmospheres
c) Combustion Air Temp. 4 183(5) °c
d) Furnace Pressures
Furnace 10 42(2) mmH20
Inlet 11 42(2) mmH,0
Boiler Exit 12 22(2) mmHZO
Prlmary (Coal) Air L 5 162(5) mmH.O0
2
R 5 — mmH20 meter error
Secondary (Windbox) Air L 4 50(4) mH,0
" R 4 50(3) mmH20
FLUE GAS ANALYSTIS
a) CO2 11 14.8(0.4) 7
b) O2 11 5.3(0.2) 7
c) CO 11 - 191(36) Ppm
d) NO 13 276(34) ppm
e) S0, 14 909(45)  ppm
£) 503 14 1.3(0.2) ppm accuracy limits of 1 ppm
g) Acid dewpoint 18 22 '
FLUE GAS TEMPERATURE
a) Furnace Exit 11 612(12) °c
b) Boiler Exit 12 289(9) °c
c) Precipitator Entry 16 201(5) °¢
SUCTION PYROMETER TEMPERATURES o
a) 7 980, 1020 ,C readings taken in
b) 8 810, 910 oC second and third
) 9 780, 870 C two hour period
FLY ASH 3
a) Loading 16 34000(11000)mgms /m~ measured at 20°%¢
b) Resistivity 15 3.6(1.4)x10!1 @ cm at 257°c
" 17 7.8(2.9)x10'!' Q cm at 156°C ‘
¢) Precipitator efficiency 18 91(7) 7% Before duct modification
d) Combustible content of 18 2.0(0.4) A which should prevent

jetting of flue gas.
through plates



DEPOSITION PROBES

TABLE 2

Station | Deposition Temperature °c Degcription of
mean RMS min. max. initial final Deposit
Dev.

5
§ ceramic 928 16 892 943 892 914 Probe broken, no deposit
M
@ 19
Y Light tan powder downstream,
g stainless 559 20 523 585 523 549 2 mm thick. Grey powder adhered
2 upstream, 3 mm thick.
Q ceramic 835 40 736 889 736 869 Light tan scale upstream
9
E 9 Tan powder downstream, 3 mm
B thick. Grey powder, 6 mm

stainless 549 34 495 615 552 495 thick, covers tan crust 3 mm

thick upstream

=]
3 A
b ceramic 619 16 583 633 583 628 Light tan scale
A
§ 20 :
] Tan powder, 1 mm thick over
o entire probe, even, easily
% stainless 534 29 498 588 534 518 removed by tapping.
[
£
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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, 57 Excess Oxygen

PROGRESS REPORT 2.1B

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYl/

SUMMARY

As explained elsewherez/, 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 coél burned

in test 2.1 done on October 12, 1976.

1 -

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

g/,,Pil e . : . i

ot-Scale Combustion Tests with Coals from the Hat Crecek 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, Lnergy 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 3048-76
CCRL A-1053
Hat Creek "A-Raw" (2.1) 57 Oxygen 21-12-76
AIR DRIED :
! SAMPLE CONDITION DRIED 107_1 3°C SCREEN ANALYSIS
Proximate Analysis ?ﬁizes ' y/A
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 lef.) 21.29 22.88 1/16 - 1/32 28.09
‘Ultimate Analysis 1/32 x 0 55.19
‘Carbon % 28.48 | 30.60
Hydrogen Y 2.40 2.58
- Sulphur Z 1.04 1.12
Nitrogen % 0.58 0.62
Ash Z 48.47 52.08 Grindability Index
Oxygen (by Diff.) % 12.09 13.00 (Hardgrove): 61
Calorific Value v
" - - 3 M -» .
Calories per gram 2517 2705 Equllig;;uzumgl;fv
B.T.U. per Lb. gross 4531 4868 ,2l;2é___
Caking Properties
By Vol. Button @ Sulphur Forms:
Swelling Properties Sulphate 0.12 |
oS . 0.4
Free Swelling Index (ASTM) Pyritic _0.47
= = T Organic (by Diff.) 0.45
Ash Fusibility, °F . OXID. RED Total | - 1.04
Initial Deformation °F| 2700+ 2520
Softening-Spherical °F| 2700+ 2700+ ,

. C _ > Specific Gravity in ash:
Softening-Hemispherical "F| 2700+ 2700+ '2 ”
Fluid | °F| 2700+ | 2700+ ]

| ASH ANALYSIS
| component yA Component % _
" : Chlorine: 0.01
| 5102 56.18 Ca0 . 1,23
141203 28.26 Mg0 1.34 . .
Fe203 6.69 S03 0.97 Trace Mercury:
Mn304 Na20 0.4
I 150 0.30 K20 47
1 pao2 0.89 2 0.94
e ‘2 > 0.13 ‘
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TEST NO: 2.1

B. C. Hydro - CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

1/ . Grab Samplesg/ Composite Sample
Size 3/ 4/
Wt 7 R.M.S. Deviation Wt % LOI 7
60M
60M x 100M 1.5
100M x 140M 14.9 0.7 o 6.8 65.1
. 140M x 200M 9.3 0.5 9.2 52.97
200M x 325M 54.1 20.8 18.8 49.7
325M x O 21.9 20.6 ' 63.6 42.2

fw
~

| &
S

The mesh openings for the sieves dre as follows: 250U for 60 mesh,
149y for 100 mesh, 105y for 140 mesh, 741 for 200 mesh and 44y for
325 mesh and where 1y = 1076 metres.

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

R.M.S: Root Mean Square Deviation.

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, 57 Excess Oxygen

PROGRESS REPORT 2.1C

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 (2.1C) presents a photographic record of the
fireside fouling of the research boiler surfaces, the properties ofiash
deposits collected on probes and the chemical analyses of various ash forms

produced in test 2.1 done on October 12, 1976.

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

Z'/"Pilr:vt:—Sca,le 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.





















B. C. Hydro - CANMET Joint Program

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

Low Temperature

High Temperature

Probe Temperature 104 % 121 °¢ 138 °c 559 °C 549 °cC 534°C
Deposition rateél
Fe 1.0 3.0 1.0 0.0 .6 0.0
Mg .30 .30 .27 1.5 8.6 1.0
Na .89 1.12 .66 13,8 32.4 26.6
Ca 16.5 13.4 13.4 110.5 102.5 118.7
50, (total) 58.3 67.3 53.6 84.9 407.1 34.8
SO4 (free), by difference
13.7 26.5 17.3 58.4

a/ The deposition rate is given in units ofug/mzlhour and the

sampling time is 8% hours.

31oday ssaiBoiag
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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 °Cc 1482+ 1482+ .
Hemispherical °C + A +
Fluid °c + —t
Ash Analysis . %

Si0 9 ' 60.60

Al 20 3 | 29,18

Fe 203 7.58

Mn30 4 - —=———

Ti0 9 0.99

P 20 5 0.06

Ca0 1.25

MgO0 1.01

0.
S0 3 | 44
Na 20 0.48
: KZO 1.09
cl ———
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Sample: Deposit from the furnace walls, Test 2.1, (A 1093 - 76)

Ash Fusibility Oxidizing Reducing
Initial °C 1332 1321
Spherical °C 1482+ 1482+
Hemispherical °C + +
Fluid °C + +

Ash Analysis %
810, 59.77
41,9, 29.20
Fey0q 7.97 -
Mn 0, een
Tio, 1.03
05 0.08
Cao 1.41
Mgo 1.58
S04 1.08
Na 0 0.47
K0 1,04
c1 —
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Sample: Deposit from screen tubes, Test 2.1, (A 1094 - 76)

Ash Fusibility Oxidizing - Reducing
Initial - °C 1371 1360
Spherical °C 1482+ ' 1482+
Hemispherical °C + : +

Fluid o " s

© Ash Analysis %
Si0 2 58.92
A120_3 28,26
Fe 20 3 | 6.53
30, | ----
T’-io;2 _ 1.10
Cao 1.51
Mgo . 1.32
S0 3 ) 0.97
Kzo | 1.02
cl ———
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Sample: Deposit from transition section, Test 2.1, (A 1095 - 76)

Ash Fusibility oxidizing Reducing
Initial °Cc 1399 1388
Spherical °c 1482+ 1482+
Hemispherical °C + +
Fluid °Cc + +

Ash Analysis %
Si.o2 59.93
A1203 28,99
Fezo3 7.71
Mn 0, ——--
Tio2 0.98
P 20 5 0.08
Cao 1.15
Mg0 1,25
S0 3 0.54
Na 20 0.43
Kzo 1,06
cl -
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Samples Deposit from sheet between 2nd and 3rd passes of air heater

Test 2.1, (AIOSG -‘76)

. Cl

Ash Fusibility Oxidizing Reducing
 Inttial g 1299 1188
Spherical  °C 1482+ 1471
Hemispherical °C + 1482+
Fluid °c + +
Ash Anélysis -%
si0, 59.74
AL,9, 28.96
Fe 04 7.82
M0, ———-
Ti0, 0.98
0 0.07
Cao0 1.33
Mgo 1.10
S04 0.66
Na,0 0.43
K9 1.06
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Sample: Deposit from the electrostatic precipitator, Test 2.1, (A1088-9-

90-91)

Ash Fusibility Oxidizing Reducing
Initial °Cc 1321 1271
Spherical °C 1482+ 1438
Hemispherical °C + 1454
Fluid °C + 1482+

Ash Analysis %
Sio0 2 58.76
Al 203 28.19
Fe203 6.52
MI] - ) an .-

3%
Tio0 2 1.19
P 20S 0.08
Ca0 1.77
MgO 1.27
S0 3 0.85
Na 20 0.65
KZO 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, 57 Excess Oxygen

PROGRESS REPORT 2.1D

by

. 1/
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY=

SUMMARY

As explained elsewhe:egl, the results of*this joint program are
reported in a series of four repofts numbered A to D for each of 18 combustion
tests which make up the program. This progress report (2.1D) is the iast of -
the series and Ppresents 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 calculatioéns
3. ZX-ray diffraction analyses of fireside deposits

4. Summary of DTA studies on fireside deposits

l/Energy Research Laboratories, Canada Centre for Mineral and Energy
Technology (former Mines Branch), Department of Energy, Mines and
Resources, Ottawa, Canada.
2/"]E-’ilot—'St:ale'Conibus:tion 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 Eneggy,
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 1.9 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 }>Sieve 27,3 14.9
+ 74.0 e b3 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.
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8 B Ultimate Analysis 7
Carbon 30.60
26 Hydrogen 2.58 126
Sulphur 1.12
. Nitrogen 0.62 1.
24 Ash 52.08 24
Oxygen 13.00
L —
2z Target combustion conditions 7] H 22
for 52 07 in flue gas
20}~ 10 q-20
18 9 418
a6 8 16
<
S :
O
- 4. w
m|4 7 3 14 s
- o )
~ S 6
m 12 6> 112 >
- (00}
- >
32 m
10~ —5°. 410
< &
z S|
b— — -
c 8 4 o8 N
Dry air «
5~ -3 406
4 —2 4-04
2= - Ho2
° ' - — : o Joo
100 120 140 160 180 200

FIGURE 1:

TOTAL COMBUSTION AIR, %

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,

Furnace Bottom Ash Mull, Crist (sm)
(1092 76-433)

Under Flame Probe Deposit Crist, Qtz, Feld, Hem, Mag, Ambrph
(1061 76-463)

Furhace Probe Deposit Hem, Crist, Qtz, Mag, Feld

(1062 76-446)

Iransition Probe Deposit Hem, Crist, Mull, Qtz, Feld, Amorph
(1063 76=447)

Abbreviations of Comstituents:

Feld Feldspar (Anorthite) Cao.A1203.28i02

Qtz Quartz SiO2

Crist Cristobalite SiO2

Mull Mh&litei3A1203;ZSioz

Hem Hematite »Fe203

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,'particﬁlarly

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
O-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°Clto SOOOC
| range and a small endothermic peak was noted at 1160°C. Cooling
and.rehéating 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:

IIt seems certain that samples 1), 5) and 6) underwent melting.
‘The other'samples;probably had some 1iquid phasé‘présent. The lack of DTA
peaks is unusual. Tt most likely indicates that melting occurred over a very
broad range. Cooling to 1000°C and. reheating gave rise to no peaks either.
The éﬁothetmiéupeék'fo; sampie 6) was most likely the result of combﬁétion 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 AUTHORITY - CANMET

JOINT PROGRAM

Hat Creek "A" Raw Coal
Kiln-Dried Twice, 37 Excess Oxygen

'PROGRESS REPORT . 2.2A

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

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 CombﬁstionuResearch Laboratory
(CCRL) to assess the Suitébility of Hat Creek coal as a boiler fuel for
thermo~electric generation. A previous'repéttgldescribes the objectives of
the program, the pilot-scale equipmeht, the‘prOCédurestand method of reporting

results.

Tﬁis progress report summarizes the data immediately available from

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

l'/Enc-:rgyResc—:arch Laboratories, Canada Centre for Mineral and Energy Technology
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa,
Canada. ' : -

zj"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 50.97. The target level of excess
oxygen in the flue gas was 37 (approx 157 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 thelir upper
slope into the furnace. The furnace bottom was fairly clear; through the
sight ports the opposite walls were visible and there was no evidénce 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 developéd g1obu1es 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, which 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 rough 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 pieceé 1 to 5 cm in diameter, with a
few larger pieces,_the largest being rougly 30 em 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 dﬁ 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 (3 mm thick) and some powder adhered

near the tip.
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TABLE 1
OPERATING DATA

EXCESS O

- COAL - HAT CREEK "A" RAW, DOUBLE DRIED

, .
Test No. 2.2. -
Progress Report 2.2 -

Revised 18/11/76

3 z

2

14/10/76

Parameters

Station Obs.

(R.M.S. Dev.)

Comments

Test Duration

Firing Rate

Moisture Content of Coal
1" " ‘1" "

. Combustible " non

a)
'b)
c)
d)
e)

Ash Dumping Frequency

PULVERIZER OPERATING CONDITIONS

Inlet Air Pressute
Qutlet Air Pressure
Inlet Air Temperature
Outlet Air Temperature
Coal Fineness

BOILER OPERATING- CONDITIONS

a)
b)
c)
d)

Steam Flow
Steam Pressure
Combustion Air Temp.
Furnace Pressures
Furnace
Inlet
Boiler Exit
Primary (Coal) Air L
" R
Secondary (Windbox) Air L
" R

FLUE GAS ANALYSIS

a)
b)
c)
d)
e)
£)
g)

CO2

%
Cco
NO
SO
503
Acid dewpoint

2

FLUE GAS TEMPERATURE

a)
b)
c)

‘Furnace Exit
Boiler Exit
Precipitator Entry

SUCTION PYROMETER TEMPERATURES

a)
b)
c)

ASH -

Loading

Resistivity
"

Precipitator efficiency
Combustible content of

7 hours
156(4) kg/hr
1 7.4 %
2 0.5 A
2 47.4.(0.4) 7
once every 3 hour
3 295(6) mmH,0
2 244(5) mmH-0
3 189(6)  SC
2 - 97.5(3) c
2 767 below 200 mesh
6 553(8) kg/hr
6 2.83(0.06)atmosphergs
4 183(6) c
10 42(2) mmH,0
11 41(2) mmH 0
12 22(2) moH,0
5 163(4) mmH;0
5 175(3) mmH0
4 46(3) mmH20
4 46(4) mmHZO
11 17(1) 7
11 2.9(0.1) 7
11 246(19) ppm
13 450(24) ppm
14 1158(31) ppm
14 3.4(0.2)  ppm
18 38(2) c
11 572(11) °c
12 279(5) °c
16 149(2) °c
7 1000, 1010 gc
8 700, ._ 750 e
9 685, 650 Cc
16 40300(9400) mng/o3
15 2.6(1.3)x10 _ © cm at 254 C

17

18

ash collected from precipitator

4.8(0.8)x10*! Q cm at 152°¢,
96.2(1.3) %
3.5(0.3) pA

feed to pulverizer

"feed to furnace

dry weight
continuous dumping
Total ash dumped = 237 kg
equlvalent to 1489.5 kg’
coal

oversize, 15.6% 140 mesh
" y 24.47% 200 mesh
", 57.7% 325 mesh

accuracy 1 ppm

readings taken in
second and third
two hour period

measured at.20°C

7.4 x 10! Q cm at 121°C
note comment of 2.1A ‘




TABLE 2

DEPOSITION PROBES

Station Deposition Temperature °c Description of
mean RMS min., max. initial final Deposit
Dev.,

8 Approx 25 mm of crust over most
o ceramic 1031 (18) 991 1056 1049 1031 {of probe, tan color, friable,
g easily removed.

g 19

g Grey tan powder with isolated
g stainless 493 (25) L4 545 545 444 |lumps of grey crust, slight

ot ‘ adherence downstream.

" ceramic 766 (29) 705 828 750 766 |75 mm clean tip (sand blasted)
q

g 9

=

stainless 527 (36) 437 577 550 545 1 mn tan powder on downstream,
some friable crust

g Orange scale downstream (3 mm).
ol .

o ceramic 577 (11) 558 595 576 594 Some powder adheres near tip.
@

5§ 20

e Light tan powder, even, 1 mm,
ol

. stainless 543 (14) 507 563 532 559 |1C CTust

H

=

ADHERES => NOT FASILY REMOVED BY BRUSH (HAIR)

vZ 'z 31odayg ss=2a8o0ag

9L/01/%1

‘ON 23S9]

AN

- 02T -
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Illustration of flame pattern (—)
pattern (-=-=).

and burnout

S = SIGHTPORT
Figure 2.

B 2 BURNER

L=
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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, 37 Excess Oxygen

PROGRESS REPORT

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY

As explained elsewheregl, the results of this joint program are
ireported 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.

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

E/"Pilot--Sca;I.e 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.



- 123 -

RECORD OF ANALYSIS

Progress Report 2.2B

3078-76
CCRL. _ A-1152
_Hat Creek (2.2) 21-12-76
» | ‘AIR DRIED
SAMPLE CONDITION DRIED 107 + 3°C SCREEN ANALYSIS
|Proximate Analysis ?ﬁigés A
Moisture 6.69 0.00
+ x 1/4 0.00
Ash 44.22 47.39
Yolatile Metter 1/4 x 1/8 0.82
olatile Ma .
| ‘o 25.08 26.88 1/8 x 1/16 25.85
Fixed Carbon (by Diff. :
Fixed Carbon (by Diff 24.01 25.73 1/16 x 1/32 - 28.70
Ultimate An_g]:ys]_s 1/32 x 28M 9.56
Carbon A 31.88 34,17 28M x 48M 16.61
H'ydrdgen % 2.63 2.82 48M x 0 18.46
Sulphur - % 1.01 1.08
Nitrogen % 0.68 0.73
Ash 2 44.22 47.39 Grindability Index
Oxygen (by Diff.) % 12.89 13.81 (Ha‘fiigrove,)- s : 58
Calorific Value . .
: — Equilibrium Moist
Calories per gram 2873 3079 (97% Hum),%:
B.T.U. per Lb. gross 5171 | 5542 . -
Caking Properties
By Vol. Button @ Sulphur Forms: _
: Q.
Swelling Properties Slehate ———lé———
Free Swelling Index (ASTM) Pyritic Q.38
Organic (by Diff.) 0.50
1sibili ° OXID. RED ]
Ash Fus;b;Llpy, F Total 1.0l
Initial Deformation °F| 2700+ 2570
Softening~Spherical °F 00+ ‘ ,

8 S 270 2700+ Specific Gravity in ash:
Softening-Hemispherical °F| 59004+ 2700+ ». 64
Fluid °F| 2700+ 2700+ =

ASH ANALYSIS

Component 4 ng— Component A
T . Chlorine: 0.00
15109 - 56.94 Ca0 1.51

A1203 31.38 Mg0 1.17

Fe203 7.53 503 1 10 Trace Mercury:
Mn304 ~0.03 Na20 0.47

1102 1.31 k20 0.79

205

0.12
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TEST NO: 2.2

B. C. Hydro - CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

1/ Grab SamplesZ/ Composite Sample

Size _ - 3/ 4f
Wt %Z. R.M.S. Deviation Wt % LOTI %

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

|w
-~

I+
~

"'The mesh openings for the sieves are as follows: 250U for 60 mesh,
149y for 100 mesh, 1054 for 140 mesh, 744 for 200 mesh and 44U for
325 mesh and where 1y = 107° metres. ‘
-Grab samples were taken at 1 hour intervals during the,ﬁest.

R.M.S: Root Mean Square Deviation.

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, 37 Excess Oxygen

PROGRESS REPORT 2.2C

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORXl/

SUMMARY

As explained elsewhereZ/, 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 (2.2C) 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 2.2 done on October 14, 1976.

1 ’

- Energy'Research Laboratories, Canada Centre for Mineral and Lnergy Technology
(former Mines Branch), Department of Energy, Mines and Resoutces, Ottawa,
Canada.

Z/"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.
















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°¢ 121°¢ 104 °C 493 °C 527°C 54§c
Deposition rateﬂl
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
S0, (total) '39.8 96.5 49.0 109.7 87.1 126.3
SO4 (free), by difference
NIL 43.5

NIL

a/

The deposition rate 1s given in units ofng/mz/hOur and the sampling time is 8% hours.

310day ssaix8oag

T

¢

- 0€T -

*ON 3831

AN



Sample: Deposition probes, Test 2.2, B, C. Hydro

Station { Furnace Bottom Boiler Transition Section
‘Material | s REF S REF ss | Rer
‘Mean Temperature °C 256 | 555 275 408 | 284 303
% Water Soluble - 3.5 50 | 3.5 6.5 5.1 | ===
| % Acid Insoiuble 850 | 96,1 | 72,4 76.2 | 77.0 -
Analysis , % WS AS | ws As |ws As |ws As |ws s |ws AS

S0, 1.0 0.0 1t.0 0.0 1.8

Ca 1.2 === |4.4 0.0 1.5 0.0 |5.0 0.0 |3.6 0.0

Fe 0.5 4.1]0.6 0.7 |1.2 10.6 [0.6 4.0 [0.2 2.3

Mg === 0.2 [-=- 0.1 [0.1 0.3 [-== 0.3 [0.1 0.3

K 0.0 0.0 |0.0 0.0 [0.0 0.0 |0.0 0.0 |0.0 0.0 |

Na —e= 0.1 |=2= === [0.2 0.1 [0.1 0.2 0.2 0.2

WS = water soluble

AS = acid soluble

trace-

0 z°z 3aoday ssaadoag

= TET -
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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+
Hemigpherical °C + +
Fluid °c + +

Ash Analysis %
§10, 61.40
A1,0, 30.01
Fe0, 6.54
Mn

% —
Tio

2 1.08
P205 0.08
Ca0 1.29
Mg0 1.40
803 0.14
Na,0 0.50
K0 1.08

Ccl
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Sample: Deposit from the furnace walls, Test 2.2 (A 1148 - 76)

-Ash Fus ibility Oxidizing Redu_c_ihg
Initial oG 1388 1249
Spherical °g 1482+ 1438
Hemispherical °C + +
Ash Analysis %
$i0, 59. 24
Al0, 28.66
Fe,0, 8.05
.Mh304 _
Ti0
T 02 0.99
PO 0.07
Ca0
‘ 1.34
Mg0 1.13
50, 0.11
Na,0 0.53
K0 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 °C 1482+ 1438
Hemispherical °C + 1482+
Fluid °C + +

Ash Analysis %
§10,, 59.38
A1 O

2°3 28.08
Fe 04 6.84
Mn
4 o
TioZ 1.13
PO
25 ' 0.09
Ca0 ’
1.56
Mgo 1.56
50.3 0._R3
Na,0 0.48
K0 1.03
cl L
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Sample: Deposit from transition section, Test 2.2 (A 1150 - 76)

Ash Fusibility oxidizing Reducing
Initial °c 1421 1249
Spherical c 1482+ 1471
Hemispherical °C 1482+ 1482+
Fluid °C + ' +

Ash Analysis %
$i0, 58.35
Al0, 27.65
Fe)04 6.86
Mn 0, | —

T

10, 1.01
P05 0.09
Ca0 1.19
Mg0 1.48
S0, 0.37
Na 20 0.45
K0 1.00
cl L
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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 °C 1349 1149
Spherical °C 1482+ 1449
Hemispherical °C 1482+
Fluid °C +

Ash Analysis %
§10, 57.50
AL, 27.58
2% 7.22
Mn,0, o
Ti0

2 1.05
P205 0.09
Ca0
1.45
Mgo 1.13
S0, 0.55
a0 0.47
KZO 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 "A'" Raw Coal
Kiln-Dried Twice, 37 Excess Oxygen

PROGRESS REPORT 2.2D

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY

2/

As explained-elsewhere—', the results of this joint'pfogram afe
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 last. 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

“l/Enétgy Research Laboratories, Canada Centre for Mineral and Energy
" Technology (formcr 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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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.

AIR HEATER

PARTICLE SIZE (Micrometers) 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 }>Sieve 7.1 11.6

+ 74.0 _ 1.0 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
Hydrogen

30.60
2.58

Sulphur 1.12

1

Nitrogen
Ash

Oxygen

0.62
52.08
13.00

B
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Target combustion conditions

for 37 02 in flue gas

|

|
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FIGURE 1:

Combustion Calculations
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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
ATR-DRIED AND KILN-DRIED, 5% EXCESS OXYGEN

PROGRESS REPORT 3,1A

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY L/

INTRODUCTION

By an agreement between the B.C. Hydro and Power'Authority
(B.C. Hydro) and the Canada Centre for Mineral and Energy Technology7(CANMET);
a series of combustion tests are Seing done at the Canédian Combustion Research
Laboratory to assess the Suitabiliﬁy of Hat Creek coal as a boiler fuel for
thermo=electric generation. A previous report-zldeécribes the bbjectives df
the program, the pilot-scale equipment, the procedures and method of reporting

results.

This progress report summarizes the data immediately avallable from

Test No. 3. 1, which was done on October 18, 1976.

: i-/Energy Research Laboratories, Canada Centre for Mineral aﬁd Energy Technolbgy'
(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 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 57 (approx
25% excess air), and the target coal feed rate was 134 kg/hr, which corresponds

to a heat input of apﬁroximately 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 thé 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 fall into the furnace-
bottom. When removed by means of normal ash dumping routine, they were found

to be dark grey in colour, suggesting a significant carbon content.’

At 1045 hr, roughly % of the projected throat area was blocked by
sinter, with the heaviest deposits being in the southwest cormer and‘On the
west side of thé‘furnace, at or slightly below the.level of the burmers.. ‘
Half an hour later, the deposits had almost completely closed the throat
from all sideés. They were then physically removed with a poker by working
through the top of the furnace. They came loose'from the walls fairly easily,
and about. 40 litres of ash were removed in the next ash dumping cycle, although
some ash temained on the dump plates. The flame was then hazier, and the
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 % ofvthe;projeeted throat
area. The heaviest deposits were on the east wall and in the southwest corner.
The furnace-bottom was half filled with ash which had bridgeduto'thé.éxtent
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 substantial layer of sinter whiskers was visible on the walls

of the furnace-bottom.

Combustion conditions continued to be good, but the deposits below
the throat continued to grow until the test was completed at 1545 hr. Then,
they blocked 2/3 to 3/4 of the projected throat 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 cornmer.
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 this was probably due to the distorted oil flame at shutdown. '
The refractory transition section probe had a 1 mm thick layer

of yellow dust on the downstream side.
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TABLE 1
OPERATING DATA

Test No. 3.1

Progress Report 3.1A
Revised 18/11/76

5 %

18/10/76

Parameters

Station Obs.

(R.M.S. Dev.)

Comments

Test Duration
Firing Rate
Moisture Content of Coal
" 1" 1" 7"
Combustible " nwon
Ash Dumping Frequency
PULVERIZER OPERATING CONDITIONS
a) Inlet Air Pressure
b) Outlet Air Pressure
¢) Inlet Air Temperature
d) Outlet Air Temperature
e) Coal Fineness
BOILER OPERATING CONDITIONS
a) Steam Flow
b) Steam Pressure
¢) Combustion Air Temp.
d) Furnace Pressures
Furnace
Inlet
Boiler Exit
Primary (Coal) Air L
" R

Secondary (Windbox) Air L
”" R

FLUE GAS ANALYSIS

a) co,

b) 02

c) CO
d) NO
e) SO2
£) SO3

g) Acid dewpoint

FLUE GAS TEMPERATURE

a) Furnace Exit

b) Boiler Exit

c) Precipitator Entry

SUCTION PYROMETER TEMPERATURES
a)
b)
.¢©)
FLY
a)
b)

ASH

Loading

Resistivity
"

c)

d)

Precipitator efficiency
Combustible content of

NN WNW NN =

S o

O 00

16
15
17

18

~ ash collected from precipitator

7 hours

132(5) kg/hr

16.3 A

3.2(0.6) A

64.2 %

once every 1 hour
244(14) mmH20

181 (3) mmH,O
191(10) o

75 (4) °c

87%- below 200 mesh

530(13) kg/hr
2.84(0.09) atmosphergs

182(17) C
35(13) uwmH,0

34(12) omH;0

16 (6) muH,0

118 (5) mmHo0

127 (4) mmH,0

53(15) muH,0

54(16)  mmH,0
16.9(0.4) A
5.1(0.1) y 4
115(24) ppm

595(57) ppm

967 (45) ppm
3.3(0.4) me

34 (4) C

631(9) °¢c

236(6) ¢

159(15) %

1054, _ 960 2C
949, _ 790 o
854, __ 800 C
3

9100(890) mgms/m
8.3x10'°Q em at 321°C
5.4(2.1)x10*'Q cm at 157°C
90(4) %

4.0(0.4) y

feed to pulverizer

feed to furnace

dry weight

Total ash dumped'138 kg,

equivalent to 1236 kg coal,
initial 264, final 228

oversize, 8.1%7 140 mesh
" , 13.0Z 200 mesh
" » 63.27 325 mesh

initial 43, final 23
" 43’ " 23
" 20’ " 13

initial 63, final 38
" 66, " 41

readings taken in
second and third
two hour period

measured at 20°C

, 1.5 x 10'! Q em at 120°%C




TABLE 2
DEVOSTLTON. PRODES

- 69T -

Stattlon Deposition : ' Temperature ‘¢ 4 v Description of
’ ‘ mean RMS inin, max. initial final Deposit
g . | Probe broken
o ¢ceramic ‘25 mm thick brown crust
2 all around. '
g 19 3 mm thick mauve powder, adhered
& - : d 1 mm thick, tan’
=] tainle upstream and 1 ,
5 stain.less 444 43 358 505 484 460 powder downstream.
By = "
7 Grey powder, 3 mm thick,
" ceramic 860 58 723 903 855 878 ~adheres weakly.
=} Grey powder, 1 mm thick,
e stainless | 462 92 343 585 469 466 |adheres weakly upstream.
§ Tan powder, 1 mm th4ck,
g ceramic 626 14 = 624 666 660 630 easily brushed off.
@
.§ 20 .
o : _ Beige dust, 1 mm thick,
% stainless 505 32 466 543 576 466 slightly darker downstream.
o .
.

T VI'€ 3aodsy ssaaBoig
: T°¢t -oN ﬁsal
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COAL ANALYSES FOR PILOT-SCALE COMBUSTION TESTS
BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

Hat Creek "A" Washed Coal
Air-Dried and Kiln-Dried, 57 Excess Oxygen

PROGRESS REPORT 3.1B

by

' THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY

As explained elsewherezl, the results of this joint program are
‘reported in a series of four reports numbered A to D for each of the 18
‘édmbustion 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.

-

i/_.E‘nergy Research Laboratories, Canada Centre for Mineral and Enérgy Technology
(former Mines Branch), Department of Energy, Mines and Resources, Ottawa,

Canada.

z/""-Pilo.t:-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

Progress Report 3.1B

3079-76
Hat Creek (3.1) 7 23/12/76
AIR DRIED
SAMPLE CONDITION - DRIED 107 + 3°C SCREEN ANALYSIS
, Mesh
Proximate Analysis Inches A
Moisture 15.32 0.00
Ash 25.63 30.97 + x 1/4 0.00
s . .
1/4 x 1/8 2.86
Volatile Matter
. . 28.07 1  33.1> 1/8 x 1/16 34.02
Fixed Carbon (by Diff.) 30.98 36.58 1/16 x 1/32 12.15
Ultimate Analysis 1/32 x 28M 10.13
Carbon % 40.58 47.92 28M X 48M 11.91
Hydrogen q 2.89 3.41 48M x 0 8.93
Sulphur pA 1.02 1.20
Nitrogen % 0.81 0.96
Ash s 25.63 30.27 Grindability Index
Oxygen (by Diff.) % 13.75 16.24 (Hardgrove): b4
Calorific Value .
. Equilibrium Moist
Calories per gram 3771 4453 (97% Hum),%:
B.T.U. per Lb. gross 6788 8016
Caking Properties
By Vol. Button @ Sulphur Forms:
Swelling Properties Sulphate 0.1z
Free Swelling Index (ASTM) Pyritic 0.29 |
Organic (by Diff.)0.61
ibili ° OXID. RED . - 1
Ash Fusibility, °F Total 1.02
Initial Deformation °F| 2660 2510 ]
Softening-Spherical °Fl 2700+ 2670
. . . o Specific Gravity in ash:
Softening-Hemispherical "F|{ 2700+ 2700+ 0
. 3 2.7
Fluid FI 2700+4] 2700+
ASH ANALYSIS
Component V4 Component %
S109 53.57 a0 9.57 Chlorine: 0.01
Alzgs 28.76 Mg0 1.34
Feq03 S03 Trace Mercury:
i
TiO2 * K20
P205 1.63 0.73
0.20
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TEST NO: 3.1

B. C. Hydro - CANMET Joint. Program

TABLE 2

Size Analysis of Pulverized Coal

1/ Grab SamplesZ/ Composite Sample
Size 2/ ' ﬁ/
Wt 7 R.M.S. Deviation Wt 7 LOTI 7
60M
60M x 100M 1.9
100M x 140M 7.2 | 76.5
140M x 200M | 8.4 2.9 8.5 | 32‘..5
200M x 325M | T33.4 | 67.4
325M x 0 49.0. | 58.6

lw ™
~ 0~

I
~

The mesh openings for the sieves are as follows: 250u for 60 mesh,
149y for 100 mesh, 1054 for 140 mesh, 74y for 200 mesh and 44u for
325 mesh and where 1y = 106 metres.

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

R.M.S: Root Mean Square Deviation.

Loss on ighitioh; 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, 57% Excess Oxygen

PROGRESS REPORT 3.1C

by
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY

As explained elsewhereg/, 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.

1/

— Energy Research Laboratories, Canada Centre for Minmeral and Energy Technology
(former Mines Branch), Department of Epergy, Mines and Resources, Ottawa,
Canada. '

2-/"Pilot—Sc:ale 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 Capadian Combustion
Research Laboratory, Energy Research Laboratories, Canada Centre for Mineral
and Energy Technology, Department of Energy, Mines and Resources, Ottawa,
Canada. October 1976.















B. C. Hydro - CANMET Joint Program

RATE OF DEPOSITION OF WATER SOLUBLE MATERTALS ON CORROSION AND QEPOS_ITION' PROBES

Low Temperature : High Temperature
Probe Temperature 138 % 121 °c 104 °c M\l.OC 46~2°C 505°C
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 - |
S0, (total) 203.6 202.2 145.5 84.9 152.3 54.5 -
Vo]
3 :
SOI’ (free), by difference ' .
147.9 125.9 104.1 !
d
o
a/ The deposition rate is given in units ofmg/mz/hour and the sampling time is 83 hours. E
®
o o
o ®
o e
[o]
o=
)
w o
= |-
Q
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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 %
810, 54.69
A1,0, | 26.15
F

€03 8.13
Mn,0, ——e
Ti0
2 1.15
PO 0.12
Ca0
2.03
Mgo _1.23
803 * no sample
Na 0 0.51
K0 0.84
cl
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_Sample: Deposit from furnace walls, Test 3.1 (A 1191 - 76)

Ash Fusibility Oxidizing | Reducing
Initial °C
Spherical °Cc ‘ : ' >
: V.Hemié'p'herical °C |
Fluid °c
Ash Analysis ‘ %
510, | 56,29
AL0, | 27.41
wno, |
Ti0
2 1.16
05 0.11
Ca0 |
| 2 04
Mgo _1.13
SQ3 no sample
Na,0 0,54
K,0 1.13
¢c1
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Sample: Deposit from Electrostatic Precipitator, Test 3.1 (A 1160-61-62)

Ash Fusibility Oxidizing Reducing
Initial °C 1249 1188
Spherical °Cc 1454 1349
Hemispherical °C 1482+ 1410
Fluid °C + 1471

Ash Analysis yA
s10, 55.55
Al D ,

23 25.70
Fe0s 7.29
Mn

3% o
Ti0, 1.56
P0s : ' 0.18
Ca0 : 2.98
Mgo 1.39
303 0.96
Na,0 | 0.61
K0 0.92
Cl
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Sample: Dpeposit from tube sheet between 2nd and 3rd passes of air heater,
Test 3.1, (A 1194 - 76) '

Ash Fusibility Oxidizing Reducing
Initial °c 1327 | 1232
Spherical °c 1477 1377

1482+ 146

Hemispherical °c . Tweer 1460
+ 1482
Fluid °c 3

Ash Analysis

S0, 55,27

2
1, 25.91
Al,04
9.80
Fe,0,
Mn,0
34 1.31
T10, 7
0.04
P,0s
Ca0 7 2.43
Mg0 , 1.90
503 | ’ 0.61
0.96
K,0

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, 57 Excess Oxygen

PROGRESS REPORT 3.1D
by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY

As explained elsewhereg/, 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

1

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

2-/"Pilot-Sc'ale 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:ﬁheet
between the second and third passes of the air heater and for fly asﬁ
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 0.8
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 3 4.2,
5.046 - 6.35 Coulter , 0.9 5.9
6.35 - 8.00__,r Counter 1.9 : 1.5
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 J 14 1.1 ,
44.0 - 74.0 }Sieve ‘ 10.0 4,9 |
+ 74.0 0.7 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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X-ray Diffraction Analyses of Fireside Deposits from Test 3.1,

"A —washed" coal from Hat Creek.

Furnace Bottom Ash Mull, Crist, Lime (tr)
i (1190 76-434)
l Under Flame Probe Deposit Heém, Mull, Crist, Mag, Feld (tr)
i (1184 76-448)
| Furnace Probe Deposit Hem, Mag, Mull

(1186 76-449)

‘ Transition Probe Deposit Hem, Crist, Mag, Qtz, Amorph
| (1188 76-450)

Abbreviations of Constituents:

Feld Feldspar (Anorthite) CaoO. A1203 . ZSiO2
| Qtz Quartz SiO2
| Crist Cristobalite Si0,
| Mull Mullite 3A1203.28:i.02
Hem Hematite Fezo3
Mag Magnetite Fe304 (or spinel-type close to this composition)
Lime Lime CaO
Amorph Significant amorphous material present
Notes:

There is littlé 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

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

collected by the CCRL dust sampler were examined.

Sample
Sample
Sample
Sample
Sample

Sample

Procedures:

. 1)

2)
3)
4)
5)
6)

CCRL
CCRL
CCRL
CCRL
CCRL
CCRL

980 Test 1.
1092 Test 2.
1190 Test 3.
1278 Test 4.
1360 Test 4.

986 Test 1.

1
1
1
1
3
1

Sundance bottom ash.

Hat Creek A-raw, bottom ash
Hat Creek A-washed, bottom ash
Hat Creek B-raw, bottom ash
Hat Creek B-raw, bottom ash

Sundance fly ash.

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

O-alumina as reference material.

Pt/137 Rh thermocouples were held

with their beads denting the bottom of the pans.

Results:

Sample 1) No peaks were observed.

direction at 136000.

The baseline shifted in the exothermic’

When cool, the sample was dark and glassy.

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

direction at 145000. When cool, the sample was brown-black opaque,

and very hard.

Sample 3) No peaks were observed.

direction at 1340°C.

The baseline shifted in the endotﬁermic

When cool, the sample was blaCk‘with‘brownv‘

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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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 0Oxygen

PROGRESS REPORT 3.2A

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYi/

INTRODUCTION

By an égreemeﬁt betweeh'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 tlie ‘Canadian Combustion ReseérchfLaboratory
(CCRL) to assessrthe:suitability of Hat Creek coal as a boiler fuel for -
thermo-electric generation. A previous reportg/ describes the objectives of
the program, the pilot-scéle equipment, the procedures and method of reporting
resuits. o ' o

This progress report summarizes the data immediatélywavailable,from

Test No. 3.2, which was done on October 20, 1976.

l/Energy Research Laboratories, Canada Centre for Mineral and Energy Technology
(former Mines Branch), Départment of Energy, Mincs 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. 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 37 (approx 157 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 % 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 flameé was fairly transparent and the furnace-bottom walls could
be seen intermittently when viewed through the sight port at the top of the
furnace. Many small embers could be seen in the furnace-bottom, bﬁt'none wefe:
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 transitién 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 approkimately'half of the projected throat afea. They were r
knocked 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
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. -

Dgposi;iqh 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 deﬁosit |
of sinter 15 mm thick and 25 mm long hanging from the undefside\qf 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,tﬁese‘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 cﬁ 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 duét'was,in two distinét layers; The bottom layer was
approximately 3 cm thick and coloured grey. The:fopflayer 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

furnace-bottom. The exposed surfaces were clean.

The furnace-bottom 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 transitioen 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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OPERATING DATA

Test No. 3.2..
rProgreés Report 3.2
~ Revise 18/11/76

2

3 -z
20/10/76 ©

Parameters

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

Comments

Test Duration
Firing Rate
Moisture Content of Coal
1) " 11 1]
Combustible " ven
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
1] R
Secondary (Windbox) Air L
” ) R
FLUE GAS ANALYSIS
a) CO2
b) 02
c) CO
d) NO
e) 802
£) S0%
8) Dewpoint
FLUE GAS TEMPERATURE
a) Furnace Exit
b) Boiler Exit
¢) Precipitator Entry
SUCTION PYROMETER TEMPERATURES
a)
b)
c)
FLY ASH
a) Loading at precipitator
b) Resisgtivity
"

Precipitator efficiency
Combustible content of

 c)
‘d)

6 hours
122.5(3.6) kg/hr
1 16.5 yA
2 1.8(0.6) %
2 " 68(1) 4
once every —— hour
3 269(5) om0
2 231(4) mmH<0
3 181(6)  of
2 77¢4)  °c
2 74(8)7% below 200 mesh
6 583(30) kg/hr
6 2.96(0.04) atmospheres
4 185(7) °c
10 32(5) mmH,0
11 33(5) mmH 0
12 16 (3) mmHZO
5 140(6) mmH0
5 : 153(6) mmHZO
4 - 42(9) 0
4 40(7) u=mH,0
11 16.4(0.4) p4
11 3.2(0.3) y4
11 231(82) ppm
13 608(9) ppo
14 1000(54) ppm
14 2.7(0.5) ppm
18 41(2) C
11 601(17) °¢c
12 284(10) %
16 153 (7) °c
7 930, 1002 'gc
8 633, 848 C
9 578, 812 c
16 10400(1100) mgms/m3

15 6.0.x 10!’ Q cm at 265°C
172.0(0.1)x10'! Q em at 150°C
18 89.8(1.6) Z

18 5.6(0.7) %

“ash collected. from precipitator

feed to pulverizer

feed to furnace

dry weight :
 Total ash dumped = 88 kg,

equivalent to 1131 kg coal.

oversize, 22.0% >140 mesh’
" ,25.97 >200 mesh
" ,55.0% >325.mesh

readings taken in
second and third
two hour  period
o
measured at 20 C

1.2 x 10'! Q em at 123°%C




TABLE

DEPOSITION PROBES

2

Station | Deposition Temperature °c Description of
‘ mean RMS min. max. initial final Deposit
Dev.

g , .
S ‘ Orange coloured sinter, 1 mm
o ceramic 1058 (74) 930 1162 1076 1162 | thick, even, easily brushed off.
/M
S 19 Beige scale, upstream, washed
E " stainless PROBE BROKEN 26 off easily with H,0, covered by
3 : 1 mm thick tan coloured dust,eveh.

cerami Tan coloured sinter, 1 mm thick,
9 eramic 774 (76) 682 910 910 858 |even, easily brushed off.
o
E 9 Grey scale, upstream, removed by
& ' H20, and tan powder, 12 mm thick,

stainless 527 (38) 451 576 532 576 |downstream, easily brushed off,

all covered by grey dust, even. |

& _
- Tan coloured scale, 1 mm thick
FS] 6 b4 ’
9 ceramic 12 (16). 392 628 394 628 easily brushed off, upstream.
[72]
g 20
“ Tan coloured powder, 12 mm thick
ol downstream, 1 mm thick upstream,
g stainless 545 (29) 564 579 464 563
&

easily brushed off.
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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 "A" Washed Coal
Air-Dried and Kiln-Dried, 37 Excess Oxygen

PROGRESS REPORT 3.2B

by .

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYl/

SUMMARY

As explained e1$ewhereg/, the results of fhis joinf program are
reported in a series of four reports numbered A to D for each of’theZLS
combustion tests which make up the program. This progress report'(3.ZB)_
.presents coal analyses and size distribution of the pulverized coal burmed

in test 3.2 done on October 20, 1976.

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

E/UPilotrScale 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

Progress Report

3.2B

3080-76
Hat Creek (3.2) 23/12/76
’ ' AIR DRIED
SAMPLE CONDITION DRILD 107 * 3°C SCREEN ANALYSIS
Proximate Analysis ?ﬁz:es %
Moisture 14.18 0.00 :
+x 1/4 0.00
Ash 25.53 29.75
Volatile Matter 27.99 32.61 L4 s 118 2”18
. by Diff.) 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 48.19 284 x 48M 10.82
Hydrogen y, 2.89 3.37 48 = 0 8.63
Sulphur A 1.03 1.20
Nitrogen % 0.82 0.96
Ash - AL 29.75 Grindability Index
Oxygen (by Diff.) pA 14.19 16.53 (Hardgrove) : 44
Calorific Value
s ‘ ‘ : Equilibrium Moisvt
Calo?les per gram 3864 4502 (97% Hum),%:
B.T.U. per Lb. gross 6955 8104
Caking Properties
By Vol. Button @ Sulphur Forms:
: 0.12
Swelling Properties Sulphate _
Free Swelling Index (ASTM) Pyritic o 0.31 |
= > Organic (by Diff.) 0.60
ibilit °F OXID. RED -
Ash Fusibility, °F v Total 1.03
Initial Deformation °F{ 2620 2420 )
Softening-Spherical °F| 2700+ 2690
) . Specific Gravity in ash:
Softening-Hemispherical "F| 9700+ 2700+ ' ' 2.65
Fluid °F| 2700+ 2700+ |
ASH ANALYSIS
Component A ﬂ Component A 0.0
I h1 ine: .01
$i02 55.63 Ca0 2.53 Chlorine
Al303 30.13 MgO 1,04
Fe03 2 oy | S03 2.12 Trace Mercury:
1Mn304: Na20 0.54 '
. 0.02
Ti02 1.70 K20 0.74
P205 0.19
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TEST NO: 3.2

B. C. Hydro — CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

1/ Grab Samplesg/ Composite Sample

Size 3/ 4/
Wt 7 R.M.S. Deviation Wt 7 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 O 45.0 2.5 44.7 61.8

|w
~

| &
~

The mesh openings for the sieves are as follows: 250u for 60 mesh,
149y for 100 mesh, 1051 for 140 mesh, 74U for 200 mesh and 44p for
325 mesh and where 1 = 10~® metres.

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

R.M.S: Root Mean Square Deviation.

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

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY

As explained elsewhereg/, 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 (3.2C) 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 3;2 done on October 20, 1976.

1 ' . . ‘

—/Energy Research Laboratories, Canada Centre for Mineral and Encrgy 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 lc Furnace bottom and burner deposition probes. Air

cooled probes on right. Refractory probes on left.

FIGURE 1d 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.

322C







B. C. Hydro - CANMET Joint Program

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

Low" Temperature

High Temperature

Probe Temperature 138°¢ 121.°% 108c 474 °¢ 527°¢ ' 545°C
Deposition rate—a-/
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
S0, (total) 81.2 96.5 42.8 39.2 272.2 69.7
SO4 (free), by difference
NIL NIL

NIL

a/ The deposition rate is given in units of’:mg/mz/-hour and the sampling time is 8% hours.

330dsy ssa1801g
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Sample: peposition 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 —— 2.1 ——— 3.4 | e
Acid Insoluble 80.1 — 69.3 —— 78.5 ——
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 solpble
AS = aclid soluble
=== = trace

0 Z°€C :Jodaﬁ ssaadoag

- 88T -
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Sample: ©Deposit from furnace bottom, Test 3.2 (A 1235 - 76)

Ash Fusibility ~ Oxidizing Rgduc‘;i_rixg— '
Initial .  °C 1321 1232
Spherical °¢ 1482+ 1421
Hemispherical °C 1482+,
Fluid °C + +_

Ash Analysis yA
si0, 56.52
_ .A12°3 26.64
Fe0s 8.04
Mn_0,
3% ----
i .
110, 1.22
P.O '
2°5 0_08
Ca0
' 2.26
Mgo 1.55
503 no sample .
Na,0 0.56
K0 0.82
cl L
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Sample: Deposit from furnace walls, Test 3.2 (A 1236 - 76)

Ash Fusibility -Oxidizing .Redu¢ing
’initial | °C .. 1260 1199
Spherical °C 1449 1321
Hemispherical °C . 1482+ 1399
Fluid °c + 1460

Ash Analysis %
si0, 54.87
A1 0

23 25,31
Fe.:20 3 ,8:,. 85
Mn,0, o
Tio, 1.43
PO '

25 0.16
€a0 2.76
Mgl 1.67
so, 1.08
Na 0 0.68
R0 1.10
c1 —
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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 . °c 1282 1216
Spherical °c 1471 : i 1388
Hemispherical °c 1482+ ‘ 1482+
Fluid °c + _+
Ash Analysis

- sto, 56.18

AL,0, 27.13 :

Fe203

30, ——

40, . 1.
T10, _ 1.36
0.1

P05 3.
Ca0 . 2.66
Ngo ___1.50
503 0.58
NaZQ . —0.33
0.90
K,0.

c1 ===




- 192 -

Progress Report 3.2 C

Sample: Deposit from electrostatic precipitator, test 3.2 (A 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 %

510, 55. 54
'A1203 25.49
Fels 6.73
Mn 0, o
TiO

2 1.84
PZOS 0.21
Ca0 3.49
Mgo 1,84
S0, 0.96
Na,0 0.78
K0 1.10

cl
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Progress Report

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

PROGRFSS REPORT 3.2D

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYI/

SUMMARY

3.2D .

As explained elsewhereg/, the results of this joint progfamvaré

fepbrted in a series of four reports numbered A to D for each of 18féoﬁbu$tionf

tests which make up the program. This progress report (3.2D) is the . last of:

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

vproducedﬂin test 3.2 done on October 20, 1976.
1. Particle size distribution of fly ash

2. Combustion calculations

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

2 )
—/"PilotAScale 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 ) | — | 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
5.06 - 6.35 | Coulter , 0.6 5.8
6.35 - 8.00 > Counter o 1l.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 - 32.0 142 4.7
32.0 - 40.3 6.0 1.8
40.3 - 44.0 | 0.1 . 2.8
44.0 - 74.0 }>Sieve - 161 5.8
© .+ 74.0 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

welght per cent.
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Ultimate Analysis

Carbon 47.92
Hydrogen 3.41
Sulphur 1.20
Nitrogen 0.96
Ash 30.27
Oxygen 16.24

Progress Report 3.2D
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PILOT-SCALE COMBUSTION TESTS
BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET
JOINT PROGRAM
HAT CREEK "B" RAW COAL
RILN-DRIED TWICE, 57 EXCESS OXYGEN

PROGRESS REPORT 4.l1A

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-l/

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 Camadian Combustion Research
Laboratory to assess the suitability of Hat Creek coal as a boiler fuel for
thermo-electric generation. A previous repOrt-g/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.

l/Energy Research Laboratories, Canada Centre for Mineral and Energy Technology
(former Mines Branch), Department of Energy, Mines and Resources,
Ottawa, Canada.
-g/"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. 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 8.67. The
target level of excess oxygen in the flue gas was 5% (approx 257 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 cm. All of the

4.1A

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;
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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 transitidn 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 acroés 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 3 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 quénch 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, % 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 vigible 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 em 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 mnearly 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 furnace-bottom, was free of sinter.

The refractory probe in the furnace had some sintered dust on the

underside.

The air-cooled probe in the furnace appeared to have 3 to 5 mm of

sinter on the underside.

The refractory probe in the transition section had a thin layer of
unsintered dust slightly upstream of the top surface, over approximately 60°

of the circumference.

The air-cooled probe in the transition section, had a layer of tan-

coloured dust, 1 to 2 mm thick, on the downstream surface. There were

indications that part of the deposit had fallen off.
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TABLE 1

OPERATING DATA

EXCESS 0, 5

Test No. 4.1

Progress Report 4,1A
Revised 18/11/76

COAL _HAT CREEK COAL "B" RAW ) 4
DRIED TWICE. 22/10/76
Parameters Station Qbs. (R.M.S. Dev.) Comments

Test Duration

Firing Rate

Moisture Content of Coal
1"t " 1] "

Combustible " mon

Ash Dumping Frequency

PULVERIZER OPERATING CONDITIONS

a)
b)
c)
d)
e)

Inlet Air Pressure
Outlet Air Pressure
Inlet Air Temperature
Outlet Air Temperature
Coal Fineness

BOILER OPERATING CONDITIONS

a)
b)
c)
d)

Steam Flow
Steam Pressure
Combustion Air Temp.
Furnace Pressures
Furnace
Inlet
Boiler Exit
Primary (Coal) Air L
" R .
Secondary (Windbox) Air L
" R

FLUE GAS ANALYSIS

a)
b)
c)
d)
e)
f)
g)

002
02
co

NO
SO
SO2

Ac%d dewpoint

FLUE GAS TEMPERATURE

a)
b)

c)

Furnace Exit
Boiler Exit
Precipitator Entry

SUCTION PYROMETER TEMPERATURES

a)
b)
c)
FLY
a)
b)

c)
d)

ASH

Loading

Resistivity
”

Precipitator efficiency
Combustible content of

NN W W NN

S oo

\O 00 ~J

16
15
17
18
18

ash collected from precipitator

7 hours

135(2) kg/hr

8.6 e

0.9 4

60.2(0.9) 7
once every —— hour
281(5) mmH20

235(5) mmH.O

190(3) o
100¢2) °c

75(7)% below 200 mesh

608(13) kg/hr
3.03(0.04) atmospheres

183(4) °c

40(4) mmHZO

37(2) mmH20

20(2) mmHZO

152(6) mmH,0

164(6) mmH20

60(6) mmnzo

59(5) mmHZO
14.9(0.3) A
5.1(0.1) Z
218(125)  ppm
519(141)  ppm
937(80) pPp
1.8(0.4) PRR

32(2) C

601(20) °c

286(4) .°c

157(3) °c

1006, 1070 C
7, c
781, _ 803 °c
12900(3800) mgms/ 3

3.7(2.2)x10'°Q cm at 260 c

feed to pulverizer

feed to furnace

dry weight

Continous, knock:down every

th .
Totaie sRogagped 98.7 kg
equivalent to 1253 kg

coal

oversize,19.97 >140 mesh
" ,24.8% >200 mesh
" ,67.8%7 >325.mesh

readings taken in
second and third
two hour period

measured at 20°C

3.2(0.8)x10!!'Q cm at 157° C; 6.7 x10'% Q cm at 123%

88.6(4.7) Z
3.8(0.3) yA



TABLE 2

DEROSTILON PROBLS

{Station

Deposition

mean

Temperature

min.

max.

°c

initial

final

Deseription of
Deposit

19

Furnace Bottom |-

ceramic

1101

1044

1161

1099

1044

75 mm of probe tip broken,

12 mm thick brown crust, upstre

1 mm thidck brown crust, down- af
stream.

stainless

534

32

484

579

579

518

Grey scale, upstream, covered by

3 mm tan powder upstream,covered
by grey powder % mm thick

Furnace
O

ceramic

784

54

712

860

813

730

grey coloured scale, upstream,
1 mm thick.

stainless

538

85

405

700

635

576

Grey scale, upstream, 1 mm thick
covered by beige powder, 1 mm
thick, upstream, covered by % mm
re owder, even.

.20

Transition Section

ceramic

601

14

577

619

585

619 -

Grey~-tan powder,  upstream and
top side, 2 mm thick, easily
brushed off.

stainless

536

18

. 507

561

507

549

Grey glaze upstream, 1 mm,

tan powder downstream (some had
fallen off), covered by grey
powder, 1 mm downstream.

"?T'V azodaﬁ'SSBJSoxa
TI°4 °ON 3IS3L

- 407 -
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COAL ANALYSES FOR PILOT-SCALL COMBUSTION TESTS -
BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

‘Hat Creek "B" Raw Coal
Kiln~Dried Twice,HSZ'Excess Oxygen

~

PROGRESS REPORT 4.1B

by .
THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYl/

SUMMARY

" As explained élsewhereZ/, 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. 7 A

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

gl"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

Progress Report 4.1B

3098-76
CCRL A=124Q
Hat Creek "B-Raw" (4.1) 2/1/76 —
AIR DRIED
SAMPLE CONDITION DRIED 107 * 3°C SCREEN ANALYSIS
Proximate Analysis ?ﬁiges %
Moisture 7.06 0.00
Ash 34.79 37.43 |14 0.0
S L] L]
1/4 x 1/8 0.35
Volatile Matter 30.79 33.13 1/8 % 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 7 39.13 42.10 30M x 50M 19.95
Hydrogen % 3.05 3.28 50M x O 20.91
Sulphur 7% 1.02 1.10
Nitrogen % 0.86 0.93
Ash % 34.79 37.43 Grindability Index
Oxygen (by Diff.) % 14.09 15.16 (Hardgrove): 48
Calorific Value
Calories per gram 3649 3926 Equ1l?g;;u:u$§1;F
B.T.U. per Lb. gross 6568 7067
Caking Properties
By Vbl. Button @ Sulphur Forms::
3 0.
Swelling Properties Sulphate ———ll———
Pyritic 0.51
Free Swelling Index (ASTM) =
Organic (by Diff.)0.40
Ash Fusibility, °F OX1ID. RED Total 3??;;___
Initial Deformation  °F| 2620 2480 ]
Softening-Spherical °F| 2700+ 2600
S Specific Gravity in ash:
Softening-Hemispherical "F| 2700+ 2660 ) 2.76
Fluid °Fl 2700+ 2700+
ASH ANALYSIS
Component % Component 7% _
$102 48.24 Ca0 3.82 Chlorine:
Al1203 29.14 MgO 1.10
Fe203 11.11 S03 3.62 Trace Mercury:
0]
o e
: 1.18 0.37
F205 0.37
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TEST NO: 4.1

B. C. Hydro - CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

1/ Grab SamplesZ/ Composite Sample
Size 3/ 4/
Wt 7% R.M.S. Deviation Wt 7% LOI 7
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 26.2 | 60.2
325M x 0 28.0 18.1 46.9 54.6

The mesh openings for the sieves are as follows: 250U for 60 mesh,
149 for 100 mesh, 1051 for 140 mesh, 74u for 200 mesh and 44y for
325 mesh and where 1lu = 1076 metres.

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

R.M.S: Root Mean Square Deviation.

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, 57 Excess Oxygen

PROGRESS REPORT 4.1C

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORXE/

SUMMARY

As explained elsewherez/, 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 af ash
deposits collected on probes and the chemical analyses of various ash forms

produced in test 4.1 done on October 22, 1976.

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

Canada.

2-/"lelot—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.















-B. C. Hydro - CANMET Joint Program

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

Low Temperature

High Temperature

Probe Temperature 138°¢C 121°¢ 104°c 534 °C 538°C 536 C
Deposition rategl _
Fe 48.2 60.7 41.2 2.1 16.8 5.7
Na 1.12 .89 .89 1.3 4.2 1.6
Ca 5.3 3.9 4.3 46.9 89..0 45.3
50, (total) 232.7 203..6 159.2 91.4. 392.0 76.3
SO4 (free), by difference
- 129.5 83.3 73.4- 92.5

f

5! The deposition rate is given in uniqsofmg/mzlhOUr and the sampling time is 8% hours.

- 417 -
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Progress Repofﬁ éﬁl (o

Sample: Deposit from the furnace bottom, Test 4.1 (A 1278 - 76)

o

: ~-*Ash Fusibility ‘Oxidizing - Reducing
 Initial = °C 1343 1249 .
Spherical °c 1482+ 1410
Hemispherical °C + . 1482+
" Fluid . °c + + .
Ash,Anaiysis %
-+ 810, 52,77
AL1,0, 28.01
Fe 0, 10.79
Mn.O0,
3% ——v
T102 0.96
PO
2°5 0.23
Ca0 3.71
Mgo 1.44
503 .—Tno sample .
Na,0 0.29
K0 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 14824 1449

Ash Analysis %
§10, 51.13
Al2(’3 27.67
Fe)0, 12.73
Mn,0, —
Ti0, 0.95
ons 0.28
Ga0 4,20
Mgo 1.42
SO3 1.64
Na 0 0.31
K0 0.45

cl




Deposit from .sheet between 2n

Sample: (x"1287 - 76)
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d and 3rd passes of air heater, Test 4.1

Cl

‘Ash Fusibility Oxidizing Reducing
Initial °c 131D 1221 -
Spherical °c 1438 1336
Hemispherical  °C 1460 1449

1482+ 1482+ .
Fluid °c 482 1482+
" Ash Analysis
sio, 50.07

A’ 27.01

AL,0, _

Fe., 13.31

Fezo3

¥n0, e

ST 0.96

T10,

- 0.32
P05

Ca0 4.67
Mg0 1.22

7503 _ 091

‘ 0.28

NaZO =

0.46
K,0
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Sample: Deposit from electrostatic precipitator, test 4.1 (A 1248-49-50)

Ash Fusibility Oxidizing | Reducing
Initial °c 1288 1249
Spherical °c 1432 1343
Hemispherical °C 1471 1410
Fluid °c 1482+ 1471

Ash Analysis %
810, 50. 26
Al,0, 27.03
e% 9.38
Mn 0, ____

i
110, 1.20
PZOS 0.35
Ca0
_5.04
Mgo 1.93
50, 1.25
Na,0 0.40
K0 0.48
Ccl
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DETATLED 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, 57 Excess Oxygen

PROGRESS REPORT 4.1D

by
1/

SUMMARY

As explained elsewhere»z/, the results of this joint progrém 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 L

.analyses of ash produced in test 4.1 done on October 22, 1976.

1.
2.
3.
.4.

‘Particle size distribution of fiy ash : : o
Combustion calculations
X-ray diffraction analyses of fireside deposits C : ‘ r

‘Summary of DTA studies on fireside deposits

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

Technology
Resources,

(former Mines Branch), Department of Energy, Mines and
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 ) | 0.8
1.59 - 2.00 1.0
2.00 - 2.52 1.5
2.52 - 3.17 — 2.2
3.17 - 4.00 02 3.6
4,00 - 5.04 0.3 4.9
5.06 - 6.35 Coulter 0.7 6.7
6.35 - B8.00 F> Counter : 1.3 8.3
8.00 - 10.08 3.2 11.5
10.08 - 12.7 6.3 131
12.7 - 16.0 ' 111 13.1
16.0 - 20.2 : 15,7 10.5
20.2 - 25.4 : 17,9 7.8
25.4 - 32.0 15.0 41
32.0 - 40.3 8.0 1.6
40:3 - 44.0 | o 1.4 0.3
44.0 - 74.0 }Sieve ___lLJ__ _ 5.6

+ 74.0 - 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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28 Ultimate Analysis yA
Carbon 42,10
26 T Hydrogen 3.28
Sulphur 1.10
Nitrogen 0.93
24 Ash 37.43
Oxygen 15.16
22} . =il
20~ Target combustion conditions 10
for 57 02 in flue gas
18] \ 9
16 8
g
o s
C .
o4 75
3 :
~
@l2 6 >
- m
- N
x O} 5°.
< N
nvm o
c 8 4
6 13
41— -2
2 —
100 120 140 160 180 200

TOTAL COMBUSTION AIR, %

FIGURE 1:

Combustion Calculations.

"B-Raw' Coal .

26

.24

22

-20

18

so2 , % BY VOLUME

.04

-02

0-0
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X~rdy Diffraction Analyses of Fireside Deposits from Test 4.1,

"Beraw" coal from Hat Creek.

Furnace Bottom Ash Mull, Crist
(1278 76-435)

Under Flame Probe Deposit Hem, Mag, Mull, Sill
(1272 76-451)

Furnace Probe Deposit ‘Mag, Hem, Mull, Unid (tr), Amorph’
(1274 76-452)

Transition Probe Deposit ‘ Hem, Mull, Qtz, Amorph
(1276 76-453)
Abbreviations of Constituents:

Qtz Quartz SiO

2
_Crist Cristobalite SiO2
. ' i OZS.
Mull Mullite 3A1203 102
Hem Hematite Fe, O
2°3 , o ) :
Mag Magnetite Fe304 (or spinel-type close to this composition)
- 8111 Sillimanite A1203.8102
Unid Unidentified material of significance
Amorph Significant amorphous material present
Notes:

There is little indication of amorphous material in Furnace Bottom
Ash‘Samples. A1l others appear to contain some amorphous, particuléfly
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

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
Sample 2) CCRL 1092 Test
Sample 3) CCRL 1190 Test
Sample 4) CCRL 1278 Test
Sample 5) CCRL 1360 Test
Sample 6) <CCRL 986 Test

SUngance bottom ash.

Hat. Creek A—raw, bottom ash

Hat;C;eek A-washed, boﬁtom ash
-'Haq'Cfeék B-raw, bottom ash

‘Haffcreek B-raw, bottom ash

HOBR R WoN e
- W e e

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 therﬁoc0upies were held

» with their beads denting the bottom of the pans.

Results:

Sample 1)

Sample 2)

Sample 3)

Sample 4)

No peaks were observed. The baseline shifted in the exothermic
direction at.1360°C; When cool, the sample was dark and-glassy.

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.

No peaks were observed. The baseline shifted in the endothermic

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

spots, opaque, and very hard.

No peaks were observed. The baseliné-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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.VSémpIe‘S)LNo 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

' tTange ﬁndfa small endothermic peak was noted at 1160°C. Cooling.
and reheafing in the range 1000°C to 1500°C failed to shpw-ény
.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. Codling‘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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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 -

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

INTRODUCTION

By an agreement between the B. C. Hydro and Power Authority
(BC Hydro) and the Canadé Centrevfor Mineral'and Energy TEChnblogY (CANMET),r
a series of combustlon 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 reportg/describes the
objectives of the program, the pilot-scale equipment, the procedures and
-method of reportlng results.

Thls progress report summarized the data immediately available from

Test No. 4.2, which was done on October 26, 1976.

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

Canada.

~2--/"'P.:i.lo.t-S-cavle 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.EnergvaeghnologY,'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 9.37. The
target level of excess oxygen in the flue gas was 37 (approx 157 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 furnacé walls
below the throat, and they blocked roughly 1/3 of the projected ﬁtlxrdat.a'rea.f
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
found in the ash. The flame was bright and its colour was closer to yellow
than to orange. Some burning 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

furnace-bottom walls.

_ At 1135 hr, deposits were removed from the furnace throat by
thfusting 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 bottom. This was repeated at 1310 hr, and a large sihtéf- lslto

20 cm thick remalned adhering to the south wall of the furnace-bottom.

By 1410 hr, deposits under the throat had bu11t up. afresh and they
blocked nearly 1/4 of the projected throat area. All v1sib1e walls of the .
furnace-bottom had a layer of sinter, which was 5 to 10 cm thick. By 1450 hr,
the throat was nearly blocked with deposit, bqt'the,dep951t5'were:not.reﬁ;ved
until 1460 hr, when measurements were completed. A,pokér.was thrust through

the top of the furnace, and ash was dumped.

At 1530 hr, the furnace-bottom was 3 full of ash. The.air-coo;éd
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‘thé

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 throat. The furnace-bottom
walls were heavily coated with whiskers of sinter. After "shutdown", a
flame persisted for several minutes. This was. caused by o0il from the support
burner which had struck'and:soaked into the deposits of sinter. . However, the.

ash in the furnace-bottom very soon ceased to radiate visible light.

Deposition Probe Durlng 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. Tﬁe probe then became bearded evenly with-sinter3
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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 tﬁe probe

was 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 2 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 13 mm of tan coloured dust on the downstream surface.
The. air-cooled transition probe was covered evenly by 3 mm thick,

grey coibured‘duSt.
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TABLE 1
OPERATING DATA

EXCESS O

Test No. 4.2

Progress Report 4 24
Revised 18/11/76

3 %

2

26/10/76

Parameters

Station Obs.

(R.M.S. Dev.)

Comments

Test Duration
Firing Rate
Moisture Content of Coal

1 " " "

" " "

Combustible
Ash Dumping Frequency

PULVERIZER OPERATING CONDITIONS

a)
b)
c)
d)
e)
BOI
a)
b)
c)
d)

Inlet Air Pressure
Qutlet Air Pressure
Inlet Air Temperature
Outlet Air Temperature
Coal Fineness
LER OPERATING CONDITIONS
Steam Flow
Steam Pressure
Combustion Air Temp.
Furnace Pressures
Furnace
Inlet
Boiler Exit
Primary (Coal) Air L
-1 R
Secondary (Windbox) Air L
" R

FLUE GAS ANALYSIS

a)
b)
c)
d)
e)
f)
g)

co,
0,
co
NO
S0
502

Ac;d dewpoint

FLUE GAS TEMPERATURE

a)
b)

c)

Furnace Exit
Boiler Exit
Precipitator Entry

SUCTION PYROMETER TEMPERATURES

a)
b)
c)
FLY
a)
b)

c)
d)

ASH

Loading

Resistivity
1"

Precipitator efficiency
Combustible content of

MWL NN

o

16
15
17
18
18

ash collected from precipitator

7 hours
132.5(4.1) kg/hr
9.3 Z
0.8 Z
65.1(2.7) y 4
once every 3 hour
278(5) mmH,0
227(6) mmH-O

199(6)  Of

103(2) °c
83.6% below 200 mesh
649(16) kg/hr
3.07(0.08) atmospheres
188(7) °c
36(9)  mmH,0
34(9) mnH,0
18(3) mmH,0
145(8) mmnzo
157(8) mmnzo
53(11)  muH,0
52 (9) mmH_ 0
17.1(0.4) 7
3.1(0.2) 7
149(30)  ppm
580(123)  ppm
1016 (22) ppm
N ppm
24(3) C
628(18) °c
292(12) °c
156(12) °c
1110, _1008 gc
907, _ 844 oC
873, 845 C
11600(2600) mgms/tg3
1.5(1.4)x101%Q cm at- 262 C
2.6(1.0)x10%'Q cm at '155‘.’0
92.0(0.9) Z
V4

4.5(0.7)

feed to pulverizer
feed to furnace
dry weight
continuous dumping
Total ash dumped=155 kg(dry)
equivalent to 1238.5 kg
coal.

oversize, 15.3%7 140 mesh
" »16.47 200 mesh
" » 47.97 325 mesh

readings taken in
second and third
two hour period

measured. at 20°C

5 1.8 x 10! @ em at 114°C



" TABLE 2
DIELOSITION LROBES

.Station ‘Deposition A S Temperature °c ‘ - » ‘ _ : ADes'crlpitio.n of
mean - RMS min. max. " initial . final " Deposit
8 : D ' ‘ o _ Probe Broken
R o ' : uneven’ )
g 19 . = — _
o : : \ ‘ Tan scale, uneven, upstream.
: 8 675 ’ ’
£ - stainless i (68) 345 847 781 Tan powder, even, % mm thick,
“ ceramic 781 (59) 723 876 856 673 | Black scale, uneven, upstream.
Y ‘
E_ 9 Grey dust, 2 mm thick, over
= s dark grey scale, upstream.
stainless 482 (58) 397 568 426 428 . Ipark grey powder, 2 mm thick,
downstream.
§ Tan coloured ‘dust, 1% mm thick,
} ‘ 2 631
o ceramic 640 (20) 592 666 29 downstream.
]
g 20 Grey powder, 1 mm thick, all
b . _ , ) around, over tan powder, 2 - mm
P stainless 504 (27) 423 538 423 496 thick, downstream and grey scale,
i ' - : upstream.
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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, 3% Excess Oxygen

PROGRESS REPORT 4.2B

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYl/

SUMMARY

As explained elsewhereg/, 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 burmed

in test 4.2 done on October 26, 1976.

.

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

zj"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 3099-76
CCRL '.A_1284
ek "BoRaw" (A.2) ' 7/1/77
AIR DRIED ,
SAMPLE CONDITION DRIED 107 * .3°C SCREEN ANALYSIS
Proximéte Analysis ?ﬁiﬁes A
Moisture 7.81 0.00
" + x 1/4 0.00
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 o 1/32 x 30M 9.02
Carbon 9 44,07  47.80 30M x 50M 10.51
. 50M x 0 8.71
Hydrogen YA 3.34 3.62
Sulphur Z 0.84 0.91
Nitrogen % 0.92 1.00 -
Ash - 128.43 30.84 | Grindability Index
Oxygen (by Diff.) % 14.59 15.83 (Hardgrove): 47
Calorific Value -
Calories per gram 4113 34A61 EqU11%z;;uEu:§1;f
lo 9 /o
B.T.U. per Lb. gross 7403 8030 _ '
Caking Properties
By Vol. Button @ Sulphur Forms:
Swelling Prdperties . ’ Sulpha;e 0.06 |
Free Swelling Index (ASTM) Pyritic 0.32
Organic (by Diff.)0.46
Ash Fusibility, °F OXID. RED Total '5_8:"—""
Initial Deformation °F| 2700+ 2580 ]
Softening-Spherical °F| 2700+ '
. . S 2630 Specific Gravity in ash:
‘Softening-Hemispherical °F{ 2700+ 2700+ : o
‘ > _2.76
Fluid °F| 2700+ 2700+
ASH ANALYSIS
Component A Component A '
8107 50. 85 ca0 4.11 Chlorine: .0
A1203 29.84 MgO0 0.94 .
Fen03 9.36 S03 3.17 Trace Mercury:
Mn304 0'12 Na20 0.31
Ti02 * K20 .
P905 1.31 0.36

0.37
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TEST NO: 4.2

B. C. Hydro - CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

1/ | Grab Samplesg/ Composite Sample
Size 3/ 4/
We 20| R.M:S. Deviation Wt 7 LOI Z
60M
60M x 100M | 3.8 s
-100M x 140M 15.3 3.4 , 16.8 | 76.6
140M x 2008 | 1.2 1.3 8.6 | 70.5
200M x 325M | 31.5 8.2 " 23.3 | e6.6
325Mx0 | 520 | - 12.1 47.4 | 60.2

fw
TN

&
LN

. The mesh openings for the sieves are as follows: 250u for 60 mesh,
149y for 100 mesh, 1054 for 140 mesh, 74y for 200 mesh and 44u for
325 mesh and where 1u = 10~ 6 metres.

Grab-sémples were taken at 1 hour intervals during the test.

'R.M.S: - Root Mean Square Deviation.

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, 3% Excess Oxygen

PROGRESS REPORT 4.2C

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY

As -explained elsewhere~3/, 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.

1/

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

.2 .
-*~/"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. '
















_ B. C. Hydro - CANMET Joint Prog;ém

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

Low Temperature

High Temperature

Probe Temperature 138°¢ 121°¢ 104 °c 711°C 482°C 504%C
Deposition rateﬁl
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
S0, (total) 165.4 102.7 111.8 80.6 - 289.5 36.9
SO& (free), by difference
’ 34.3 27.8 30.8 30.5

al .

‘he deposition rate is given in units ofn@/mzlhour and the sampling time is 8% hours.

3a0day ssaiBoiag

TN

- SYT -

*ON 389]

A



Sample: Deposition probes,

‘Test 4.2, B. C. Hydro

Station | Furnace Bottom Boiler Transition Section
Material 4 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 83,8 90,6 69.1 60.8 75.4 ——
Analysis , % ws As |ws aAs |ws as |ws as |ws as |ws as

S0, 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 w=e Q,1| === ===|w=== 0,1}0.0 0.0[0.0 0.1]

WS = water soluble‘

As

acid solub lé '

trace

D 7°% 3aodsy ssaadoag

- 9% -
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Progress Report

Samf)'le: Deposit from the furnace bottom,:Test 4.2 (A 1312 - 76)

4,2 C

Ash Fusibility Oxidizing . Reducing
Initial °C 1332 1238
Spherical °C 1482+ 1438
Hemispherical °C + 1482+
F‘luid. _ °C + _+

Ash Analysis % .
510, 55.17.
A1,0, 30.02
Fe O

23 8.34
Mn

120, ——-
TiO

2 1.02

'PZOS 0.28
Ca0 3.66
Mg0 1.25
S04 no_sample
Na,0 0.31
K20 . 0.45

cl
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‘Progress Report 4.2 C

Sémple: Deposit from the furnace walls, Test 4.2 (A 1312 - B)

Ash Fuéibility i'Oxidizihg Reducing ‘
Initial °C 1410 1143
Spherical °C 1421 1154
Hemispherical °C 1421 1171
Fluid °C 1438 1249

Ash Analysis %
sio, 21.47
A,12°3 11.11
Fe203 1 57.02
Mn3o[|. __.;_
Tio ' -

2 0.50
PO. ,.
2s. 0.31°
Ca0 3.84
MgO 0.99
803 2,12

~ Na0- _0.26
.KZO' 0.31L

cl
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Pfogress Report 4.2 C

Sample: Deposit from transition section, Test 4.2 (A 1312E)

Ash.Epsibility Oxidizing ' B ' Reducing
Initial °c | 1316 1260
Spherical °c 1471 . : . 1399
Hemispherical.: °c 1482+ 1 ‘ 1460
Fluid °c + 1482+

Ash Analysis

_ sio, ; 52.30
28.72
AL,0,
_ 8.94
Fe 03
g0y —
. 1.11
T10, .
POs | - 0.32
Ca0 - : s — 4.55
Mg | _1.es
S03 | __.0.58
; 0.3l
{ Na20 |
| X 0.47
K0 |

Cl
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Progress Report 4.2 C

Sample: Deposit from electrostatic precipitator, test 4.2 (A 1292-93-94)

Ash Fusibility Oxidizing Reducing
Initial °C 1288 1249
Spherical °C 1449 1371
Hemispherical °C 1477 1432

82+

Fluid oc 1482 1471

Ash Analysis yA
8102 53.25
Al,0, 29.15
Fe203 7.37
Mo 0, o
Ti02 1.28
PZOS 0.30
Ca0 4.97
MgO 1.48
S0, 0.81
Na20 0.42
kP 0.50
cl
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DETAILED ANALYSES OF ASH FORMS PRODUCED IN
PILOf-SCALE COMBUSTION TESTS
BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET
JOINT PROGRAM

Hat Creek "B" Raw Coal
Kiln-Dried Twice, 37 Excess Oxygen

PROGRESS REPORT 4.2D

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY-l/

SUMMARY

As explained elsewhere-ll, the results of this joint program are
reported in a series of four reéports 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.

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 Procedure". Report ERP/ERL 76/99
Canadian Combustion Research Laboratory, Energy Research Laboratories,

"Canada Centre for Mineral and Energy Techmology, 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 0.5
2.00 - 2.52 . 0.8
2.52 - 3.17 1.2
3.17 - 4.00 0.2 2.2
4,00 - 5.04 0.3 _ 3.3
5.06 - 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 })Sieve — 13.3 7.9

+ 74.0 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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Ultimate Analysis A

Progress Report 4.2D

N Carbon 42.10
26 Hydrogen 3.28
Sulphur 1.10
| Nitrogen 0.93
24 Ash 37.43
Oxygen 15.16
22 J i
20 10
Target combustion conditions
for 3% 02 in flue gas
18} / 9
al6 8
ol "
(&) =
B_b — 7 w
o4 ®]
~ >
ol 6 wuu
-

" P4
(o] = 5°.
= ¢
x ¢
- 4

al- 2
2 —1
0 | | ] | 0
100 120 140 160 180 200
TOTAL COMBUSTION AIR, %
FIGURE 1: Combustion Calculations.'B-Raw" Coal.
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PILOT-SCALE COMBUSTION TESTS
BRITISH COLUMBIA HYDRO AND POWER AUTHORITY — CANMET

JOINT PROGRAM

Hat Creek "B" Raw Coal
Kiln-Dried, SZlExcess Oxygen

PROGRESS REPORT 4.3A

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYl/

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 tepottz/describes the objectives of
the program, the pilot-scale equipment, the procedures and method of repotting
results.

This progress report summarizes the data immediately available from
Test No. 4.3, which was done on October 28, 1976.

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

g-/"Pi.lot:-Sca-le 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. 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 16.67.
The target level of excess oxygen in the flue gas was 57 (approx. 257 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 refractéry 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 tfansparent. 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 growm
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 #isible 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 vis1b1e 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
substéntial 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 discernabie. A large deposit of
sinter developed in the,ﬁouthwest 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‘thfoat 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
3 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 furnace-bottom, 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 cm 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

1

walls were clean, but the bottom bore a 10 cm layer oﬁranulaah%léhs%%dsy u%%&%l;:jﬁ:aly
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 tramsition 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

EXCESS O

Test No. 4.3

Progress Report 4,3A
Revised 18/11/76

5 Z

2

COAL _HAT CREEK "B" RAW, SINGLE DRIED

28/10/76

Parameters

Station Obs.

(R.M.S. Dev.)

Comments

Test Duration

Firing Rate

Mblsture Content of Coal
" 1" "

Combustible " neon

Ash Dumping Frequency

PULVERIZER OPERATING CONDITIONS

a)
b)
c)
d)
e)

Inlet Air Pressure
Outlet Air Pressure
Inlet Air Temperature
Outlet Air Temperature
Coal Fineness

BOILER OPERATING CONDITIONS

a)
b)
c)
d)

Steam Flow
Steam Pressure
Combustion Air Temp.
Furnace Pressures
Furnace
Inlet
Boiler Exit
Primary (Coal) Air L
.on R
Secondary (Windbox) Air L
" R

FLUE GAS ANALYSIS

a)
b)
c)
d)
e)
f)
g8)

€0,
%
co
NO
SO
SO2

Acgd dewpoint

FLUE GAS TEMPERATURE

a)
b)
c)

Furnace Exit
Boiler Exit
Precipitator Entry

SUCTION PYROMETER TEMPERATURES

a)
b)
c)
FLY
a)
b)

c)
d)

ASH

Loading

Resistivity
"

Precipitator efficiency
Combustible content of

NN WD W NN =

S O O

O 00

16
15
17
18
18

ash collected from precipitator

7 hours
150(10) kg/hr
16.6 b4
2.1(0.3) %
62(3) A

once every 1 hour

283(14) mmH,0
240(6y mmH,O

198(4) °5
71(5)

81.87% below 200 mesh

634(56) kg/hr
3.05(0.10) atmospheres
184(5) °c

39(8) mmH20

39(7) mmH20

19(4) moH,0

151(10) mmH-O

167(8)  mii20

56(12) nmH,0

57(12) mmH20

15.1(0.5) y 4
5.0(¢0.2) Z

202 (46) ppn

587(78) ppm

1076 (83) ppm
1.9(0.3) ppm

34 C

609 (10) °c

285(8) °c

155(6) c

960, __1079 C
855, . 880 C
-780 , 704 °c
‘ 3

14100(3100) mgms /m

feed to pulverizer

feed to furmace

dry weight

Total ash dumped = 102 kg,
equivalent to- 1210 kg coal.

oversize, 17.67 140 mesh
" , 18.2% 200 mesh
", 48.87 325 mesh

readings taken in
second and third
two hour period

measured at 20°C

6.3(0.8)x1011Q cm at 154°C; 3.0 x 10'! Qemat 119°%¢

1.2(0.4)x10*'Q cm at 256°C
93.6(1.0) 2
3.3(0:5) 2



TABLE 2
DEPOSITION PROBES

Station | Deposition Temperature °C Description of
mean RMS min. max. initial final Deposit
Dev.
8 | |
o ' Tan coloured sinter, uneven,
° ceramic 1123 63 1020 1285 1020 1285 12 mm thick, friable, adheres.
m . .
o 19
g Mauve coloured scale, even,
g stainless 486 32 442 538 538 ' 532 upstream, grey coloured nowder,
2 ' - 1 mm thick, downstream.
Grey coloured scale upstream,
o ceramic 829 32 806 889 889 847 |covered by 1 mm thick, grey
9 coloured powder upstream and
dounstrean ’
E 9 Mauve coloured scale, upstream,
= beige powder, 2 mm thick, down-
stainless 496 36 394 648 531 477 | stream, both covered by 1 mm
thick, grey powder,
=]
3 -
b ceramic 617 22 570 657 577 657 |Clean polished surface.
b
§ 20 Black ‘ -
- scale, upstream, beige
o _ powder, 1 nm thick, downstream,
0 - stainless 415 72 370 550 448 414 |both covered by grey powder
g 2 mm thick.
=

vg 'y 3I0day ssa13014 |
f‘? *ON 3s9l

- 792 -
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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, 57 Excess Oxygen

PROGRESS REPORT 4.3B

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY

As explained elsewhereg{ the results of this jbint program are
reported in a series of four reports numbered A to D for each of the 18
combustion tests which make uﬁ 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.

lenergy Research Laboratories, Canada Centre for Mincral and Energy Technology
(former Mines Branch), Department of Energy, Mines and Resources, Ottawva,
Canada. '

2 upyy - i 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

3100-76
CCRL A1313
Hat Creek "B-Raw'" (4.3) 2/1/71
AIR DRIED'
SAMPLE CONDITION DRIED 107 * 3°C SCREEN ANALYSIS
Proximate Analysis ?ﬁiges‘ )4
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
K R 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 A 40.68 49.21 30M x 50M 7.19
Hydrogen % 3.03 3,67 S0M x O 9.00
Sulphur % 0.76 0.92
Nitrogen 7% .0.85 1.03
Ash - % 23.81 28.80 Grindability Index
Oxygen (by Diff.) % 13.54 16.37 (Hardgrove): 42
Calorific Value _
Equilibrium Moist
Calories per gram 3805 4603 1 (97% Hum), %:
B.T.U. per Lb. gross 6849 8285
Caking Properties
By Vol. Button @ Sulphur Forms :
. 0.
Swelling Properties Sulphgte 0.08 |
Pyritic 0.24
Free Swelling Index (ASTM) ' , P
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-Hemigpherical °F| 2700+ 2700+ P v ) 7
7
Fluid °F| 2700+ 2700+
ASH ANALYSIS
Component yA Component Z
$107 50.82 Ca0 4.06 Chlorine:
A1203 30.53 MgO 1,29 .
Fe203 8.43 S03 3.31 Trace Mercury:
{ Tio2 1.29 K20 0.38
P205 0.35
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TEST

B. C. Hydro - CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

NO: 4.3

1/ Grab SamplesZ/ Composite Sample
Size 3/ 4/
Wt 7 R.M.S. Deviation | Wt % | LOI %
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 x 0 51.2 4.9 47.7 53.8

The mesh openings for the sieves are as follows:
149y for 100 mesh, 1054 for 140 mesh, 74u for 200 mesh and 44u for
325 mesh and where 1y = 1076 metres.

250u for 60 mesh,

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

R.M.S:

Root Mean Squére Deviation.

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, 57 Excess Oxygen

PROGRESS REPORT 4.3C

by

THE STAFF OF THE CANADIAN COMBUSTION“RESEARCH LABORATORYL/

SUMMARY

As explained elsewhereg/, 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 :

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

gj"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 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 1380C.

Figure 1lh

Low Temperature corrosion
probe 121°cC.

Figure 1i

Low temperature corrosion
probe 104°C.




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 °cC 486°C 496°C 415°¢C
Deposition rateﬁl
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
S0, (total) 139.3 125.6 76.6 117.7 827.4 635.5
804 (free), by difference
6.1 o 29.7 4.3 40.4

29.5 525.0

a/

The deposition rate is given in units ofng/m?/hour and the sampling time is 83 hours.
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Sample: Deposit from the furnace bottom, Test 4.3 (A 1360 - 76) .

Ash Fusibility Oxidizing Reducing
Initial. °c
Spherical °c
Hemispherical °C
Fluid - °c -
Ash Analysis %
510, 55.18
Al
AL,0, 29.51
Fe,0, 9.29
M“3°-4 ' ———
Ti0, 1.03
PO o
2°5 0.24
G0 3.70
¥g0 _1.35
303 ] no sample
Na'2»0‘ . 0.31 -
. KZO 0.52
cl L
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Sample: Deposit from the furnace walls, Test 4.3 (A 1361 - 76)

Ash- Fusibility Oxidizing Reducing
Initial °C 1354 1238
Spherical o . 1482+ 1388
Hemispherical °C - 1454
Fluid ¢ ' ' 1482+
Ash Analysi\s %

sio, 52.19
AlD, 28.11
Fe04 10.68
Mn,0, —_—
Tio, 1.00
PO

25 0._29
Ca0 3.69
Mgo 1.22
50, 1.60
Na,0 0.31
K0 0.61
c1 L
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Depdsit'from sheet between 2nd and 3rd passes of air heater, Test 4.3

Sample: (4 1364 — 76) - -

Ash Fusibility _ | Oxidizing Reducing
Initial ° | ___ 13 1188
Spherical °c . 1438 1382
Hemispherical °c _.ﬁil*_ 1432 -
Fluid % 1482+ 1482+

Ash Analysis

sio, - 50.54
27.33
AL,0.
Fe. : 12.85
Fe203 _L1£.00
Mn30, : ‘ o
' ©0.92
T10, _ | | »
POs 1 _0.0
MgO. | __1.19
S03 : ‘ 1.01
0.26
NaZO
0.44
K,0 :

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 °c + 1382

Ash Analysis %
SioZ 52.51
A12°3 28.94
Fey0q 7.91
Mn30 4 ——
T102 1.27
PO

25 0.32
Ca0 4,73
Mg0 . 1.50
S0, ‘ 1.14
Na 0 0.40
K0 © 0.63
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, 5% Excess Oxygen

PROGRESS REPORT 4.3D

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCHlLABORATORY-l/‘

SUMMARY

2/

As explained elsewhere — , the results of this joint program are
reported in a series of four reports numbered A to D for éaéh of 18
combustion tests which make up thé prbgram. This progress report (4.3D) is
the last of the series and presents results of the following detailed
analyses of ash produced in test 4.3 done on October 28, 1976.

1. Particle size distribution of fly-ash
2., Combustion calculations
3.. X-ray diffraction-énalyses of fireside deposits

4, 'Summéry 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.

"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
bétween 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-Countef 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 L1
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 - 20.2 116 12,2
20.2 - 25.4 | 15.9 9.3
25.4 =~ 32.0 16.8 5,2
132.0 - 40.3 11.2 1.9
40.3 - 44.0 | —_21 0.4
44.0 - 74.0 }>Sieve 22,8 7.2
+ 74.0 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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28 Ultimate Analysis %
Carbon 42.10
26 Hydrogen  3.28
) Sulphur 1.10
= Nitrogen Q.93
24 Ash 37.43
Oxygen 15.16
22— s L
20 10
Target combustion condition
for 5% 02 in flue gas
I8} 9
a6 8
-] W
© 3
cl:|4L- 73
- (@)
~ >
— 6 >
BIZ po
. ®
x O S5 .
g
N
> a o
x |8t~
Sl -3
41— —12
2 —1
ol 1 ] | | o)
100 120 140 160 180 200
TOTAL COMBUSTION AIR, %
FIGURE 1: Combustion Calculations "B-Raw" Coal .
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X-ray Diffraction Analyses of Fireside Deposits from Test 4.3,

"B—pay" coal from Hat Creek.

Furnace Bottom Ash Mull, Crist

(1360 76-436)
Under Flame Probe Deposit Hem, Mag(sm), Mull(sm)

(1355 76=454)

Furnace Probe Deposit ‘Hem, Mull, Mag
(1357 76-455) :

Transition Probe Deposit Hem,:Mull,.Mag
(1359 76=464)
Abbreviations of Constituents:

Crist Cristobalite SiO

2
i 3A1 281
Mull Mullite 3A 2O3 02
He ematite F
em Hematite eZO3
Mag Magneti‘-te'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 ambfphous;.ﬁarficularly
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 clarityg

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
0-alumina as reference material. Pt: Pt/137 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 40000 to SOOOC
range ahd.é small endothermic peak was noted at 1160°C. - Cooling
and reheating in the range lOOOOC to'lSOOOC 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. Cdoling 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 techniqué.for

studying these materials.
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PILOT-SCALE COMBUSTION TESTS
BRITISH COLUMBIA HYDRO AND POWER AUTHORITY — CANMET

JOINT PROGRAM

Hat Creek "B" Washed Coal
Air-Dried and Kiln-Dried; 57 Excess Oxygen

PROGRESS REPORT 5.1A

by

THE STAFF OF THE CANADIAN COMBUSTION ‘RESEARCH LABORATORYl/

INTRODUCTION

By an}agreeﬁent between;thelB.*C;dﬂydro'andbPower'Aqthority (BC Bydro)
and the Canada Centre'foriMineral and'EnergjpTeennology'(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 reportzl describes ‘the objectives of
the program, the:pilotQScaie: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/ o . e Al . L

— 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, Ottava,
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 57 (approx 257
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 transpareﬁt 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 particles 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 tramsition
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 cormers 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 aeposits 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. Wheﬁ the ash was
raked from the quenqh tank, it was found to be mostly sméll sinters, and a

few large ones, 10 cm in diameter. All were coloured black.

Combustion conditiohs-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 burmner ﬁas‘also visible. At 1120 hr; the deposits blocked
approximately 1/3 of the projected throat area, and at 1150, after some
measurements had been compieted, 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'topvof 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. Approxlmately 50 litres of black sinters, measuring from lcm to 10 em

were raked from the quench tank.

At 1405 hr, deposits were removed again from below the throat and
above the burners. Ash was dﬁmped; 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 c0mple£ed and the furnace was "shut-down",
deposits again blocked approximately % 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 pfobe 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 cm thick, the remaining walls had isolated whiskers of sinter roughly 3 cm
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 1ayer |
of dust on the downstream surfaces. There were 2 to 7 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,

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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OPERATING DATA

Test No. 5.1
Progress Report 5.14

Revised 18/11/76

5 | %
' 1/11/76

Parameters

Station Obs.

(R.M.S. Dev.)

Comments

Test Duration
Firing Rate
Moisture Content of Coal
" " " "
Combustible " men
Ash Dumping Frequency
PULVERIZER OPERATING CONDITIONS
a) Inlet Air Pressure
b) Outlet Air Pressure
¢) Inlet Air Temperature
d) Outlet Air Temperature
e) Coal Fineness
BOILER OPERATING CONDITIONS
a) Steam Flow
b) Steam Pressure
¢) Combustion Air Temp.
d) Furnace Pressures
Furnmace
Inlet
Boiler Exit
Primary (Coal) Air L
.n R
Secondary (Windbox) Air L
17 R.
FLUE GAS ANALYSIS
a) CO2
b) 02
c) CO
d) NO
e) 802
f) SO3
g) Acid dewpoint
FLUE GAS TEMPERATURE
a) Furnace Exit
b) Boiler Exit
¢) Precipitator Entry
SUCTION PYROMETER TEMPERATURES
a)
b)
c)
FLY ASH
a) Loading
b) Resistivity
n

¢) Precipitator efficiency
d) Combustible content of

7 hours
A '118.0(4.6) kg/hr
1 8.6 A
2 0.2 Z
2 72.9(0.9) yA
- once -every —— hour
3 271(6) mmH 0
2 238(4) mmH 0
3 202(2)  of
2 108(2) ¢
2 72.87 below 200 mesh
6 647(43) kg/hr
6 3.07(0.09) atmospheres
4 '190(6) C
10 36(4) mmH20
11 36(4) mmHZO
12 17(4) mmH0
5 145(5) mmH50
5 162(5) mmHZO
4 63(3) mmH20
4 64(5) mmHZO
11 14.8(0.3) Z
11 5.0(0.1) 7
11 152(22) pPpm
13 563(42) ppm
14 731(38) ppm
14 <1 ppm
18 32 C
11 638(19) °c
12 298(12) °¢
16 160(9) °c
. o,/
7 1056, 947 oC
8 __863> .. 854 oC
-9 __825, __ 845 c
16 6980(1050) mgms/m

152.8(0.9)x10'°Q cm at 2770c
17 5.9(1.3)x10"! @ cm at 159°C

18
94(2)
18 6.3(0.3) yA

e

ash collected from precipitator

feed to pulverizer

feed to furmace

dry weight

continuous, 77 kg ash

dumped, equivalent to
1143.5 kg coal.

oversize, 26.4% 140 mesh
, 27.2% 200 mesh
, 58.5% 325.mesh

readings taken in
second and third
two hour period

measured at 20°¢

5.7x10'! Q em at 121°¢



TABLE 2
DEPOSITION PROBES

Station | Deposition - Temperature °C .Deséription of
mean RMS min, max. initial final Deposit
Dev. '
g 6 1056 1018 Tan and orange coloured sinter,
‘ 7 984 1162 0L

g ‘ceramic 1080 4 25 mm thick, mostly downstream.
g 19 '

o . | Grey coloured scale, even, ™
E stainless 579 45 487 648 552 487 upstream.

fy

) ceramic 743 97 615 864 864 637 G?ey coloured scale, uneven, .
g upstream. :

£ 9

E Grey powder, 1 mm thick, even,
= stainless | 516 50 428 588 565 484 |all around and over mauve

coloured scale, upstream.

&

b ceramic 621 20 586 653 601 640 |Beige coloured powder, 2 mm

o thick, downstream, uneven.

w

g 20

0

@ stainless | 493 18 460 522 507 505 |Beige coloured powder, 2 mm

g ' thick, uneven, downstream.

o ‘ .

£
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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, 57 Excess Oxygen

PROGRESS REPORT 5.1B

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYl/

SUMMARY

As explained elsewhereg/, 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 pulﬁerized coal burned
in test 5.1 done on November 1, 1976.

1/

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

-g/"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: 5.1

'B. C. Hydro ;jCANMET-Joint'Program

TABLE 2

Size Analysis of Pulverized Coal

1/ érab Sampleég/ | Composite Sample

Size 3/ : 4/
Wt 2 | R.M.S. Deviation | Wt Z | LOI %

60M

60M x 100M 12.4 | 80.6
100M % 140M | 26.4 4.2 17.4 | 78.8
"140M x 2008 | 0.8 0.4 8.2 76.4
200M x 325M | 31.3 5.2 ‘ 4.0 | 75.3
325Mx 0 | 41.6 3.6 48.0 68.2

I
~

s
~

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

Crab samples were taken at 1 hour intervals during the test.

R{M;S: Root Mean Square Deviétion.

Loss on ignition, ASTM 3174-73.
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Sample: B Washed, Test 5.1, B. C. Hydro (A1365)
Analysis
Screen Analysis ,
+ 1 _ 0.00
i % 1/8 3.03
1/8 % 1/16 30,18
1/32 5 28M 11.03
28M % 48M
—13.04
48M % O 859
Grindability
Hardgrove Index 45
Classification of Coal
Rank (ASTM)
Eq. Moisture 7%
(97% Humidity)
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Sample B Washed, Test 5.1, B. C.‘H&dro

Progress Report 5.1 B

(A1365)

Chlorine

Analysis Air Dried - Dried at 107 i‘BOC
Proximate Analysis 7
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 5;77
Sulphur o 0.78
Nitrogen :Q;QQ - | 0.10
Ash 22.04 ' 23 81‘
Oxygen (by Diff.) 16,95 - 18.31
Calorific Value
Calories/gram 4652 5026
Btu/1b gross 8374 9048
Megajoules/kilogram 19.48 21;05
Sulphur Forms 7
Sulphatic 0.05
Pyritic 0.17 .
Organic (by Diff.) 0.50
' 0.72
TOTAL
0.00
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Sample: B Washed, Test 5.1, B. C. Hydro (A1365)

Progress Report 5.1 B

Ash Fusibility Oxidizing Reducing
Initial °c 1427 1382
Spherical °c 1482+ 1482+
‘Hemispherical °c —t + -
Fluid °c + +
‘Ash Analysis

sio2 48,28
—_ 3141
A1203
— 6,80
Fe203
0.06
Ma30,
P205 — 0,38
Ca0 4,54
MgO 1.30
S03 _ 2,70
—_— 0,29
Nazo
—_— 0,37
K,0 3
c1 0.00
Specific gravity 2.75
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FIRESIDE FOULING AND CHEMICAL ANALYSES OF ASH}PRDDUCED IN
PILOT-SCALE COMBUSTION TESTS
‘BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET

JOINT PROGRAM

. ‘Hat C:qu,"Bﬁ Washed Coal
‘Air-Dried and Kiln-Dried, 5% Excess Oxygen

.PROGRESS REPORT 5.1C

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY

AS‘explained elsewhereg/, 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 ﬁrogress report (S.iC) presents a photographic tecord 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 5.1 done on November 1, 1976.

1 o . ' : :

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

-g/"Pilot~S¢a1e Combustion Tests with Coals from the Hat Creek Area 6f 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. :
















5:1

B. C. Hydro - CANMET Joint Program
TABLE

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

Low Temperature

High Temperature

Probe Temperature 138 % 121 % 104 °c 579 °c 516 °C 493 °c
Deposition rateg/
' 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
SO4 (total) 295.6 153.1 99,5 58.8 304.8 60.9
SO4 (free), by difference
176.2 38.4 16.6

a/ The deposition rate is given in units of-mg/mzlhour and the sampling time is 8% hours.

310day ssai8o1g
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Progress .R.gpo'rtr 5.1 C

Sample: 'D'eposift. from -the furnace bottom, Test 5.1 (A 1403 - 76)

Oxidizing

Ash Fusibility Reducing
'Ihitiai o 1310 1277
Spherical °C 1482+ 1399
Hemispherical °C + 1460
Fluid °C + 1482+

' Ash Analysis A
510, - 52.17
ALD,

Fe,04 7.69
Mn 0, —
0, 1.06
PZOS _0.36
a0 3,99
Mg 1.77
50, 0;77
Na 0 0.37

-Cl1
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Progress Report 5.1 C

Sample: Deposit from sheet between 2nd and 3rd passes of air heater, Test 5.1

(A 1407)

Ash Fusibility Oxidizing Reducing
Initial °c 1338 1238
Spherical °c 1460 1388
Hemispherical °c 1482+ 1449
Fluid °c + 1482+
Ash Analysis

SiO2 50.82
29,08

A1,0,

9.93

Fe203

Mn304 -——

1.23
TiO2 -
P,0s 040
Ca0 4.73
Mg0 —1.5%
503 0.59
0.33
NaZO
0.48
K,0

Cl
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Progress Report 5,1 C

Sample: Deposit from electrostatic precipitator, Test 5.1 (A 1373-74-75)

Ash Fusibility Oxidizing Rediucing
Initial °C 1282 1260
Spherical °C 1438 1349
‘Hemispherical °C 1482+ 1443 :
Fluid °C + 1477

Ash Analysis %
sio, | 50.78
AL0, 29.35
Fe O
23 649
M0, —
T10:

2 1.54
PO
'295 0.44
Ca0 5.58
Mgo 1.75
S04 0.60
'Nazo 0.45
K0 0.68

o1l
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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, 57 Excess Oxygen

PROGRESS REPORT 5.1D

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 (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

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 followihg*page ere
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-Coqnter technique, wherein_the fraction |
\ paseing 325 mesh (-44 micrometers)has been analyzed on the Coulter Counter.
‘It must Se remenbered that the Coulter Counter, unlike most particle size-

analysis techniques, relates particle volume to equivalent sspherical

diameter.

PARTICLE SIZE (Micrometers)- . AIR HEATER : PRECIPITATOR
1.26 - 1.59 | | . 02
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 0.3 3.4
5.04 - 6.35 | Coulter 0.6 | 4.7
6.35 - 8.00 ’ Counter 1.2 : _ 6.1
8.00 - 10.08 30 8.9

10.08 - 12.7 5.5 11,2

12.7 - 16.0 — 9.3 13,4

16.0 .- 20.2 - - 145 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 | - | 1.0 | _ 0.8

44.0 - 74.0 }>Sieve — 16,8 3 1.4

+ 74.0 1.6 | 8.2

The values givenyrepreseﬁtzdifferential volume per cent and in the absence of
informatidh 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 5.1,

"B«rashed" coal from Hat Creek

" Under Flame Probe Deposit Hem, Mag, Mull (tr)
(1397 76-457)
Furnace Probe Deposit Hem, ‘Mull, Mag
. (1399 76=458) A
Transition Probe Deposit Hem; Mull, Unid(tr), Amorph

(1401 76-462)

Abbreviations of Constituents:

Mull Mullite 3A1203 28102

Hem Hematite Fe203

Mag Magnetite Fe3o (or spinel-type close to this composition)
Unid Unidentified material of significance

Amorph Significant amorphous material present
Notes:

All samples appear to contain some amorphous material, particularly
where indicated. I ,
Most films contain a few faint diffractions that were not identified,
A combination of cristobalite and quartz is similar to millite, causing
some ambiguity in 1dentif1cat10n.
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 dbundance

may be different from that of other larger samples.
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28 Ultimate Analysis
| Carbon 53.23
26 Hydrogen 3.77
Sulphur 0.78
Nitrogen 0.10
b e
2 Ash 23.81
Oxygen 18.31
22 . = UL
20 Target combustion conditions 10
for 52 03 in flue gas
18- \ 9
a6 8
g W
o 2
el 73
_ O
~ » 6 >
|2 >=
@ ®
- 0
xio}- 5°.
d N
= 4°
o 8 N
6 S02 13
4} -2
2 —!
0 | | | 0
100 120 140 180 200
TOTAL COMBUSTION AIR, %
FIGURE 1: Combustion Calculations '"B-Washed" Coal .

26

24

.04

02

0-0

SOZ , % BY VOLUME
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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

TEST NO. D2

CANADIAN COMBUSTION RESEARCH LABORATORY

NOVEMBER 1976

ENERGY RESEARCH PROGRAM

‘WERGY RESEARCH LABORATORIES
REPORT ERP/ERL 76/140 -143







- 315 - ' PfdgressﬂRepqrt 5.2

PILOT-SCALE COMBUSTION TESTS
BRITISH COLUMBIA HYDRO AND POWER AUTHORITY - CANMET
JOINT PROGRAM

 HAT CREEK "B" WASHED COAL |
" ATR-DRIED AND KILN-DRIED, 3% EXCESS OXYGEN

 PROGRESS REPORT '5.24

by

'THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORY -~/

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 Canedian_Combustion Research
Laboratory to assess the suitability-of;Hat Creek coal as a boiler fuel for
thermo—-electric generation. A previous reportng/describeS'the:objectives of
the program, the pilot—saale.equipment,'the procedures and method'of'reporting

results.

Thls progress report summarizes the data 1mmed1ate1y available from

Test No. 5.2, which was done on November 3, 1976.

Jl/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 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
8.67. The target level of excess oxygen in the flue gas was 3% (approx 157
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 intermittently visible 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 % 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 flaime 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 tﬁrusting 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 striking a 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 furpace 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 furmace

bottbm, 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 toithe 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 maiptaiﬁed 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 surfacé, 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




- 319 - Progress Report 5.2A

layer of grey and black duét. Fine sandy tan-coloured deposit, 5 t0112 cm
thick, was¥f‘j "in the bottom .of the transition section. The downstream
surface of the furnace screen tubes bore a thin tan-coloured powder ‘which
was covereh by»a.thin,layer‘of black colouredudqst. 'The.upstream.sufféces

of the test airfheatef‘tubes were clean,:and the downstream surfaces had a
layer of tan-coloured duét‘roughly 1 mm thick. There were 1 to 4 cm of dark ;

grey coloured dust on the second pass tube sheet of the main air-heater.

erosi;ion,Prqbgs 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 wés removed, appeared

to be clean.

The refractory probe in the furnmace, beforehit“wasArémoved, bore'

some nodules of sinter, roughly 5 mm in diameter, on the bottom surface.

The air-cooled probe in the transition section, after it was removed,
was clean and dull black coloured on the upstream surface. The downstream

surface was covered by light tan-coloured dust, 2 to 3 mm thick.-

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

Test No. 5,2
Progress Report 5.2A

Revised 18/11/75

COAL ' HAT CREEK "B'.WASHED, DOUBLE DRIED EXCESS 0, 3 __z
' ' - . 3 November 1976
Parameters . .Station Obs. (R.M.S. Dev.) Comments

Test. Duration

PULVERIZER OPERATING CONDITIONS'

a)
b)
c)

d)
e)

.a)
b)
c)
d)

a)
b
c)
d)
e)
£)
g)

Firing Rate:

Mbisture Content of Coal-
. ‘ .o ‘ non

Combustible - " I

Ash Dumping Frequency |

Inlet Air Pressure
Outlet Air Pressure
Inlet Air Temperature
Outlet Air Temperature
Coal Fineness

BOILER OPERATING CONDITIONS

Steam Flow
Steam Pressure
Combustion Air Temp.
Furnace Pressures
Furnace
Inlet
Boiler Exit
Primary (Coal) Air L
Lne R
Secondary (Windbox) Air L
[1) R

FLUE GAS ANALYSIS

Co,
o2
co
NO
So
So

Acid dewpoint -

FLUE GAS TEMPERATURE

a)
b)
c)

Furnace Exit
Boiler Exit
Precipitator Entry

SUCTION PYROMETER TEMPERATURES

a)
b)

c)’

FLY
a)
b)
c)
d)

ASH

Loading

Resistivity
"

Precipitator efficiency
Combustible content of

18 8:6
ash collected from precipitator

. 7" 'hours
A 111(2) kg/hr'
1 : ‘8.6 %
2 l 4(1 7) ¥4
2 75 & 4
- once every — hour
3 263(3) ,mmHZO'
2 231(2) mmH,O
3 198(5) oCc
2 107¢3) °c
2 ©73.67% below 200 mesh
6 658(18) kg /hr
6 3.14(0.04) atmospheres
4 186(8) °c
10 33(1) mmHZO
11 33(1) mmHzo
12 17(1) mmHZOV
S 140(3) mmHZO
5 153(1) mmHzo
4 - 48(4) mmH20
4 47(3) mmHzo
11 15.8(0.4) 4
11 3.0(0.2) A
11 151(54) PpPR
13 667(85)  ppm
14 718(23) ppm
14 <1 ppu
18 28 c
11 631(28) °c
12 - 289(11) °c
16 153(6) °c
7 1107, 942 gc
8 012, 821 - . C
9 816, 799 . C
16 6970(810) mgms/m

151.0(0.5)x10'° @ cm at- 265°c
1; 6:8(1.1)x1039Q cm at 160°C
1

94.4(0.7) pA

9

.feed to pulverizer

feed to furnace -
.dry weight :
76 kg Ash dumped,
equivalent to 1042 kg coal.

oversize, 25.9% 140 mesh
", 26.4%7 200 mesh
"y 54.37 525_mesh

readings taken in
second and third
two hour period

measured at ZOOC

. o .
9.3 x 10*° Q cm at 121 ¢




TABLE 2

DEPOSITION PROBES

station

Daepogltion

nean

RMS
Dev.

Temperature
min, max.

°¢

inttial

final

Degeription of
Deposit

Furnace Bottom

19

ceramic

1036

Thermocouple defective
Tan-orange coloured. sinter, 2 mm
thick, uneven, upstream.

stainless

495

(36)

433 552

552

538

Grey coloured scale, even,
upstream. Light grey powder,

Furnace

ceramic

768

67)

675 869

748

675

Tan coloured loose sinter, 13 mn
thick, uneven, easily falls off,
upstream. ) :

2 mm thick, qneven,'downstrgam. i

stainless

552

27)

514 579

543

574

Grey coloured scale, even,
upstream. Grey coloured powder,
uneven, 2 mm thick, downstream.

Transition Section

20

ceramic

624

(18)

581 655

604

626

Light tan coloured dust, uneven,

2 mm thick, downstream.

stainless

550

(32)

471 595

482

576

lack coloured scale, uneven,
pstream. Tan coloured powder,
mm' thick, uneven, downstream.
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B = BURNER
S = SIGHTPORT

L= ]]Qz °c

M: 912 °c

N= 816 °C

4

O Y O P % O Ctans 0207 0 a i d@s®a @

Figure 2. TIllustration 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, 37 Excess Oxygen

PROGRESS REPORT 5.2B

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORTl/

SUMMARY

As explained elsewhereg/, 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 - CANMET Joint Program.
Objectives and Procedure'. Report ERP/ERL 76/99 Canadian Combustion Rescarch
Laboratory, Energy Rescarch Laboratories, Canada Centre for Mineral and
Energy Technology, Department of Energy, Mines and Resources, Ottawa, Canada.
October 1976.
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TEST NO: 5.2

B. C. Hydro - CANMET Joint Program

TABLE 2

Size Analysis of Pulverized Coal

1/ Grab SampiesZ/ _ Composite Sample
Size _ é/ - | .ﬁ/
Wt Z | R.M.S. Deviation Wt 7 LOI Z
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

lw
~

=
=

The mesh openings for the sieves are as follows: 250U for 60 mesh,
149u for 100 mesh, 105u for 140 mesh, 74p for 200 mesh and 44U for
325 mesh and where 1 = 107° metres.

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

R.M.S: Root Mean Square Deviation.

.Loss on ignition, ASTM 3174-73.
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Sample: B Washed, Test 5.2, B. C. Hydro (A1408)
Analysis
Screen Analysis
i % 1/8 6.14 %
1/16 » 1/32 | 31.08 %
1/32 ¢ 28M
—38.,16 7
28M g 48M
—8.807 !
48M ¢ 0 , 5.76 & -
Grindability
Hardgrove Index ' yAA
Classification of Coal
Rank (ASTM)
Eq. Moisture 7
(97% Humidity)




Sample B Washed, Test 5.2, B. C. Hydro
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(A1408)

Progress Report

5.2 B

Analysis

Air Dried

Dried at 107 * 3°C

(o]

Proximate Analysis 7
Moisture
Ash
Volatile Matter
Fixed'Carbon (by Diff.)

Ultimate Analysis %
Carbon
~ Hydrogen
Sulphur
Nitrogen
Ash
Oxygen (by Diff.)

Calorific Value
Calories/gram
Btu/lb gross
Megajoules/kilogram

Sulphur Forms 4
Sulphatic
Pyritic
Organic (by Diff.)

TOTAL

Chlorine

8.41

20,07
43.69

0.00

—27.83

19.76

0.04
0.14

0,64
0.82

0.00

21.91
47.70

———— O

30.39

e v———

54.91
3.93
0.90

1.08

21.91
17.27

9276

21,58
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" Progress Re_p'oft 5.2 B

Samble: ‘~'ﬁ;1C. dero, B. Washed, Test 5;2 S '(A1408)-_

Ash Fusibility - Oxidizing |  Reducing
Initial °c 1410 iR 1354
Spherical °c 1482+ 1 14824
Hemispherical °c & . '
Fluid °c + +

Ash Analysis

_ sioz_ A 48 52
;A1203, : 31,07 )
— 6,61

te203

T40, - | ] L.45

Mgo o ' . 1,64

.S03 ' 3.12
Nazo ' _—2029
Kzo_ ' — 0,35

c1 " 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 "B" Washed Coal
Air-Dried and Kiln-Dried, 37 Excess Oxygen

PROGRESS REPORT 5.2C

by

THE STAFF OF THE CANADIAN COMBUSTION RESEARCH LABORATORYL/

SUMMARY

As explained elsewheregj; 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 rebort (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 chmical analyses of various ash forms

produced in test 5.2 done on November 3, 1976

1/ ' :

— Energy Research Laboratories; Canada Centre for Mineral and Fnergy 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, Mlnes and Resources, Ottawa,
Canada. October 1976


