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ANl INVESTIGATION OF THE COKING CHARACTERISTICS OF COAL SAMPLES
FROM THE 1972 EXPLORATION PROGRAM OF KAISER RESOURCES
' LIMITED, SPARWOOD, BRITISH COLUMBIA ’
INVESTIGATION NO. 24

by

waenin JJG. Jorgensen*, W. Gard{nep**, T.A. Lloyd*##-and J.Cu-Botham*f**;.rv -

A INTRODUCTION

N

Since 1959, the Mines Branch, Department of Eneray, Mines and

' Resources (EMR) has carried out periodic investigations to assist in the

development of the coking coals of Western Canada with a.view to their

ultimate exploitation as an export commodit&,'princiba]]y for use in the
manufactﬁre of coke by the Japanese sfegI industry. These studies have

also included czpartmental representation on several coal missions to Japan

" to discuss spec%fic technical aspec%s regarding the use of Canadian coals.

.During the ihitia? visit in'1§58, general discussions were. held in Tokyo '

with representatives of the Japanése steel industry, and it was agreed at

the time thaf'continuing test work by EMR in Canada would be of mutﬁal .o

benefit in helping to maintain the continuing supply of good quality coking coal
for the growing market in Japan. Subsequently, many carbonization invéstigatiqps

*Head, Petrography Section, **Head, Carbonization Operations, *%if0ead,

Coal Treatment and Rheological Sections, ****Croup Leader, Metallurgical Fuel
Engineering Group, Metals Reduction & Enerqy Centre, Mines Branch, Department
of Energy, Mines and Resources, Ottawa, Canada. :
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have been completed in these Iaboratories,-ihcfuding evaluations for most

of those coal companies involved in the export market prior to the1r obtaining
firm coa1 export contracts. The resulting investigational reports are, in
most cases, conf1dent1a1 and usually restr1cted to the pr1nc1pa1s concerned

ThIS report deals w1th ‘the 24th Invest1gat1on conducted for Kajser

L}

f: Resources L1m1ted (KRL), Sparwcod Br1t1sh Co]umb1a and 1nc?udes an eva]uat1on

of the cok1ng potent1a1 of 16 c1eaned coal samp1es subm1tted from KRL's 1972

© expiorat1on program In add1t1on 16 sma]] samp1es of raw coal ‘were submitted

.E‘ for. Hardgrove Gr1ndab11jty Test1ng.and for Fusibility of ash determinations.

The ‘program was -initiated by te]ephone:between D.P. Sharma, Supervisor Quality

Control. KRL and J. C Botham on August 29, 1972 and- conf1rmed by 1etter dated

August 29, 1972 frcm D P. Sharma ‘vihich appears in Appendlx 1 Some of the data ]

appearing in this report has been transm1tted to KRL dur1ng the course of the

1nvest19at1on.



COAL PREPARATION

v

The samples tested are from adit qoa1 samples taken from Marten
- " Creek, Lodgepole, Flathead Ridge, and Marten Ridge. The Targe ;amp]es were
.cleaned in zinc chloride solution and a bulk Flotation cell at KRL's Michel
;;d—uc1abofatory;'-The descriptionvof each-sma&1-raw sample received-is summarized-§a»an--==_
" in Table 1 and a Yist of the cleaned coal samples is summarized in Table 2. .

A1l of the samples were crushed in a hammer mi?l'crusher to apprnx%mate]y '

.80 per cent minus 1/8 inch in size and processed as outlined in the flowsheet

!

-y shown in Figure 1.

e patory Identification ] Recaived. 22:2;10:
‘ - ls!(e]ibg,ht ne
j 4921-72 Marten Creek Adit Mg, 1 . 19/9/72 1 50
4922-72 Marten Creek Adit No. 3 27710772 50
- 5117-72 Marten Creek Adit No. 4 : 22/11°72 1 50
5118-72 Lodge Pole Adit No. 1 4/12/72 50 .
5119-72 Lodge Pole Adit No. 2 - 8112772 50 .
2067-73 Marten Creek Adit No. 6 18/1/73 | 75
2068-73 Flathead Ridge Adit No. 3 _ | 20712772 | 75
- 2220-73 | Marten Ridge Adit No. 5 Upper 25/1/73 { 75 '
2345-73 "Marten Ridge Adit Mo. 5 Lover 19/2/73 75
2361-73 Marten Ridge Adit No. 7 Upper 16/3/73 .70 ‘
2390-73" Marten Ridge Adit No. 7 Lower 29/3/73 { 75 :
|. 2412-73 Marten Ridge Adit No. 9 3/4/733 | 70
* 2510-73 Marten Ridge Adit No. 10 12/4/73 {70
. 2511-73 Marten Ridge Adit No. 11 24/4/73 {70
2512-73 . Marten Ridge Adit No. 12 Upper 3/5/73 1 70°
. 2612-73 Marten Ridge Adit No. 12 Lower | 10/5773 - | 60

. TABLE 1. List of Small 3/8" x 0 Raw Coal Samples
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Marten Ridge Adit HNo.

feboratory | 1aentification IR s
Weight (1b)

"4961-72 Marten Creek Adit No. 1 19/9/72 600

- 4962472 : - Marten Creek Adit MNo. 3~ .-« | 27/10/72 .- - 600 - e
2034-73 Marten Creek Adit Ho. 4 22/11/72 700
5120-72 Lodge Pole Adit No. 1 4712772 750
2016-73 ! odge Pole Adit No. 2 4112772 680
2207-73 Marten Creek Adit No. 6 18/1/73 600
2208-73 Flathead Ridge Adit No. 3 20/12/72 600
2228-73 - Marten Ridge Adit No. 5 Upper 25/1/73 600
2344-73 Marten Ridge Adit No. 5 Lower 19/2/73 60
.2415-73 Marten Ridge Adit Ro. 7 Upper 16/3/73 600
2414-73 Marten Ridge Adit No. 7 Lower 29/3/73 600
2413-73 Marten Ridge Adit No. 9 ° . 3/4/73 600
2562-73 Marten Ridge Adit No. 10 12/4/73 600
2563-73 Marten Ridge Adit No. 1] ‘ 24/4/73 600

© 2564-73 Marten Ridge Adit No. 12 Upper | .3/5/73 - 600
2613-73 12 Lower 10/5/73 600

- TABLE 2. List of Cleaned Coal Samples
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COALS! FOR PROJECT

- Refer to Table T- and

Tab]e 2.

GENBRAL PREPARATION

+ Air Dry’ -

*

Screen

Crush OQersize
Blend to 80% -~ 1/8"

Split Head Sample to Lab.

Re~Drum & Store for Future
Blending as Required

CARBONIZATION

Weigh out Blend Components i

Allowing for Moistu
Blend in V. Shell B

“Air Dry to 48.5 1b/

ASTH Cone Method

FIGURE 1 _ .

“"General Project Flowsheet

{Project No. 03-3-1/16-24)

" COKE EVALUATION
. Screen Analysis

. Select Coke for ASTM Tumbler
JIS Drum Test

» Apparent Specific Gravity
; Oven Wall Pressures

LABORATORY HORK _

. Petrography X. .
. Moisture . _ . x
. Proximate - X
"L Shlphur X

. Btu/1b {dmmf) X

. Screen Tests X

< Ultimate X

. Ash Analysis X

. Plasticity X

. FSI X

. SVI Calculation X
re Contents . Dilatation X
Tender . Grindability X
£43 . Expan51on/Contract1on X
. Ash Fus1b111ty CoXe

'pﬁarge'ﬂines Branch M Coke QOven

Retain Sample of Chérge for Lab.

Standard Procedures

. Operation

*

for Coke Oven
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Representative. coal samples from all the gross samples submitted

A.

-1

B.

| 3 gg,;

- Physical Tests (reported in Tables
ia) Hardgrove Gr1ndab111ty

‘Analytical Program

were analysed as follows:

Chemical and Related Analysis-Conducted by the Fuels Research
CEntre, Mines Branch (reported in Tables 6, 12 and 18).

(a) Proximate Analysis glg
. ) 2
k3
] S ’ 4)
(b) Ultimate Analysis 51;
2

. (5)
(c) Gross Calorific Value

(d) Ash gnalysis (1;

2

- 3

5

)

7

. 8
B . ;
. - (10

Moisture

Ash

Yolatile Matter
Fixed Carbon

Carbon

Hydrogen

Sulphur

Nitrogen

Oxygen (by difference)

Silicon Dioxide -
Aluminum Oxide
Ferric-Oxide -

} Titanium Oxide

Phosphorus Oxide
Calcium Oxide . i
Magnesium Oxide .
Sulphur Trioxide |
Sodium Oxide . :

Potassium Oxide -

~'7 13 and 19)

b) Size Consist of Oven Charge -

(c) Ash Fus1b1l1ty

) Representat1ve samp]es of coke oven coa] charges and resultant cokes were

taken for proximate analysis and sulphur determ1nation.

listed in Tablesi]1,

17 and 23.

These values are

"C. Thermal Rheological Properties {reported in Tables 8, 14 and 20)

D,

(a) Gieseler Plasticity

b; Ruitr Dilatation
Free Swelling Index

d) Linear Expansion

Petrography (reported in Tables 9,

(1) Microscopic Determinati

15, 21)

ion of Volume

Per cent of Maceral Components
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(2) Microscopic Determination of Reflectance |
Values of Organic Components

(3) Mathematical Determination of Potential

| Coke Stability

| ' .

In addition, small 3/8" x O raw coal samples were each analysed to

s #ddetermine the Hardgrove Grindability Index and the Fusibility of Ash. Reported ---.--

©, in Tables 3, 4 and 5 . - - ;

! . / i L
T _ "~ CARBONIZATION : . -

+ Technical-scale evaluations of the coals and coal blend were carried

out in the Mines Branch movable-wall test oven. This type of oven is presently

_under Fonsideratioh for adoption as a_standard_teét method, by Sub-Committee

X¥ of ASTM Committee D-5 as "Proposed Method of Test for Measuring Coking z
' Pressures of Coal by a Movable-Wall Slot Oven". "The Minés Branch test oven

*

‘ is identical with the hQuéfity Coke Oven" as designed and used by the Eastern
-:*-'ﬁas and Fuel ‘Association {1}, differing from lhe jatter unit in minor details
“only. A séhemaﬁic draﬁing of the oven, showing the supporting steel and firei
‘*brick construction is given in Figure é. —

The width of the coke-oven chamber is 12.5 inches and the oven
capacity is apprqximate?y 500 Tbs of dry coal at an oven bulk density of

S B 1b7ft3 (db)}. The coking chamber is equipped with two doors and the coke is

:- -discharged by means of a pusher machine.

The oven is electrically heated with "Globar" -type resistance

f:a;desfredaovenawall,temperatures. The oven.walls consist of silicon-carbide- . . . .
““‘tile with a high thermal conductivity relative to silica brick. In order to
~“gimulate the conditions of heating in a commercial oven, energy input to the

test oven is normally programmed. The coal is charged to the oven at a flue

"f temperature of IESOdF. The temperature is then increased at a rate of 35°F/hr

to 1950%F and maintained for balance of coking time at this temperature. The

. toke is pushed 1/2 hour after the temperature in 1ts center has reached 18500F.



This heating cycle simulates a commercial oﬁen'coking rate of-1 inch per hour

I . .
. as would be obtained in a conventional 18-inch silica lined coke oven. With

v
1
H

‘such programming the slot-face températures.average approximately 1850°F for

_the coking cycle. .

.The wall pressure developed by the coal charge during the test is

fyiméasured 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 Yestréined by an éssembly of heavy

- steel beams he1d against the leEd wall by four water-cooled tie rods.. A

_ s1ng1e BLH load-cell, Type CXX, W1th a range of 0-10,000 pounds, is mounted

between the movab]e-wai] and the restraining structure. A Foxboro "Dyna]og"

A

electronic stra1n -gauge cont1nuou51y records the force transm1tted through . .

. the movable—wail dur1ng the test.

Al “cokes d1scharged 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 testiﬁg conform as

c]ose]y-as possible to ASTM test-methods. Standard test—method des1gnat1ons,

L4

other than chem1ca1 ana1y51s are given in the references.

The carbon1zat1on results are reported in Tables 10, 16 and 22.

a

-

-"' .-

o



FIGURE 2

Mines Branch’ Movable-Wall Coke Qven
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' TABLE 3 Hardgrove Gr1ndab111ty and Fu51b111ty of Ash of 3/8“ X 0 Raw Coals

/
-

Identification

Laboratory Number ....vvevvnnns 492i-72 4922-72' 5117-72 ) 5118-72 5119-72 2067-73
Description ...vevu. Peesdienaen T : T ;
Raw Coal from . , Marten Marten Marten Lodge ° Lodge Marten
~ Creek o+  Creek Creek . Pole Pdle Creek

Adjt #1  Adit #3. Adit #4° Adit #1  Adit #2 Adit #6
Coal Pulverization : oo . : - '

Sieve Analysis . .

Fassing . ' Retained On
' 1/4 in. %
1/4 1in, " 1/8 in. %
1/8 in. - - 1/16 in. % '
1/16 in. 1/32 in, % —
1/32 ?n. Y ©
Total Passing . 1/8 in. "% '
Grindability ‘ , . ,
Hardgrove INdex ...evesieseasss 19 109 | 87 81 . 110 116
Fusibility of Ash . | - | N
Initial Deformation Temp, ...OF 2300 . 2250 . 2700+ - 2410 2200 2700+
Softening Temp. Spherical O 2700+ 2680 2700+ - 2700 . 2400 2700+
Softening Temp. Hem1spher1ca1°F 2700+ 2700+ 2700+ . 2700+ 2450 . 2700+

Fluid Temp. vevvsnanns. veee. OF 2700+ ] 2700+ . 2700+ 2700+ 2630 2700+

O
&
o
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TABLE 4 Hardgrove Gr1ndab111ty and Fus1b111ty of Ash of 3/8“ X O Raw CoaTs
Identification . : _ '
Laboratory Number ...cveveve... 2068-73- 2220-73 2345-73 . . 2361-73 23%0-73 - 2412-73 .
Bescription vovvvvevecnsnan. ver . ‘ ' .
Raw Coal from Flathead Marten Marten - Marten Marten _Marten
' Ridge Ridge Ridge Ridge Ridge - Ridge
Adit #3 Adit #5 Adit #5 Adit, #7 Adit #7 Adit #9
. . <+ Upper. Lower Upper .- Lower
Coal Pulverization . ¥ '
Sieve Aﬁa1y$i§ , _ ) _ .
Passing i +. -l Retained On P L : 3
: ' 1/4 in. % ' ' .
1/4 in. , - 1/8 in. " % '
1/8 1in. 1716 in, % . !
1/16 in, 1/32 in. % - ' ’ o
1/32 in. R . '
Total Passing "1/8 in. 0 ¥ ' :
Grindability __ T S L
Hardgrove Index iveveveveesees 89 73 . %8 - 97 - 56 61,
Fusibility of Ash ‘ o _ S .
Initial Deformation Temp. ...oF 2300 . 2160 . 2700+. ° 2290; 2080 " 2420
Softening Temp, Spherical ... F 2700+ 2690 2700+ - 2660 - 2480 2700
Softening Temp, hem1spher1ca1 F 2700+ 2700+ . 2700+ - . 2700+ 2680 - 2700+
Fluid Temp, wovvevannvainan Of 2700+ 2700+. 2700+ 2700+ 2700 2790+
- T - \
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-' ' IABLE 5 Hardgrove Gr1ndab111ty and Fusibility of Ash of 3/8" X 0 Raw Coa]s

e et i e e 3 TRe ey + meee e Sl PryvprY ——— —

Tden 1f1bat10n

Laboratory Humber ,............2510- 73 2511-73 2512-73 . 2612-73.
Cescription +.oovevnnes PPN '
Raw Coal: from Marten Marten Marten * Marten
- . . Ridge ~ " Ridge . Ridge . Ridge
Adit #10 Adit #1] Adit #12 - Adit #12
: : ' .o Upper - Lower
Coal Pulverization o
Sieve Analysis. .
Fassing : . Retained On
1/4 in. .« %
1/4 in, 1/8 in. %~ ,
1/8 in. R E 1/16 in, % o b 1
1/16 in, 1/32 in, % S —_
1/32 in. PR it
. 1
Total Passing 1/8 in. % o
Erindability I s S
Hardgrove Index .an:oonllunilll 58 . 69 . sé . 70
Fusibility of Ash e .
Initial Deformation Temp. ... O 2140 . 2320 2250 - 2100 -
Softening Temp. Spherical . 0F 2700+ 2700+ 2580 - - 2300
Softening Temp. Hem1spher1ca1 F 2700+ . 2700+ . 2700+ - 2620

Fluid Temp. vooooveivinnn,ns OF 2700+ 2700+ . 2700+ . 2640
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' co v © U TABLE 6 _chemical Analyses of Component'...als . :
fdentifi;ation @_ .o : T ) o ‘ . -
Laborator_y Number ,...... g ,_,‘__-495]-72 4962-72 2034-73 5120-72 .2016-73 2208-73
Description +ovevevennnns cenee : - , - . K
Clean Coal from Marten Creek Marten Creek . Marten Creek . Lodge Pole Lodge Pole Flathead Ridge
Adit #1 Adit #3 Adit #4 - Adit #1 Adit #2 Adit #3
Classification . _ o - _ . . : :
Rank (ASTM) ......... teesveras hVAD hvAb - hvAb. " lvb Tvb 1vb
International System ......... 634 v633 533 421 411 421
Specific Volatile Index ...... .172 169 - 174 195 200 196
. Carbon {dmnfb) +..v.vvvenessa®” 86,5 86.2 86.2 89.0 88.6 90.5
Proximate Analysis {db) "
ASh ittt i R 7.8 7.3 6.9 11.5 10.7 9.1
Volatile Matter .vvvevivennn 34,3 .31.9 29.9 18.3 18.6 20.2
Fixed Carbon .ovvvvuvinnnens % 57.9 60.8 63.2 70.2 70.7 70.7
Gross Calorific Value (db) . C _ . .
Btu per pound c.ovvviiavinnanes 14,150 o 14,070 13,980 13.700 13,730 14,020
Ultimate Analysis (db) L ' - :
Carbon viviviiiiinrnneneeesd 7917 79.2 ~=79.5 78.6 . 78.1 81.3
-Hydrogen Il"'.""'i..'l.".% 5'2 5'0 4.9 4.0 " 4'3 ' 4!3
su]phur Il.llllllllll.l‘llllll% 0'45 0‘60 0.46 0.48 ' 0.51 ’ 0.40
Hitrogen ovviveivsnennnnenss % 1.4 - 1.5 1.4 1.2 w142 1.3
ASh co-ao.nn.qaoanucc----ooa'% 7.8 7-3 . 6.9 11.5 .:]0.7‘. 911
Oxygen (by difference) vvvese% 6.1 6.4 6.8 4.2 5.2 3.6
 Ash_Analysis (db) S . -.
2ST09 veiivreeniiiiiiiiaaen 48,5, 50.1 52,6 57.2 52.9 54,4
A1203 .col-a'.l..ll.llllll‘..% 33‘5 32.] 36.4 33.1 35.6 3503
FEDD3 tesnernrarersanesroonnns % 5.3 . 5.2 . 2.3 1.7 3.3 - 1.5
Ti02 veveerns Creareearane RN 4 1.5 1.5 1.1 1.5 . 1.9 1.6
P05 seee.s terereranne 4 4.0 4.2 3.4 1.2 1.0 1.5
Cal .vvvivnnnan virasanaaan R 4 4.6 ' 4.6 3T 2.5 1.8 2.6
MG0 viiivtivnrnereccanenas vool 0.9 1.2 0.4 0.5 . 0.9 1.2
SO3 tvevvrrvrrrrrsnnnsioenesed 0.2 0.8 0.1 1.4 0.3 0.8
A Y O R A 0.7 0.3 0.2° 0.7 0.5 0.3
Ko errrnnnnn, LU ol 1.2 1.7 0.9 0.5 1.2

-el-
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' " TARLE 7 Physical Tests_and Fusibility 6f Ash of Component Coals
Identification : .-
Labbratory Number ...vevevevees 4961-72 4962-72 2034-73 5120-72. 2016-73 2208-73
Cescription v vseviiienionanaes - - ' . - ,
Clean Coal from Marten Marten Marten ° Lodge: * Lodge ~ Flathead
£ . Creek ° Creek Creek . Pole Pole Ridge
Adit #1 Adit #3 Adit #4 Adit #1 Adit #2 Adit #3
Coal Pulverization ' o '
Sieve Analysis
Passing Retained On o S
o 1/4 0. %2 1.8 2.4 - 0.3 0.1 1.2 0.6
1/4 1in. 1/8 in. % 10.8 5.5 - 6.3 - 5.3 5,8 8.4
1/8 in. /16 in, & 22.4- 9.0 21.4 15.8 8.8 21.3
1/16 1in. 1732 in.. % 191 v 10,7 I 19,7 172 .01 1045, - 21.2
1/32 in, cersvesansd 459 72.4 52.3 61.6 73.7 © 48.5
I - Total- passing™).  1/8 i % 12,6 7.9 6.6 5.4 7.0 9.0
....................... . 19.% 9.5 FA N 781
Cr1ndab111ty ............... : 5.7 5.0 4.9 N 4.3,
L Hardgrove Tndex' 1uiih i ih e, O30 f?]“ 80?-36 99 ?-g” 142 9-31 89
Fusibility of Ash . sy N
Initial Deformation Temp. F 2250 : 2210 2700+ - 2700+ 2700+ 2490
Softening Temp. Spner1ca1 OF 2700+ 2700 2700+ 2700+ + 2700+ 2700+
Softening Temp. Hem1spher1ca10F 2700+ . 2700+ 2700+ - 2700+ . . 2700+  * 2700+
Fluid Temp, ...... eseseeess F 2700+ © 2700+ 2700+ 2700+ |, 2700+. . 2700+
- o ' i/ o
» ! i I B P
N v . - I i.. b
S . han : ‘ ’ i B ' . L
L i TR [
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" TABLE 8 Therma‘ heoloaical Propurties of Compc Jt Coals
Identification A . . ;
Laboratory - Kunber ........... ... 4961-72  4962-72  2034-73  5120-72 . 2016-73.  2208-73
Pescription ...ivvinune. Ceemeren ' ‘ " "
C] ean Coa1 from * Marten Marten Marten Lodge - Lodge Flathead
- Creek Creek Creek Pole Pole . Ridge
Adit #1 Adi# #3 Adit #4 Adit #1 Adit #2 Adit #3
Linear Expansion ) _ L -
Bd..52 1b/ft> at 2% moisture...% ~7.9 4+ - % -9.0 29,2 ~2.0
Gieseler Plasticity * _ . : : L
Start .......... e oc 407 408 47 470 . 464
Fusion Temp., ..vveee ....:....OC 420 424 432 - - - -
Max. Fluid Temp. vvvevenenenss o0 446 447 448 - 476 476 468 !
Final Fluid Temp, ........ ""oC 474 474 © 466 483 - 474 e
Solidification Temp. .........DC 482 . 479 . 474 502 . 494 e 484 . .
MeTting Range ..... veeessnasas G 67 - 66 49 . 13 - - .10
- Max, F1u1d1ty Neasiraaeras dd/m 2700 290 - .36 ' 1.2 0.2 1.2
Torque ........ ;.........;..g in. 40 40 - 40 40 . 40 _ 40
D11atat1on " - : B ' .
i - Soften1ng Temp, ...... OC 395 410 410 460 . 473 467
Tii - Max. Contraction Temp oC 439 . 454 . - 45] 500 500 505
_Tii1 - Max. Dilatation Temp ,°C 470 - . 479 . 470 - oor -
' Contraction .iv.eeee.. 27 30 128 19 R 24
Dilatation +.vveveeed.. .2 . 81 ) .49 oo 11 - NIL . NIL NIL
. . . . y -(at 500) . (at 500) (at 500)
Free Swelling Index o , oo o . L '
FSIi Qlllil.,‘lll..’lllllilil 8 ) ' 8 5*‘ .3 '.]. . 4
— . *Insufficient Coal - | L i o
**EIectr1ca1 Failure, Test Aborted : :
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Foms o TADLE! . Petrographic Anu1ys1a of Compr t_Coals . .

Tdentification . : o
Leboratory Mumber....veevvvee... 4961-72 4962-72 2034~73 5120- 73 2016-73, 2208-73
Descript1on tieesarerasernne .... Marten Creek Marten Creek Marten Creek .Lodge - : Lodge Flathead

C]ean Coal from Adit #1 ) Adit #3 . Adit #4 “'Pole Pole Ridge
‘ Adit #1 Adit #2 Adit #3
D1str1but1on of thr1n.te Types : -
) \ 60-.;._-cu’.omo:‘aoccocohcoccon-% ’ 0-9 0.6 -":.
Vel i i T 1102 0.8 26.1 N
V-B...1L;:Z.D.ZJ..,...........‘% 46.3 27.7 34.2 -
V—goon:o---o;;-o-oo.cccu----lccn% ]5-0 40.3 3.? 0;.5
V"]Ooon-' ----- o;c-oclotlcnocnocn% . !6-7 0.6 0.9
V"'.i]on-o-u-lolrcon...f..no-no-.% 2.5 -103_ 0._5 0.6
-V'12.. --------- .llll.ll'......'% . 9;3 2.] 24-0

) V‘13- ;.;ooc;:o-ooncn-ocv--ou'-% . 20'5 ]4.4 3]-]
V14, 0o il e tevernaered - 14.0 13.7 3.6
V ]5-----‘...01‘. OOOOO l..!!'..'l. :I': 0.‘9 3'9. ’

V ]60ocooooo.-o-----'-----o-ruio% .:‘ 0.3

. V“17-------oov'ovooo-ocnooool-n% . v
V"']Boo -------- _-nqoqanocaooo-onln% . '_‘

Reactive Components - _' ' o " .
Total Vitrinite.:vevreeeeeesradd  72.5 - 79.0 66.5- 46.6 - 34.4 59.3
Reactive Semi-fusinite (1/73)...% 2.4 2.5 5.3 11,6 12.6 7.5
Ex‘ir“itelo.lclocl.llll.l‘li.l...% 7.4 2'5 2'7 0!0_ 000 0.0
Tota‘l l"...c.l!ﬁ'...'..'lCCC.I% -82'3 84.0 ‘ ‘74‘5. 58.]. 47‘0 66.8

Inert Comuonents .

Inert Semi-fusinite (2/3)......% 4,8 5.1 10,7 23,0 25,1 15.1
Hicrinite. o oreriidirrnenennnes® 4,2 3.4 1.1 5.1 6.4 1.1
Fus.in']teuoOOI.OO'.‘!D'!II'!..;I% ‘4‘3 3‘4 10,7 7.3 15.4 1]!9
Minera] h’atter.l!Qll|‘ll.l||lll% 4.4 4.] 309 6.5 6.1 5']
Tota1..............:...........% 17‘7 '_1650 26.4 4]-9 53.0 33-2
Petrograph‘lc Indices ™ )
hean REf]CCtanCE..-..----......% 0'86l 0 92 0:82 1055 104] ].3]
Balance TndeX.'..veeersvenereess = 0.60 0,48 1.1 6.56 7.07 2,40
Strength IndeX. evreverroroneoeos 3.01 3.28 2.93 6.61 5.57 5,37
JStability Index...viiovvivians., 0 32,0 . .35.0 32,3 29,0 13.5 52.8
(™ £ - ()
U v S e
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e S e o+ . TABLE 10 - Carvonization Dat. s N el

Test ldentification L 147, 148 173 166 ' 1674 179
Data of Test........ covrrarreerserenneeres21/11/72 22/11/72 23/1/73 4/1/73 9/1/73 6/2/73
Lccorctcry Number.eoyever. .. Cerervanee ..., 496172 4962-72 203473 - 5120-72 2016-73 2208-73

Doscr]Pt10n l’i.’..I;.'.;'...'."!lll!l“'l

CARBONTZATION DATA’ NI

Met'Weicht of Cnarge (wet)............lb 534.0 '528.0 539.0 543.3 540.5

loisture in CRArGC. e e v rvrapeccannsssassd 2,6 3.4 3.2 2.9 2.8

ASTM Bulk Density (wet)...es.v....1b/ft3 48,5 8.4 . 48,5 48,5 48,5

Oven Bulk Density {db)e..vevvues..1b/FE3 50,0 49.4 50,2 50.7 50.5
| - CARBONIZATION RESULTS ; -.' - - - o _ -

: GFOSS'Ccking TAME: 0 v0eifeatennsns nrimin 8:50 9:05 . 9:20 . 9:45 9:30

- Meximum ¥all Pressure.......eeee..1b/ing  0.31 0.42 . 0.58 0.42 0.66
Ccke Yield Actual...oviviuveinanana'as 6901 70.2 71.4 80.5 78.8
Ilaan C0'< S'IZE . ..............-.....'In 1‘93.‘ 1.085 - ]-79 1068 2;05
Apparent Soec1r1c Gravity.cievsosssssses 0,87 N.A. 0.88 1.02 0.94°

‘Screen-Analysis of Cé?e Tl -

(cumulatyve percentage ratained on)

lnch 51eve OIIOO.l.l"!'ll'.lll"."'. 4.1 2'5 2.0 3.4 12.4

* Z'MCH 51CVe|--|Jvlu-oiq-ccc-u;voou-norv 43'3 3500 33.5 3908 50.6
] 1/2 'IT'ICh 51eve.'ll.il;ill!l.ll‘lllll.l. 72l3 . 72!0 6509 63.4 76.7
]1"1Ch S.ieveo'ou;oorcoc-cnooncaoocOO|O|| 9207 . 93‘0 - 90.4 7605 ' R 89-9
3/4 1NCh S1EV‘E......--”.-H..Hn-.un 95'9 95'9 94'7 78-6 A . v 9]07‘
1/2 inch $1eVe.syvrvrnvsrvoniirvnnain, 96,8 + 96.6 9.7 * 79.5 92,3

" Percentage ~1/2 inch (breeze)...,....... 3.2 3.4 . v 4,3 " 20,5 . 7.7

Turbler Test (ASTM) .. = . . T e S :

Stab]].‘.‘ty FaCtOV‘ cl‘lnool!lttliltlllilil'42'4 . 46'8‘ R 40'0 . 33'8 " " - 49'3
Hardness Factor...iseresesseomeosssoasss 0949 . 66,2 - 69.7 47.1 g - 61.1

Japanese Tumbler Test (JIS)° - N o R ;

(cumuTative percentage retained on) . -30R 30R - 30R  150R  30R  150R -~ - 30R * 150R
50 M0 STEVE..uerennn. eevreerererasenis 1.5 9.1 4.2 0.8 1.7 2.5 13.4. 4.3
25 mm sieve..... e il i e ens.,, Bl . 80.8 76,0 51.5. 73.9° 49.7 82,1. 65.6
1 I STBVR .y vsvevennerssonassesensensss J30.9 90,6 - 91,2 .78.9 81.5 61.4 _ 87.8 75.0

FE R b PR as e RERI Y dewdsa o e e

*This Coal was charged into the oven but did not carbonize




TABLE 11

Analyses of Coke Qven Charges and Resultant Cokes

Identification ~ ' -
“Test Yumber............. 147 148 ' 173 ' 166
Date Charged..veeeresess 21/?1/72 22/11/72 23/1/73 4/1/73
Descriptmon............. o ' .
C]ean Coal from Marten Creek . Marten Creek Marten Creek Lodge Pole
Adit #1 Adit #3 Adit #4 Adit #1
~Coke Oven Charge
Laooratory Number..,...... 4961-72 " 4962-72 2034-73 5120-72
Proximate Analysis (db) )
ASh '0."l'.'l1_!..1)-!l0% 7'8 7'3 6'9 : ]1'5
Volatile Matter........% 34.3 31.9 —29.9 18.3 "
Fixed Carbon seeesenvas% 97.9 60,8 63.2 70.2
S'U.lphur (db)'l'b.l.l‘l..l?ﬂ 0.45 0.60 0.46 ) 0.48
Resultant Coke ] :
Laboratory Number.....,... 5087-72 5088-72 2206-73 2197-73
"Proximate Analysis (db) : - ‘
Ashusvernvrnrennninneds%  10.8 10.2 9.8 12.8
Volatile Matter........% 1.0 0.6 1.0 0.5
Fixed Carbomleeseveenses? 0842 89.2 89.2 - 86.7
SULPAUL (dbYesovrsereanesd  0¢4 0.39 0.39 0.55

167
9/1/73

Lodge Pole
Adit #2

2016-73 .

-

o0 O
it O~y

No Coke’
Sample

1t 1

179
6/2/73

Flathead Ridge

Adit #3

2208-73

— '[;.1 1 31 '3 3 3

-8[.-
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. TABLE 13:*J|emica1 Analyse;hbf Cqmponent (- .ls

g Laboratory. Number veveen 2207"73 : 2228-73 2344-73 2413-73 2414-73 . 2415-73
DESCription emeereoneeens "o Marten- Marten Marten Marten Marten Marten
C]ean Coal from Creek Ridge - Ridge. Ridge Ridge - Ridge
Adit #6 Adit #5 Adit #5 Adit #9 - ~ Adit #7 Adit #7
‘Classification , S e over Lower Upper
Rank (ASTM) .v.oveeenanns vev. hvAb © hvAb . hvAb © .. hvAb ~ hvAb hvAb
International System ......... 612 . 511 . 511 © 623 - 621 622
Specific Volatile Index ...... 164 159 166 161 160 - 160
Carbon (dmmfb) ..............% .86.3 86,2 86.9 . 85.4 85.9 - 85.4
Proximate Ana]ysis'(db) . ' . _ :
11 PO PN SR P T 8.5 9.7 4.8 7.9 7.2
Volatile Matter ...ovvvnen. % 30,6 29.8 29,1 35.0 31.2 -~ 32.1
Fixed Carbon +.vvvvecenrvnnns % 60.3 61.7 - 61,3 80,2 ° 60.9 160.7
,Grosé Calorific Value (ab)’ ' ) S _ . i
Btu per pound ceseeresicieasas 13,620 - 13,550 13,550 14,300 13.700 13.830
Ultimate Analys1s (db) | ' _ ‘
Carbon veulevreaivaeieranaee.d 77,6 78.2 77.6 80.9 78.4 78,7
Hydrogen ....... vesenrsinreest 4.8 4.5 4.5 5.1 4.7 " 4.9
“SUlphur coiviiirircinicnnn 0,47 0.44 0.35 0.36 0.36 v 0.47
Mitrogen ..ovveivvaveviiiann ® 1.3 1.2 0.0 - 1.5 1.5 1.5
’ ASh !.10'Il’.ibl'....l."..l.'% g.‘] 8!5 gl7 4'8 7.9 -1=- 7'2
~ Oxygen (by difference) vevendh 6,7 7.2 7.9 7.3 7.1 w12
Ash Ana]ys1s (db) s _ , j o kR o det
5102 % 56,2 - 36.2 56,7 . 48.8 54,4 Y487
903 OOI'ODI.‘I‘OQII""O’.‘% 3302 28-5 35.7 33.5 33!2 l,26|g
F9203 .‘:.....................% 2.6 18,6 . 1.6 12.2 2.5 2,0
Ti02 wrevesvonnanen veriens oo 1,3 0.8 1.7 - 1.2 1.5 1.4
P05 vinnn Cereeraeaians vesd 2.5 4,1 1.9 0.4 3.3 . 6.5
Cad cvvvvvnunnnn N TR - 7.1 2.0 1.5 3.1 7.8
M30 i e eieeeie e eeedd T 0,5 2.5 0.3 0.7 0.9 2.2
SO03 vviinnn, Ceveaenes veevea £ 0.0 1 0.1 0.1 0.0 . 0.1
- Raz0 L.l N P RTINS ! Y 0.3 0.3 0.1 0.1 . 0.2
| L ORIV INC IS S I £ 0.9 0.4 1.8 0.4 /; 0.6

-61.—
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* TAPLE 13 Physical Tests and Fqgibi]ity'bf Ash of -Component Coals

7

e

" Identification

Labdratory Rumber
uescrxpt1on

------

-------------

Clean Coal from-

Coai Pulverization

S{eve'AnaTysis

\

.Retained On

Fassing
1/4 in.
1/8 in.
1716 in.
1732 in.

Total Passing

Grindability

Hardgrove Index ..

Fusibility of Ash

Initial Deformation Temp. . -
Softening Temp. Spherical

Creek

Adit #6°

Softening Temp, Hem15pher1ca1°F2700+

F1u1d Temp,

....... oo OF

2700+

B ooos

2228-73

Marten
Ridge
Adit #5

. Upper _

/8 inc %o 0,
1/8 in. % 5.
116 in. % 16.
1/32 in. % 6.
..‘."'.'.% 62.
/8 in, % 5.
......... rees 126

OF2500

F2700+ .

i, g

2180
2320
2450
2700+

0
.} 6.8 ). v

2344-73

Marten
Ridge-
Adit #5
Lower .

- 15.8
159
16,9

44.6

. 22,6

2700+ -
2700+ - -
2700+, -
- 2700+

. 2413-73

Marten
Ridge
Adit #9

2.2 ).

“14.4
22,1
20.1
41,2"

83.4

2670

2700+

- 2700+
2700+

| 2414-73

Marten

Ridge
Adit #7

. Lower

!

1.6 v,y

15.8
26.2
19.0
37.4

82.6 -

2700+ .

2150

2700+

2415-73

Marten
Ridge
Adit #7
Upper

2630 -
2700+

AUUIVED VN NN RN ) UL B (NN ) WU B S U R “E;ZH L1 -
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TABLh14 Thorma? nnco]ou1ra1 Properties of Comnonwﬂt Coa]s

. [

Iﬂent1f1cat1on

Laboratory f‘u'pb{‘r e saesnas ' .o 2207-73 2228-73 2344“‘73 24]3"'73 241 4"73 . 2415-73
Descriptwon ..................... : '
, Clean Coa1 from * Marten Marten Marten Marten Marten Marten
D ‘ Creek Ridge Ridge Ridge Ridge - Ridge
Adit #6 Adit #5 Adit #5 Aidt #9 . Aidt #7 Adit #7
Upper ~ Lower Lower Upper

Linear Expansion ‘ - - .
Bd..52 1b/t> ati2% moisture...% ~7.0° o L -3.8 . -8.3 © ~6.9

Gieseler Plasticity "

SEAIt «rvvvvenersreneeienn. 00 425 427 426 416 424 421
Fusion Temp. +vvvivnnnn. veeeen 20 = - : - . 433 e -
. Max. Fluid Temp. ...... verernagl 485 433 . 443 7 446 ~443 441
"Final Fluid Temp. vevvreenesns C 459 455 © 459 464 455 454
Solidification Temp, .........OC 462 464 465 . . 468 468 " 459
Melting RaNge viveevevevesees. C 34 28 33 .+ 48 31 . 32
Max. Fluidity cegrrreasasassadd/m 4 2.1 3 - 21 -3 4,8
Torgue .......;.............g .in, 40 40 ~— 40 -4 0 . 40
Dilatation - . : .
Ti. - Softening Temp, ......3¢ 416 450 - 476 407 - 428 418
Tii ~« Max, Contraction Temp ¢ 458 500 - 500 451 473 . 467
‘Tifi - Max. Dilatation Temp .°C 470 - C - _ 464 - 485 .
Contraction ...........% 28 20 . 28 27 - 23" 31
Dilatation ..evevenero .y =26 NIL NIL . 4 NIL. 0 «18
. | S (at 500 c) (at 500°C) (at 500°C)
Free Swelling Index o .
FoSoI. TR ,loc.:’oot----o .2 . 2 2 ' \3 2;5 ' 2;5

*Not requested

U D : . el . .
5 H v ' . . . .
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F?:]’ i "TABLE . etrographic Al  ysis of Compor t Coa1s
Identificétion : i '
Laborqtory NUmber.vvsveuvevvena 2207273 2228-73 - 2344-73 2413-73 2414-73 2415-73
" leseription..iriiiiiienns voeesMarten Marten . Marten Marten Marten Marten
Clean Coal from Creek Ridge Ridge Ridge Ridge Ridge
Adit 76 Adit #5 Adit #5 Adit #9 Adit #7 Adit 17
D1str1but1on of Vitrinite Types Upper Lower : Lower Upper
TR PRLURPOURRURRUUIIT S B 1.1 1.4
" _\,-7'-c.l.'.-ovcclpo.i::ltl0.'.0"001'0 . 4-3 . 5.6 17 7 27.8 0.5 7-4
- R PR PRERPRPI PP SR K- L2717 26,7 27.0 . 13.9 34.9
V"'guo 'uqtooootio-;o.-n--.ctu-l-% A 20-3 ]4.4‘ 6-7 1008 22.5 ) 20.]
v10.noa’--c"-lo.ucocolooocoougcla% ]o.l -0.7 "]'702 ]-5
. V"].I-u.coo-oo--.nco---onocao--o% 1.0 ot o ].4
-V 12 o.oc.o.o--oco--t-u-o-c'-% ' ) 1.0
“V130lqlloit‘tylpoccilQl!Ill'l'% :
Veldo i e ieeens A 4 . Co
V ]5--:0--'---'¢oo ..... |o||lnnoon% ?
V"'.Is-c;oo ----- Nesenssas .-ovc-v% . ' !
\fﬂ'j?-t--o-‘v‘.co.o.eliiooo !00.!!% L . R :’...'
V""IB.. ------- EEEEE] "0 ootoro% el f1a! "1 ,:‘.'.
: : . N
‘Reactive’ Componentq . co : Co o :
Total Vitrinite........,.... % 513 sl 52,2 67.7 "'56.5 © ' 63.9
Reactive Semi-fusinite (1/3)...4 6.7 7.2 8.0 .43 o 7.9 5.2
Exinite..:..!,,................_ 3.2 1.3 1.1 5.1 - 3.7 3.9
Totale.vnnnnniinaas ceveeesen 6120 7 56,6 1161.3 770 68 73.0.
" Inert Components . a o '
Tnert Semi-fusinite (2/3)......% 13.3° 14.5 [16.1 8.5 i 18.8 ''10.3
MiCrinite, cuive v enrieneenones b 5.9 v 1.9 1.8 ' 3.0 N "3l
Fusinite....... veerererierenaeds 145 22.,2'!1 L+ 15,8 8.7 - ' 78,5 9.6
Mineral Matter......... R TS 4.8 . 5.4 2.7 4.4 4.0
- Total....ﬁ.........3.........../'. 38.8 43.4 38.7 22.9 31,9 27,0
Petroararh1c Indices ; T ,
Mean Reflectance......eeeeess..d  0.89 0.87 0.82 0.88 0.96 0.87
BATaNCE INCX...vuverenenesins 1469 2.09. 1.90 0.91 inl.2] 1.00
Strength Index...... O 22 & 2.39 2.43 3.00 . 3.52 3.16
Stability IndeX..v.vvvaveransna, 20,0 0, . '
S ¥y Index é%b 0.0 34,2 45.0 33.0 /™
\_/.r ™ v g

-zz—
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e LT e *"TABLE 16 - Carbonization Data \iv
| Test Tdentification Number..........c..es. . 180 * o 224 282 223
Data of Test...... veesetiransarrsenranrres . 18/6/73 14/6/73 13/6/73
Laboratory NUMDer. vy vsvennsensnnsness, 280778 2228-73 2344-73 +  2413-73 2414-73 2415-73
é Descrip,‘t‘ion'.'-lI..'.;'.'..l'....'.."."..' I .}
 CARBONIZATION DATA. & 5 3 g . | >
. et Weight of Charge (uet) ceeeensienddb 541 5 547.8 ' 547.,8 546.2
.- Moisture in- Charce.....................7 3.5 2.8 3,2, 3.5
’ ASTH Bulk Dens1ty (wet)...‘.......Ib/ft3 48.5 48,5 . 48,5 48.3
Cven: Bulk Density (db)........ vorIb/FE3  50.2 51.2 51.0 50.7
-~ CARBONIZATION RESULTS® ™ \ | L
6r0ss CoKing TAme. 2uuhinsntesess o hrimin 9330 p - 9:156 ~ - 9:55° 9:50
CMaximum Hall Pressure.............1b/in2 0. 35 S 0.42 0.31 0.34
- Coke YTETd ACtUBT . vurrevrnseronesfenns .t 6929 : - 65.3 67.1 69.0
12an. COkE STZ8..vereernvinennnnn vereaain 2017 : L 1.66 11,62 1.64
Apparent Specific Gravity...oveesoeeses,  0:91 | - 0.84 0.91 0.9
"Scréen Analysis of Coke, ' ° - - e L ' e
{cumulative percentage retained on) o ' T . S
3 inch $ieve, ....;.......‘............. :16.0 1.2 1.6 2.8
* 21 }'S'I@VE olllIl‘lf'!.!!!o.!!!!!ll'i! ,-57'4 . - 2].9 41-7 37.7
1172 1nch sieve..iiveerivavesensinive. 8043 e 60.0 61:3 61.0
Tinch STEVEI4 e i s o vrevanersvrvares 9143 L , 91.7 72.0 75.1
3/4 inch s1eve..t....,n................. '92.8 e 92.7 . 73.9 78.3 -
771/2 Snch sweve..n.,..}ﬁi;..........a.... 93.4 _ _ 94.3 75,27 - 79.6°
" “Percentage =1/2 1nch (breeze)........... 6.6 S P | 24:8 20.4
© Tumbler Test (ASTM) * . SRR - .
Stabi]ity FEICtDY‘.......;...‘....l....--.. 6 4 . T ’ . 23'1 23;7 28'4
Hi‘l‘r‘dnGSS FE\CtOY‘...n---...u---,.-n..un ]4 , .' " . . 6902 40-5 48.8
Jananese fu&Bier Test (JIS) e ' ' B . Wk - |
(cu;u.ht1ve percentagu retained on) 30R 1503 - o . -;??R S0R
B0 mm S'IE‘.’e ........ .,.....”...,,,.,,,,,130 0.9 . S . InSUffiC{ent ,d.5 1.6
?C..r -J.leveunooc‘l.o'tnobo:cOQUUOOt-ltli745 49,0 ) ’ Coke 1n 60'.;5 64.4
DI5 mM SEYe. ittt et eaanananesss 831 6341 _ - proper size ‘71.3 76.0
- Insufficient coke in proper size range . . v, Yenge
% Mot Cavhonized.on advice of K8l ' ' .
*% Mot Carbonized due to. insufficient sample .t . o
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TABLE 17

Analyses of Coke Oven Charpes and Resultant Cokes

Tdentification ) . .'
- Test Nmnberocnouoonouonc 180 * * 224 222 223
Date Charged...esesseaes 7/2/73 . 18/6/73 14/6/73 13/6/73
Deocriptlon sevesrsenenvwe
100% Clean Coal from Marten Marten Marten Marten Marten Marten
. Creek . Ridge Ridge . Ridge Ridge Ridge
Adit #6 Adit #5 Adit #5 Adit #9 Adit #7 Adit #7
oo Upper Lower . Lower Upper
Coke Oiren /Chafge . g , 1
Laboratory Number,..v.oe0. 2207-73 222?-73 234473 3121-73 3119-73 . 31 20-73 . g
Proxiﬁate Analysis (db) - . g '
ASh.-.-o----oncooouocnn% 9-1 '8-5 937 4.6_ 8.1 :-"702
" Volatile Matter........% 30.6 29.8 29.1 33.6 30.8 "31.3
Fixed Gat‘bon .........‘.7. 60.3 6]'7 61.3 . 6].7 6].0 61.5
Sulphur (db).vseeeeeenses? 0.47 "~ 0.44 0,35 0.38 0.39 -0.44
Resultant Coke . ‘
Laboratory Numbere........ 2256-73 * * 3484-73  3482-73 3483-73
Proximate Analysis (db) ' ;
I\Shoop.-.o---coco-ou-u-c/o ]26 7-0 1]-1 10-0
Volatile Matter...o..s % - 1.3 1,2 -1.3 1.3
Fixed Carbonisvieeivvins?, 86,1 - 91,8 87.6 88.8
Sulphur (db)oo-oolooancca% 0 54 0-45 003 0'45
* Not Carbonized - T RN
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' . . TABLE o ChemxcaT Analyses of Componen‘wboa1s a '

tgentificalion -
Laboratory Number ............ 2562~73
DesCription vereieecrrvrnenns . Marten Ridge
: " Adit #10
Classification © . . ,
" Rank (ASTH) ... teeiie.es. hvAb
International System ......... 622
Specific Volatile Index ...... 160,
Carbon (dmmfb) .C...l.tl...'.% 84.8
Proximate’ Ana]ys1s (db)- T .
Ash irieiineenrennans vsseacn % 6.1
“Volatile Matter J...cvvvveen.. % 36.2
Fixed.Carbon ... iveeveveese s  57.7
Gross Calorific Value (db)
Btu per pound 4B S NS e 14’050
Ultimate Analysis (db)
Carbon ll.l;l..l‘l'l..l‘ll..‘% 79.1
Hydtogen "'l‘l‘""ll!.ll‘"'l% 5'3
su]phur .Ill.llllllllllllllil% 0.35 :
Hitrogen .....covvuues Ceaees % 1.5
: Ash ..||....l...’......'.'.....% 6‘1
Oxygen (by difference)} ......% 7.6
Ash Analysis (db)
SiO% -oolola'ocoltccllullnoooo% 46'3
A]za.c.ilt.oltlolllllllltil‘.% 33'1
Fe203 L B B B ) IIII.I...!!IC..OO% 8‘5
T'i 02 LI B N I DN B INE B I B B B B BN BN BY B BN BN RN ".% 1 .3 ’/ll
P205 LR RN N O A I 'EE N EEEEEEREN] % 4'5
Cao ----------- I |oc|»% 3']
Mgo ------------------------- % 0'7
503 .... L0 I B B R BN ] e [N ) .0.% . O'.i
NaoD iviivinrvrnennennnnnnns % 0.4
Kza s b e v vu e “ v Y ') ...% 007

2563~73
Marten Ridge
Adit #11

hvAb
622
159
85.3

oW

—t 3N
Ll -

1 0 Jo

14,090

O I

OO m.— L OT
-

- - - e -
MWW NO W~

2364-73
Marten Ridge
Adit #12

Upper

‘hvAb

622
160
84.8

. = =

-

-

OO~ WN - AR
AN NNNON O —

162

2613-73
Marten Ridge
Adit #12
Lower

" hvAb

622
84.6

h Lo
. O
- L]
- h

-3 P

OO~ Ow-d
L ] »

W —NWOMN O

- 87 -




——— P -

b
ey -

-“'-u.v:" .

© TABLE19 Physical Tests and Fusibility of Ash of Component Coals °

- Identification

ol

oo

Laboratory NUMBEr w..eeeeeses.s §552-73 ] 2563-73 - 2554173ﬂnh 26]5753
Pescription «.oivevivenaenn. ... Marten Ridge Marten Ridge  Marten Ridge - Marten Ridge
- .. ) ﬁd1t #10 Adit #17 i ATt #1270 . Adit #12'l ?
~ : . | Upper \ Lower
Coal Pulverization o
Sieve Analysis _ ) oo
Passing : '+ Retained On . o R
| ) 4. % 17 oo .0 " 6.9
1/4 in, . " 1/8 in, - % 12.3 8.7 9.] 9,2
1/8 in. 116 i, % 24.0 18.5 20,3 24,0
1/16 in, 1/32 ins % 20,1 © 17,3 b 79.4 9.3
1/32 in. cevnnesadd 41,9 54.8 50,2 46,6
Total Passing 1/8 in. -% 86.0 90.6 89.9 89,9
Grindability " .' : op
Hardgrove Index ......... R 52 ., 68 . }' 63 }' 60,
Fusibility of Ash - i N
Initial Deformation Temp._...gF52130 : 2500 2320 2136
Softening Temp. Spherical ... F 2700+ 2700 2600 2370°
. Softening Tewp. Hemispherical JF 2700+ 2700+ 2700+ ;2580
Fluid Temp. vvevernnenns eree F2700+ 2700+ " 2700+ ' 9650
. . .. Joo o
. . o I P
B 14 fn [
— 1 — [ ..'.' ' "a._
P | b
[ ! v oo .
1l e [ ¥
' "y i LAY}
£y . ) ) O

s [ o [ s s [ s s v Y e s s Y s [ s Y s [
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TABLE 20Thermal éheo1ogica1 Properties of Compﬁﬁeht Coals

Identification . , .
Laboratory Humber ......ev... ves 2562-73
Description .. .ivoiviviiau,.o., Marten Ridge

" Adit #10

\

Linear Expansion .

Bd; ‘52 1b/ft> at 2% moisture...3

Gieseler Plasticity

Start o--o; --------- locuot!lWQgc
Fusion Temp. vveveneveens .....OC
Max. Fluid Temp. ........ PR

Final FTUuid Tomp. »vvvonneesssC
Sotidification Temp. .........gc
Malting Range .......... vreves G
Max, FIuidity +vivvvaneneed dd/m

-5.9

408
424
442
462
467
54
39,8

Tor‘que llllil.l!.!i.ll‘.l."g‘ln' 40

Dilatation

Ti - Softening Temp. ......0
Ti1 "= Max, Contraction Temp 0C
Ti1{ - Max. Dilatation Temp . C

Contraction sveviveresdd
D.i.[atation tooon-'i‘onunl%.

Free Swe11ing tndex

! F.SIIO t.‘.l!..!..llt’l...l!.!..

398
450

470

29
-4

256373
Marten Ridge
Adit #11

413
429

. 438
457
463
44

13,7

- 40

400
445
464

.29
13

2564-73
Marten Ridge
Adit #12
Upper

-6,6

. 412

428
440
458

. 463

46
19,6
40

413

458

477

29
=14

2613-73

. Marten Ridge

Adit #12
Lower

s S s I e e S s s [ o S s s
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- . TABLE ¢

CJ [ C o O ¢ 0 3 )

N I
etrographic An..ysis of Compor ‘t Coals -

Identification

Laboratory NUmber..eseeeesssenes

Dascription..... cegereersanesss. Marten Ridge

Distribution of Vifrinite Types

vstli lllll ...0.0...‘..‘....0.‘%

Velioirnens R
V~8...............J............%
V-9.. teieessanrenannnnasea
'E ]O ........ fecensarasnesns
Ve 11...........................
V-12..u:m...n,...1....;........
L T
V-]L]'c|vn'o.iOo‘:acozaocntlﬁncnd.-
Ve lh, i e ieiveennnanrennnans
V-]Go.-0-‘..ot‘-ln;;noncotnitullci
V=17 e iiiiieiiinanncnnnan .o
V-18.0ivurnns. Crerererrreeanasn

SRR SRR TR L R BR R

Reactive. Ccmponents

_'Total VIErInTten e e venenns s
Reactive- Semi-fusinite (1/3)...%
Ex1n1te occontocgn‘.'notoolc--ol%

lota] ''''' l'......lll...l.‘l..%

Inert Components.

r‘licrin]‘ter.t.tll.l.I ll....l.'.%

Inert Semi-fusinite (2/3) ceeed
Fusinite..... SR :.......a A

Mineral Matter..veeveseeseeeoasd

TotaTerernennns A PR

" Petrographic Indices

Mean Reflectance..veenecereesod
Balance INdeX.w.ecoeessovrooeooas
Strength Index. LB B B B BN RN NN RN BE BE R N B BN NN ]

2562-73
Adit #10

)y =t
~ o~ W
L] > L]

Oy —

0.82

2.88
30.2

2563-73 2564-73

_Marten Ridge  _ Marten Ridge
. Adit #11 ' Adit #12

Upper

. 1.4
18.9 - 19.1
39.4 47.5

9,1 . 4.2
0.8 0.7

2613-73

Marten Ridge
Adit #12

. Lower

N W
OO M
L] * - »
o~Nwm

‘_Stabi].ity Index......_.-...'-...n Lide ] .
¢ ot e
. T T W e

-82-
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Ny S R TABLE 22- Carbonization Datic
Test Tder nu1f1’at10n Nurber"i B - 3 232 , 233 . 230
Data OF TSE.;esnseinninisorennnrusensens 10/7/73 5/7/73 . . 97173 28/6/73
Laoora..orj \U‘IabET‘...:._.'...'..‘ .... tevesssess 2B62-73 2563-73 256473 2613-73
Doscrwou10n.,...... Preeeiieicesaianerioas ' ' - :
EARBONTZATION DATA' '+ 4. | '
Met, Weight .of Charge (wetj* eessse..db 547.8 547.0. 546.0 540.2
. Moisture in: Charge.. v.isssreervaoranes % 2.5 3.2 3.2 ¢ 3.3
:«\STn Buik Density Jﬂ‘l‘.) ..... ......1b/ft3 48.5 48.4 48.5 48.4
en Bulk Density dbj..,........ b/ft3  51.2 - 50.9 50.8 ‘ 50.2
""CARDO‘”ZﬂTIO\ RESULTS .. I . R . - Lo e e e
. Gross Coking Time. a..s.lé.i...... hr:min 9:25 9:50 T 9:25 . 9:25 .
Maximum Wall Pressure...eceee.. ..1b/inZ - 0.31 0.62 0.50 0.37
. Coke Yiéld. Actual.,i..... eererrneerendd 67.2 68.0 68.5 67.0
Mean Coke size..uiiverersy verrvasrenain 150 1.72 1.81 1.87
Apparent Specific Gravity,s.ieeverenares 0.81 + 0,84 0,86 0.84
Screen Ana]ys1s of Coke - )
(cumulat1v= percentage retained on) : :
3 1nch STeVE..vvuryannns ieveeesnserasss 1.6 2z 3.0 5.3
2 ANCI STEVE. . uevurasrrensnsnennerasarge 104D 28.3 35.8 : 4041
1-1/2 inch.siéve i .0 ., ceersinsersee. 0.6 - 62.8 '68.2 " 69.4
‘i .[nCh S'IEVE -.no:.oo;o-':|u'o.-'o:-oooo- 80'8 88'7 88‘8 88'5
3/4 inch sieve..... - B 93.1 93.4 92.7
--1/2 inch sieve..t;::...ﬁ::r.T....T:.;;..'"94-9 94.4 94.8 = 94,7
- Percentage: ~1/2 1nch (breeze)sveeeeneens 0.1 ' 5.6 , 5.2 5.9
Turbler Test fAsTH) ~ o . , C
Stability . FACEOPY v vuiebaarannoseneseass s 1925 ' 37.8 ' 26.8 28.7
Hardness: FaCtors ceersrennss creprreneeses 0.9 69.5 69.9 66.6
J2nanase Tumbler Test (J18) . . - ' ' o
(cunulative-percentage retained on); -~ 7 7 30R 150R 30R 150R . *.30R. .150R
. 50 iqt‘ .eve.l.l:";ll:!'.!'l'.'."ll""' ) 66. 00 43 OO ' '3.4. 0.0
S0 MM SIEVessertreprerrrtnesine e 699 45 65.3 33.3 67.0 37.2
’ 15 i"‘"'ﬂ S1BVQ ooocooic-t '-acunnlcorul!uvni ' -880 716 855 668 86.9 69.4
* Insufficient’ Coke in proper s1ze range ' ' Tl

F‘“‘]F‘““]I_’_fi—‘lml:ll_,_._l ] O 0 = CO

-62-
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TABLE 23

Loy

Analyses of Coke Oven Charges and Resultant Cokes

Tden'tification

¥

T {77 Test Number.iissesicenss 234 232 233 230 © °
. Daté Charged.e.sessvess, 10/7/73. 5/7/73 9/7/73 28/6/73
Descriptiof..vesssioeess Marten Ridge Marten Ridge Marten Ridge Marten Ridge .
C : o Adit #10 Adit #17 CAdit #12 Adit #12
) . Upper Lower -
Cokg Oveﬁ Chérée ) :
Laboratory Number.......,. 2562-73 2563-73 2564-73 *2613-73
Proximate Analysis (db) _ ' . . :
B RO N 5.4. 7.5 66— o
Volatile Matter....... iy A 36.2 32.9 34.7 - 33.3
Fixed Carbon «ssovreensth 9707 61.7 A 60.1
Sulphur (db).‘.:-oo-oounno% 0‘35 - 0‘35 0'47 0-37
Reéultant Coke o ' ' _ -
Laboratory Number........ . 3518-73 3516-73 3517-73. 3514-73
"Proximate Analysis (db) L T
AShyo ------ .n-'onlcolitt% ' 9'2 7‘6 1104 9.9
Volatile Matter........% . 1.4 1.7 1.3 1.8
Fixed Carbon,vessetvaaas%  89.4 90,7 87,3 ' 88,3
Sulphur (db)..e.vuneneie® 0,38 . 0.40 - 0.44 0.47
. ' [
‘ |'-";:\"' : @ ' | .

-OE_
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MAX,
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Vi db)
%

4961-72
‘4€5§53f723
203473

2016-73
L 220873

2228713
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EVALUATION OF COAL SAMPLES FROM KAISER RESOURCES LTD.
1972 EXPLORATION PROGRAMME
PART II MARTEN CREEK - LOCATIONS OF ADITS 1 AND 3
MARTEN CREEK COAL AREA ’

by

B. N. Nandi¥* and D. $. Montgomery¥¥

This Part II of the present report is in continuation of ocur previous
Reporg'No. FRC 73/70 RCCC, November 1973 and gives an interpretation of some
of the data in MREC Report No. 73/92, (1)

SAMPLES

Marten Creek Adits 1 and 3 were obtained from MREC in one pound bags.

‘ |
PART II - STUDIES ON THE MARTEN CREEK COALS

DISCUSSION

MARTEN CREEK COAL ADIT 1

The proximate analysis and reflectance measurement in 0il indicate

that this coal is classified as high volatile bituminous A (ASTM Standard).

" The dilatation of 81, Free Swelling Index of 8 and Plasticity of 2700 dd/m

from Giesler Plastometer indicate that this is a high fluid coal. The plasti-
city of 0.61 from dilatometer test is well above the minimum acceptance level
of 0.15. o

The petrographic analysis shows that the sample contains 72.5%

vitrinite and 7.4% exinite and very low inertinite (fusinite and semi-fusinite)

" content of 20%. Exinite generally produces high fluidity on carbonization.

Assessing these factors the indications are that this is a high volatile and

"highly fluid coal that will produce porous coke of low ASTM Stability Index

because the pores or cavities in the coke will be large and numerous and the

cell walls in the coke will tend to be thin. It should however be an excellent

*Research Scientist, *¥*Head, Fuels Research Centre,. Mines Branch, Department of
Energy, Mines and Resources, Ottawa, Canada.
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coal for blending with low volatile coal.

Microscopic Examination of Semi-Coke
Microscopic examination of semi-coke shows good bonding between fused

vitrinite and oxidized vitrinite, fusinite and partially oxidized vitrinite

(see Figures 1 and 2). High volatile coal produces grain structure and in the

-case of partially oxidized vitrinite very little grain formation can be observed

(see Figure 1), The large pores or cavities are generally obtained in the
coke from highly fluid coal (see Figure 2)}. The structure of semi-coke indi-
cates that this is a good coke but may have poor stability index because of

the presence of large proportion of large pores.

.. .Mieroscopic Examination of High Temperature Coke

The high temperature coke from Marten Creek Coal Adit 1 was produced
in the 500-1b movable wall coke oven at 1000°C. The structure shown in
Figure 3 indicates the formation of well developed grains with good bonding
and fusion. In Figure 4, the structure of the high temperé;ure coke possesses

good fusion between fusinite and semi-fusinite in normal reflected light.

‘With crossed nicols and gypsum compensator, the same left hand maceral (SF),

which was considered as semi-~fusinite in Pigure 4, appears to be fused vitrinite
with grain structure (see Figure 5). The grain structure of coke is also
formed in the semi-fusinite (SF) shown in Figure 5. Some of the oxidized

vitrinites in this coal are not completely inert because this so-called inert

oxidized vitrinite softens and forms cavities or pores (see Figure 6, (0.V.):

owing to the evolution of gases at about 400°C. Fully oxidized wvitrinite can
be classified as inerts because it neither softens nor melts even at 1000“6.
This high témperature coke from cauliflower end (see Figure 6) shows very

good fusion and bonding between the reactives and inert macerals. Because of .
1afger pore size in this coke which (originated in part from the presence of
exinite) it is assum;d that the strength and the stability index of this coke
would be lower than that of good metallurgical coke produced from blended
coals. The stability factor of the Marten Creek Adit 1 coke from the 500-1b
movable wall oven was 42.7 which is low, probably for the reasons indicated

by the microscopilc examination.
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MARTEN CREEK ADIT 3

This coal possesses similar proximate analysis and dilatometric

properties as Marten Creek Adit 1. Petrégrabhic analysis shows that the

‘vitrinite content is 6.5% higher and exinite content is 5% lower than Marten

Creek Adit 1. But the total pr0poftion of reactive maéerals remains the

same. Maximum fluidity (290 dd/m) and dilatation 49% are much lower than
those of Marten Creek Adit 1. The slightly low fluidity in this high volatile
A rank coal indicafes that thié coal will produce a slightly better coke than
Marten Creek Adit 1. |

. Microscopic Analysis of Coal

About 5% of the vitrinite shows fissures and cracks of the same type
previously reported in Lodge Pole Adit 2 in Report FRC 73/72 (2), Part I )
(see Figure 8). The exinites are mostly associated with fusinite and micrinite
(see Figure 9) and on heating to about 350-400°C, the flui&ity of exinite helps

to wet the inert macerals and some of the oxidized vitrinite. 1In Lodge Pole

1
Adit 1 the exinite was totally absent because of its high rank.

Microscopic Examination.of Semi-Coke

The presence of pyrites in the nonfused mass of vitrinite (Figure 10)
indicates that possibly the pyrites were deposited in the cracked vitrinite
which was oxidized in situ aftef the formation of coal. (2). Microscopic
examination of semi-coke shows the presence of partially oxidized vitrinite
in the semi-coke structure (see Figure 10). The bonding between oxidized
(0V), partially oxidized (POV) and fused vitrinites is very strong (see
Figures 10 and }1) and does not show any cracks or fissures in the semi-coke.

It also appears from those micrographs (Figures 10 and 11) that these partially

oxidized vitrinites are not inerts like those in the Lodge Pole Adit 2 (2)

because of the formation of pores and grainy structure in the coke. In Figure
11, the good bonding and fusion between semi-fusinite, fusinite, oxidized

vitrinite and fused vitrinite indicate that this sample will produce good coke.

Microscopic Examination of High Temperature Coke

The high temperature coke was produced in the 500-1b movable wall
coke oven and the ASTM Stability Index of this coke was 46.8. The oxidized

. vitrinite (0OV) in Figure 12 cannot be rated as inert because pores and small

cavities suggest the softening of this maceral and the evolution of gases
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from the surface on heating. A good bonding between the oxidized vitrinite
(0V), partially oxidized vitrinite (PO?), semi-fusinite (SF), fusinite (F)

and fused vitrinite (FV) is shown in Figures 12 and 13. Well developed grain
formation which is generally produced in the’ coke from good high volatile
coals also indicates that this coal will pfbduce better metallurgical coke
than Marten Creek Adit 1. It seems from the structure of coke that most of
the so-called oxidized vitrinite in the semi-coke or coke are mildly oxidized.
This mild oxidation probably raised the stability of this coal to 46.8 as
compared with the stability factor of Marten Creek Adit 1 of 42.7.

-

CONCLUSION

Marten Creek Adit 1 ' ' B : - .
Marten Ridge Adit 1 is a high volatile bituminous A coal and has a

vitrinite and exinite content of 72.5% and 7.4% respectiveiy and the total
reactive content of the coal is about 82%. BﬁcauSe of its high exinite
content, the fluidity of this coal will be high and the determined value of
the fluidity by Gieseler Plastometer is 2700 dd/m. The vitrinites in this.
coai are partially or mildly oxidized. .Both semi-coke and high temperature
coke possess good bonding and fusion between reactive and inert macerals.

The content of inerts especially semi-fusinite is very low in comparison

" with other coals from the Crowsnest area. High volatile bituminous coal

generally produce medium stability index and porous coke when carbonized -
alone. This coal-if blended with Lodge Pole Adit 1 or Adit 3 coal should
produce metallurgical coal of good stability index. This Marten Creek Adit 1
coal may be sold as pfemium coal to the Japanese market because Japanese coke
makers have been seeking a high volatile, low ash and high fluid coal from

Western Canada for a long time for blending.

Marten Creek Adit 3

The properties of this coal sample are very similar to those of

 Marten Creek Adit 1 except that the exinite content is 5% lower. Fissured ox

cracked vitrinites are present in this coal in a low proportion and this
sample also contains more oxidized vitrinite and partially or mildly oxidized
vitrinite than Marten Creek Adit 1. Because of its low exinite content and

the presence of a high proportion of mildly oxidized vitrinite the fluidity



of this coal is much lower (290 dd/m) in comparison with Marten Creek Adit 1.
The stability index is highest in the high temperature coke possibly due to
the low fluidity. It seems that some of the vitrinites are behaving as inerts
due to oxidation. This is a good coal for the blending with low volatile c6a1 in
certain proportions. -

Of these two samples from the Marten Creek area, Marten Creek Adit 1
3s considered to be a premium coal which is being sought after by Japanese

coke makers for its high volatile matter, high fluidity and low ash content.
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PROXIMATE ANALYSTS

TABLE 1

Marten Creek

Marten Creek

Adit #1- Adit #3
Ash 7.8 7.3
Volatile matter 34.3 HVA 31.9 HVA
Fixed carbon 57.9 60.8
- 1 100.0 100.0
Sulphur {(db) 0.45 0.60
F.S.1. i 8 8
TABLE 2
DILATOMETRIC TEST
Softening temperature 8g5°C 395 410
Contraction C 27 30
Max. temperature contraction 9,°C 439 . 454
Dilatation 81 49
Max. temperature ofcdilatation 470 479
Plasticity index g0 0.61 0.68
TABLE 3
PETROGRAPHIC ANALYSIS % %
Vitrinite 72.5 . 79.0
Exinite 7.4 2.5
Micrinite 4.2 3.4
Semi-fusinite 7.2 7.6
. Fusinite £.3 3.4
Mineral matter 4.4 4,1
100.0 100.0
Mean max. reflectance in oil 0.86 0.92
Predicted stability index (ASTM) - 32.0 35.0
Experimental stability index 42.4 46.8
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GIESELER PLASTICITY

Start
Fusion temperature

Max. fluid temp.

"Final Fluid temp;

Solidification temp.
Melting range-

 Max. fluidity dd/m

Torque

°C
°C
°C

Oc-

°C
°C

TABLE &

Marten Creek -

Adit #1

407
420
46
474
482
67
2700
40

Marten Creek
Adit #3

408
424
447
474
479 _ -
‘66 o - fl
290 i ot
40 : e
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rFigure 5. Same as in Figure 4, :
F.V. - Fused vitrinite, S.F., -
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’ TABLE |

ANALYS!S OF B SEAM

'H‘\ . MARTEN CREEK ADIT #]
\ . .
X-CUT @ 125'; SEAM THICKNESS 14.4
RAW
| COAL
Proximate Analysis (db) . :
~ Ash g ‘-~ ©19.0
t Volatile Matter % - - 35
* Fixed Carbon y 4 S X 47.3
" Free Swelling Indéx . - . - ' 6.5
.Gross Calorific Value (dmmfb) .
Btu Per Pound L ,
" Uitimate Analysis (db) :
. Carbon -5 i,
Hydrogen 4 -
. Suiphur 9 0.66
" Nitrogen %
"Ash z
Oxygen {by difference) %
Ash Fusion 7 :
| Initial Deformation Temp. 1T
Softening Temp. - ST
. Fluld Temp. FT
" Grindability L
Hardgrove I|ndex
Glesler Plasticity .
Start : <c . . 386.0
Fusion Temp. °c - 406.0
Maximum Fluid Temp. °©C ' . 448.0
Final Fluid Temp. °c . - 447.0
Solidiffcation Temp. ©C 481.0
. Melting Range oc - :
7 Moximum Fluidity ddm _ 2830.0

”r

6.71-

381.0
408.0
447.0
476.0
483.0

2350.0
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TABLE |1

* SCREEN ANALYSIS .
B SEAM ADIT #1 MARTEN CREEK

Screen-AnaIysis (Raw Coal, Hand Broken to -4")

Three hundred pounds of coal fumbled in ASTM COKE
Tumbier for 30 minutes In batches of 50 pounds or
786 revolutions per; batch. Total coal was mixed

-and screen analysed. Results are shown below.

CUMULAT I VE
SIZE WT. ¢ ASH ¢ WT. % ASH 3%
. =4" 4 3/8" 33.3 «22.3 33.3 22.3
-3/8" + 28M 43.4 18.1 76,7 19.9
-28M + 100M 15.5 11.8 92.2 18.6
~100M + 0 7.8 17.3 100.0 18.5
Attrition Test VR

. CUMULATIVE
SIZE Wr. 2 AsH ¢ Wr. % ASH.Z
_av 4 3/g" 11.8 28.2 11.8 28.2
-3/8" + 28M 50.2 18.3 62,0 20.2
-28M + 100M 21.1 © o 15.4 83.1 19.0

_~100M + 0 16.9 14.8 *100.0

18.3
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TABLE {11

WASHABILITY STUDY OF B SEAM
MARTEN CREEK ADIT #1

X-CUT @ 125'; SEAM THICKNESS 14.4

SIZE & SPECIFIC . 4. CUMULATIVE FLOAT (%) +0.1
Wr. % GRAVITY WT. ASH V.M. SUL. WI.  ASH V.M, STIL, SP. OR, Z
-28M + 100M  FLOAT 1,30 69.7 2.4 36.3  0.68 69.7 2.4 34,9
(15.5%) 1.30 =1.35 5.9 7.0 33,9  0.65 75.6 2.8 72.7
1.35 =1.40 3.8 10.8  31.2  0.65 '79.4 3,1 16.2 77.5
1.40 -1.45 3.3 14.7 31.0 0,65 82.7 3.6 . 81.0
1,45 -1.50 1.6 19.2  30.4 Q.66 84.3 3.9 8.4 83.5
1.50 ~1,55 1.6 24,9 29.8 0.61 85.9 4.3 85.1
1.55 «1,60 1.1 30.8  29.6  0.65. 87.0 4.6 4,7 86.5
1.60 «1.70 1.5 38,2 27.0  0.61- 88.5 5,2 3.4 87.8
1,70 -1.80 * 1.6 45,3 24,9  0.60 90. 1 5.9 e 89.3
SINK 1.80 . 9.9 -66.0 18.8  0.21. 100.0 11.8 95, 1
Composite . FLOAT 1.30 57.4 4,4 57.4 4,4 28.7
-4 4, 28M 1.30 -1.35 8.5 9,3 65,9 5.0 61.7
(76.7%) 1.35 =1.40 5.1 13,2 71.0 5.6 28.0 68.5
o © 1,40 =1.45 4,7 19.6 75.5 6.5 73.4
1.45 -1,50 2.5 25,2 + 782 7.1 12.8 76.9
. 1.50 ~1,55 1.2 29.1 79.4° 7.4 78.8
1.55 =1,60 1.1 33.3 80.5 7.8 5.2 80.0
1.60 -1.70 1.6 41,9 82.1 8.4 4,2 81.3
1.70 ~1.80 1.5  48.4 83.6 9,2 82,9
SINK 1.80 16.4 74.4" 100,0  19.9 © 91.8
-4" 4 3/8" FLOAT 1.30 51,1 5.7 38,5  0.64 51.1 5,7 25.6
{32.3%) 1.30 -1,35 8.3 9,9 59.4 6.3 55,3
1.35 =1,40 . 6.2 13.2 . 65.6. 6.9 30.0 62.5
) 1.40 -1.45 ___ 6.5 19.6 . 72.1 8.1 68.9
1,45 =1,50 3.8 25,2 75.9 8.9 15,8 74.0
1,50 ~1,55 1.4 30.2 77.3 9.3 76.6
1.55 =1.60 . 1,4 34,2 78,7 9,8 5.9 78.0
1.60 -1,70 2.1 41,6 80.8 10.6 4.8 - 79.8
1.70 -1,80 1.9 . 51,9 82.7 11.5 ' 81.8
SINK 1.80 7.3 73,8 100.0 22.3 91.4



SIZE &
WT. 4

~3/8" + 28M
(43.4%)

Composite
=4" + 100M
(92.23)

TABLE 111 (cont'd)
WASHABILITY STUDY OF B SEAM
MARTEN CREEK ADIT #1.

X=CUT @ 125'; SEAM THICKNESS 14.4

CUMULATIVE FLOAT (%) 'é

SPECIFIC

GRAV I TY WT. . ASH SUL. WT.
FLOAT 1.30 62.2 3.6 0.79 62,2 3.6
1.30 -1,35 8.7 8.8 0.76 70.9 4.4
1.35 ~1.40 4,3 13.2 0.74.  75.2 4,9
1.40 -1,45 3.4 19,7 0.78 78.6 5.5
1.45 -1.50 1.4 25.3 0.80 80.0 5.9
1.50 =1.55 1.0 27.8 0.68 81.0 6.1
1.55 ~1.60 0.9 32.2 81.9 6.4
1.60 -1.70 1.3 42.3 83,2 6.9
1.70 ~1.80 1.1 43.8 84,3 7.5
SINK 1.80 .15.7  -74.9 100.0 18.1
FLOAT 1,30 59,4 4.0 59,4
1.30 -1,35 8.1 9.0 67.5
1.35 =1.40 4,9 12.9 72.4
1,40 -1.45 4,5 19.0 76.9
1,45 ~1,50 2.3 24.5 79.2
1.50 ~1.55 1.3 28.2 80.5
1.55 ~1,60 1.1 32,9 81.6
.60 =1,70 1.6 41,3 83.2
1.70 ~1.80 1.5 47.8 84,7
SINK 1.80 15,3 73.5 100.0
FLOAT 1.30
1.30 ~1,35
1.35 ~1.40
1,40 -1.45
1.45 =1,50 ..
1,50 -1.55
1.55 =1.60
1.60 =1,70
1.70 -1.80

SINK 1,80

0.1

SP. GR.

2113

3.8
2,8

23.4
10.9

4.7
3.9

63.4
70.0
74,7
78.0.
79.9
81.0
82.4
84.0
92.4



TABLE 1V

B SEAM MARTEN CREEK ADIT #1
LABORATORY FROTH FLOTATION TEST

SIZE &

) TIME FROTH CUMULATIVE
WT. 4 SEC. - WI. 2 ASHg®  WT. % ASH 7

~28M + 100M 0 -"30 82,7 6.5 82.7 ° 6.5
{15.5%) 30 ~ 60 4.6 9.0 87.3 6.6
60 - 90 1.0 11.3 88,3 6.7

90 - 120

120 - 150
. TAILINGS 11.7 47.9 100.0 11.5
(7.8%) 30 - 60 19.0 10,0 69.5 7.7
: . 60 ~ 090 7.5 14,1 77.0 8.3
90 - 120 4,2 17.6 81.2 - 8.8
120 - 150 =~ 3.3 25,2 84,5 9.4
5.5 60,1 100.0 17.3

TAILINGS 1

Test Condit+ion

Two hundred gms. of coal floated. in 3,000 c.c. WEMCO
laboratory cell at 6.6% pulp density. Three drops of
kerosene used as a conditioner and one drop of MIBC
as a frother,



 TABLE V
B SEAM, MARTEN CREEK, ADIT #1
YIELD VS. ASH

BASIS: Gravity ceparation of -4" + 100M fraction and froth flotation of -
-100M.x 0 fraction,

L

-4" + 100M (92.2%) 100M ¥ 0 (7.8%) COMPOSITE
84.5% YIELD @ 9.4.ASH
S.G. CuM. YIELD ASH % YIELD ASH % YIELD ASH %
WT. % WT, 4 X .922 7.8 X 84.5
a . b a+t+th
1.30 59.4 54,8 4.0 6.6 9.4 61.4 4.6
1.35 67.4 62,1 4,6 6.6 9.4 68.7 5.1
1.40 72.4 66.8 5.2 6.6 9.4 73.4 5.6
1.45 76,9 70.9 6.0 6.6 9.4 77.5 6.3
1.50 79.2 73.0 6.5 6.6 9,4 79.6 6.7
1.55 80.5 74,2 6.9 £.6 9.4 80.8 7.1
1.60 81.6 75.2 7.2 6.6 9.4 81.8 7.4
1.70 83.2 76.7 7.9 6.6 9.4 83.3 8.0
.80 84.7 78. 1 8.6 6.6 9.4 84.7 8.7
TOTAL 100.0 92.2 18.5 7.8 17.3 100.0 | 18.4

wt
W
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! TJABLE 1}

ANALYSIS OF #5 sEAM
- MARTEN CREEK ADIT #2

X-CUT @ 140 FT. .SEAM THICKNESS 18.1 FT.

1

-« Proximate Analysis (db)

tar?

. Ash i - ‘.
1 Votatile Matter ¢ .
Fixed Carbon 7

) Free Swelling Index

Gross Calorific Value (dmmfb)
Btu Per Pound

Ultimate Analysis (db)
Carbon %
Hydrogen _ 4
Sulphur a4
Nitrogen - : %
Z
£

Ash
Oxygen (by difference)

'.'_ Ash Fusion

Initial Deformation Temp. IT

Softening Temp. ST
Fluid Temp. 0 FT
Grindability - ' d

Hardgrove |ndex

N - Giesler Plasticity

e

Start 9" (1ddm)

a
b Fusion Temp. ¢c (5ddm)
¢ Maximum Fluid Temp. ©C

d Final Fluid Temp. cc  (1ddm}
e Solidification Temp. ©C :

f Melting Range oc  (d-a)

9

Maximum Fluidity ddm

RAW
COAL
40.2
22.3
37.5

1.0

0,37 -

413.0

430.0
449.0-
470.0
476.0
57.0

74.0

0,78 .

422.0
437.0
450.0
467.0
471.0

49.0

1.5



TABLE |1

- SCREEN ANALYS!IS
. #5 SEAM ADIT #2 MARTEN CREEK

Screen Analysis (Raw Coal, Hand Broken to -4")

. CUMULATIVE
SIZE Wr. ¢ ASH 4. Wi.. 4 . ASH %
-4" + 3/gn 15.5 39.8 15.5 39.8
-3/8" + 28M 39.5 40,7 55.0 40.4
~28M + 100M 30.5 39.3 85.5 40.0
14.5

-100M + 0 30.4 100.0 38.6

Afttrition Test

Three hundred pounds of coal tumbled In ASTM COKE
Tumbler for 30 minutes in batches of 50 pounds or
786 revolutions per batch. Total coal was mixed
and screen analysed. Results are shown below.

CUMULATIVE
SIZE WT. % ASH ¢ WT. 2 ASH -4
-4" + 3/8" 2'4} 40.8 44,3 40 "
-3/8" + 28M 41.9 : : :
-28M + 100M 35.0 T 37.9 79.3 39.5

-100M + 0 20.7 . 32.4 100.0 38.0

‘Note: Coal belng extremely friable, it was impossible to
:*  pun washabilifies on raw coal. Therefore, the coal
was put through attrition fests and washabilitles
run on +28M, 28M + 100M and -100- + 0 as shown in
Table 111,



TABLE |

ANALYSIS. OF #7 SEAM
MARTEN CREEK ADIT #3
X-CUT @ 80'; . SEAM THICKNESS 28.1°

! ) .+ RAW
T COAL
Proximate Analysis (db) -
Ash - % ' .22.7
IVolafile Matter % ‘ . 28.5
IFixed Carbon % - © %, 48.8
' Frée Swelling !ndex - ,. 6.5
Gross Calorific Value (dmmfb) *
Btu Per Pound
. Ultimate Analysis (db)
Carbon .2
Hydrogen 4 - Cl .
Sulphur g 0.54
Nitrogen N 2
Ash ' ' ¢
Oxygen (by differencer %
" Ash Fusion ' .
. initial Deformation Temp. IT
. Softening Temp. ST
Fluid Temp. FT
Grindability _ .
Hardgrove Index
Giesler Plasticity o
Start . % ' 392
Fusion Temp. ¢ 415
Maximum Fluid Temp. ©C 454
Final Fluid Temp. cc - . 477
Solidification Temp. ©C 481
Melting Range . . °c : 62°

Maximum Fluidity ddm ' 295

0.62

393°
422
454
477
482
55°
175



TABLE |1

* SCREEN ANALYSIS
7 SEAM ADIT #3 MARTEN CREEK

!

Screen Analysis (Raw Coal, Hand Broken to -4")

CUMULAT IVE

S1ZE ‘ Wi. ¢ ASH ¢ WT. %

ASH ¢
-41 4 3/gu 5.3 50.7 5.3 . 50.7
-3/8" 3+ 28M 45.2 29.3. 50.5 " 31.5
-28M + 100M 32.6 14.2 83,1 24,7
-100M-+ 0 16.9 22.9

13.6 100.0

Attrition Test

Three hundred pounds of coal tumbled in ASTM COKE
Tumbler for 30 minutes in batches of 50 pounds or
786 revolutions per batch. Total coal was mixed
and screen analysed. Results are shown below,

_ . CUMULAT I VE
SIZE Wr. % ASH £ - WT. % ASH ¢
=47 4 3/gn 2.3 53.4 12,3 53,4
‘=3/8" + 28M 42.1 32.5 44 .4 33,6
-28M + 100M 34.3 16.9 78.7 26.3
-100M + 0 21.3 22.9

10.7 100.0
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EVALUATION OF COAL SAMPLES FROM KATSER RESOURCES LID.
1972 EXPLORATION PROGRAMME

PART T - FLATHEAD RIDGE -~ LOCATIONS OF ADITS 1, 2, and 3
WEST LODGE POLE AREA
by-

B. N. Nandi* and D. S. Montgomery¥¥*

INTRODUCTION

‘77::' _ In July, 1973, Mr. J. B. Murphy, Chiéf Geologist, Kaiser Resources
t}} Ltd. requested an assessment of the cﬁke-making potential resulting from their
11972 exploration programme. These samﬁles were first sent to Metals Reduction

e and Energy Centre of Mines Branch for the 500-1b coke oven test and chemical,

. physical and petrographic analysis. ~MREC Reﬁortl No. 73/92-by J. Botham,

- W. Gardiner, J.G. Jorgenson and T. A.leoyd daﬁed October, 1973, describing the

;,coke oven test was subsequently forwarded to Kaiser Resources Ltd. A request

was then made by Mr. Murphy for an assessment of the coal quality based upon

" the petrographic analysis and a study of the coking behaviour of the different

. macerals as deduced from the microscopic examination of semi-coke prepared at
" 550°C obtained from the Ruhr dilatometer test and other physical and chemical

- analyses. It was agreed that the format of presentation was to conform with that

Pt

" previously reported on coal samples submitted in 1971-72 and reported in FRC
;¥ Reports (2, 3, &4 and 5).

SAMPLES

'The following samples of coal were received from MREC, in one pound
plastic bags. The description of the samples, and sampling station locations
were sent by Mr. MUrphy.in a separate letter. For convenience these data are
tabulated below: - '

1. Flathead Ridge described as Lodge Pole area Adits 1, 2 and 3.
Il .o 2. Marten Creek Adits 1 and 3. .
N 3. Marten Ridge Adits 4, 5, 6, 7, 9, 10, 11 andhlz.

e

*Research Scientist, and *¥* Head, Fuels Research Centre, Mines Branch,
' Department of Energy, Mines and Resources, Ottawa. .



These samples were taken from thtee locations within the Crowsnest
coal fiéld. These three locations - which are shown on the property map
(Figure 1) and (1) Flathead Ridge, (2) Martin Creek and (3) Martin Ridge. The
positions and thickness of the seams are shown in the correlation charts
(Figures 2a, 2b and 2c). The top of the-Moose Mountain member as shown in the
. correlation charts represents the base or the bottom of .the coal measures. The
- basal Elk member represents the upper portion but not the top of the Kootenay '
formation. ' ]

This repoft will be Wwritten in 3 parts and will be submitted separately:

Part 1. Studies on the FIat Ridge Coals.

Part 2, Studies on the Martin Creek Coals.

Part 3. Studies on Martin Ridga Coals.

Part T - Studieé on the Flathead Ridge Coals

- Lodge Pole Adit 1
Lodge Pole Adit 2
Lodge Pole Adit 3 (marked as Flathead Ridge Adit 3).

Evaluation Procedure and Results

a}) Proximate analysis, calorific value, microscopic examination

Maceral analysis and reflectance measurements were carried out by
_HREC of Mines Branch according to ASTM specifications. The Ruhr dilatometric
test was done according to German specifications DIN 51739. The results are
given in Tables I, 2 and 3.

b) Microscopic examination of semi-coke .

In order toqundeygtand the coking character, the structure of the coke
and the state of oxidation in vitrinite, the sémi-coke produced in the Ruhr
dilatometer at 550°C was polished and examined microscopically with a reflected
'light microscope at 600 magnification in oil.,- This examination will show the
nature of bondiﬁg of the vitrinite, that is to say, the extent to which this
maceral itself has fused and how well it is bonded to and fused with the inert
macerals such as the fusinite, semi-fusinite and mineral matter. This
examination will reveal . the reactive nature and formation of coke in the semi-

fusinite and also the non-reactive nature of oxidized vitrinite.



[t

Lodge Pole Adit 1

The proximate analysis and the reflectance of the vitrinite in oil

indicate that the coal is a low volatile bituminous cocal, This coal does not
show any dilatation but it possesses a good contraction and plasticity index of

0.47. The plasticity index value is very well above the minimum acceptable

" 1limit of 0.15. Maceral analysis shows that this coal has 46.6% vitrinite and

34,5% semi-fusinite and the reactives to inerts ratio (according to Shapiro

and Gray method) is 58:42., The indications from these results are that this

" coal ‘will produce coke.

Detailed microscopic. examination of the macerals in Lodge Pole 1 coal

shows that the vitrinite in this coal 1is well developed and free from cracks

. or fissures. " In some cases it is difficult to differentiate vitrinite from

sémi~fusinite. This is well illustrated in Figufe 3 vwhich shows that this

~- maceral actually contains both vitrinite (V) and semi-fusinite.(S.F.). This is

observed by using crossed nicols prisﬁs and a gypsum compensator. The vitrinite
part remains unchanged in appearance but the laminar structure of the semi-

. 1 M .
fusinite stands out as shown in.Figure 4. Further, the high reflectance areas
of fusinite can be seen on the left side and semi~fusinite on the right side. In

. Pigure 5, the reflectances of both vitrinite (left) and semi-fusinite are

practically the same. The cellular structure of semi-fusinite (S.F.) in this '

Figure is not well developed. When observed with crossed nicols and gypsum

- compensator it is easier to differentiate vitrinite and semi-fusinite. According

.+ to some North American coal petrographers the right ‘hand side maceral in

Figure 5 is considered to be pseudo-vitrinite, in reality this so-called

-.pseudo—vitriqite_ié nothing but semi-fusinite as observed in the Figure 6

(right hand side).

In this coal there-are low and high reflectance semi-fusinites as
shown In Figure 7¢ The structure of the low reflectance semi~fusiﬁite (left
hand side and right side marked S.F.) appeared to be high reflectance vitrinite.
On examining with crossed nicols and gypsum.bpmpensator, the structure of high. .
reflectance sem%—fusinite looks like fusinite whereas the vitrinitic-like
gtructure appears to be semi-fusinite.

This 1s a very difficult coal from the point of view of maceral
identification as these can only be identified under crossed nicols. Identifi-
cation of the macerals for point counting is thgrefore very time consuming- to

obtain the accurate analytical data. It is meaningless to apply the BCR-U.S.
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Steél ASTM stability factor method directlﬁ to this coal in order to obtain
accurate ASTM stability index factor data due to the high semi-fusinite content
and its laminated structure. In thiS'parFicular type of coal past experience
indicates that the assumption of 1/3 semi-fusinite as reactive is not applicable

for ASTM stability factor calculation.

. The Microscopic Examination of Semi-Coke

The Figure 9 shows good anisotropic coke structure and good bonding

- between the reactive and inert macerals. The structures are flaky (floﬁ type)

(6) which are characteristic of coke from low volatile coal. There is oxidized

vitrinite (0.V.) in the semi-coke, which is also well bonded (see Figures 9

. and 10).

Two types of semi-fusinite can be observed in the semi-coke: (1)

low reflectance flat surface with very little cellular structure (Figure }1),

+ (2) high reflectance semi-fusinite with wavy and cellular structure (Figure 13).

It appeared from the micrograph in the Figure 11 that the low reflectance semi-
fusinite was not altered after heating at 550°C but from Figure 12 the formation
of grain structure of coke in the same semi-fusinite is observed with crossed

nicolsand gypsum compensator. In the case of high reflectance cellular-type

" 'semi-fusinite (Figure 13), this maceral did not form any grain structure at 550°C

{see Figure 14). It also appeared that the bondings between the low reflectance

semi-fusinite and reactive vitrinite was stronger and fused (see right hand side

of the Figure 12) than those of the high reflectance semi-fusinie and reactive

> witrinite (see right side of Figure 14).

'  Microscopic Examination of High Temperature Coke

This coke from Lodge Pole Adit 1 was prepared in the 500-1b movable
wall coke oven at about 1000°C and the stability index of this coke is 33.8.

The microscopic examination of this coke shows formation of flaky-("flow type')

anisotropic structure, good fusion, good bonding between.the reactive and imert
macerals (see Figure 15). The high reflectance fine granular structure on the
right hand side of the Figure 15 shows the formation of coke in the semi-fusinite.
Vitrinite of hiéh rank coal (around 18% VM) generally produces flaky or "flow
type' structure., It also appears from the Figure 16 and 17 that the proportion
of inert macerals is higher than the reactive macerals. This is a poor sign.and

this may be one of the reasons for the low stability index of this coke,
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Lodpe Pole Adit 2
From the proximate analysis and reflectance in oil, the rank of this

coal appeared to be the same as Lodge Pole Adit 1. The dilatometric properties
are quite different from Lodge Pole Adit i. The plasticity index from the
dilatometric test is 0.11 which is below ‘the minimum acceptable level ‘of 0.15.
The low plasticity index and contraction indicates that this coal will not

. produce coke. .
The petrographic analysis shows that the vitrinite content of 347

. is lower than Lodge Pble Adit 1 and the fusipite and semi~fusinite content of 53%

. is higher than Lodge Pole Adit 1.

Thé microscopic examlnatlon shows that most of the vitrinite in Lodge

Pole Adit 2 are partially fractured and cracked as shown in Figure 18. This

-'suggests that the vitrinite has lost the property of cold flow due to oxidation.

' The presence -of pyrites inside the fractures or cracks (see Figure 19) suggests

;that these fractures were develoﬁed in situ after the formation of coal

- probably due to tectonic pressure. Probablj air and water have geeped down

into these fractures and eventually these fractured vitrinites have become
gradually oxidized by this process. Some of the vitrinite, where the cracks

are filled with either pyrites or some mineral matter, has a higher reflectance

. (see Figure 20).

When a high reflectance maceral with cellular structure (left,

. centre and right of Figure 21) is observed in normal reflected light, this

- maceral is considered to be semi-fusinite and the low reflectance macerals

with flat surface (a and b in the Figure 21) are considered as vitrinite. But

:Tby using crossed nicols and gypsum’ -compensator this low reflectance macerals

: appeared to be semi-fusinite with cellular structure.. (See Figure 22).

Microscopic Examination of Semi-Coﬁe

The same type of structure of low reflectance and high reflectance

" semi-fusinite which was shown in the Figure 21 can be observed in the semi-coke

(Figure 23). The low reflectance vitrinite part was neither fused nor melted

when heated up to 550°C (see Figure 24) but the formation of granular structure

" of coke was observed in the semi-fusinite part, (with crossed nicols and gypsum

compensator).
Most of the vitrinite in the semi-coke behaved as an. 1nert maceral
probably due to oxidation in situ and the bonding or fusion between inert and

reactive macerals are not observed (see Figure 25). The semi-coke shows very
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little anisotropy. With crossed nicols and gypsum compensator the formation of
the grain structure and fused mass is observed in the semi-fusinite (Figure 26).

“ The grainy structure of coke or formation of a fused mass which can not be seen

in the semi-fusinite in the normal reflected light (see Figure 27) can be

. observed with crossed nicols and gypsum compénsator (see Figure 28).

It appears from the microscopic examination of semi-coke from Lodge
Pole Adit 2 that the vitrinite maceral in this coal is mostly inert and does not

melt on heating whereas the semi-fusinite part partially melts. It is assumed

. that for thié reasoﬁ this Lodge Pole Adit 2 when charged in the 500-1b movable

- wall coke oven failed to produce coke or even agglomeration of coal mass.

Lodgze Pole Adit 3 (Flathead Ridge)

The proximate analysis and the reflectance of the vitrinite in oil

_ .indicates that Flathead Ridge Adit 3 coal is a low volatile bituminous coal.

. The volatile matter of this coal is about 2% higher than that of Lodge Poie

) ZE'Adit 1 and Adit 2. This coal daes not show any dilatation but possesses good

- contraction and plasticity index of 0.63 which is well above the minimum

accéptance level of 0.15. Maceral analysié shows that this sample has 59.3%
vitrinite, 34.5% fusinite and semi-fusinite. The reactives to inert ratio
(according to Shapiro and Grey) is 67:33. Fmm the evaluation of these results

the indications are that Flathead Ridge No. 3 coal will produce good coke.

Microscopic Examination of Coal

Microscopic examination shows that the vitrinite macerals are well

developed and free from fissures and cracks although some very high reflectance

i vitrinites (around 10%) are observed. It is assumed that thisihigh reflectance

vitrinite (about 1.8) may not melt during heating and it is difficult to
ascertain whether—this high reflectance vitrinite is oxidized. TIn Lodge Poie 2,
the low reflectance maceral which was considered as vitrinite in normal reflected
ligﬁt appeared to be semi-fusinie by using cross ﬁicols and gypsum compensator
(see Figures 21 and 22). But in this coal the low reflectance maceral (markedk
V in the Figure 29) does not change in strucutre when seen by using the crossed
nicols and gypsum compensator, (see Figure 30). .Microscopic examination of

this coal maceral indicates that this is a better coal than Lodge Pole Adit 1
and Adit 2.
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Examination of Semi-Coke

Figure 31 shows the good bonding and fu31on of inerts and reactives.
The partially oxidized vitrinite (POV) has also melted in some places and formed
grainy coke. The bonding here is very good in comparison with oxidized
vitrinite in the Figure 32. The bonding or fusion on the left hand side of the
oxidized vitrinite here is poor. It appears from these photo micrographs that
the high reflectance vitrinite is behaving for the most part like oxidized
vitrinite on carbonization.

The structure of semi-fusinite in the semi-coke (see Figure 33) does

not show any formation of coke in normal reflected light but using cross nicols

. and gypsum compensator the formation of flaky and grainy structure of coke in

\': the semi-fusinite can be observed. The bonding and fusion of the semi-fusinite

=1; in this coal is better than that in Lodge Pole Adit 1 and Adit 2. The structure
" of the semi~coke in relation to fusion and bonding of fusinite and micrinite
" is shown in Figure 35. A strong bonding between the fusinite and reactive

.-vitrinite can be observed in this Figure (35).

!

Microscopic Examination of High Temperature Coke

This coke was prepared in the 500-1b movable wall coke oven at about

. 1000°C and the stability index of this coke is 49.3. The micrograph in

Figure 36 shows the formation of coke from semi-fusinite (SF) and fused

" vitrinite (FV). Apparently formation of coke is not observed in the semi-

-  fusinite in normal reflected light. With crossed nicols and gypsum compensator

the grain structure of coke formation is observed in the semi-fusinite. (See

* Figures 37 and 38). The bonding between the fusinite and vitrinite is very

poor at the tar end of the coke (see Figure 39), but a good flow type or flaky

structure (see Figure 40) was observed in the cauliflower side of the coke..

--This high temperature coke, on the average, shows strong and fused structure

with small pores.

CONCLUSION

Lodge Pole Adit 1

This sample has vitrinite content of 47%, semi-fusinite 34.5% and
has good plasticity index. This is a high rank coal which generally produces

good coke. Low reflectance semi-~fusinites are reactives and high reflectance



semi-fusinites are inerts. The coke obtained from SOO-Ib coke oven has a
stability index of 34 which indicates that this produces a weak coke. Micro-
scopic examination suggests that the high semi-fusinite content is one of the
causes for the low stability factor. If the semi-fusinite content were reduced
to a lower level by washing at 1.55 S.G. this coal could probably be sold as
premium coking coal. After washing it is expected that this coal will produce
a good metalqugical coke when blended with high fluid coal such as Marten
Creek Adit 1 coal.

~ Lodge Pole Adit 2

The vitrinite of this sample is mostly fractured. Maceral analysis

shows that vitrinite content is 34%,and 557 semi-fusinite.and fusinite.

Plasticity index of 0.1l which is lower than tﬁe minimum acceptable level of

- 0.15 indicates that this coal will not produce coke at all. Oxygen content of

Y,

this coal is 5% which is 1% higher than Lodge Pole 1 coal sample. Low plasti-
city index, high oxygen content in coal, non-agglomerating nature semi-coke,
poor bonding and fusion in the semi-coke indicate that this coal is not suitable
"for coking.  However, possibly deeper penetration into the seam into areas that
have not been oxidized might yieid a coal somewhat more similar to that found in
¢ Adit 1, It would presumably pay to look into the geoclogical reasons fo? this

" oxidized state.

Todge Pole Adit 3 (Flathead Ridge)

0f all the three samples from this area, Lodge Pole Adit 3 coal possesses

highest vitrinite and lowest semi-fusinite macerals. Plasticity index is the
highest :{(0.63) though the maximum fluidity from Gieseler plastometer remains

" . the same as Lbdge Pole 1 (1.2). The coke structure shows good bonding and

good fusion and this is attributed to the stability index of about 50.
:.Considering the results of petrographic analysis dilatation tests and microscopic
examination of semi-coke. and high temperature coke, the indications are that ’
this coal will produce the strongest and best coke out of these 3 samples sent

from Flathead Ridge area.
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TABLE 1

Proximate Analysis {dry basis)

- Ash
" Volatile Matter

Fixed Carbon

Sulphur (d b)
(d b)

Gross Calorific Value
BTU/per pound

Oxygen

. Free Swelling Index (F.S.I.)-

Flathead Ridge .

Softening Temperature @4 °C
Contraction °C

Maximum Temperature of
Contraction 6. °C

Dilatation

Maximum Temperaéure of
Dilatation °C

Lodge Pole Lodge Pole Lodge Pole
Adit 1 Adit 3 Adit 2
11.5 9.1 10.7
18.3 20.2 18.6
70.2 70.7 - 70.7
100.0 100.0 100.0
0.48 0.40 ¢.51
4,05 5.00
13699 13726
3 4 1
TABLE 2
Dilatometric Test
460 467 486
© 19 24 4
'500 505 522
0.47 0.63 0.11

s s C
Plasticity Index o0,
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TABLE 3 -

Petrographic Analysis

‘ Flathead Ridge

Lodge Pole - Lodge Pole Lodge Pole
Adit 1 " Adit 3. Adit 2
% % : %
) . .
Vitrinite - 46.6 59.3 ' 34.4
Exinite ) “ ‘ 0.0 ' 0.0 0.0
" Micrinite ' . 5.1 R ! 6.4
Semi-fusinite _ 34,5 22.6 37.7
Fusinite : 7.3 . 11,9 15.4
Mineral Matter ' 6.5 5.1 6.1
| 100.0 100.0 - 100.0
Maximum Reflectance in oil " 1,55 _ 1.3t . 1.41
..U Predicted Stability Index = 29.0 | s2.8 13.5
- Experimental Stability Index - 33.8 49.3 - Wil (does not

coke at all) .
TABLE 4

Giegselar Plasticity

Start _ . . °¢ 470 464 -

: ,. Fusion Temperature - °c - - . ) -

L, Maximum Fluid Temp. °C 476 ' 468 - 476

. Final Fluid Temp. . ©oeC - 483 : L£74 : -

: Solidification Temp; °C 502 ‘ 494 494

Melting Range °C " 13 .0 ) -
Maximum Fluidity dd/m . 1;2 ) : 1.2 0.2

. Torque 40 40 - 40
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semi-coke with cross micol. X250 - high temperature coke, S.¥. semi-‘’
’ fusinite, f.v. - fused vitrinite..

X250
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Fgure 37. Lodge Pole Adit 3. Same as in Figure 38. Sawme in Figurd
Figure 36 with cross nicol. TF.V. - 37, sliowing bonding bctween semi--
] fused vitrinite. X250 fusinite and vitrinite and formatioc
' of coke grain in the semi-fusirnite.

#AAA -
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Lodge Pole Adit 3. Structure of
high temperature coke showing poor
bonding between fusinite (F) and
vitrinite.
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Lodge Pole Adit 3. Structure of .
high temperature coke showing the’
flaky A flow type structure.of
fused vitrinite (F.V.).




FLATHEAD , ADIT # 6
X-CUT @ 87! SEAM THICKNESS 9,7t
SEAM NO. 6 o
RAW "
COAL
Proximate Analysls (db) T
~ Ash R 4 17.1
Volatile Matter & - S 19.1
Fixed Carbon. §. . 63.8
Free Swelllng Index . o #7.
‘ Bross Calorlflc Value (dmmfb)
.-+ . Btu Per Pound : - ¢
" Ultimate Analysts (db)
-Carbon g
Hydrogen ) 4 ) -
Sulphur _ o ‘. . 0.58
Nitrogen _ g L
Ash R |
Oxygen {(by difference) %
Ash Fusgion .
initial Deformation Temp. |IT
Softening Temp. - ST
Fluid Temp. ' _ FT
Grindablllty
Hardgrove Index
Glesler Plasticlty '

.+ Start . % : Biygo
Fusion Temp. °¢ ' 470°
Maximum Fluld Temp. ©C . y77°
Final Fluld Temp. oc : ygge
Solidification Temp, ©C 501°
Melting Range °c . ugo

TABLE |
ANALYSIS OF

Maximum Fluldlty ddm 9.0

Luge
461°
4750
hggo
505°

520
24.0



TABLE 11

SCREEN ANALYSIS

ADIT # 6
FLATHEAD

Screen Analysls (Raw Coal, Hand Broken to -4")

SIZE

_-am & 3/gn

-=3/8" + 28M
-28M + 100M
-100M + 0

Attrition Test

-1

CUMULAT I VE
Wr. ¢ ASH ¢ WT. ¢ ASH ¢
215 20,2 21.5 20,2
55.6 18.0 77.1 18.6 .
15.8 11.7 92.9 17.4
7.1 12.8 100.0 17.1

'Three hundred pounds’of coal fumbled in ASTM COKE
Tumbler for 30 miputés in batches of 50 pounds or

786 revolutions per batch.

Total coal was mixed -

and screen anafysed. Results are shown below.

‘SIZE

_4" + 3/8"

-3/8" + 28M
28M + 100M

~I100M + 0

o

5 .-

e
WI. & 5 ASH g

11.7 24.5
54.3 17.6
15.5 13.4
18.5 13.2.
¢
e
<z
<
c-

CUMULAT I VE
Wi, & - ASH g
11,7 24,5
" 66.0 18.8

81.5 17.8
100.0 16.9



v TABLE |
~ ANALYSIS OF .
FLATHEAD RIDGE ~ ADIT #5
X-CUT @ 88 £+, SEAM THICKNESS 19.5'

. " NUMBER 7 SEAM .
‘ 0 : RAW . CLEAN

' COAL " _COAL
Proximate Analysls (db} . - s
Ash 4 5.3 3.7
Volatile Matter § : . 22.4 21.5
Fixed Carbon g. 72.3 74.8
Free Swelling Index
Gross Calorlfic Value (dmmfb) ) CTE S £
Btu Per Pound . L ' .
Ultimate Analysls (db) .
* Carbon % L
Hydrogen ¢ ) )
Sulphur g . 0.42 . 0.45 .
Nitrogen . . g '
Ash %
Oxygen (by dlfference) %
Ash Fuslon N o
Initial Deformation Temp. 1T °° -
" Softening Temp. - §T . Caee
Fluld Temp. _FT
. i .
" Grindabl!lty .
Hardgrove Index
Glesler Plasticity ' L
" Start - % : o 453 451°
Fuslon Temp. °c 4717 . 471°
MaxImum Fluld Temp. ©C 483 483%°
Final Fluld Temp. °c ‘ 496 497
Sojldification Temp. ©C : 501 503
Melting Range °c - 4% 46"
Maximum Fluidlty ddm ‘ 7.0 5.8



TABLE |1

SCREEN ANALYSIS

- FLATHEAD RIDGE  ADIT #5 NUMBER 7 SEAM
X-CUT @ 88 feet SEAM THICKNESS 19.5t

Screen Analysls (Raw Coa!; Hand Broken to -4")

e CUMULATIVE

i

SIZE WI. 4  ASH® - Wi. 3.  ASH %
—4™ & 3/gv " 31.8 7.2 31.8 © 7.2
-=3/8" + 28M 49.3 3.9 - 8t.1 5.2
-28M + 100M 13.6 4.5 94.7 5.1 -
~100M + O 5.3 8.2 100.0 5.3

Attrition Test

Three hundred pounds of coal tumbled in ASTM COKE
‘Tumbler for 30 minutes In batches of 50 pounds or
786 revolutions per batch. Total coal was mixed
and screen analysed. Results are shown below.

CUMULATIVE
SIZE WT. % ASH % Wi. % ASH ¢
Toa4m o4 3/ 17.5 9.2 . 17.5 9.2
~3£8" + 28M 52.2 4,9 69.7 6.0
~28M + 100M 17.9 3.8 87.6 5.5
-100M + 0 12.4 /7.3 100.0 5.8



P . TABLE 1

3 ANALYSIS OF  FLATHEAD
T #5 SEAM ADIT # 4
2nd X-CUT @ 108 fSEAM THICKNESS 36.6'

L RAW
o . © COAL
Proximate Analysls (db) . ‘ ’
—Ash - g l - 13.4
Volatlle Matter £ . . : . 20.8
Fixed Carbon g, - * 65.8
Free Swelling Index S ' 6
Gross Calorific Value (dmmfb) ]
Btu Per Pound
Uitimate Analysls (db) o
: Carbon - % ‘
. Hydrogen T 2 )
- Sulphur S 0.22
Ni+trogen B S -
Ash 7 %
Oxygen {(by difference) %
+ . Ash Fugion ]
Initial Deformation Temp., IT
Softening Temp. -1
Fluid Temp. FT '
Grindabl ity - | .
Hardgrove |ndex ceot 'y
Glesler Plasticity T
Start - % . - yypo
Fusion Temp. °c - VI
‘Maximum Fluld Temp.. ©C 476°
Final Fluld Temp. °c _ © 4950
" Solldlflcation Temp. ©C . 50309
Melting Range ©c . ' ugo

Maximum Fluldity ddm 5.5

CLEAN
COAL

e B
oM~
[FLNFL N )

.0.24_'

. 4600

u7g6°
490°
4g7°
30°
2.7
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TABLE 11

SCREEN ANALYSIS

' _ ADIT # 4 Flathead
‘2nd x-cut @ 108 ft. '},Seam Thickness 36.6°'

Screen Analysls (Raw Coal, Hand Broken fo -4"}

o : CUMULAT IVE
S1ZE Wr. ¢ ASH ¢ Wi. % ASH %
-4" 4 3/gn . 25.6 19.1 25.6 19.1
- =3/8" 4 28M 50.9 11.6 76.5 14.1
-28M + 100M 14.9 8.5 - 91,4 13.2
~100M + 0 8.6 11.0 100.0 13.0

Attrition Test

Three hundred pounds of coal tumbled in ASTM COKE
Tumblier for 30 minutes in batches of 50 pounds or
786 revolutions per batch. Total cozl.was mixed
and séreen analysed. Results are shown below.

o CUMULAT I VE
SIZE WI. 2~ ASH % WT. 4 ASH %
Co.4m 4 378" . 15.5 21.3  15.5 21.3
“3/8" 3+ 28M 5.7 14.3 61.2 16.1
~28M + 100M 19.4 9.7 80.6 14.5
~100M + 0 19.4 10.6 100.0 13.8
i

"



5 ' TABLE |

ANALYS1S OF
FLATHEAD RIDGE ADIT /73
X-CUT @85 FT,SEAM THICKNESS 22.6 FT.

. ' . RAW ‘CLEAN

COAL COAL
Proximate Ana[ysisl(db) , L
Ash - ¢ 3 18.8 - - 9.4
Volatile Matter % : .. . 18.4 18.9
Fixed Carbon- % *  62.8 71.7
) \ . .
Free Swelling lndex - #4 . #5
Gross Calorific Value (dmmfb) )
Btu Per Pound
Ultimate Analysls {db)
Carbon y 4
Hydrogen y 4 . . ' .
Sulphur : % o 0.66 . 0,69
Nitrogen S 4 : : .
© Ash % .
Oxygen (by difference)"§
« Ash Fusion
' Initial Deformation Temp. "IT
Softening Temp. - ST
Fiuld Temp, . FT
 Grindability . ' .
Hardgrove Index
"Glesler Plasticity ' ) : f
Start . 9c . o462 455°
Fusion Temp. . °c o o
Maximum Fluid Temp. ©C 479 480
Fina: Fiuid Temp. °c 482 ' 485 -
Solidiflcation Temp. . ©C : 498 : 495
Melting Range oc 20° . 30

Maximum Fluidity ddm : 1.6 - 2.0
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TABLE 1|1

"~ SCREEN ANALYSIS y
ADIT #3, ’ (FLATHEAD RIDGE)
/

‘Screen Analysis (Raw Coal, Hand Broken to -4")

CUMULAT I VE

SIZE . W.%& . AsHE. WT. % ASH %

-4 + 3/gm 31.9 24.3 31.9 24.3

-3/8" + 28M 41.8 19.5 ‘73,7 21.6

~28M + 100M 17.9 10.7 91.6 19.5
-100M + 0 8.4

12.7 100.0 18.9

Attrition Test

Three hundred pounds of coal tumbled in ASTM COKE
Tumbler for 30 minutes In batches of 50 pounds or
786 revolutions per batch. Total coal was mixed
and screen analysed. Results are shown below.

CUMULAT I VE
SIZE Wr. ¢ ASH % Wi. 2 ASH E
~4" + 3/gv 18.9 27.9 18.9 27.9
=3/8" + 26M 44,2 20.4 63.1 22.6,
-28M + 100M 17.3 12,3 80.4 °  20.4
-100M + 0 19.6

il1.0 100.0 18.6



TABLE 1

‘Proximate Analysis {db)
Ash :
Volatile Matter ¢
Fixed Carbon g

Free Swelling Index

- | . -
j Gross Calorific Value (dmmfb).
: . Btu Per Pound

*Ultimate Analysis {db}
Carbon
Hydrogen
Sulphur

Ash
Oxygen (by difference)

4
. . g
- Nit é )
itrogen v
. y 4 .
2

Ash Fusion
Initial Deformation Temp. IT
. Softening Temp. - 1)
Fluld Temp. FT

. Grindability
Hardgrove Index

Glesler Plasticity

Start, %
. Fusion Temp. oc
MaxImum Fluid Temp.. ©C
Final Fluid Temp, <c
Solidification Temp. ©C
Melting Range. ©c
MaxImum Fluidity ddm

T A
z, -t

I .
[ FLATHEAD RIDGE ADIT #2
! X~-CUT € 145'; SEAM THICKNESS 30.6'

RAW CLEAN
COAL COAL

22,5 7 10.4
17.8 18.0
59,7 . 71.6

#1 S 2

0.52- -~ 0.77

No Movement No Movement
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TABLE Il

" SCREEN ANALYSIS
SEAM ADIT #2, FLATHEAD RIDGE

Screen Analysis (Raw Coal, Hand Broken fo -4™)

CUMULAT I VE
SIZE C OWT. % ASH ¢ . Wi, % ASH 9
-4t 3 3/g" 10.4 30.3 10.4 30.3
-3/8" + 28M 66.6 24,2 77.0 25.0
-28M + 100M 12,8 16.2 89.8 23.8
-100M + 0 10.2

- 12.7 100.0 22.6

Attrition Test

Three hundred pounds of coal tumbled in ASTM COKE
Tumbler for 30 minutes in batches of 50 pounds or
786 revolutions per batch. Total coal was mixed
and screen analysed. Results are shown below.

CUMULATIVE

SIZE WT. ¢ ASH % WT. % ASH €
~41 4 3/gw 3.3 . 37.6 3.3 - 37.6
F-3/8" + 28M 34.8 35,2 38.1 35.4
~28M + 100M 29.6 17.8 67.7 27.7

~100M + 0 32.3

13.4 100.0 23.1

Note: Coal being extremely friable, i+ was Impossible to
. run washabilities on raw coal. Therefore, the coal
was put through atirition fests and washabiiitles run
oh +28M, -28M + 100M and -~100M + 0, as shown In
Table II1I.



TABLE |

] . FLATHEAD RIDGE ADIT #1

" SEAM THICKNESS 46.0 FT.; X-CUT @ 118 FT.

Proximate Analysis {db)
Ash - 4 d
Volatile Matter % : . i
Fixed Carbon 4 ’ , 58,

Free Swelling Index : . '. : #1

| . ’
Gress Calorific Value (dmmfb).

_ Btu Per Pound

~ Ultimate Analysis (db)

Carbon %
Hydrogen %
Sulphur : % 0.63
Nitrogen 4
Ash 4
Oxygen (by difference) %

Ash Fusion

Initial Deformation Temp. [T
. Softening Temp. 1)
Fluid Temp. _ FT

- Grindability

e =

Hardgrove Index

Giesler Plasticity

Start, °C (1ddm)

Fusion Temp. " ©¢ (5ddm)

Maximum Fluid Temp. °C . © 482
Final Fluid Temp.- ¢c (1ddm)
Solldification Temp. €C (d-a) 500
Melting Range . °¢C )
Maximum Fluidity ddm , 1.0

a-s0Conoco

0.69

477

502
1.0



TABLE 11

SCREEN ANALYSIS
ADIT #1 FLATHEAD RIDGE

Screen Analysis (Raw Coal, Hand Broken to -4")

CUMULAT IVE

SIZE ) Wr. ¢ ASH ¢ " WT. % ASH ¢
-4m 3 3/gn 25.6 35,0 ° 25,6 35,0
-3/8" + 28M 50.7 24,9 76.3 28.3
~28M + 100M 16.4 '20.5 92,7 26.9
-100M + 0 7.3 .

17.5 100.0 26.2

Attrition Test ' .

Three hundred pounds of coal tumbled in ASTM COKE
Tumbler for 30 minutes in batches of 50 pounds or
786 revolutions per batch. Total coal was mixed
and screen analysed. Results are shown below.

CUMULATIVE

SIZE WT. % ASH £- Wi. % ASH &
-4 & 3/81 17.3 35.6 17.3 35,6
~3/8" + 28M | 45.2 © 30,1 62.5 31.6
-28M + 100M " 19.8 19.8 82.3 28.8
-100M + 0 17.7

16.5 100.0 26.6



MIRTEN RIDGE @3@




P _ TABLE i

MARTEN RIDGE ADIT #4

SEAM THICKNESS 22.7 FT.; X-CUT @ 90 FT.

1)

;oL . . RAW CLEAN
/ o ) : ‘ COAL COAL -
L Proximate Analysis (db) . Co . . /’
Ash - % ' . 8.5 7.3
Volatlle Matter & o 31.4 - 31.6°
Fixed Carbon ¢ o . 60,1 61.1
7+ Free Swelling fndex ' o 6.5 6.5 7
: E -1 l ‘ ; “ .
ﬁ ‘ Gross_Calorific Value (dmmfb) R i . °
Bfu Per Pound - Coe
Ultimete Analysis -(db)
Carbon : %
S Hydrogen . % o . |
SR Sulphur oo L 0,95 0.97 -
LA Nitrogen ' - - -k o "
‘Ash L % d ,
Oxygen (by difference} % ' '
" Ash Fusion ’ .
Initial Deformation Temp. I7T
Softening Temp. ST ' .
) Fiuid Temp. . FT
Grindability *
Hardgrove Index ' ' ‘
Giesler Plasticity ’ . :
- Ta-e Start . °C (1ddm) 420.0 . 418.0
b  Fusion Temp. " 9C (5ddm) 431,0 428.0
¢ Maximum Fluid Temp. ©C 451.0 . 449.,0
d Final Fluid Temp. ©C (1ddm) 470.0 466.0
. © Solldification Temp. ©C _ 478.0 473,0
f Meliting Range °C (d-a} 50,0 48.0
9

Maximum Fluidity ddm 91.0 44.0



I | TABLE It

o * SCREEN ANALYSIS ' p

/
ADIT #4 MARTEN RIDGE
" Screen Analysis (Raw Coal, Hand Broken to -4")
: : . __CUMULATIVE

SIZE WT. % ASH 4 WT. % ASH %
~4" 4 3/gn 10.3 _- 14.0 . 10.3 13-0
-3/8" + 28M 57.7 7.3 68.0 8.3
~28M + 100M 22.6 8.7 90.6 B.4
-100M + 0 9.4 .10.4 100.0 . 8.6
Aftrition Test
Three hundred pounds of coal tumbled in ASTM COKE
Tumbler for 30 minutés in batches of 50 pounds or
786 revolutions per batch. Total coal was mixed
and screen analysed. Results are shown below.

‘ CUMULATIVE

SIZE Wr. 4 ASH § WT. & ASH %
-4 + 3/8" 4.2 18.5 T 4.2 18.5
=3/8" + 28M 54,2 8.4 58.4 9.1
-28M + 100M . 28.3 8.4 .86.7 8.9°
-100M + 0 13.3 8.9 J100.0 8.9



TJABLE |

ANALYSIS OF
UPPER MARTEN RIDGE, ADIT #5
X-CUT @ 90' SEAM THICKNESS 8'

|

NOTE: Upper 8' coal zone folliowed
by 6.6' shale, then 17.6' coal.
See separate washability for 17,6!
coal zone,

\ o RAV CLEAN
} COAL COAL
Proximate Analysis (db) ) -
Ash g S 30.7 8.5 .
yolafile Matter % - 25.8 29,6
Fixed Carbon % X « 43,5 61.9
\
Free Swe!ling Index o #1 , #1%
Gross Calorific Value (dmmfb) .
Btu Per Pound
~Ultimate Analysis (db)
Carbon %
Hydrogen _ g - : : . _
. Sulphur £, - o 0.48 . 0.50 . “.
Nitrogen ' %: SR )
Ash i
Oxygen (by differencel, %
Ash Fusion . .
Initial Deformation Temp. 1T .
Softening Temp. ST
Fluid Temp. FT
Grindability
Hardgrove index *
Glesler Plasticity :
- Start : <c 428° 433
Fusion Temp, T Cc . o
Maximum Fluid Temp. ©C 443 438
Final Fluid Temp. -GC 450 452
Solidification Temp. ©C 471° 465
Meiting Range e ' 22° 19
Maximum Fluidity ddm 3.0 1.6



. e

Screen Analysis (Raw Coal, Hand Broken to -4")

SIZE

-4" + 3/g"

-3/8" + 28M
-28M + 100M
-100M + 0O

[t

Attrition Test

SIZE

_4" +_ 3/8"

~3/8" + 28M
-28M + 100M
-100M + 0 °

TABLE [t

" SCREEN ANALYSIS
SEAM ADIT #95, UPPER MARTEN RIDGE

WT. %

OO W

ASH %

<8.9
34.3
27.0
32.5

Total coal was mixed
Resuits are shown below.

WT. 4 ASH %
17.3 . 32.2
47.9 35.9
18.4 28.1
16.4 21.°

CUMULATIVE

WT. ¢ ASH %
43,8 28.9
81.8 31.4
93.4 30.9
100.0 31.0

Three hundred pounds of coal tumbled in ASTM COKE
Tumbler for 30 minutes In batches of 50 pounds or
786 revolutions per, batch.
and screen analysed.

CUMULATIVE i
WT. & ASH %
17.3 32,2
65.2 34.9
83.6 33,4
100.0

3.4



TABLE 1

ANALYS1S OF MARTEN RIDGE
. ADIT #6
. X-CUT @ 150 FTSEAM THICKNESS 29.5 FT.

K RAW - CLEAN
Proximate Analysis (db) . :
. Ash % , ) 29.9 ° ©10.3
!" VYolatile Matter 4 : T 26.3 . 30.7
Fixed Carbon y A - . 43,8 - 59,0
Free Swelling Index - . #3 34 -
Gross Calorific Value (dmmfb)
Btu Per Pound
- Ultimate Analysis (db)
Carbon %
Hydrogen 4 s ' ‘
Sulphur . % . . 0.50 . 0.49
Nit+rogen % | o :
Ash ¥
Oxygen (by difference) %
Ash Fusion . .
Initial Deformation Temp. IT
Softening Temp. ST
Fluld Temp. FT
Grindability
Hardgrove Index
Giesler Plasticity . : :
Start °c . 7 a1e . 427
Fusion Temp. Ce - 428 4472
Maximum Fluid Temp. ©C 446 444
Final Fiuid Temp. oc 465 462
Soltdification Temp. ©C " ’ 470 471
Melting Range °C 49 35

Maximum Fluidity ddm = . 16.0 6.0



" TABLE 11

- SCREEN ANALYSIS
SEAM ADIT #6 MARTEN RIDGE -/

i Screen Analysis (Raw Coal, Hand Broken }0 -4")

: CUMULAT IVE

S1ZE Wi. 4 . ASH % Wi, % . ASH %
-4" + 3/8" 6.4 42.9 . 6.4 42.9
-3/8" + 28M 45.1 36.4 51.5 37.2
-28M + tOOM =~ 34.1 ° 25.6 . 85.6 32.6
~100M + 0 14.4

19.6 . 100.0 30.7

Attrition Test

Three hundred pounds of coal fumbled In ASTM COKE
Tumbler for 30 minutes in batches of 50 pounds or
786 revolutions per batch. Total coal was mixed
and screen analysed. Results are shown below,

CUMULATIVE
“S|ZE WT. % ASH ¢ WT. % ASH 2
~4" 1 3/8n 1.1 43,5° 1.1 43,5 -
~3/8" + 28M 45.8 40.2 46.9 40.3
~28M + 100M 28,2 24.3 75.1 34,3
~100M + 0 24,9 16.8 100.0 29.9



TADLE 1

ANALYSIS OF MARTEN RIDGE

UPPER ADIT #7

X-~CUT @ 100' SEAM THICKNESS 9.5!

Proximate Analysis (db)
., Ash z

" Volatile Matter %
Fixed Carbon <

; \
Free Swel!ling Index

Gross Calorific Value (dmmfb)

Biu Per Pound

"Ultimate Analysis (db)

Carbeon

Hydregen

Sutphur

Nitrogen

Ash

Oxygen (by difference)

Ash Fusion

%
%
%
Z
7
%

initial Deformation Temp. |IT

Softening Temp.
Fluid Temp.

- Grindabillty

Hardgrove |Index

Glesler Plasticity

Start .

Fusion Temp.

Maximum Fluid Temp.
Final Fluid Temp.
Solidification Temp.
Melting Range
Maximum Fluidity

ST
FT .

RAW
COAL

. 0.56

418
432
446
460
465
42
14.5



TABLE 11f

- SCREEN ANALYSIS
SEAM ADIT # 7MARTEN RIDGE (UPPER)

Screen Analysis {Raw Coal, Hand Broken to -4}

; - CUMULAT I VE
SIZE WT. % ASH % W, % ASH 4,
-4 + 3/gM 31.5 8.2  31.5 18.2
~3/8" + 28M 36.2 16.7 67.7 - 17.4
~28M + 100M 16.2 ©guq 83.9 15.8
1

-100M + 0 16.1 ~ 8. 100.0 14.6

Attrition Test

Three hundred pounds of coal tumbled in ASTM COKE
Tumbler for 30 minutes in batches of 50 pounds or
786 revolutions per batch. Total coal was mixed
and screen analysed. Results are shown below.

CUMULAT IVE

SIZE ) WT. % ASH ¢ WT. % ASH 4
41 4 3/8v 29.6 "21.6 29.6 21.6
~3/8" + 28M 26.2 14.8 55.8 18.4
~28M + 100M . 23.2 9.1 79.0 15.7



X-CuT @ 70!

"Proximate Analysis (db)

Ash %
Volatile Matter ¢
Fixed Carbon 7.

-
Free Swelling Index

Groés Calorifiic Value (dmmfb).

_ Bfu Per Pound

" Ul+imate Analysis (db)

Carbon g
Hydrogen A
Sulphur A
Nitrogen g
Ash A
Oxygen (by difference) %

Ash Fusion

Initial Deformation Temp;
Softening Tempn.
Fluid Temp.

Grindability
Hardgrove Index

Glesler Plasticity

Start _ oc
Fusion Temp. - OS¢
. Maximum Fluid Temp. ©C
Final Fluid Temp. <C
Solidification Temp. €C
Melting Range - %C

Maximum Fluidity ddm

L

TABLE |

ANALYSIS OF MARTEN RIDGE

ADIT # 9
SEAM THICKNESS 18!

RAW
COAL
10.0
35.0
5

'55.0

e

0.29

IT
ST

415
427
445
463
469
48
66.0

0.38 .

416
430
447
463
471
47
31.0
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TABLE 11

SCREEN ANALYSIS
ADIT #9, MARTEN RIDGE

Screen_Analysis (Raw Coal, Hand Broken fo =4")

CUMULAT I1VE
SIZE . 7 - wT. ¢ ASH % WT. € ASH %
-4" 4 3/8v 36.0 12,2 36.0 12.2
- =3/8" + 28M 45.8 9.5 81.8 10.7
-28M + 100M 13.7 6.9 95.5 ' _ 10.2
~100M + 0 4.5 8.1 100.0, 10.1

Attrition Test

Three hundred pounds of coal tumbled in ASTM COKE
Tumbler for 30 minutes in batches of 50 pounds or
786 revolutions per batch. Total coal was mixed
and screen analysed. Results are shown below.

CUMULATIVE
SIZE Wr. ¢ ASH ¢ WT. % ASH %
-4" + 378" . - 18.7 15.3 18.7° 15.3
-3/8" + 28M 62.5 9.1 81.2 10.5
-28M + 100M 13.4 6.9 94 .6 10.0
-100M + 0 5.4 6.0 . 100.0 9,8



"
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- TABLE 1

ADIT #10

i " ANALYS|S OF MARTEN RIDGE
I
|

X-CUT @ 70!

Proximats Analysis (db)
Ash q
Volatile Matter ¢
Fixed Carbon -4

LA . . 1
Free Swelling Index

Gross Calorific Value (dmmib)

-B8Tu Per Pound

‘Ultimate Analysis (db)

Carbon %
Hydrogen .. g
_Suiphur %
Nifrogen g
Ash %
Oxygen (by difference) %

Ash Fusion
Initial Deformation Temp.
Softening Temp.
- Fluid Temp.

Grindability
Hardgrove Index

Giesler Plasticity

Start - - %
Fusion Temp. °c
Maximum Fluid Temp. ©C
Final Fluid Temp. <c
Solidification Temp. ©C
Melting Range °C

Maximum Fluidity ddm

L

SEAM THICKNESS 11°

RAW
COAL.

9.
- 34,
56

LW

. 0.38

iIT
ST

413"
429
450
466
471
53
49,5

0.42

417,
430
445
465
469
48
68.0



U T 1 T I

TABLE 11

SCREEN ANALYSiS
ABIT #10, MARTEN RIDGE

Screen Analysisn (Raw Coal, Hand Broken to -4")}

CUMULAT I VE

SIZE Wr. ¥ . ASH % WT, % ASH 2
—4m 4 3/gN -39.0 10.0  39.0 10.0
--3/8" + 28M 46.1 7.7 85.1 8.8
~28M + 1004 11.7 6.5 96.8 8.5
~100M + 0 - 3.2 9.0 '100.0 8.5

Attrition Test

Three hundred pounds of coal fumbied in ASTM COKE

Tumbier for 30 'minutes in batches of 50 pounds or
786 revolutions per batch. Total coal was mixed

and screen analyssd. Results are shown below.

- CUMULATIVE
SIZE WT. ¢ ASH ¢ Wr. ASH 2
-4 4+ 3/8"  17.8 10.5 17.8 10.5
~3/8" + 28M 51.4 9.0 69,2 9.4
~-28M + 100M 17.9 7.0 - 87.1 8.9
-100M +'0 12.9 9.4 100.0 9.0



TABLE 1

ANALYSIS OF MARTEN RIDGE
ADIT #11
X-CUT @ 66' SEAM THICKNESS 19.1!

RAW CLEAN
< COAL COAL
Proximate Analysis (db)} .
. Ash % ' : 14.3 ° - 5.0
' Volatile Matter % . 32.6 34.6
Fixed Carbon y 4 53.1 _60.4"
] - -
. Free Swelling Index - T #6 6
Gross Calorific Value (dmmfb}
Bfu Per Pound ;
" Ultimate Analysis (db)
Carbon A
Hydrogen 7 T . : .
Sulphur 4 L " 0.38 . 0.42.
Nitrogen. % o
Ash %
Oxygen (by difference) %
Ash Fusion .
Initia! Deformation Temp. IT
. Softening Temp. ST
Fluid Temp. FT
Grindability f
Hardgrove Index
Giesler Plasticity - :
Start , < C 415 413
Fusion Temp. _ ec , 429 ' 429
Maximum Fiuid Temp. ©C 449 . 444
Final Fluid Temp. cc 465 461
Solidification Temp. ©C ‘ 470 465
Melting Range oc 50 48

Maximum Fluidity ddm 50.0 18.0
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TABLE 11

SCREEN ANALYSIS
ADIT #11, MARTEN RIDGE

Y

Screen Analysis (Raw Coal, Hand Broken to -4")

CUMULATIVE

SIZE WT. ¢ ASH % Wi. % ASH %
—4" + 378" 11.6 " 33.4 11.6 33,4
. =3/8" + 28M 54.2 14.2 65.8 17.6
~28M + 100M 24.2 7.0 90.0 14.7
~100M + 0 " 10.0 7.6 .

.100.0 14.0

hY

Attrition Tesi

Three hundred pounds of coal tumbled in ASTM COKE
Tumbler for 30 minutes in bafches of 50 pounds or
786 revolutions p&r batch. Total coal was mixed
and screen analysed. Results are shown below.

.. CUMULATIVE
SIZE WT. & ASH 2 WT. % ASH %
-4 + 3/8" . 5.6 38,3 5.6 38.3
~-3/8" + 28M 53.1 17.5 . 58.7 19.5
-28M + 100M 23.5 8.6 . 82.2 16.4
7.5 :

-100M + O 1?18 : 100.0 14.8



TABLE |
RNALYS!S OF MARTEN RIDGE (UPPER SEAM)

‘ ADIT #12
X-CUT @ 103! SEAM THICKNESS 19.5!

RAVI " CLEAN
COAL ) COAL
Proximate Analysis "(db) : )

3 Ash 4 oo 23.1 ° . 7.5
Volatile Matter £ : : . 28.5 33.5
Fixed Carbon ' % - 48.4 59.0_

 Free Sweiling Index ‘ 3 3
Gross Calorific Value (dmmfb} [
Bfu Per Pound ’
" Ultimate Analysis (db): . .
*  Carbon 4
Hydrogen % ) ' -
Sulphur 4 0.53 : 0.55
Nitrogen % : :
Ash ’ % -
Oxygen (by difference) %
Ash Fusion
Initial Deformation Temp. IT
Softening Temp. ST
Fluid Temp. T FT
Grindability
Hardgrove Index
Giesler Plasticity .
Start - “c : 416 413
Fusion Temp. - Oc 429 427
Maximum Fluid Temp. ©C 443 448
Final Ffuid Temp. e , 460 461
Solidification Temp. ©C 466 466
Melting Range oc 44 " 48

Maximum Fluidity ddm . 16.0 18.0

-
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TABLE 11

SCREEN ANALYSIS
ADIT # /&

Screen Analysis (Raw Coal, Hand Broken to -4")

CUMULAT IVE

SIZE Wi. 2 - ASH Z Wr. % ASH ©
=4" + 3/8" 17.9° 38.4 17.9 38.4
+=3/8" + 28M 52.7 20.5 70.6 25.0
-28M + 100M 20.9 14.5 91.5 22,6
-100M + 0 8.5 3.8 100.0 21.9

Atfrition Test

Three hundred pounds of coal tumbied 1n ASTM COKE
Tumbler for 30 minutes in batches of 50 pounds or
786 revolutions per batch. Total coai was mixed
and screen analysed. Results are shown below.

CUMULATIVE

S1ZE Wr. % ASH % WT. & ~ ASH %
—4m 3 380 10.3 42.1 10.3 42.1
-3/8™ + 28M 49.2 23.5 59.5 26.7
~28% + 100M 23.0 16.2 82.5 .  23.8

17.5 14.4 100.0 22.1°

-100M + 0
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