
CANADA

DEPARTMENT OF ENERGY, MINES AND RESOURCES

CANADA CENTRE FOR MINERAL AND ENERGY TECHNOLOGY

OTTAWA

ENERGY RESEARCH LABORATORIES
DIVISIONAL REPORT ERL 75/33-CMFRL

EVALUATION OF THE COKING CHARACTERISTICS OF A COAL SAMPLE FROM
SEAM 7, (ADIT 88) EAST KOOTENAY AREA, BRITISH COLUMBIA,

SUBMITTED BY KAISER RESOURCES LTD.
Project 03-3-1/16-30

by

J.G. Jorgensen, W. Gardiner, T.A. Lloyd and J.C. Botham

\

March, 1975

mszadurs
Transparent narrow



*



1

EVALUATION OF THE COKING CHARACTERISTICS OF A COAL SAMPLE FROM
SEAM 7 , ( ADIT 88 ) EAST KOOTENAY AREA, BRITISH COLUMBIA ,

SUBMITTED BY KAISER RESOURCES LTD.
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by

J .G. Jorgensen*, W . Gard ine r*, T.A. Lloyd*, and J . C. Botham**
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INTRODUCTION

Since 1959 , the Mines Branch of the Depar tmen t o f Energy , Mines and

Resources ( EKR ) has ca r r i ed ou t pe r iod ic inves t iga t ions to ass i s t in the

deve lopment o f the cok ing coa l s o f Wes te rn Canada wi th a v iew to the i r even tua l

exp lo i t a t ion as meta l lu rg ica l coa l s , p r inc ipa l ly in the s t ee l indus t ry.
These s tud ies have a l so inc luded depar tmen ta l r ep resen ta t ion on

severa l coa l miss ions to Japan to d i scuss spec i f i c techn ica l a spec t s rega rd ing

the use of Canad ian coa l s in tha t coun t ry. Dur ing the in i t i a l v i s i t in 1958 ,
genera l d i scuss ions were he ld in Tokyo wi th represen ta t ives of the Japanese

s t ee l indus t ry , and i t was agreed tha t con t inu ing t e s t work by F.MR in Canada

would be of mutua l benef i t in he lp ing to main ta in the f low of good qua l i ty

cok ing coa l to the growing marke t in Japan. A subsequen t v i s i t in 1973 conf i rmed

the need fo r these s tud ies.
Many ca rbon iza t ion inves t iga t ions have been comple ted in the labora to r i e s

of the Mines Branch fo r coa l compan ies invo lved in the expor t marke t , and th i s
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Carbonization Operations, Coal Treatment and Rheological Section Respectively,
Energy Research Laboratories, Canada Centre for Mineral and Energy Technology
Department of Energy, Mines and Resources, Ottawa, Canada.
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work has assisted the companies concerned to obtain firm export contracts.
The resulting investigational reports are, in most cases, confidential and are

usually restricted to the principals of the company.
The present investigation deals with an evaluation of the coking

characteristics of a coal sample from Adit Mo. 88, Seam No. 7, East Kootenay

area, British Columbia, submitted by Kaiser Resources Limited ( KRL) .
The project was initiated in a letter dated 28th January 1975, from

Mr. D.P. Sharma of KRL to Mr. J.C. Botham ( CANMET) . This letter is included

as Appendix 1, in this report.
The data presented herein consist of chemical analysis, petrography,

bench-scale testing pertinent to cokemaking, and a technical scale coke oven

evaluation of the sample.
The sample was carbonized alone in the 12-inch movable-wall oven in

Ottawa, and the coke product evaluated for its physical properties.
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FIGURE 1
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Analyt ica l Program

Representa t ive coal samples from the gross sample submit ted

were analysed as fol lows :

A. Chemical ar id Rela ted Analys is- ( repor ted in Table 1 )

( a ) Proximate Analys is ( 1 ) Mois ture
( 2 ) Ash
( 3) Vola t i le Mat ter
( 4 ) Fixed Carbon

( b ) Ul t imate Analys is ( 1 ) Carbon
( 2 ) Hydrogen
( 3) Sulphur
( 4 ) Ni t rogen
( 5 ) Oxygen ( by di f ference )

( c ) Gross Calor i f ic Value
(d ) Ash Analys is ( 1 ) Si l icon Dioxide

( 2 ) Aluminum Oxide
( 3) Ferr ic Oxide
( 4 ) Ti tanium Oxide
'5 ) Phosphorus Oxide
.6 ) Calc ium Oxide
( 7 ) Magnesium Oxide
(8) Sulphur Tr ioxide
( 9 ) Sodium Oxide

(10 ) Potass ium Oxide

B. Physica l Tes ts ( repor ted in Table 2 )

( a ) Hardgrove Grindabi l i ty
( b ) Size Consis t of Oven Charge
( c ) Ash Fusibi l i ty

Representa t ive samples of coke oven coal charges and resul tant cokes were

taken for proximate analys is and sulphur determinat ion. These values are

l i s ted in Table 6.
C. Thermal Rheological Proper t ies ( repor ted in Table 3)

( a ) Giese ler Plas t ic i ty
( b ) Ruhr Dl l a ra t ion
( c ) Free Swel l ing Index
( d ) Linear Expansion

D. Petrography ( repor ted in Table 4 )

( 1 ) Microscopic Determinat ion of Volume
Per cent of Macera l Components
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( 2 ) Mic roscop ic De te rmina t ion of Ref lec tance
Values of Organ ic Co:. ,

( 3 ) Mathemat i ca l De te rmin
Coke S tab i l i ty

n t s
on of Po ten t i a l

CARBONIZATION

Techn ica l -sca le eva lua t ions of the coa l s and coa l b lends were ca r r i ed

ou t in the Mines Branch movab le-wal l t e s t oven . Th i s type of oven i s p resen t ly

under cons ide ra t ion fo r adop t ion as a s tandard t e s t method , by Sub-Commi t t ee

XV of ASTI i Commi t t ee D-5 as " Proposed Method of Tes t fo r Measur ing Coking

The Mines Branch t e s t ovenPressu res of Coa l by a Movab le-wa l l S lo t Oven 'M

i s iden t i ca l wi th the "Qua l i ty Coke Oven " as des igned and used by the Eas te rn

Gas and Fue l Assoc ia t ion!'!) , d i f f e r ing f rom the l a t t e r un i t in minor de ta i l s

on ly. A schemat i c drawing of the oven , showing the suppor t ing s t ee l and f i r e-
br ick cons t ruc t ion i s g iven in Figure 2.

The wid th of the coke-oven chamber i s 12 .5 inches and the oven

capac i ty i s approx imate ly 500 lbs of dry coa l a t an oven bu lk dens i ty of

51 lb/ f t3 ( db ) . The cok ing chamber i s equ ipped wi th two doors and the coke i s

d i scha rged by means o f a pusher mach ine .
The oven i s e l ec t r i ca l ly hea ted wi th "Globar" - type res i s t ance

e lement s , p rov ided wi th a sens i t ive con t ro l sys tem to regu la te and main ta in

des i r ed oven-wal l t empera tu res. The oven wal l s cons i s t o f s i l i con-carb ide

t i l e wi th a h igh the rmal conduc t iv i ty re l a t ive to s i l i ca br ick . In o rde r to

s imula te the cond i t ions of i i ca t ing in a commerc ia l oven , energy inpu t to the

t e s t oven i s normal ly programmed. The coa l i s charged to the oven a t a f lue

tempera tu re o f 1650°F. The tempera tu re i s then inc reased a t a ra t e of 35°F/ hr

to 1050°F and main ta ined fo r ba lance of cok ing t ime a t th i s tempera tu re. The

coke i s pushed 1 / 2 hour a f t e r the tempera tu re in i t s cen te r has reached 1850°r.
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This heating cycle simulates a cor;mercial oven coking rate of 1 inch per hour
as would be obtained in a conventional 18-inch silica lined coke oven. With
such programming the slot- face temperatures average approximately 1850°F for
the coking cycle.

The wall pressure developed by the coal charge during the test is
measured by means of a single compression-type load cell. The movable-wall
section of the test oven is suspended from an overhead carriage rolling on
rails. Motion of the movable-wall is restrained by an assembly of heavy

steel beams held against the fixed wall by four water-cooled tie rods. A
single BLH load-cell, Type CXX, with a range of 0-10,000 pounds , is mounted
between the movable-wall and the restraining structure. A Foxboro "Dynalog"
electronic strain-gauge continuously records the force transmitted through
the movable-wall during the test.

All cokes discharged from the oven are dropped from a height of
10 feet to simulate handling of the coke in commercial practice. The cokes
are dried prior to screening and testing.

The chemical analysis and the coal and coke testing conform as
closely as possible to ASTM test-methods. Standard test-method designations,
other than chemical analysis, are given in the references.
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TABLE 1 Chemical Analyses of Component Coals

j Identification
Laboratory Number
Description

2556-75
Seam 7
Adit 88

Classification
IvbRank ( ASTM)

International System ..
Specific Volatile Index
Carbon ( dmmfb )

431
197
90.7%

Proximate Analysis ( db )
9.4%Ash

20.6%Volatile Matter
Fixed Carbon .. 70.0%

Gross Calorific Value ( db)
14,020Btu per pound

co
Ultimate Analysis ( db )

81.3%Carbon .
Hydrogen
Sulphur
Nitrogen

5.1%
0.42%
1.4%
9, 4%Ash
2.4Oxygen ( by difference ) %

Ash Analysis ( db )
*%Si 02 %A12O3

Fe?0^Ti O2
%
%
%P2O5
%CaO
%MgO
%SO3
%Na?0

K2O %

^Results not available at time of reporting.



TABLE 2 Physical Tests and Fusibility of Ash of Component Coals

Identification
2556-75
Seam 7
Adit 88

Laboratory Number
Description

Coal Pulverization

Sieve Analysis
Passing Retained On

1.41/4 in. %
1/8 in. %
1/16 in. %
1/ 32 in. %

10.81/4 in.
1/8 in.
1/16 in.
1/32 in.
Total Passing

22.4
19.1
46.3%

UD87.8%1 /8 in.
Grindabil i ty

Hardgrove Index *
Fusibi 1ity of Ash

Initial Deformation Temp. . . .°F
Softening Temp. Spherical ...°F
Softening Temp. Hemispherical °F
Fluid Temp °F

2700+
2700+
2700+
2700+

*Results not available at time of reporting.



TABLE 3 Thermal Rheological Properties of Component Coals

Identification
2556-75
Seam 7
Adit 88

Laboratory Number
Description

Linear Expansion
Bd. 52 Ib/ ft at 2% moisture...* -14.0

Gieseler Plasticity

Ss 447Start
Fusion Temp
Max. FIuid Temp. ...
Final FIuid Temp. ..
Solidification Temp.
Melting Range
Max. Fluidity
Torque

o£ 464£ 477o5 O

485
30
2.3dd/m

g.in. 40

Di 1atation

& 405- Softening Temp
^Tii - Max. Contraction Temp. ^C

Tiii - Max. Dilatation Tempi . C
Contraction
Di 1atation

Ti
470

24%
% NIL

(at 500°C )
Free Swelling Index

F.S.I 4.5



T A B L E 4 Pe t rog raph i c Ana ly s i s o f Componen t Coa l s

I den t i f i c a t i o n
L a b o ra to r y Number
D a s c r i p t i on

2556-75
S ea m 7
Ad i t 88

0i s t r i bu t i on of Vi t s r i n i t e Types
lV-6
%V-7
%V-8
%V-9

0 .5%V -10
0 .5%v-n

27 .4%V-12
18 .4%V-13

0 .5%V-14
V- l 5
V-16
V-l 7
V- l8

%
%
%
%

Reac t i ve Componen t s
To t a l V i t r i n i t e. .
Reac t i ve Semi -fu s i n i t e ( 1 /3) . . .%
Ex in i t e
To t a l . .

47 .3%
13 .6

0 .0%
60 .9%

I ne r t Componen t s
27 .1In e r t Semi -fu s in i t e ( 2/3)

Mic r in i t e
Fus in i t e
Mine ra l Ma t t e r

%
2 . 80/

/o

3 .9%
5 .3%

39 .1%To ta l

Pe t rog raph i c In d i ce s
1 .28%Mean Re f l ec t ance

Ba l an ce In d e x . . .
S t r eng th Ind e x . .
S t ab i l i t y I n dex.

2 .90
4 .94

44 .3



T A B L E 5 - C a r b o n i z a t i o n D a t a - M i n e s B r a n c h 1 2- I n c h M . W. O v e n

3 9 6T e s t I d e n t i f i c a t i o n N u m b e r
D a t a o f T e s t
L a b o r a t o r y N u m b e r
D e s c r i p t i o n

2 0 F e b . 7 5

S e a m # 7
A d i t #8 8
100%

C A R B O N I Z A T I O N D A T A
5 5 9 . 3N e t W e i g h t o f C h a r g e (w e t )

M o i s t u r e i n C h a r g e
A S T M B u l k D e n s i t y ( w e t ) . . .
O v e n B u l k D e n s i t y ( d b ) . .. .

l b
2 . 8%

l b/f t3
l b/f t3

.4 8 . 5
5 1 .3

C A R B O N I Z A T I O N R E S U L T S
9:0 5h r :m i n

I b/ i n^
G r o s s C o k i n g T i m e
M a x i m u m W a l l P r e s s u r e. ...
C o k e Y i e l d A c t u a l
M e a n C o k e s i z e
A p p a r e n t S p e c i f i c G r a v i t y

0 . 5 6
7 8 . 0t

2.11i n

S c r e e n A n a l y s i s o f C o k e
( c u m u l a t i v e p e r c e n t a g e r e t a i n e d o n )

3 i n c h s i e v e
2 i n c h s i e v e
1 1 /2 i n c h s i e v e
1 i n c h s i e v e
3/4 i n c h s i e v e
1 / 2 i n c h s i e v e
P e r c e n t a g e -1 /2 i n c h ( b r e e z e ) . .. .

T u m b l e r T e s t ( A S T M )

1 4 . 5 PO

5 0 . 4
7 4 . 4
9 1 .4
9 4 . 2
9 4 . 9

5 . 1

4 9 . 9S t a b i l i t y F a c t o r
H a r d n e s s F a c t o r. 6 9 . 1

J a p a n e s e D r u m T e s t ( J I S l
( c u m u l a t i v e p e r c e n t a g e r e t a i n e d o n )

5 0 m m s i e v e
2 5 m m s i e v e
1 5 m m s i e v e

3 0 R E V 1 5 0 R E V
2 . 36 . 3

6 6 . 58 5 . 0
8 1 .49 2 . 9



TABLE 6

Analyses of Coke Oven Charges and Resultant Cokes

Identification
396Test Number.

Date Charged
Description.

20 Feb. 75
Seam 7
Adit 88

Coke Oven Charge
Laboratory Number

Proximate Analysis(db)
Ash
Volatile Matter
Fixed Carbon

Sulphur(db)

i

2556-75 CO

I

9.47.
20.6%
70.07fo

0.42%

Resultant Coke
2612-75Laboratory Number

Proximate Analysis(db)
Ash
Volatile Matter
Fixed Carbon

Sulphur(db)

7o
7o
7o
7,

^Results not available at time of reporting .
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PROJECT OBSERVATIONS AND DISCUSSIONS

Rank

Based on the ASTM system of rank classification the coal sample

from Seam 7 , Adit 88 is low volatile bituminous coal .

Sulphur

The sulphur value is favourably low at 0.42 per cent .

Ash Level

The ash level is 9.4 per cent .

Thermal Rheological Properties

The Gieseler fluidity is 2.3 dial divisions per minute , the Ruhr

dilatation is nil at 500°C and the Free Swelling Index is 4.5 . The Linear

Expansion as determined by the Sole-heated oven is -14.0 per cent .

Petrography

The mean maximum reflectance value is 1.28 per cent which is typical

The mean maximum reflectance of a coal is generallyof a medium volatile coal .
related to the degree of metamorphism or coalification that the coal has under-

gone and therefore is an indication of rank . However , based on the volatile

matter and the fixed carbon this coal is ranked as low volatile bituminous .

This anomaly appears to be due to the low vitrinite content and conversely

the high inertinite content of this coal . The vitrinite and exinite contribute

the bulk of the volatile matter and most of the inertinite remains in the

fixed carbon .

The balance index is 2.90 which reflects excess of inert components .

The predicted stability factor based on the petrographic analysis is 44.3 .
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Carbonization

The carbonization results compare fairly well with those associated

with Balmer coal .
The Stability and Hardness factors, the JIS drum test and maximum

pressure are the main parameters referred to in this assertion.
The breeze production at 5.1 per cent is a little high.
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APPENDIX 1

Letter dated 28th January 1975, from
D.P. Sharma, Supervisor, Quality Control ,
Kaiser Resources.
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KAISER RESOURCES LTD.
P. O BOX 2000

SPARWOOD. BRITISH COLUMBIA
604/ 423 622I
VOB 2G0

January 28, 1975

Mr. J. C. Botham, Head
Cdn. Metallurgical Fuel
Research Laboratory
Dept, of Energy, Mines & Resources
562 Booth Street
Ottawa, Ontario
K1A OGl

Dear Jack:

#7 Seam (Adit #88)
Coking Test

Ref.:

Confirming our telephone request of today, we are in the
process of shipping 2 drums of Adit #38 coal to Ottawa,
Corkstown Rd. Complex,
the 29th for Lethbridge for forwarding to Ottawa by Kingsway
Transport.

Please run a mw oven coking test on this coal along with
bench scale support analyses including petrographic analysis.
We would appreciate you issuing a complete report as soon
as possible similar to MREC 74/48 completed in June, 1974
on #6 seam.
with Balmer for Elkview Plant feed and hence need to con-
vince our customers that it will not affect the quality
of Balmer export.

The coal will leave from here on

We intend to blend Adit #88 area 7 seam coal

Yours very truly,

KAISER RESOU-RCES LTD.
X

A \ i l \ v

D. P. Sharma
Supervisor,
Quality Control

L. J. Lindsay
J. B. Murphy
R. H. Gronotte
R. E. Taylor

cc:


