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- COAL-QIL MIXTURE FROJECTS IN CANADA
Horace t'haley '
Canadian Combustion Research Laboratory
ABSTRACT

In 1972, the Canadian Combustlon Research Laboratory (CCRL) of the Department.
of Enerpy, Mines and Resources conducted a limited evaluation of the combustien
charactexistics of a coal- No. 2 fucl oil suspension in a pilot-scale rescarch tunncl
furnace. The results of this work were presented at an industry/sovernment seminar
in May 1972 in ovder to stimulale interest in coal-oil mixtuve (COM) technolopy. At
that time there was little interest in Canada in the subject and the proguam was
subscauently discontinued. Recenlly theve has been venewed interesl in COM's as a
means of substituting coal for oil which was prompted by vapidly escalating oll prices
and projected shortages.

In order Lo cncourage the use of coal in place of premium fuels, the Department
of Enerpy, Mines and Resources Coal Conversion Pudpram has dnvited R and D vrojects
for funding which meet this objective. The propgram, which was initiated in 1976 has
one project involving coal-0il mixtures curvently in progress in Phase 11 1977-78 and
three more will commence during Phase TIT 1978-79 which began on Apxil 1, 1978. A
brief degscription of cach project is gdven.

INTRODUCTIOR

In Canada, the federal department: of Enerpv, Mines and Resources (EMR) is the
principal agency responsible for the development, ubilizatinn and conscrvation ol the
wineral and encrgy resoorces of the country, Withio the denavtment arn a number of
grouns enpaged in a co-ordinated rescarch program which is divected towards the
development of specific wineral and enerpy technolopies for national usc.  These
proups fall under the rescarch organization of FMR the Canada Contre for Mincral and
Enerpy Tcelmolopy (CANMET), which is divectly responsible for administering the
Mineral and Encerpy Research Programs. 1In addition, to Lhe in-house propram of coerpy
and mineval rescaveh, some of which is jointly funded with industry, there is a
govermient sponsored program of contracl rescarch. Resecarch projects in specific .
energy and mineral related aveas ave invited for considevration and may cither be fully
funded (100% Goverment Fundiug) or jointly Lfunded (50% Gavermment - 50% Project
roposer). .

In ordexr. to cneouvage the use of coal in place of premium fucls, the department
inftiated the coal conversion program in 1976 to wcet (hie objective. In Phase TL of
the propram which covered the period April 1, 1977 to March 31, 1978 a jointly funded
program with the New Brunswick Electirie Power Commission was initiated to atudy the
feasibility of burning coal-oil mixturcs iu a small pencrating facility., Phase 110
of the program coveving the period April 1, 1978 to March 31, 1979 includes a
continuvation of the NMew Prunswick Power projeclt and the initiation of thrce others
dealing with various aspects of coal-oil mixture research.

BACKGROUND

In 1972, the Canadian Combustion Research Laboratory (CCRL), which is a
conslituent laboratery of CANMFY, conducted a limited in-house propgram to studv the
combustion characteristicys of No. 2 fuel oil - coal slurries in a pilot-scale vescarch
tunnel furnace. The results of this work werc prescuted at a joint suadustry/
government seminar in 1972 in orvder to stimulate iulerest in coal-oil mixture tech-
nology. (1 Subscquent evaluations of the data were presented ot the 1976 ASHME Winter
Anttual Meoting and the Interaational Flzwu Rynonruh Forndation (LFREY 4tk NMemheos
Conforence held in May 19706 in Holland, V& At Lhe time the rencarch proprom van
batigy couducted ad subseauent to Lthe coal-in-oill seminar Lhore appeaved ta be Tittle
interest in Canada in conl-in-oil mixture cowhbustion and the in-house program was
discontinucd in favour of other hipghey priovity combustion rescarch projccts.




Recently, renewed interest in coal dur largely to rapidly increasing oil prices
has focused attention on the potential of eral-in-o0il mixtures as a wmeans of using,
coal without the costly burner and cquipment modifications usually ansociated with
conventional coal combustion. At the present wmoment CCRI. has scheduled aw in-house
coal-in=o0il mixture combustion program utilizing No. 6 fuel oil and selected Canadian
coals. ‘The flame and heat transfer characteristics of COM flames will be cxamined
in the pilot-scale rescarch twnuel furnace. The program which will begin in the fall
of 1978 is essentially a continuation of that whieh was discontinucd in 1972,
However, the major effovt of the Department of Bnerpy, Minen and Resources in COM
R and D lies in the privace scctor through the coal conversiou progrum rescanch
funding. :

COAJ. CONVERSION PROGRAM COM PROJECTS )

New Brunswick Blectric Power Commission

The Hew Brungwick Blectiic Power Commission COM project is essentinlly a feas-
ibility study bLeing conducted in a small power station boiler. The initial phase of
the projact which bepgan in October 1977 has been described by Jeffrics etal.(4)  The
plant sclected for the project is located at Chatham, New Brunswick and compriscs
twoe small units of 12.5 MW and 21 MW witld the formev being used for the COM project,
Due to the age of the plant and jts relatively small size, it is idenl for rescarch
purposcs since it is not normally operated beeause of power pgoneration cconomics.
This stand-by situation allows ampic time for tbe modiflications and test aperation
without being constrained to supply power to the grid. The unit selected is o
Foster Wheceler three drum type supplied ju 1945, It is designed Lo penevate
140,000 1b/hr of steam at 605 psig and 835°F from fecedwater at 350°F,  The combuslion
chamber is reverse fired in which the hot flame gasces recirvculate back along the
side walls before entering the boiler tube banks. The boiler is designed Sor cithoer
coxl or oil firinp, conscquently boiler wodifications to permil COM firing will be
winimized,  The modifications to the fuel supply system have been made so thato the
COM supply system dis in parallel with the existing heavy fucl ol supply to allov for
rapld change ovex in cagse of an emergency or standby power demand, -

In the COM preparation system, the coal is fod from the bunker inta the will
where it is pulverized to PF fineness, 80% throuph 200-mesh, A cyclone separator
then sceparates the coal and prinmary air, the latter hedng panzaed through a bhoghouse
to collect the coal fines, which may then he returned to the COM Dlender. IFrom
the c¢yclone sepavator the coal is gravicy fed via a wolary screw feeder into the COM
blendew. TInitial mixing of the COM is achieved by direct contact of Lhe incoming
supply of heavy fuel oil and coal fram the coal fecder. Some preliminary coal wett-
ing is avhieved by an o0il spray located above Lhe inveming coal feed. The slurry fov
firing at the boiler is extracted from the hlender via a reciveulatiou live which is
necessary to prevent the settling out of coal at low flow rates or wihen the boiler
is shiut down., I'rovision is made for steam purging of all COM lines supplylug the
burners aund the return line to the blender.

The four bDurners on the hailer are Raskin steam atomizoed hurners with lTarpe flow
aperturces.  Opeviation with 10% coal slurry has shawn cunsiderable wear ont thesce
hurner tips and new waterials and burner desipns will be dinvestigated for the next
phasce of the work. The bulk of the COM preparaltion system was purchased from Geneval
Motors, Warren, Michigan, USA at the cermination of tests at the Sagiraw plant.

Operation of the boiler during the initial phase has been with Loth coal and oll
separately as well as with a 10% coal-in-oil mixture., The coal used was Minto
New Brunswick coal usually supplied to the power commission, which has 20-25% ash
and about 8% sulphux. Tt will be intercsting to compare the boller and emission
performance of COMs with the separate fucls particularly with caal alone to see il
there are any changes in superhcater fouling or slagging tendencies or other
operational difflicultics. :

The objectives ol Phase I of the program:

1. To demonstratc a coal/oil slurry comprising Minto NB coal and a typical
heavy fuel or No. 6 fuel oil can be celfectively burned.




-

2. To investipgate envirommental emissions and f£ly ash distributions

3. To ascevtain whether simple wechanicanl mixing of ceal-in~oil gives a COM
which is suitable for power plant operation,

4 To investigate the heat transfer characteristies of the furnace when

firing coal/oil slurry and coal and oil separately.

Phase II of the project which bogan on April 1, 1978 will cxtend the range of
coal coutents studied up to 40% by weight. In addition, the COM preparation
system will be changed vto inelude the National Rescarch Counedl of Canuda (NRCC) coal
benefication process whieh has the capability of substantially redueing the ash
content and halviwvg the sulphur content of the Minto KRB conl . (5 It is hoped that
the reblending of the agglomerates can be achieved in the existing blendev without
subgtantial wodification.  During Phase 1T, twelve woeks of opeorxation oun various
ranges of COM are plonncd and the boiler performance and eminsion characteristics &
will be monitored.

Saskaltchewan Rescanrch Council

The Saskatchewan Rescarch Council project is entitled "Proposal to Determine
Rheological Propoertiecs of Coal-0il Slurries". The major ohjcclive of the project -
which wans scheduled to hepin on April 1, 1978 is Lo obtain sulficient experimental
rheological data on sclected coal-oil mixtures to be able to undertake the desipn of
trensfer pipelines for potential conl gasification plant and COM combustion equipment
likely to b utilized in Canada. The project will be comprised of our stapes, three
experimental and one of correlation which will take until the end of December 1978,
Bricefilly these stages are: .

(1) Sclectiou of appropriate coals and oil; this will be undertaken by the
Saskalchewan Reseovch Conncil in collaboration with persomnel from EMR
and the provineial encrvpgy agencies of British Colunbia, Alberts and
Saskatehewin, A range of coals suilable foy pasificalion and combusiion
will be selected mainly from conl fields in the weslern provinces,  In
addition, samples of bitwmen and pitelr from oil-nands processing plant
will be made availoble and slurries with oil will be exomined. The oil
base will likely be No. 2 fuel oil and heavy fuel oil velined from
weslern Canadian feedstock althouph it dis possible that some pipeline
erude could be used as Lhe oil base of a COM.

(ii1) 7The coals and oils sclected will be cvaluated uneparvately; the ralevant
chemical compositions and physical propertics will be determined for
the samples of cach obtained,

(iii) Rheelogical measurements of the COM'a; the viscosilices of cach COM will
be determined uning a Brooklicld coaxial viscomeler. The coal or pitch/
bitumen propoivtion in cach COM will vary from 20% to 60% by weight.
Shury temperatures up Lo 200°C will be iuventigotod. Various partielo
size distribulions of the coal component of the COM will be selected to
correspond to the different requirements for gasification and combustiou,

(iv) After the rheological data on the COM's is obtained these will be
correlated intoe functional relationships which can be used for design
purposcs. Empiriecal ox thearctical equations will be developed from
which piping, requirements, pressure gradient and deposition velocilics .
can be caleulated for practical slurry handling cquipuent.

Ontario _Rescarch Foundafion

This project is a study af (he combustion and cemission chavacleristics of coal-
oil mixturcsg in a rescavch twmel furnace.  The project hng a schedu®~d slbarting date
of April 1, 1978 and an estimated duration at Lhe present Cime of 1% months.  This
project s the only one of the Tour deseriboed in which other co~sponsors provide
Funding besides the federal povernment.  The co-sponsiors are Lhe Ontavio Minjstry
of tnerpy, Gulf Gil Conada Limited, The Steel Company of Canndn Limited and Ontario
Hydro. Each co-spousor will provide techniecnl as well as financial input to the
rescarch program. In addilion to inveslipating the combustion. and enmission
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characteristics of COM's the Ontario Rescirch Foundation (ORF) will examine potential
fouling and slapping problems usunlly associated with the combustion of low grade
coals. The project is aimed at the introduction of new and improved techaology Lo
COM combiustion borh to optimize fuel efficicncy and to reduce levels of pellutant
cmissions, The following clempnts comprise important aspects of the studics:

(i) Use of the NRCC coal benefication process to provide spherical coal
agglomerates with reduced ash and sulphur content which will then
readily form a COM.

(1i) The Ontavio Resecarch Foundacion hydroshear zystem which has successfully
been uscd to supply cmulsions of water and fuel oil will be adapted and
used to blend the agglomerates into COMs.

(iii) Some of the COM combustion trials will be conducted using a hiph-
intensity (urbulept diffugion burner developed by Gulf and the Ontario
Rescaveh PFoundation.  For comparative purposcs tests will also be
canducted on a conventional Lurier which will be seleeted by the co-

. sponsors of the project. Each burner will be fired on No. 6 fuel oil
for reference purposces.

(iv) Watev-in-oil cmulsions have a demonstrated capability to reduce cemissions
and to change the characteristics of particulates. The role of water in
COMs will be studicd Lo sce if the same benelits apply to theinr combustion,

The followiung, stapes will be carried out leading to the COM coubustion tadals
which are scheduled to begin in July 1978,

(i) Coal Sclection and Vreparation:

The selection of guitable coal will be made by the project co-sponsors,
Coal samples will Lhen be obtained for analysis, grinding, benelication
and agglomerate production and GO stabilization.

(ii) Coal-in-0il Mixture Picparation:

The NRCC process produces applomerates, these will bhe Llended inlo a
stable COM by the hydroshear process. Relevant phyuical properties
of the COM will bLe deterwined.

iii urncer and Furnace Modifications an mibustion Performance Bvaluation:
ii Burn d I Modificat s and Combustion Performince Bvaluation

The test facility at the Ontarie Research Foundation can handle
burners of up to 20 x 10°% Bru/hy capacity. 1t is currently cquipped
with the hiph-intensity burner which Lias beeu gelected for part of the
COM combusition triale. The co-gponsors will select a conventional
burner that is widely used in Canada for comparative purposes. During
the performance tests and explorvatoyy trials, detailed an  ysis of flue
gus emissions, €O, CO2, NOy, S0, 03 aud pavticulates will be made
using conventional wonitoring Leclmiques, The combustion performance
of cach burner both on No. 6 fucl oid and a vange of COMs contajning
from 0 - 50% by weipht of coal will be investigated, Any slagging,

or fouling problems not usunlly associated with oil firving will be
studied, pavticnlaxly with COMs of high coal content or containing
coal of hiph ash content. '

The Steel Company of Canada Limited (Stoelco)

The project which is entitled "bDevelopment of Coal-0i1 Slurrvy luels for Blast
Furnace Injection'" was scheduled to begin on April 1, 1978. 0Ll injeetion inte
blast furnace tuydres is unot a new Idea, with improved yield, blast Duornace fuel
savings and a reduction in the use of wetallurgical coke being the magor henefits.
The aim of this project is Lo develop a slurry injection systom which wili use coal,
colce oven tar, oil bottoms and crcosote. The coke oven tar is a novel feature of the
project and is attractive hecuuse of +dits avallability in a steel works., 'the wiin
objectives of Lhe project beunides the desipn of the gslurry injectian gysloem are o
find out the ability of the COM to displace fuel oil and natural gas in blast-furnace
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jronmaling, and Lo what extent it will reduce the requirement for metallurgical coke.
In this area coal-taxr slurry formulated fxom the above ingredients would have an
extremely hiph C:ll ratio. The coal which will be used in the first instance will be
a low quality coke-makiny coal which is used by Steleco te make coke. It will be
interesting to comparve the performance of the vaw coal in a COM with its performance
in a blast furnace as metallurpical coke. Other coals which are non-colking may be
tried later if time peimits. The eriteria which will be used to assess the cffect-
iveness of COMs in slurry injection into blast furnaces will be:

(1) the ability to reduece overall blast furnace energy consumption,
(ii) the long term availability of fucls,
(1ii) the ability to integrate with existing operation. £

The wain components of the rescarch program are the determination of physical
propertics of the COM and its componentls. pumping experiments, fuel metering aund
compusition, and tha stobility of the COM, A series of combustion trials are
planned. These will use a-single tuydre W%}&k.OSSQJFiA&i“AHjll be a "tunnel-type"
furnace and the effect of COM combugtion onﬁcoéling AN observed, 7The initial- -
phase of the project is expected to lead to the enginecering design of equipment -
for a three tuyerce trial on a blast furnace.

CONCLUSTIONS

Four projects involving COMs are being undertaken in Caunada as part of the MR

‘coal conversion program. One, a feasibility study of COM combustion in a 12,5 NW

utility boiler began din October 1977. Three other projects are funded from April 1,
1978, One is a stwdy of the physical propertics of COMs and Lwo others ave R & D
projects invelving COM combustion and cquipment: development .

REFERENCES,

s .

1. Canadian Combustion Resvarch Laboratory, "Proccedings ol the Coal-in-0il Seminar
May 17, 1972', ¥uels Resenvch Contre Divisional Report FRC 72/95-CCRE, 1972,

2, ¢, K. Lee and °f. 1o Brown, "toal-in-03i1: A Snbatitute Boiler Facel', Papoer No.
76-WA/Fu-2 American Socicly of Mechanical Eangincers Winter Amual Mecting, New York,
Decenber 1976.

3. T. D. Byown and G. K. Lee, "Liquid and Colleidal Alternatives ta Conveutional
Liqnuid Fuels™, 4ch Members Conference International Flame Reseaveh Foundation,
llodTand, May 1976,

4. A. T. deCfries, F. J. Whalen, ¥, W, Davies and D. J. Burnett, "oeal-0i]1 Slurry
Firing of a Utility Boiler", paper to the GAth Annual Meet ing, Canadian Pulp and
Paper Association, Montreal, Quebee, Januaxy 1978.

5. C. E. Capes, A. E. McIlhinney, R. E. Keever and 1. Messer "Application of Spherical
Applomexation to Coal Vreparation'”, NRCC No. 15077 Froceedings off 7th Inteynational
Coal I'reparation Congress, Australia 1976.




