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Movable-Wall Coke Oven Tests and Related Analyses of
Component Coals and Blend B From the Line Creek Extension
Project Submitted by Crows Nest Resources Limited

Project No. 03-3-1/11-11

by

J.G. Jorgensen* and T.A. Lloyd#**

INTRODUCTION

The evaluation of coals for Crows Nest Resources Limited
is a continuing divisional project in which periodic investigations
are undertaken as requested by the company.

This report is Investigation No. 11 in the series and
includes evaluation data on coals specified in a letter dated
April 2, 1982 from H.S. Stellmach, Manager, Utilization
Techology, Crows Nest Resources Limited. A copy of this letter
appears in Appendix 1. Included in the report are the following
coal samples:

ERL COKE OVEN SEAM ADIT BC LAB
Lab No. Test No. No. No. No.
2707-82 910 6 25 1692
2708-82 898 7 27 1833
2709-82 900 8 28 1956
2710-82 901 10B 29 1977
2757-82 902 30 30 1988
2758-82 905 3L 22 2308
3082-82 909 Blend"B" B-2401
Composition of Blend B
Seam No. %
3U 5
3L 5
410 12
6 10
7 18
8 20
106 30

Additional blends will be carbonized and reported at a
later date as part of this investigation. The results of
testing the coal samples from Seam 4U appears in another report
dealing with Project 03-3-1/11-10.



The coal samples were cleaned at Birtley Engineering,
Calgary and sent to the Energy Research Laboratories, CANMET
Bells Corners Complex near Ottawa. The samples were crushed,
blended and carbonized in the CANMET 12-inch width movable-wall
coke oven. Representative samples were taken for chemical,
physical, thermal rheological and petrographical analyses. The
results are tabulated in Tables 1 to 7.

*Head, Petrographic Section, **Head, Conventional Carbonization
Section, Combustion and Carbonization Research Laboratory,
Energy Research Laboratories, CANMET, Energy, Mines and
Resources, Ottawa, Canada. KIA 0G1



TABLE 1 Chemical Analyses of Component Coals

Identification
Laboratory Number ............ 2707-82 2708-82 2709-82 2710-82 2757-82 2758-82 3082-82
DESCrIption ..ccoessesideaeeins
Seam 6 Seam 7 Seam 8 Seam 10B Seam 3U Seam 3C Blend B
Adit 25 Adit 27 Adit 28 Adit 29 Adit 30 Adit 22
Classification
RNk LASTA): :isvsvisosmnscvana mvb mvb mvb mvb mvb mvb mvb
International System ......... 433 434 421 433 534 533 432
Specific Volatile Index ..... . 189 190 191 191 182 173 186
Carbon (dmmfb) .............. % 90.1 89.3 90.1 90.4 87.8 86.7 91.4
Proximate Analysis (db)
Ash IlIll‘-..lll‘.l‘l.lIO‘..O% 901 9.8 9.1 9.9 9.1 8.7 9-&
Volatile Matter ....cvvveuee 23.2 24.1 22.0 217 2577 2743 21.6
EiXed " Earbon «ivussis deessios e 677 66.1 68.9 68.4 65.2 64.0 69.0
Gross Calorific Value (db)
Btu per pond! ... cvevasnienes 124020 13955 14010 13870 13960 13850 13840
Ultimate Analysis (db) .
CATDON o oi v viisnnsvsmsasmenasd 81.1 79.6 81.0 80.6 79.0 78.4 81.8
Hydrogen DIIIU......CO..‘....% al3 &“& 4.1 4-2 &ls &.6 4.8
SUNBBME s oi0s s siecnidarniien saisea il 0.50 0.49 0.33 0.51 0.84 0.44 0.43
Hitrogen l..l..‘...'l.‘.l....% 1'1 1.1 1.0 1-0 1.0 1'1 1.1
L I i TP TAP PR, - 9.1 9.8 2 JPo 9.9 9.1 8.7 9.4
Oxygen (by difference) ...... % 3.9 4.6 4.5 3.8 5.6 7.0 2,5
Ash Analysis (db)
51'06 R e T 573 56.9 55.8 64.4 52.9 57.8 58.9
Alz B b ans s iliarssie el 29.4 25.5 29.9 29.8 29.1 27.4 28.2
803 A VSRR S b RS SRR % 4.3 5.4 8.0 1.9 4.8 5.4 4.7
L I B O I R I B I I R % 1.9 1-8 1.8 1.7 1.8 1'3 1-6
P205 ......... O KA % 2.0 3.3 0.6 0.8 3.8 1.9 1.8
Cal ... o aorsins a0s P .73 3.8 iS4 i1 4.2 2.6 2.4
M e et i g aiaa S e % 0.0 0.5 0.0 0.0 0.0 0.6 0.5
SN Jaliias nis hraie ol e e e s e e P 0.4 0.5 0.3 0.2 0.5 0.8 0.5
Na60 STe e e araere ainala ans e e 0 i 01 % 0.1 0.1 0.1 0.1 0.1 0.1 0.1
KZ ...... T e e o 4 0.7 0.7 0.3 0.5 1.0 1.1 0.6




TABLE 2 Physical Tests and Fusibility of Ash of Component Coals

Identification
Laboratory Number ............. 2707-82
PESCEEDEION. /s ot 55 cins 0 FndEoininin
Seam 6
Adit 25
Coal Pulverization
Sieve Analysis
Passing _ Retained On
1/4 in. % 0.1
1/4 in. 1/8 in. % 10.8
1/8 in. 1/16 in. ¥ 16.5
1/16 in. 1/32 in. % 18.9
NE2NR. -] C Eaeetesoh ¥ 53.1
Total Passing 1/8 in. % 89.1
Grindability
Hardgrove Index ..........uuuu. 93
Fusibility of Ash
Initial Deformation Temp. ...gF 2590
Softening Temp. Spherical coaof 2700+
Softening Temp.Hemispherica]of'27oo+
EIu g TRamy ¥ Swes 00, aeVites F2700+

2708-82

Seam 7
Adit 27

16.
20.
53.

90.

. .
= Ut Ww W 0o

83

2355
2625
2700+
2700+

2709-82

Seam 8
Adit 28

13,
18.
20.
48.

86.

W Wwo MNP

81

2665

2700+
2700+
2700+

2710-82 2757-82 2758-82

Seam 10B Seam 3U Seam 3L

Aditc 29

11.
17.
19.
50,

88.

o Lo~ N

75

2700+
2700+
2700+
2700+

13.
19.
21.
44,

86.

Lan I« + I S N o T <3 ]

74

2375

2700+
2700+
2700+

Adit 30 Adit 22

12.
19.
22,
45.

87.

N DWEHEONN

77

2515

2700+
2700+
2700+

3082~82

Blend
B

12.

19.
49.

87.

- -
v oo WwWN

82

2335

2700+
2700+
2700+




TABLE 3 Thermal Rheological Properties of Component Coals

Identification

Laboratory Number ............ 2707-82 2708-82

BESCrIption i ssessvaneinivvons

Linear Expansion
Bd. 52 1b/ft° at 2% moisture...%

Gieseler Plasticity

5 e Rl B BT 9%
FUSTON TEMD. vevvnvnrnnrnennns 2c
Max. Fluid Temp. ............. o
Final Fluid Temp. ............ %
Solidification Temp. ..... el
Melting Range ........ccvvnvue. Oc
MEX. FIDIAILY csiceiscanocnes dd/m
PR i i s D s h b g.in.
Dilatation

Ti - Softening Temp. ...... gc
Tii - Max. Contraction Temp OC
Tiii - Max. Dilatation Temp . C

Contraction ........... %

D¥latation ...cconvovave %

Free Swelling Index
Foede vuvanossviosaessesesseds

438
454
468
483
489

45

40

Seam 7
Adit 25 Adit 27

424
440
462
489
491

66
245

40

392
447
476

29
56

2709-82

Seam 8
Adit 28

446

467
480
489

34

40

413
486

24
Nil

2710-82

Seam 10B
Adit 29

432
444
466
492
496

60
165

40

398
450
480

30
25

2757-82

Seam 3U
Adit 30

424
434
459
487
490

63
225

40

393
441
473

30
67

83

2758-82

Seam 3L
Adit 22
(Resample)

428
441
464
476
487
48
50
40

395
450
476

28

7%

3082-82

Blend
B

433
477
464
489
491
56
51
40

404
455
480

28

7%




TABLE 4 Petrographic Analysis of Component Coals

Identification

Laboratory Number............ s
Description......... e s S

Distribution of Vitrinite Types

R R R = R ¥
VSR e o Tl s e T s S a0 TS S %
V=Bas os o innameis TR T e
V=0, ale v sialeinheinie g Rl R,
YVolliie oo o M st e N R 4
3 g N 7t SRR
VAR oo iva dlonns ko olminre T R Ik
V=130 s smnsions ey el AN
N oo a0k 3,98 ST00 R
Vb8, i s nioe L O O W~ i 4
Vodhis sn e onesmsont s e o Y, B
L 7 T e Ty o %
V=18...:: o P SO i 1 e o oy
Reactive Components
Total Vitrinite..... TR A o
Reactive Semi- fusinite (1/3)...%
EXINIEC casateie R S eieretammidide
s v of. RO, ety SOl Y i O b %

Inert Components

2707-82 2708-82 2709-82 2710-82 2757-82 2758-82 3082-82
Seam 6 Seam 7 Seam 8 Seam 10B Seam 3U Seam 3L Blend

Adit 25 Adit 27 Adit 28 Adit 29 Adit 30 Adit 22 B
9,19 12.'6: j S |
0.6 ¥ 0.4. 42.9 42 .4 5
32.1 42.3 11.4 2.40 12.5 1721 19.6
38.5 6.2 19.1 L6 0.7 2.2 16.9
39 3.8 13.9 3.7
555" 62.2 3407 - 47.9 66.0 74.3 53,0
15.1% 12.3% 24 .8% 18,9% 11.0% 4.3 16.4%*
0.1 0.2 0.0 0.0 0.9 0.7 0.0
70.3 74.7 59,5 66.8 77.9 79,3 69.4

Inert Semi-fusinite (2/3) ...... % 15.1%%  12.3%% 24,9%% 18,9%%  11.0%% B.6" 16, 4%%
Micrinite....... e e e e % 2.4 2.2 2.4 2.4 L7 1.5 2.8
Fusinite....ooeesoee L oPoals 8, S % y J 53 Bl 6.5 4,2 5.7 6.2
Mineral Matter.......ccovvvuunn % 5.1 3D 5l 5.4 5:2 4.9 5§52
L e B W et oy % 29.7 25.3 40.5 33.2 221 20.7 30.6
Petrographic Indices

lean Reflectance........ 315 ravele % 125 L.17 1.22 1.26 1.05 1.05 1.16
Balance Index......... e e e 1.65 1.14 2.60 2.16 Ny oy 0.72 1.49
Strength Index...... e 4.72 4.55 4.48 4.96 3.92 3.94 4.47
Stability Index............ st 54.95 60.58 B a2 2 51.50 $3z3 . 1953.15 5425

- B *Reactzve §emi-fusinite(1/2) **Inert Semi-fusinite(1/2)




TABLE 5 o Carbgni zation Data

*30 revs **150 revs

Test Identification Number.........c.ouvn 910 898 900 901
DAER OF TeSLuisssevosinissisionnensionsesios s 1982-05-11 1982-03-25 1982-03-31 1982-04-01
Laboratory NUMDEY: .o so 500 csssonnessss s
Description....... S e Nt Pt 1692 1883 1956 1977
Seam 6 Seam 7 Seam 8 Seam 10B
CARBONIZATION DATA
Net Weight of Charge (wet)............ 1b 586.5 593.9 599.5 584.0
Moisture in Charge.......ccvevvvvennnnnnn % 3z 2.8 2.8 2.8
ASTM Bulk Density (wet)........... 1b/ft3 - 48.8 48.8 -
Oven Bulk Density (db)............ 1b/ft3 50.3 51.1 51.6 50.2
CARBONIZATION RESULTS
Gruss, COkIng TAmes < v cawevnnonniu hr:mia 9:25 10:30 10:20 10:30
Maximum Wall Pressure............. 1b/in 0.45 0.72 0.32 0.42
Coke Yield Betual, coucune oo iennanseasls % 77.8 78.1 78.3 78.0
Mean Coke S1Ze. . ccasains vnesssvaesss in 2.09 213 2.01 1.97
Apparent Specific Gravity.......cvvvvuun 0.930 0.951 1.03 0.967
Screen Analysis of Coke
‘TcumuTative percentage retained on)
FEENCH STOVR. oa s vadie asinsds e saniasese 9.5 78 8.8 4.2
2 ANCH STEVE e sin el s b sbalens v ae e 50.8 54.9 45.6 44.9
1. V/2 INCh STeVR: covinaesnins sosssasson 80.0 83.4 73.6 1502
T ANCh STOWR . ol s ns e eimnsiasesee omyae 94.5 95.3 93.8 94.7
3/4 inch STeVe...ovvveernrnsenensssnnnns 95.8 96. 4 95.5 96.4
LI AR IS TOVR: . o 5w soowiine s susas wame s 96.5 97.1 96.2 97.1
Percentage -1/2 inch (breeze)........... 3.5 2.9 3.8 2.9
Tumbler Test (ASTM)
SEADTIILY FACEOF ... aus oomissismesaniosee 57.6 61.1 507 58.5
Haraness Faetori o doss s sosonsinis soaeas 66.7 67.5 67.6 7025
Japanese Drum T J
(cumuTative percentage retained on) * ek * * % * LR * * %
SO GBS, soae /s uis/aate el ate sle e iatilaie o & 233 "G 280 b AE 2 -T2G0 24.1T 10.5
25 T S ONE o n siesinarsia e a'sls o i iisie sl 89.2 73.7 90.3 75.9 85.8 68.2 88.5 735
15 N STONE ;i sk vaie e et T v 93.0 80.8 93.9 83.4 92.4 79.5 94,2 B83.5




TABLE 6 -~ Carbonization Data

Test Identification Number............... . 902 905 909
Data of Test....... T I A T O NS T 1982-04-06 1982-04-14 1982-05-06
Laboratory Number. ......oeivuininennnanans
Description.......... ot u A i (A A 1988 2308 2401
Seam 3 Seam 3 Blend B
Upper Lower
CARBONIZATION DATA
Net Weight of Charge (wet)............ 1b 570.5 581.9 574.2
MolStUre TN CRArge. . cococisnnnisansasas % 3.1 3.1 3.1
ASTM Bulk Density (wet)........... 1b/ft 48, 4 50.3
Oven Bulk Density (db)............ 1b/ft3 48.9 49.9 49.9
CARBONIZATION RESULTS
Gross Coking Time......covvvvennns hr:mi 10:15 10:05 9:10
Maximum Wall Pressure............. 1b/in 0.63 0.34 0.33
COKE YI81d REVMBIG oevonossisosanioninsas % 75.8 74.1 78.2
Mean COKB SIZ® .. ccnervonscencesonconsas in 2.06 2.08 2.02
Apparent Specific Gravity...... iy 0.897 0.894 0.955
Screen Analysis of Coke
(cumuTative percentage retained on)
3 Inch STeVR. .ocssnsrnsosvussnmeesossenn 5.4 9.3 7.3
2 THCH SIOVE L s aisa s ennissiuns snsese . 50.6 il [
BTS2 AN SRR . oo aann i v cicsoneehsres 81.7 78.3 155
T TN STBNE s v 000000 vso6e 405 0104 03 Fsie 95.0 93.8 94.2
/R AN S1EVR . 5u v cvisnenswnassasives s 96. 3 95,2 95.8
V/2 Inch S1OVRL c oo sosvninsivaisasssrsveis 97.1 96.2 96.8
Percentage -1/2 inch (breeze)........... 2.9 3.8 3.2
Tumbler Test (ASTM)
Stability FACROP.ss essrsessacsnsssisenea 54,2 48.7 55.6
HAranesSS FACLOP. .« eovossoniosvasioninaees g 63.8 62.1 67.6
Japanese Drum T
(cumuTative percentage retained on) + * % x k% * * %

50 mm sieve....... ey . B G S [ 25.0 5.4

LG o P e I 88.3 72.7

1S ST s s o olvod b s N e §E WE s o S als 93.5 81.8

20.6 3.4 22.5 5.
86.5 66.6 88.1 72.
92.8 80.1 94.0 82.

*%150 revs




TABLE 7

Analyses of Coke Oven Charges and Resultant Cokes

Identification
Test Number..essscessess
Date Charged......vveass
Deseription.cessecoensss

Coke Oven Charge
Laboratory Number.........

Proximate Analysis (db)

Volatile Matter........%
Fixed Carbon «sceaveseeah
Sulphur (dB), . ccisionisnith

Resultant Coke
Laboratory Number..,.......

Proximate Analysis (db)
BB o/ sli ko) o dn oie i o S A
Volatile Matter........%
Fixed Carbon...........%
Sutphur [(db)e s« eiasanvislh

910 898
82-05-11 82-03-25
Seam 6 Seam 7
Adit 25 -Adit 27
2707-82 2708-82
9.1 9.8
23.2 24,1
67.7 66.1

0.50 0.49
2856-82 2855-82
12313 11.2

L 2 Assid
86.5 87.6
0= 35 0.35

900 901 902 905
82-03-31 82-04-01 82-04-06 82-04-14
Seam 8 Seaml0B Seam 3U Seam 3L
Adit 28 Adit 29 Adit 30 Adit 22

(Resample)

2709-82 2710-82 2757-82 2758-82
9.1 9.9 9.1 8.7
22.0 21.7 257 27.3
68.9 68.4 65,2 64.0
0.33 0.51 0.84 0.44

2857-82 2858-82 2859-82 2862-82
10.8 121 11.8 1054
1.2 1‘0 2.0 1.3
88.0 86.9 86.2 87.0
D.:27 0.39 0.67 0.40

909
82-04-14

Blend
B

3082-82




NOTE - Replot Blend B

STRENGTH INDEX

= 10=
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} ! !
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1eo % 80 70 &o

COMPOSITION - BALAMCE INDEX

Figure 1 - Plot of predicted stability factors of component coals and Blend B

from petrographic data. -
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APPENDIX 1

Letter dated April 2, 1981 from H.S. Stellmach, Manager,
Utilization Technology, Crows Nest Resources Limited.

1f
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P.O Box 2699, Station M. Caigary, Alberta T2P 2M7 Telex 03-822505

Mr. J. Jorgensen
Energy Research Laboratories

CANMET

555 Booth Street
Ottawa, Ontario

K1A 0Gl1

Dear John,

Further to our purchase order CN20740 requesting carbonization
trials for our Line Creek Extension project, this memo will clarify some

April 2, 1982

of the items discussed earlier.

We now do not expect to be sending

Crows Nest Resources

Eau Ciaire Place, 525 3rd Avenue S W.. Calgary, Alberta (403) 2324355 LIMITED

By this time you should have received the following samples:

30
22
21
25
27
28
29

as indicated on the purchase order.
until June/July.

Blend
Lab. No.

Seam No.
3U
3L
4U
6
7
8
10b

During the next week we will also be shipping the following blends
to you for carbonization:

A
A-2400

%
10
10
24
20
36

B
B-2401

%
5
5
12
10
18
20
30

C-2402

Adit No.

C

%

30
70

Lab. No.

1988
1313

197
1692
1883
1956
1977

D

D-2403

%

50
50

a subsidiary of Shell Canada Resources | imited

samples for Seams No. 2, 4 Lower or No. 5
The sample for Seam 10a will be delayed

F

F-2405

%
50

50
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Mr. J. Jorgensen 2
April 2/82

In addition to the standard chemical, physical, petrographic,
rheological and coking analyses, I would also like to obtain the following
for Blends A, B and C.

1. Reactivity and Post Reaction strength.
2. Linear expansion.
3. Semi-fusinite breakdown for macerals with reflectance below 2%.

In anticipation of CNRL scheduling more carbonization test work
at the Western Research Lab, we are shipping duplicate samples of Blends A,
B and C to the WRL. From our discussions, I understand that the cost of
two of these duplicate tests will be borne by the Energy Research Laboratories.

The results of the above test program are urgently required for
the development of our Line Creek Extension project and I would appreciate
receiving preliminary information as soon as it is available.

I will be out of the office until April 19, 1982 and will contact
you upon my return to discuss any problems that may have arisen. For your
information, we expect to set up an additional program of 4 or 5 carboni-
zation trials during June/July, 1982.

Yours ver§ truly,

~~

H. S. Stellmach
Manager, Utilization
Technology









