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The volatile-matter determination obtaineq as pa?t of
the ordinary proximate analysis is serviceable for indicating the
gas-yielding qualities of coals rather than for_demonstratlng their
relative value for the manufacture of gas. A given coal or coals
will, when heated under different conditions, behave dlffergntly,
with respect to decomposition into uncondensable gas, ?ar 0il heated
vapours, and coke or char residue. \When sma}l quantities are %a
rapidly, the yields and quality of the reaction products are ap tod
to be different from those obtained from the same coal wheg treg e
in bulk in commercial retorts or ovens, where the destrgctlve dis-
tillation reactions are much slower. Realization_of this facgz .
especially in the case of bituminous coals, explains the‘pza%h;ge )
relying more upon the results of actual large-scale testlpot ben
upon general description and analysis of a coal or coaé mai u
order to predict the yields and guality of both gas and coxe.

i this coal
1. A full account of the development and details of 1
classification scheme will be found in "Investlgations of

Pueis and Puel Testing, 1930." et section

2+« Engineer and Chemist respectively, Carbonization section,

g;u.el Research Labvoratories, Division of Puels and Fuel
Testing.

3. Superintendent, Fuel Research Laboratories.
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During 1920 and 1931, a large number of coking tests on
coals varying widely in nature were made in an experimental by-
product coke oven of two-ton capacity at the Fuel Research
Laboratories of the Department of Mines at Ottawa. In this oven,
which is a duplicate of certain commercial units used in the
industry, the different bituminous coals tested were coked alone
and in admixture with one another; standard imported coals were
used for blending purposes. On certain individual coals and cosal
mixtures, follow-up tests were made in full-size commercial ovens
and the comparative results recorded. Subseauently, through the
correlation of results obtained in small-scale, carbonization
assay tests with those of large-scale tests,a classification
scheme was devised whereby it appears possible to predict the
relative value of coals for the manufacture of both gas and coke.

Specific Volatile Index

The special feature of the coal classification scheme
presented herewith is what has been termed by the proposers as
the "38.V.I", that is, the specific volatile index, which is to be
defined as: '

Determined B.T.U.aer pound of coal— (per cent of fixed carbon
- Pcr cent volatile matter X 14,500)

In the formula just given the fixed carbon percentage is read as

a decimal, while the denominator (which is the determined volatile
matter percentage) is to be read as a whole number.  Although
originally intended to apply only to bituminous coals, it wes
found that the S.V.I. varied widely for differcnt classes of coals
higher and lower in rank than bituminous. For cxample, the S.V.I.
of peat is below 80, whercs the anthracites, including scmi-
anthracites, are above 215, thus leaving a S.V.I. ranie of 135
for 21l coals between the lower limit of the lignitic and gub—
bituminous on the one hand, and the upper limit of the semi-
bituminous on tho other. By plotting as abscissa the specific
volatile indiccs against the percentaze of volatile matter, the
respeccetive positions of the different ranks of coals have been
illustrated graphically in Chart I. In this chart,vertical lines
interseceting the S.V.I. basc divide the whole rango.of goals.lnto
classes or groups, accordinz to rank. Horizon?al dividing lincs
arc also drawn to show the upper and lower limits of tho respect-
ive groups of coals according to their volatile-matter content.

In Charts I and II, the different rcctangular areads
enclosing the respcctive groups of cozxls are indicated by copital
letters "A" to "X'" inclusive, the typicel by—pr9@u9t C?k(%-OVOH
yiclds of groups A to I, namely lignites to Sem1~b1tum1n0%s coals,
arc shown in the legend of Chart I. In Chart II, wherﬁ t.% In
spceific volatile indices have been calculated to Pho unit coa .
basis instead of the ordinery dry and ash-free basis, 75 dl?f@TO?
coals representing all ranks arc shown, and with tho.eX?GPtlon ¢
four “cammel" coals, 21l come within the rcetangles indicated.




For the coals in the different reetangles, certain of the nomen~
claturc of Seyler have been indicated in brackets aloneside the
names under which the respective groups of coals arc known in
Cannda, and in the United States; and the system of rectangular

arcas is similar to, though considered to be an improvoment on,
that of Parr.

Proposcd Classification

For spccial usc in the by-product coking industry the
proposal is to divide coals into at least seven groups or scetions,
morc or less in line diagonally, to which for gencral classific-
ation purposcs two or morc groups may be added to cach end. These
may be described under lettered scetions as below, in which all

volatilc-matter contents, gas yields, cte., arc on the dry and ash-
frece coal basis.

Scetion A - with 8,V.I. limits 100 to 120 - compriscs the
low-rank,17gnite coals that produce chars rather than coke, with
fairly large yields of gos high in carbon dioxide and low in
calorific valuc. The volatilc-matter range indicated for this
group is above 40 per cent on the dry ash-frce basis.

Scetion B - with S.V.I. limits 120 to 145 - also contains
low rank 17gnitic or sub-bituminous coals that producc a char
rather than a coke and that show a lower gas yield also high in
carbon dioxide. The calorifiec valuec of the gas is, however, app-
rociably higher than that from coals in Scetion A. The volatile-
matter content of ‘coals in this group range from 37 to 50 per coent.

Scction C - with 8.V.I. limits 145 to 154, tnd with the
same volatiTc-maticr range as immediately above — compriscs o
relatively small group of "sub-bituminous" coels whigh, whey
strongly hcated 2s in the volatile-matter dotormingtlon, gllghtly
agglomerate or show incipient caking or coking. This scctlon con-
tains thosc coals, the coking propertics of which arc greatly
improved by prctreatment. The volatile-mattgr.rango of the coals
and the therms in the gas obtoined by carbonizing these coals at
high temperaturc are approximately the same as ﬁor thogo in
Scetion B. Their tar yield is, however, appreciably higher.

Section D - with S.V.I. limits 154 to 160 ~ contains the
so-called "pscudo" gas coals, the volatile-matter range of which
is 35 to 45 per cent. When these goals arc carbonized theyh?cgd‘
to give a porous, friadle, fingery coke, ?he strgcture of whic 1;2—
greatly improved when blended with coals in Scctions F to It}nc .
ive. The tar yicld is roughly the same as for thosc in Scetion G,
and although the yield of gas on the dry agsh-free coal basis is
slightly lower, there is & noticeable increase of therms.
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-.range on the dry ash-frec basis for the semi-anthracites,

Section E - with S.V.J. 1imits of 160 to 170 - comprises
the so-called "natural gas" coals with volatile-matter contents
ranging from 30 to 43 per cent. These coals are equally suitable
for use in by-product ovens, either coked alone or blended with
lower volatile coals to enhance coke quality. Coals falling in
this section, as well as those in Section D, closely resemble or
are similer in character to the para-bituminous coals in Seyler's
classification.

Section F - with S,V.I. limits 170 to 185 and with
volatile-matier contents on the dry ash-free basis ranging from
30 to 36 per cent — contains those coals that are seemingly most
suitable for by-product oven coking:; for this reason they are
termed "natural by-product coking coalsl. Although these coals
produce a gas slightly lower in therms than do those coals in
Section E, they produce, when coked alone, a high quality coke with
respect to structure. 1In addition the tar-yield average is about
10 (U.S.) gallons per short ton.

Section G ~ with S.V.I. limits 170 to 185 which are the -
same as in Section I', but with a lower volatile-matter range,namely,
23 to 30 per cent — contains what is termed the low-volatile,
blending bituminous coals. When coked alone these coals exhibit
noticeable non-shrinking or even slightly expanding properties,
that, under certain operating conditions, make it difficult to push
the coke from the oven. The coke is much harder and denser than
that from coals in Section ¥, but the gas is appreciably lower in
therms. In Scyler's nomenclature the coals of this section as well ‘
as thosec in Section F are termcd "ortho-bituminous". . ¢

Scction H - with S.V.I. limits 185 to 200 - contains coals
that resemblc Seyler's "meta-bituminous" class. Althoush in the
same volatilc-matter range and somewhat similar to the coals in
Section G, they are higher in rank and arc considered more suitable
for blending purposcs.

Scetion I - with S.V.I. limits 200 to 215, and a volatile-
matter ranZc of 14 to 25 per cent — contains the semi- or."sgpe?"
bituminous coals, of which the well-known Pocahontas coal is typical.
These coals arc most scrviceable for blending with n%gh volatile
(zas) coals for improving coke quality. Thoy arc qui te unsulyeﬁ
for coking alonc, as it is practically impossible to push thoir
coke from the oven duc to swelling. The therms in the gas and the
tar yicld are both apprecisbly lower than from coals in Scctions
G and H.

Scction J - with S.V.I. limits 215 to 239, and

Soction ¥ - with limits from 230 to 250, arc the scmi-
anthracitc and anthracite coals rcspectively. The V°13t11€;§?:§°r
- ; ; t,
arc also known ns "sub-anthracites") is from 9 to lo per cent, P
whercas that of. the go—oalled "true" anthracites is below 10 per
cent, '

Jop—
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arrangement as to Boking and Non-coking Coals

In» the charts, vertical division lines are used to
differentiate between the bituminous coals in the middle portion
that are suitable for coking alone in by-product ovens, and the
non-cokinz coals in bdth the lower and higher S.V.I. ranges at
the ends. This indeed is a commendable feature of the classifi-
cation scheme proposed, and may be shown in tabular form, as

O \

below: — %
i

Sections or groups Coking or non-coking !

S.V.I. ranges of coals included. in by-product ovens ;
. !

Below 145 Lignites and sub-bituminous Non-coking ;
145 to 154 "Sab--bituminousg" Agglomerating :
154 to 215 Bituminous and semi-bituminous Coking !
215 to 250 Seri-anthracites and anthracites Non-coking i

In the above summary the names of the groups of coals
corresponding to the different S.V.I. ranzes are provisional and
are used here merely to indicate the kind of cosl as now generally
known and predominating in the respective ranges or sections. 1In
the appended table and its accompanying chart, No. iI, the
volatile-matter and fixed-carbon ranges, correspcnding to eleven
S5.V.I. ranges, namely, Sections A to X inclusive, are shown..In
the table all the criteria used are calculated to Parr’s "unit
coal" basis. The well-known nomenclaturc as used above, and the
corresponding nomenclatures of Scyler znd of parr, are shown
opposite the different groups or scctions. The gorrela§1on of
Seyler's nomenclature, as indicated in brackets in Sections D to H
inclusive, was cffected after plotting a number of border line
coals on both his and the S.V.I. charts.

Reliability of the Volatile-matter Determination

Discussion 2s to the merits of the classif@ca?ign pro-
posed, as outlined above, may first consider the rc}labll}ty of
the volatilc matter on which the specific volatile }nde¥ is based.
The apparatus for making the volatile-matter qcteymlnatlon of Fhi
many coals on which this proposed classifigatlon is bascd c§n31§ s
of a Chaddock gas burner and a so-called F101Qner cleetric urnace.
This furnacc and its mcthod of operation arc in accordance with
the A.S.T.M., D.271 - 3@, viz.: "Standord Methods of Labora;ory
Sampling and Analysis of Coal and Cokec." Many tcst§bon cog iwo
differing widely in rank were made in platinum cruci les o o
differemt sizes, first in the Chaddock burncr by the.alﬁernu ive
gas burncr mcthod in D271-3C, and then by the clectric grnicc _
mcthod. Thesc comparative tests indicate that ?or practica ggic
poscs the results by these two methods agrece quite glos%hy.dthr_,
of course, is taken to scc that the tempcraturc dur1n§ ¢ gl
mination is maintained as noar as possible to the 950°C. speeiticd,
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and those coals (mainly the non~coking low rank coals) that are
liable to spark, are given a short pre-heating beTfore the final
six-minute period as specified. 1In general, it is considered that
with reasonable care duplicate and consistent results are obtainable
by the employment of the standard volatile-matter determination as
outlined above. 1In fact this has been confirmed by the exchange

of standard samples between different government laboratories in
Canada and the United States. It is to be noted that for purposes
of plotting coals on the Burrough-Swartzman chart, changes of plus
or minus 0.5 per cent in volatile matter causes variations in
S.V.I. figures ranging from zero on the low rank lignite end to as
high ns 5 and 7 on the anthracite end. The variation for a typical
bituminous coal near the intersection of P, G, and H is less than
1, 2nd of course a change in the volatile-matter results of plus or
minus one per cent, z2long the line suggested by A.C.Fieldner for
border line coals, would be double the variation Jjust stated.

Merits of the S.V.I. Classification Scheme

Tne charts and the classificotion illustrated are equally
18 serviccable when either the volatile matter or the fixed carbon .
arc uscd as ordinates , since on the dry, ash-frece and "unit coal®
bases the one is the reciproczl of  the other, The value of 14,500
B.T.U. pcr pound 2s the ezalorific value of ash-free fixed carbon
was chosen after trying out other values, and after discovering
it to be the averaze of a large number of actual detcrminations.

While similor to Parr's two-dimensional diagrom, where
alorific values arc plotted agrinst volatile matter, the S.V.I.
classifieation scheme avoids overizpping of ¢lasses along the main
exis. In this connexion it is to bec noted that in the latter
scheme using the "unit coal" corrcctions for caleulating the
specific volatile indiccs ns referred to above, 2 straight line
may be drawn through the centre of the coals plotted on Chart 1I,
and that on Chart I, by leaving out onc scetion, namely G,the linc
joining the centres of the remaining rcectangles shown will be
straight, or necarly so. This straightening out of.thc‘bqnd of_coal
plottings in the rcctengular arcas avoids overlapping in’ the bitum-
inous coking coal arcas 2s is the cesc in the Parr chart, ond 1t is
mainly in this respcet that the S.V.I. scheme is considcred supcrior.

Further claims of the authors of the classification
scheme under discussion may be summed up and commented on as follows:

(1) simplicity, in that the rosults of proximate agalyiis
and the calorific value only arc requircd. Tho nq?csilty olrggs
having to conduct 2 full cxamination inoluding ultimate andly

- is oonsidoarcd - both simple and .dogsixrahle,
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(2) By plotting a coal, the proximate snalysis and
calorific value of which arc known, on the chart and noting its
position, it is scemingly possible to predict, with = fair desree
of accuracy, the characteristics of that coal with respect to its
behaviour in a by-product oven, and the approximate yicld of by-
products to be expected.

(3) It is also scrviccable for determininz what mixturc
or blend of conls may be suitable for obtaining a certain yicld of
coke, gas, and other products, and for producing o desirecd coke
guality with respeet to ash content, structure, ctec. Howcver,
other tests of 2 laboratory-and large-scale naturc arc desirable,
and, in ccrtain cascs, nccessary, to consurc that the predictions
rcgarding the physical propertics of the coke are corrcct.

(4) Although the possible prediction of the yicld znd
quality of the coke is the special featurc of this S.V.I. classi-
fication scheme, it may also be uscd, wherce stecaming is not
practised, to predict the approximate therms in the gas from a
given coal or coal mixture, In this respcect it may scrve that
part of the carbonization industry using gos retorts or vertical
ovens in contrast to horizontal by-product coke ovens,

(5) This classifieation scheme cmploying the spccific.
volatile index plotted against cither the volatile matter or fixed
carbon on 2 two-dimension chart, may scrve for a purcly scicn?ific
classification of coals cqually as well as for o "usc" cl&sgl-
fiestion, ospecdially for the carbonization industry. For this
purpose, that is, as a scicentific classgification, the cglculatlng
of 211 valucs to the "unit coal" basis beforc plotting is recom-
mended.

The phrasc, "other tests of a3 laboratory- and large=scale
nature arc desirable" ctes, in (3) above rofers to supplementary
8mall-scnlc coking tests and to full-size oven tosts rcspcct@voly,
the latter varying from = two-ton sealc to that in 2 large-size
commercial oven., OFf specizl mention is a smallescale, cokc button
tost for the predictikm of physical propertics of the coke to be
cxpected from a given coal or coazl mixture, dcvelgpod by the junior
proposcr of the classification scheme here swmmarized. Ugder the
title "Estimation of Physieal Propertics of Cokc by Laboratory
Tests on Coal", o full description of the method and the rcsults
obtained will be found in "Investizations of Fucls and Fucl Testing
1931", now in the process of publieation.




TABLE

Specific Volatile Index Classification on the "Unit Cozal" Basis

Section: Name of Predominating group* :S.V.I. :Velatile- : Pixcd- ;Calorific valuo;Purr'svtcrminolo
. :limits : matter : Carbon :limits; B.T.U. :of predominating
: T range . range : necr pound : class
A ‘Woods :Under 50 :60 and above:Below 50 : Up to 9000
B ‘Peats : 50 — 82 : 45 - 75% : 50 - 70%: 8500 - 11000 : Pewt
¢ tBrown lignites (lignitic) : 82 - 99 1 40 - TC : 70 - 75 : 10566 - 12700 : Lignites
D ;Black lignites (ortho-lignitious) :99 - 125 : 36 - 55 ; 75 - 80 ; 12500 - 14000 ; Bituminous D
0 . Sub-bituminous (mcta-lignitious) :125 - 160: 35 - 50 : 80 - 84 : 13800 - 15100 : Bituminous
P .Bituminous (para-bituminous 160 - 175: 28 - 45 . 84 - 87 : 15000 - 15600 : Bituminous B
G : " ortho- " :175 - 190: 21 - 35 : 87 - 89 : 153680 - 15800 : " B
H " me ta- L +190 -~ 210: 21 - 28 : 89 - 91 : 15700 - 16600 : " B
I :Semi- or "super" bituminous 210 - 230: 14 - 24  :91 - 93.3: 15700 - 16000 : Bituminous A
J .Semi- or "sub" anthracite 1230 - 255; 9 - 16 .over 93;35 15500 - 15800 ; semi-anthracite
¥ -Anthrocites .255 - 300: 3 - 10  :0ver 93.3: 15000 - 15700 : Anthracite

—

* mhe nomenclaturc in brackets in this column arc those of Scyler.
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