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· . v\11) INTRODUCTION·" ".: :.'. ~.::':.\: ," 

.. ~). q ~.~ .': ". :, • ~ 

.. . , 
: ... ~ 

~our coai samples from' the. diamond drill Hole 112 ~n the' C~~~~k:s Are?, :~; , . 
Yukon TerritorY~-Tere sent by Mr. J. E. H1avay, preside~t> T~~i'in'~x:pio~~~i~~~"~""~'" 

...... . . :. . .: .t· .: 

to the Fuels Research Centre for chemical' and petrograpl)ic~l eva.l~~tio~~: . The~" 
.' ,,' .• ' ":. '. ~'~' .. ; J;; : .-'.:: : .. ' " ,': ..• :, 

property from ~Yhich the samples weLe taken is located. in Drill Hoi"e':ffo2': in··the~··· .' 

arf:la 'as ·.shownon the map (F~gUre 1) .... «.:~".:.> ': ........ . 
.~~ .... ; .. :. :':;"::: ... /:;: .' ::' ... <.,' 

. •...•... 

Carmacks (near Anvil Mines) 

. . SAMPLES STUDIED '. . ',. 

Sample 1'- 1~80' 190' Powdered coal about minus 48 'mesh partial si~e ... :. 

Sample 2 192" Lump coai of various sizes ranging from. 1/4" to 3". 

. Sample 3 195.6' ranging i/4,j .; . " ~ 

. Lump coal of various sizes from to 31f
• .. 

. Sample 4 -' 211. 6' Core sample of 2" diameter and 4" long. 

The four samples ~-T~ighing about '100 t? .250 gms each; 't07ere received in '. 

plastic bags. Parts 'of the. samples' were crushed in accordance 't-Tith the ASTH:' 
',-

..'Specification forP~ox:imat~ and Ultimate Analyses, Free Swelling Index, . 
o· ~.: •. :~. . .: '. ~ 

. . . Dilatation T~st and Microscopic Examination. 

'. 

.J' .. carbonates and' part .of all 4 .samp1es ~.jere leached ~Yith 1: 1 hydrochloric ac~d'~ 

These' samples are rich in mi~erB:; . 
,: . ~ 

-::."' . 

. 
water for proximate and ultimate analyses and dilatation tests • 

.'" -, .' 

EVALUATION PROCEDURE ANn RESULTS . :.: ....... 
(a) Proximate Analysis . (Moisture, 'Ash; Vo1a,ti1e. 'Matter and Fixed Carbon) 

',.' . (b) Ca1o'Lifie vaiues' , . 

. Standard ASTH procedures't-Tere followed fot' these determinations 

.and the results are given in Table 1. ' 

l'e Research' Scientist, Fuels Research Centre;. Mines Branch 
*,,: lIea,d, F .. uels Research Cen~e, Mines Branch ' 
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(c) Free Swell!ng Index 

The ASTH Standard Method of Test for Free St-Jelling Index of . ,. 
coal, ASTM Desi.gnation D720-67 procedures'l-las followed and the' results ", 

are presented in Table 1. . . . . 
.' ; 

(d) Ultimate Analysis (Carbon, Hydrogen. Nitrogen and Oxygen}. 

This analysis ,,,as performed in Perkin Elm~r H~del'240 ... ~­
t-ticro":eiemental Analyser and the results are' given iil Table"'!. . '.: :" 

~.. ~ 

,f· • 

.. ~ 
(e). Ruhr Dilatometer Test ... ,' .. : .... 

. f. .f ": ' . .. . 

" Reflectance measurements do not, except in' severe, ci~ses, indi~ate, " , ... , . . ..... ( .: :. 
· the extent· to 'which the' coal has been oxidized. HOt-1ev~r~/ the 'd.~termination . 

of the dilation properties using the Ruh~Dilatome ter. together. with the " 

microscopic examination of' the residue from the dilatom~t~~ test giV~S' ~~ . , . ..:' .,.. .. '. " 
, . 

better' understanding. of the nature of the coal and some indication of ' . .. 
the state of oxidation of coa!. The test measures quantitatively the 

contraction and di"tation of coal \07hen. heated at a constapt .rate of 

t t · -1= 3°C . t empera'ure 1ncrease o~ per m~nu e. This· test '-las conducted 

according to the German Specification DIN 51739. Coals "lhich show no 

· dilation and very 10,07 contraction, al~hough they may agglomerate, are 

.. •.. 

': '. 
not considered to have the required qualities ,that will yield a commercial 

grade of metallurgical coke. The' results of- this test are' given in Table 1.' 
'." 

Cf) Microscopic Examinatio~- Maceral Analysis 

The samples were polished in accordance with the procedure .. 
. . :!;7 . 

described in' ASTI1 Designation D-2797, "Hethod of Preparing Coal Samples. 

· for M-Lcroscopic AnalysisQY Reflected Light". ..: 

The maceral analyses' were conducted ac~ording' to ASTIl Designation 

D-2799, ''Method for t.ticroscopic Determination of V~lume Percent of Physical 
. . 

Components of Coals" • 'The macerals l-lere counted at a magnification of ' _ 

600. The results are "given in Table"!. 

(g) Reflectance Heasurement of Vitrinoid 

The reflectance measureme~t's \.,rere performed on the polished samples 

(prepared for ,microscopic examina.tion described above) according to. ASTH 
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Designation n-2798, Tentative Nethod for "Detennining Nicro::;copically" 

the Reflectance of the Organic'Components in a Polished Specimen of 

Coal". The results are given in Table 1'. 

DISCUSSION -. 

, . 

t" 

The Free Swelling Index ,values of these coals ;range 'froni" 5-1/2 to 9,: :'" 
.:.: 

''\,;hich ''1ere ve'ry unusual 'for high-ash content coal. In order to .ascertain 

'vhether these' high F.S .I~ values were due to the evolutio~',of ~arbon' di.oxide',~:; . . . ~ .... , .. ~ 

s~ples 2 and 4 lvere' lecrched 'nth hydrochloric acid (1 :1).,. The' evolution' o{ .... 
. . 

.. . . .". ': .' :', :,., '. ; ,.... . 
a tremendous amount of gas, mostly carbon dl.oxl.de, indicates that this coal ,·his· .' ~ 

'rich in carbonate minerals. 
• _ .' ";'. . .' .. : J:.. • 

The F.S.I. of the. leached coal decreases considerabl~. 

Nost of the ana1yseslvere perfonned on the leached coal to' obtain ',a· better . ", .. ' - . 
.; 

'"\ 

evaluation of,the coal substance freed fro~.the hydrochloric acid ~~l~ble , 

minerals. 

The volatile matter of Samples land 2 (supposed to r~present the upper 

part of sea.m 180' to 192'.) 'vas approximately 20% with high-ash content of 

approximately 36%; whereas, the lower part of seam, Samples 3 and 4 (depth 195 .6~ 

to 211.6'), the volatile matter was higher, 0:1; the order of 27% with a low-asb ' .. 

content of 1.5 to 11. 6%'. 

Petrographic analysi~ shows all samples consist of about'95 to 98% ..•. , 
vitrinite lvhich is very' remarkable for coals .. of any rank. Many difficulties :~'. 

were encountered in classifying, this ?tganic matter (vitrinite). The problem 

'vas to determine l-1hether thc: material "'laS iinpsonite or coal. Nicroscopical1y, 
, , 

impsbnite,has the same structure as coal but it has a, hydrogen content of " 

(4.8 - 5.5%) and an oxygen co~tent (l.9:to 5%). 
; .: 

Thepydrogen content 'of 'these . 

coal samples varies from 4.5 to·5.5% and oxygen content 5 to 7%. From the 

structure pf the semi-coke aDd the results of the ultimate analysis, it is' 

concluded that these' samples are 'not :i.mPsonit·e but co:!l. 

Dilatometric results ShOlv that 'all original coals have' high dilatation 

and contractio·n. The dilatation o~ leached ~amples 2 and 4 decreases to nil .~. 

nnd 24'7.. f:rom 166 to 245'7.. respectively_ . Thisdec'rease in dilatation is proha.bly 
, . . 

caused by the removal of, carbonate material, fr~m .. the ... ~riginal coal sample. • . '. . 
Contrac.tion and plasticity index 'vas also slightly affected. 

. " , " 
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CONCLUSION 
. 

Coal Samples 1 and 2 (upper seam) have a higher ash content'· than Samples 

3 and lit (101.-Ier seam). In spite of a high-ash content the co~ls' have"good 

plasticity and dilatation. The' High Free Swe11ing:Index' a~so in:diC;§ites,:·that· these' 

coats are' fluid though carbonates' are p~rt1Y resp~nsibi.e fo~.· the :hig~':'~~elling index. 

The rank o'f the .coal.is in the· range .of medium volatile' as' de:t~·~in~d~·l?Y .. , ..... : ....... ":.-' 
. . ' ... . ', .. .1'-:. ~ :. -~ • • 

Reflectance 'Heasurement a~d Proximate Analysis. .., : :/:",,';:.:: .. <.?>~.< ::':~' ". ' ... 
Petrographic Analysis shows. these 'coa1s are:ntain~Y"'cO!1lP-.o:,s'e~o.f.~~~~~ ':;'~'''''''. 

• • • ~ ' ••• :": 4~. ~ .... :.:. :.'. • ......... . 

"'7'hi~b.· ar::ts as a:~r?p~1=~ve~ ·c9-mp'o~ent in. coke\~making::a:nd··~:a1.>~~t;.·,.tl:<l:~;,:.Z%,':()ther ·macerals. wilic' 
• .. .. " .. '. .' . '., ,,' .... ::';,.; ..... ,.;:. '~:, ... : .• :~.; '",,:. ',':. - ' .• !' '~'. <--

are termed as inerts (fusinite, semi-fusinite and micrinite)-.:::.He"';-lould··like . '.:' . .'i,!, " ';... 
. . .. ~.:., ... :'~~." :::.: .'~:' ~. . .. ,!~.' 

to point out that it is very unusual to find a. coal seam such. as ~his .l.1hich ...... . 
,,~ '," :,:~ .. :<;.:'''~'~':',.a.~ .. ;:'.::. 

The' geologists familiar:with··this·:area . .:. consists of almost pure vitrinite. 

in the Geological Survey of Canada 
. .. . '.:- ,::', ::r:";~." '::::. ", :.L :: .. 

c:onsider ·that such an occurrence ,.is. so u{llikely 
: . . . , '..: '" " .... 

that they question t~hether the sample submitted represents the eri.t·iri,sea~.: . . 
" .'. . . . :'.. ',' : ,.' 

. The usual sp,:~cification for coking coal is that the mineral.;n~tte~·. be··::'- '. . ~. . " . . -
less than 10 %. It 1:S therefore clear from the proximate analysis of thci'acid 

. . ..... " . 

1eachE;d samples that extensive ,\-lashing . is necessary to reduce the' mineral matter. 

content to'acceptableleve1s~ 
~ ," ... . , 
",' 

. ", '. 

Samples 1, 2,: 3 and 4 '-Iere leached "7ith hydrochloric acid to remove the::~·.:'·· 
.". " " .. 

carbonates so ~hat the volatile' matter~ndicated could only be derived from the 

coal substance.. It "7aS essential to do thi.s. in order to classify the coal a~d·-.· 

to differentiate it from the .vein hyd~o~a'rbon impsonite. .. ',:. ...... .:. ;·-.:~.t>:~ .. ~ 
. ..: .~ ." ..•. " 

The dilatation of the non-acid '>Tashed Sample 2~ l~as 166 ,-Ih'lle the acid .. \. 

'-lashed material was nil. It .,.ras concluded that the dilatation of this coal 

,.ras considerabiy influenced by the' carbo~ dioxide released from the' ~ineral 
.' •••• ~ ! . ~. '. t 

~. matter. The. same corrnnent applies to the. acid \;7ashed and non-acid \-lashed 
. . 

Sample 4. The contraction of the coal.sa~p1es submitted indicates that this 

coal if it can be suc~~ssfully cleaned to' ~~move the mineral matter \vou1d make 

a very good blending c~a1 for ·.combinatio~·. \-Ti~h .~ther lot;-volntile' coals .of lot-l: 

fluidity from"\f'estern Canada~' With .these limit;:J,tions t~e consider that this coal 

could' find.a market 'in the' Japanes~coking coal trade. 
:: I- • 

.' 

.e,,'- , .. ,. .. . , 
,. PO" .' .. 
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Table 1 

P~oximate Analysis* 

Sample 1 ,.' Sanlple 2 
'180' -190" 19': ' 

Noisture ," 0.48 0.51 

Ash 37~06 35.24 

Volatile Matter 19.37 20.60 .. 

Fixed .Carbon . 43.09 43.65 
" 

F.S~I. . non-acid leached 5-112 .9 

'F.S.I. acid leached 7-1/2* 

., 

• '. ' •. ; I ! '." : .• ,. .... ~ I,. , 
. ".:." '. . 

• ; i :". ~ ',. • 

~ 

t. ' 

. • ,I '.~ 

Samplo 3 
.195.6' 

. " 

Sample 4 
211.6", 

'. 0.29 0.54 

. :: . ":':' . 

· :~. .. .. _ .. ' 
. 69:'78 ::J~."~:",,':,' .6i.67:·' .',:',' 

6 - i/·i.· ; ; : ::':~ ~;::",-; . ~ ";~~". '! ' 

:~: ~. ~ ~~:'.'. -; .. ' "-. .'::> ;,.' :;' .. \,' 5-1/2* .-
. ; -. ,', 

;' 'I'~Ultiniate Analysis (on ash-free basis) ' . ..;- ·.:~.;·:;:;.:;Y' 

Carbon % 

. Hydrogen % 

Nitrogen.. % .' 

OXY8en % 

HIe 

Softening Point 

Contraction % J! . 

, . 

°e 8 . 
S 

Max.Temp.of Contraction 

Dilatation '70 

Max. Temp. of Dilatation 

Plasticity Index C 
8 -8 
'C S 

i'lax. Reflectance in Oil R' 
, 0 

Vitrinite (Reactive) 

83.8 • 81~0 .' 
5.3 4~7 

1.1 0.99 .. 

7.07 7.44 

0.76 . 0.69 

. . 

Dilat~tion Tests 
if. 

.396 . '.' 396 400 

·22 :: 19 21 

.. . ..... 
': ,7,7.0 · .. ···'·>82.42· 

~ fI • 

4. 5 '~' ; 

0.78 . ' 

5.15' . . 

0.70 

.. 
4.9 

1.0 

, 5.39 

0.71 

.... ". '* 

". 

387 

28 . 

384 405.,'. 

'.:, 26 25 .: 
.. 

°c 8 463 . . C 
". '.450 489 .447 . · ~ .. 440 .479 .' -, .. 

245 24 'I.' . 
.: .. 

22 ." ',' 16~ Nil·. . 168, 

4j8 501 

. 0.32 0.35 0.24 .. 

Reflectance Measurement 

0.96 1.1 

Petrographic Analysis 

>' 98 % 
.. 

>'98 % 

'. , 

. . . . 

. 507 

0.46 

L06 

>98 % 

· .... 

507 507 

0.46 0.40 

0.98 ' 
, -

, ~ ..' 
"':.-

> 98 % 

*Aoalysia and tests done on 1:1 hydrochloric acid leached sample. 
.' 

• 't. 
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