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ABSTRACT

This report presents the results of a study of the
relation between the physical properties of metallurgical
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oven coke,

*Head, Preparation and Standardization Section; **Scientific Officers; and *¥¥Head
Carbonization and Gasification Section; Fuels Division, Mines Branch, Department
of Mines and Technical Surveys, Ottawa, Canada.

#*ikChemical Engineer, Coal Carbonization Section, Branch of Bituminous Coal, Division
of Solid Fuels Technology, Region V, U. S. Bureau of Mines, Pittsburgh, Pa.



- if -

CONTENTS

Abstract R
I Summary ce e se e ;.. es  ed el
II Introduction. .. «¢ ve 44 ve e ee e

Acknowledgments - K ce ee sd se ee
11 Coke Plants, Coals Used, Sample Colle’ction.

1, Coke Plants .o ... e ss s ee we

2, Coals Used T

3. Sampling of Coal and Coke 44 40 +o oo
v Mefhods for Testing the Coals and Cokés. o

1, - Tests for Coking Properties of Coals

(a) Free Swelling Properties
(b) Gieseler Plasticity
(c) Agglutinating Value

2, Laboratory Carbonization Tests .,

12
12
12
15
17

17

(a) Bureau of Mines = American Gas Association
(BM-AGA) CarboniZing Test‘ ) e X
(b) Bethlehem Test Oven e ee s ae




v

- VI

3.

4.

ETI

CONTENTS (Cont'd).

'ExpanSion TeStS "-o' sé s e u . o . . .o

. Tests for Physical Properties bf'Cokés o

(a) Drop Shatter Test for Coke -.

/ .+ A.S.T.M., Designation: D-141 48 © e
(b) Tumbler Test for Coke -

~ A.S.T.M. Designation; D-294-50
((:.:) Ja,l MillTeSt .0 .o “s e .« . P

(d) Screen Analysis of Run-of~Oven Coke .. -

(e) Apparent Specific Gravity «¢ o0 00 0
(f) BulkDenslty.- e ‘. .0 -o.oo' ;‘. P

Tests for Carbonization Yields «« .. .. e
(a) Industrial Plant Yields v+ oo o0 oo

(b) BM-AGA Test Yields .o ov oii .o
(c) Sperr and Rose {Koppers) Tube Test .

Details Of ReSU_ltS_. .-- . n.-' ' -; oo ' o .

1.

’ DiscuSSiOl’l Of Result& . 1; o e o R . . L) ) V

General Propert1es of the Coals Vs. Coke

Quality LI ° o ..,.o L) &9 .. L] .‘.

(a) Vola.tlle Matter and Rank «o +o o _..'
x(b) A.Sh " e e ° . e« L) LI es. s

.. (c) Free-Swelling Properties - Predicted

COkeQuality'_o. o6 . ee 4 . ‘e

(d) Plasticity ’ ° o . 0 e . e P ‘e . e
(e} Agglutinating Value «o 0 o0 o0 4o 4o
(f) . General Remarks o ae es 4e ae e

Quality of Laboratory Carbonization Coke
VS. Industrial Coke + 0 .o .. e 06 a

() BM-AGA Test Coke Vs, Industrial Coke

(i) Shatter and Tumbler Indices L. «.

21

21.
22
22
22

S 23 .

23
23
23
24

_35'

37

37

37

40

40 .
41
42
44

44

44




~ iV -

CONTENTS (Cont'd)

Page
(ii) Apparent Specific Gravity .. .. ¢ o a0 e 46
(b) Bethlehem Test Coke Vs. Industrial Coke .. .. .. 47
(i) Jar Mill Tumbler Test vv  ve ve o0 oo oo o 47
(ii) Screen Analysis of Run-of-Retort Coke .. .. .. 49
(iii) Apparent Specific Gravity .. «. ¢ 4o .4 .. 51
(c) Correlation of the Properties of Industrial
and Laboratory Test Cokes .. .. .. v +. .. Y |
(i) Correlation of S_trength and Abrasion
Characteristics +v v4 o ve t0 e s ae s .53
18 in, and 13 in, BM~AGA Coke Vs, Industrial Coke 53
Bethlehem Test Coke Vs, Industrial Cokers oa 24 55
Bethlehem Vs, 18 in, BM~AGA Test Coke Vs, Industrlal
Coke L 2 - = * 0 a e a e L ) . » . 8 LN 3 L L s o LI 56

(ii) Correlation of Apparent Specific Giravities
of the Cokes .. .. . 4 vt vt ve we . 60
3. Laboratory Vs. Industrial Carbonlzatlon Yields .. .. 61

(a) Coke Yields.. .. vv vt 44 e 2e oo oe anae o 61
(b) Gas Yields .. .. i vt vt vt vr oo e eeee o. 61
(€) Tar Yields .. vu vv s Se ve vt se ev 4 nes o. b4
(d) Light Oil th e ee e e e ee e b e eee e 64

(e) Ammonium Sulphate .. .. .. .. c. c. . oeue .. 64

(f) General Remarks .. .. v. 4 4e e ee s see os 65

4, Expansion Characteristics .. .. .. v ¢ o een o 65

References e ) e . .0 . e e ) o e o .e 67"68
TABLES

I Pertinent Details of Coke Plants .. . ce aee o 7
II Screen Analyses and Bulk Delw.slty of Coals as Charged

' to Commercial Ovens ce e e e e ae se ae sa e 8

II1 Coals Used in Preparing Coke Oven Charges ce ae ae sa as 10
Iv Typical Analyses of U.S. Coals Used in Blends .. .. .. .. 11
\' Sampling of Coal and Coke .. .. .. .. .. . o ti e o 13




CONTENTS (Cont'd)

Page

VI Analyses of Coals as Charged to Ovens (Analysed o

by Fuels Division) «¢ ¢ oo o0 o0 . e ee e s e e 26
VIL' Analyses of Coals as Charged to Ovens (Analysed g

by U.S. Bureau of Mines) «+ .¢ +¢ o0 et 20 oe o0 s a4 27
VIII Analyses of Industrial Coke Samples (Half-Oven

Pieces - Dried) e se e ee se es o ee e ce ee ee .. 28
X Analyses of Coke from Bethlehem Tester (Drled) ce e es .. - 28
X Predicted Approximate QQuality of Oven Coke _

© (From F.R.L. Swelling Index) «. .. ¢+ v0v o0 ve o0 oo os 29

XI Physical Properties of Coke - BM-AGA Tests ,, ,. .. o+ . - 30

XII Operating Data Re Coking Tests in Bethlehem '

Expansion (Brown) Tester .. .. o4 ov o0 oo oo s0 e «o 31
XIII Description of Coke from Bethlehem Expansion Tester A )
XIV Physical Properties of Coke from Bethlehem Expansmn

Tester «v 4o co oo o8 oo e se se ae se ee ae e 32
XV  Physical Properties of Industrial Coke ve e e ee ee ee 33
XVI Expansion Characteristics (Bethlehem Sole Heated

Ovens:2.2P.S.1. Load) .. .. . A 2
XVII Yield of Carbonization Products - BM AGA Test . '

(As Carbonized Basis) .. .. .. i vt w4 ce en ee e e 35
XVIII High Temperature Carbonization Assay (Sperr and Rose

Tube Method)(Dry Coal Basis) ., .. .. .. .. .+ .. .. .. 36

XIX <Volatile Matter and Rank .. . .. .. . ee . -
‘XX  Relationship of Agglutmatlng Value to Flu1d1ty of Coal and ,
Coke Quallty . " LN L ] . o e . . 0 . e LN § , e @ . . s 43

X¥X1 Comparative Shatter and Tumbler Indices of Cokes .. .. .. .. 45
XXII Comparative Apparent Specific Gravities of Cokes .. . .
XXIII Jar Mill Stability of Bethlehem Test Cokes .. .. .+ «. +. .. 48
XXIV Jar Mill Stability Bethlehem Coke Vs. Shatter Index

of Industrial Coke .. .. .. te ee e se ee ee es e wes 4.9
- XXV Relationship of Size of Bethlehem Coke to Shatter Index ' '

of Industrial Coke .. .. . e e ss ee s
XXVI Data on Physical Properties of Coke Used in Estlmatlng

Correlations Between BM-AGA, Bethlehem Tester and

Industrial Cokes .. .. . vi 44 4t 44 44 es ae ee es .e. 52
XXVII Correlation of Physical Properties of Cokes Indicative

of Strength from BM-AGA and Bethlehem Expansion

Testers with Industrial Coke .. .. +v4v vt 44 e oo os aa «.- BT
XXVIII Correlation Ratios Between BM-AGA and Bethlehem

Test Coke .. .. .. .. .. . e 4 44 44 ee ee .. D8
XXIX Correlation Ratios Between Bethlehem and Industrial o

, Coke .. .. .. . o ee o8 se se es se e+ esae ew s 59

XXX Ratios of Apparent SpeC:Lf:LC Gravities of Industrial to

BM-AGA and Bethlehem Tester Cokes .. .. .. 44 +0v s 4. . . 60




|

- vi -

CONTENTS (Cont'd)

Page

XXXI Comparison of Yields of Carbonization Products -
Dry Coal Basis vv ve es o0 ae as o6 ae o8 se ee se s 62
XXXII Comparison of Yields of Carbonization Products -
Basis of Coal as Charged .. +v vo v vt co et oo o0 oo 63
XXXIII Comparison of B, T,U. in Gas/ Lb, of Coal to. . '
' - Volatile Matter .. .. ¢ 0 co oo o0 i e ee e e e 64

ILLUSTRATIONS
Figure = 1 Classification for By-product Cokes according to their

physical properties, employing Volatile Matter and
"Swelling Index' at 600°C, of the coal. .. .. .. 16

Figure - 2 Classification of Coals for use in the By-product
Coking Industry .. «a 4o oe se¢ ss  ss e 38




SUMMARY

The aim of this study was to determine to what extent cer-
tain small scale carbonization tests, already developed, would be suitable
for evaluating the coking properties of coals when dealing with limited
qua.ntitiés of samples, with a maximum of, say, 500 pounds,

The report presents comparative data fqr two coal blends
of 29,4 and 33.1 percent volatile matter and an individual coal of 39,3
percent volatile matter (dry, mineré‘.l matter free basis) carbonized at -
three coke plants in Canada and in a 25 1b c.ja,pa.cityv modified.Bethlehem
tester at the Fuels Division, Department of Mines and Technical Surveys,
Ottawa and at Pittéburgh, Pennsylvania in the U, S, Bureau of Mines
BM-—AGA: 13- and 18~inch retorts (ca. 90 and 185 1b capacity, respeétive-
ly). The quality of cokes from the F, R, L.* Bethlehem oven was deter~
mined by size distribution and a Jar Mill tﬁmbler test, whereas strength
indices for the ix.ldﬁstria,l cokes and those from the BM-—AGA retorts were
determined by ASTM methods,

Correlating tendencies, as measured by coeffi.cients of
variation, indicate the following relationships between physical properties
of the industria.} and experimental cokes:

(a) 1-1/ 2 inch Shatter Index - Good correlation is indicated be-

tween the industrial coke and (1) the l-inch and 3/4~inch
Jar Mill Stability of the Bethlehem oven coke, (2) the plus

1-1/2 inch size of the run of oven coke from the Bethlehem

* Fuel Research Laboratories, Fuels Division, Department of Mines and
Technical Surveys, Ottawa, Canada, '
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oven, and (3) the 1-1/'2 inch shatteng index of BM-AGA 18-inch
retort coke. There also appears to be a fair 'ciegr_ee of cor=
. relation between the ixifiﬁs:ti'i.a,l 1-1/2 inch shatter and the l-inch
| tumbler indices of BM-AGA 13- and 18~_ipch retort c_oket;.

(b) 1l~inch Tumbler Stability - The stability indices of the in-

dustrial cokes showed poor correlation with those of the ex~

perimental cokes, although there was close -agreement of

BM-‘-AGA and industrial values for two of the coals.

(c).. 1/4—-inchl'.Tumb1er Hardnéss ~ Good correlation is indi_cate’d

| between the hardness index of the indu_striai coke and (1) the
1-inch Jar Mill Stability of the Bethlehem oven coke -a,‘nd' (2)
1/4-inch Tumbler Hardneés of the BM—AGA 13- and“l 8-‘-:inch'

r et'o:rt cokes,

Thve apparent specific gravities‘ of the indut?;tj:ial cokes were
intermediate between the Bethlehem oven coke, Whiéh gave 'higﬂ_ valués,_
and the BM-AGA "c_oke"s, which were low, I o

Yields of carbonization ﬁrod_uéts from the BM-AGA r'etorts‘
and ﬁie Sperr and Rose assay test, except for tar an.d"coke' yields, sllmwed
no. consist’ent, relations‘hiés to the ihduétfiél yields reportéd. It‘{ is indicated
that further work is required to establish correlation between lal;:odrator}.r
‘tests and industrial yiéld values, ' i )

Also, there appeared to be no relation between coke proper-

ties and'agglutin'ating value, plasticity or swelling indices of the coals
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except that the F', R, L, Swelling Indices, associated with the"evolution of
\‘/olatile matter, afforded an approximate prediction of physical quality of
industrial cokes. o

The results of the Work described in this report indicate that the'
stability tests of coke produced by small scale equipment, including the
Bethlehem expansion test oven, might be used for evaluating individual
coals and coal blends for the manufacture of oven coke.

11
INTRODUCTION

This study was undertaken to re-explore the pos sibility of predicting
the quality of industrial cokes from tests carried out in small scai-e equipment,
If correlations of a reliable .character could be evolved, a very useful procedure

would be established in evaluating rapidly individual coals and blends of coal

in the manufacture of industrial cokes,

This report represents a pha\se' of the investigation and is the’refore
a progress repor£.

In studying the coking properties of coals in relation to the quality of
resultant metallu'rgical high temperature oven coke that can be produced from
them, in addition to eva;luating the general coking characteristics by means
of such laboratbry tests as plasticifcy and free swelling, it is necessary to
assess the physical quality of the cokes that result from the carbonization

of coal in laboratory scale ovens, There is at present a choice of several
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laboratory scale retorts requiring from 4ab6.ut seven (7) pounds through a
range of over 500 pounds of coal 1;er chargé, ,.the 1argesi: ones simullating
sections of by~product ovens"an& ;iel('iing. cokes almost identical with the
industrial products b_oth in visual appearance and"as, asgessed by various
standarized tests, |

As the U, S, Bureau of Mihes had accumulated data With the
BM-AGA retorts the largest of.which requ;lred only ‘abc;ut 185 pounds
of coal per clllalrge,. this apparatus and the s.malle’r"Bethlehem Tést"qvén
available at the Fﬁeis Division weré chosen f'o’r ;éomllaaring the resultant
éoke with that p'rociuced industria}ly.'

The investiéation reported herewith was thus conducted in 1956,
in coopera’ci’on. with the U, ‘S, Bureau of Mines, with a view to deterr’nining '
to what ext.ent the re‘éults‘ of the t;;vo 1aborat6i‘y cax;b.driiz,;a;tix')n teéfs 'coﬁld_bg
.correlated W‘if;h the phys‘ical properties of coke manufé,cture‘d for Iriet_allw
urgical purposes; .in industria‘l slot-type coke o‘}ens.

| 4 Sa;mples; of coal collected by the Fuels Division 'at- threé Cana;dian
st’ée]'.' plants in Central and Eastern Canada were carbonized by' fhé U, s.
Bureau 6f"Mines in the cylindrical 18 in., and 13'in, Bﬁreau of Mines -
AmericanGas Association (BM—AGA) retorts at 900°C, and by thé i“uéls
© Division, Departmer;t of Mine_as and Technical Surveys, Canada, in a 25~
_pound ‘c'ap'acity modified version of the sole-heé,ted Bethlehe;ri (Browﬁ) test

oven, in which the final sole temperature was approximately 1950°F, (1065°C.).




The physical properties of the coke made in these test ovens were compared
with those made in the industrial coke ovens .where the samples of coal were
collected, Where possible, -standalid A S.T.M. tests were employed for
assessing the.physical quality of the cokes, but where insufficient col;e was
available, as in the case of the Bethlehem Oven test, a modification of the
A.S.T.M, Tumbler Test for Coal was employed.

As the study was confined té the cokes produced at three plants, and
as in one caéé the coking time was substantially longer than in the others, an
overall statistical analysis of the data was not attempted. However, the
variance in, and probable reliability of, certain of the data concerning the
physical coke quality has been indicafed in terms of the standard deviation
and the coefficient of variati‘on.

Insufficient data were available to correlate statistically the physical

properties of the industrial cokes with those made by either of the laboratory

tests. An alternative method was used whereby probable correlations were
indicated by means of the ratios between the various quantitative measure-
ments of physical quality, It is postulated that the lower the c.oeffic.ient

of variation of the ratios the greater is the probability of correlation.

In addition to the above laboratory tests where coke is produced under
conditions simdlating, to a degree, indust.rial practice, small scale laboratory
tests determining certain physico-chemical characteristics of the coals during
thermal decomposition were also employed. The plastic properties were
determined by the Gieseler method and the free-swelling properties by both

the A.S.T.M, and F.R.L. " methods. The U.S. Bureau of Mines also

* Fuel Research Laboratories, Fuels Divisicn, Department of Mines and
Technical Surveys.

1



-6 -

determined the agglutinating index by'rnéa.ns of a standarized test. The_s’IeA

tests were cpnducted for comparative purposes ana to buiv'ld up é. fund of

Ida.ta. for evéntually establis;hing, if péssible, ‘cor’feiations_ between suéh

basic phy_sico-chernical properties of- the éoals é.nd the ‘IAJ‘rop.erties of'

resultant oven cokes. ' L - _ -

The expansion characteristics of the coals were measured at the

Fuels Di\%isi_on‘by means of the rnod'ifi".é\d Bethlehe‘m ovén, and at the
'Bureau of Mines in their solé--héated c;ven, which ié a}s‘o a modificatio;l of
the ‘B et'hvlehern‘ o{ren;
In addition 1;0 ‘the above, {rqields: of the productg of cé.;‘bohizé.ﬁén '.éisj‘,: |

obtained by laboratory methods were compared with industrial p‘lé.nt yie‘lds._
ACKNOWLEDGMENTS - -~ - D )
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I
COKE PLANTS, COALS USED, SAMPLE COLLECTION

1. Coke Plants

Two coke plants in Central Canada using blends of United States
coals aﬁd one Eastern Canadian plant using a Nova Scotia coal were chosen
for this investigation as representing a cross-section of metalluréical coke
production in Canada. The pertinent details regarding the type of ovens,

their size, carbonizing time, etc., are shown in Tablel,

TABLE 21

PERTINENT DETAILS OF COKE PLANTS

Central Canada Eastern Canada
Plant A Plant B Plant C
No. of Batteries used
during tests 2 2% 2
‘No. of Ovens 60 143 114 ,
Type of Ovens - Koppers Koppers Underjet Koppers Becker
Underjet
Capacity per Oven - tons 17.2 : 17.5 17.5
Width of Oven - in. 17 : 17 17
Coking Time - hrs. 17 17 23.38
Size of Coal as charged;' ‘
0x1/8 in s - % Approx. 75.0 Approx. 78.0 Approx. 50.0
Bulk Density of |
Coal *% Lb,/ Cu. Ft. 50.0 49,3 © 52,0
Moisture of Coal as . :
Charged - % 7.0 - 4.5 11.0

* This piant has four batteries consisting of 251 ovens, but testing was
confined to two batteries. '

% Average values obtained from plants.
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It is to be nléted that the ovens were very similar in all :rfiespects' ’
but operation é,t Plant C varied from the other two.'  The §okii1g time Wag
much longer at VZ3. .38 hour.sl'anld the coal, ’a's 'chargéd’:,' was 'co-arser'vsv/ith
only approxifnateiy 5‘0 pe’rcent. 1/ 8, x 0 in., as indicated by average v‘éi‘l’ue‘s’ l:
_ obtained from the plants, Table II shows the deté,ile'd screen analyseé and

bulk densities of the coals determined at the Fuels Divigion laboratory.

TABLE - II

SCREEN ANALYSES AND BULK DENSITY OF COALS
AS CHARGED TO COMMERCIAL OVENS * ’

Coal A " Coal B . Coal C

Screen Analysis
Plus 3/4:'111. TA oesoee 70 0.1 0.1 1.1
3/4%1/2in. rdie.es. % 0.6 ‘0.8 2.3 .
1/2x1/4in. rdiee.. % 9.6 8.8 11. 5
1/4x1/8in. rd.vee.. % 19.0 17.0 22,17
1/8x1/164n. rd.....%  20.6 19.4 16.0
1/16 x1/32 in: rdu...% 16,6 16.3 17.4
1/32x%x0insrd, ceu... o 33.5 37.6 29.0
1/8x0in, rdeveeen.. % 70,7 73.3 62:4
Bulk Density
. Lbs./ Cu. Ft, o B0.6 51.0 o 49.6
Cu. Ft./ Ton. , 39.5 39.2 40,3

* The coal as prepared for the commercial ovens was use& fgij the -
laboratory tests using the BM-AGA and Bethlehem Expansion-Testers.




2. Coals Used .

The types and origin of the coals used either in blen&s or alone
as the case may be, are shown in Table III. The two Central Canadian
plants used blends of 77.5% high volatile A bituminous coalsg with 22.5%
low vol;:mtile bituminous coals, whereas the Eastern Canadian plant
employed only high volatile A bituminous coal coming from three -rnines
operating on .the same (Harbour) seam. The U.S, high volatile A
bituminous coals used in the Central Canadian plants originated from six
seams in Virginia, West Virginia and Kentucky and were mixed at random.
The U.S. low volatile bituminous coals used originated mainly from the
Pocahontas No. 3 seam in West Virginia, although Plant B also used coal
from the Beckley seam.

As it was not possible ﬁo obtain samples of the individual U.S. coals
"used in Plants A and B, Table IV presents typical analyses of the coals.
These data were, | in some cases, obtained from the steel plants and in
others from the U.,S. Bureau o:f Mines Publication, Bulletin No. 466,
entitled "' Typical Analyses of Coals of the United States''.

It is of interest to note that the high volatile A bituminous coals used
at Plant B were, on the averaée, higher in volatile matter than those employed
at Plant A, This is reflected in the highér volatile matter of the Plant B
blend as charged to the ovens (see Table VI). On the dry mineral matter
free basis the volatile matter of the coal or blends charged to the ovens was

as follows: Plant A: 29.4%; Plant B: 33.1%; Plant C: 39. 3%.



- TABLE - III

COALS USED IN PREPARING COKE OQVEN CHARGES

Central Canada S Eastern Canada
Coals Used - 4 Plant A - Plant B Plant C
High Volatile A bituminous - 1 Clintwood" seam, : 1. No. 2 Gas seam, 1. Harbour seam,
Dickenson Co., Vn:guna.. Fayette Co., W. Virginia. Sydney area,

- Nova Scotia.

2. Elkhorn seam, Pike Co., 2. Clintwood seém,
Kentucky. " Dickenson Co., Virginia.

3. A mix of Powellton, No.
2 Gas and Eagle seams,
Kanawha Co., W.Virginia.

- 01 -

4. Big Eagle seam, Nicholas .
_Co., Ww. Virginia.

Low Volatile bituminous 1." Pocahontas No. 3 seam, l. Pocahontas No. 3 seam, Nil -
: " McDowell Co.;, W. AMcDowell Co., ‘W. Virginia.
Virginia. (From 5 mines . . : o
of one producer). - . 2. Beckley seam,: Wyommg :

Co., W. Virginia. .

Charge to Ovens . -~ 77.5% High vol. A. bit. 77.5% High vol. ' A. bit, - 100% High vol. A. bit,
o 22. 5% Low vol. ‘bit. - 22.5% Low voli"—-bit. . : ~
 Analysis (as charged) + c o
Moisture ..... ceese B 7.0 4. 5 - - - 11.0
Volatile Matter ....” % © 26,3 30 2 32.8
AShH tiivenrnnanann %o 5.8 6.5 - - 5.5

'+ See Table - VI for compléte analyses.
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TABLE - IV

TYPICAL ANALYSES OF U.S. COALS USED IN BLENDS

Proximate
‘Volatile Fixed o
Moisture Ash Matter Carbon  Sulphur
%o %o T % %o
Planﬁ__A_

High Vol. A bituminous

1. Clintwood seam, 3.1 4.5 31.9 60.5 0. 85
Dickenson Co,

2. Elkhorn seam, Pike 2.5 6.0 31.4 60.1 0. 61
Co.

Low Vol. bituminous

1. Pocahontas No. 3 2.9 6.4 16,2 74,5 0. 65
seam, McDowell Co.

Plant B

I—Iigil Vol. A bituminous

1. No. 2 Gas seam, 2.5 6.1 33.8 57.6 1.3
Fayette Co. ‘

2. Clintwood seam, 3.1 4,5 31,9 60.5 0.8
Dickenson Co.

3. A mix of No. 2 Gas, 2.8 4.1 34. 2 58.9 0.7

Fagle and Powellton
seams, Kanawha Co,

4, Big Eagle seam, 3,0 6.2 33.4 60.4 0.7
Nicholas Co. '

Low Vol. bituminous

1. Beckley seam, 2.6 5.7 18.2 73.5 1.1

Wyoming Co.
2. Pocahontas No. 3 2.9 6.4 16. 2 74.5 0.65

seam, McDowell Co.
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- 3, S:.unp].ing of Coal and Coke

Table V ;pr'usen?:s the peArtin'ent‘ data with regard to the. sampling .
of the colalvand coke at ﬁhe coke oven plants. It should be noted that the
coke samples were taken d'uAring’ a period at ’whi_ch it was estimated ti'le'

- coal sampled for charging would be dischargeéd as coke. In the case of
both coal and coke the sampleé were.taken from a stream of ti'le material
on a conveyor belt.

oy

METHODS FOR TESTING THE COALS AND COKES

The general quality of fhe coal and coke samples was determined'

'

by means of the standard proximate and ultimafe analyses, .calorific'val_u,e'

and ash softening temperature déterminatiéns.‘(see Tables VI and VII for
" the coal and Tables VIII p.nd IX ior theindustrial and;Be"chléhem tester
cokes reséecti\r'eiy). /

With a view to comp;:tratively assessing the .coking propertieé of:
thé coals an_d the physical charapteristics of the industrial anci laboratory
test col{es‘, the coalé and cokes were examined by thé,following te',sv‘t' .
methods,

1. Tests for Coking Properties of Coals

(2) Free Swelling Properties (Tables VI and VII)

Both the A.S.T. M. (1) and F.R.L. (2) Free Swelling Tests were

‘used to assess this property of the coals.
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TABLE -V

SAMPLING OF COAL AND COKE

Plant A Plant B Plant C

1, Sampling of Coal

Date of Sampling +....ivveeriveeneaess April 17, 1956 April 24, 1956 May 8, 1956
Point of Sampling ..........000vvve... Belt leading to coal storage bins at ovens

Nature of Sample .......v.vsvveees... GCrushed for charging

Period of Sampling «....v.... ve.. hrs.  11.0 116 6.5
Size of Increment ........... eoo lbs. 2.0 2.0 4. 0%
Increment Intervals ............. min, 1 1 1
Gross Sample ..vevvieeeeeesaase lbs. 1050 1050 . 2000
Tonnage Sampled (approx.) ...... ton. 1325 2500 1900

2. Sampling of Coke

Date of Sampling .. cvivvereeeenns April 18, 195% April 25, 1956 May 10, 1956
Point of Sampling ....co0vvvinen. Belt leading from coke wharf

Nature of Sample ..vvoveeun.. oo Half-oven pieces: hand picked

Period of Sampling ......cevvun.. hrs. 9.0 8.0 ‘5.0

Gross Sample .t vieveeineeeneeean 1bs. 800 * 800+~‘ 800 *

G Larger increments collected at this plant as coal was coarser.

+ 600 lbs. of coke sample was used for shatter tests, and 200 lbs. for
A.5. T.M. Tumbler Tests.
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At the Fuels Division the A.S5.T. M. method has been modified
by e.mploying;' a 35'0’—wa,t1: electric cone—shapgd heater and 15 cc.
platinum.c‘:rucibles (31, the coal be;iné heated at 650°C. for a pelri’o.d of
'4,'mi.n;1tes (4). In the stand;xrd test 1 grém samples of coal are heat'ed

in quartz crucibles in a gas flame to a maximum temperature of 820

+ 50°C. In either .case the reéultant " coke buttons" are graded "'ac;:ording -
to size anci contour in accordance with a series of standard profiles
increasingti)y half-units from 1 to 9.
Although the results of the test are suggested as;being usefui '

Mas an ‘_'i'ndicatioln of the coking characteris;tics of the coal when b;irned as
a fuelti" , they have béén,. and ére also being, used as a guide ;toiin:‘h'e' |
' comparative coking prope:lrties of coal when carbonized for the produlction,
‘of val‘iods; types of cokes. Hc.>w'e‘ver, no correlaﬁon has been eStabylished'
between the A.S5.T.M. Free Swelling Index of a coal and the properties
of, for example, the high temperature oven _coke that could be prodpced
from a given cc;al or blend. -

_ In the FR 1., Swelling Test 1-gram samples of coal are heated
in".15 cc. . platinum crucibles at 600°C, for 15 rhimitéé using a short
cylindrical electrical heater.. The volume of the resultant " b\_ltto'n" is.
: me_asured, the per cent swelling over and above the original volume of
the coal (average 2 cc.) calculated, and from this x}alue the swelling
index per unit (1%) of volatile matter (dry basis) e'volve;i at ‘600°C. is
calculated. The resultant value is multiplied by 100 to yield compa_rativé

indices that may be readily differentiated. In this case also the free




swelling is limited by the size of the crucible.

' Figure 1 presents a chart relating the F.R.L. Swelling Index to
the volatile matter evolved at 600°C., The chart has been arbitrarily
divided into regions in accordance with the known physical properties of
oven coke made from coals occurring in these groups. It should be noted
that the physical coke properties indicated are those of cokes manufactured
in an experimental 2—1/ 2 toﬁ, 12 in. by-product oven, and thus may not
be comparable in all respects to oven cokes manufactured in modern
wider ovens, Table X presents the predicted approximate quality of oven
coke to be expected from the coals collected at the three plants. Figure

1 shows the position of the coals on the chart.
(b) Gieseler Plasticity (Table VI)

The comparative degree to which a coking coal becomes plastic
during thermal decomposition in the absence of air was tested by means
of the Gieseler type plastometer (5). In this small scale laboratory
method the resistance of a coal, during its plastic state, to the movement
of a stirring rod fitted with rabble arms embedded in the coal, gives an l
index measure of the .fluidity of the plastic mass., As the heated coal
softens its fluidity increases and the rate of rotation of the stirrer
inCI;eases to some maximum value feferred to as maximum fluidity.

This empirical test is very sensitive to small changes in the design of

the apparatus and in the procedure of conducting the test, and with present



- 16 -
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Figure-1 Classification for By-product Cokes according to
their physical properties, employing Volatile .
Matter and "Swelling Index" at 600° C, of the coal.,.
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design and procedures repeatability and reproducibility of results have
been so variable that the test cannot be considered as satisfactory for
precision work (6). However, it .does make possible a separation of

coals into varying'typgs in accordance with their plastic behaviour,
(c) Agglutinating Value (Table VII)

The U.S. Bureau of Mines method of determining the agglutinating
value (7) of coals consists of mixing 1.25 grams ;>f finely ground coal with
18.75 grams of sized silicon carbide (silicon cafbide: coal ratio of 15:1)
compressing the mixture in a cylindrical crucibie and carbonizing for 20
minufes at 950°C., The resulting carbonized bﬁtton is crushed in a
compression testing machine, and the crushing strength, expressed in
kilogramns, is taken as the agglutinating value. The value obtained is an.
approximate measure of that material in coal which fuses and becomes
plastic on heating.

_ The above test is not used at the Fuels Division; but has been
dgscribed as the U.S, Bureau of Mines employ it in assessing coking

coals.

2. Laboratory Carbonization Tests

As indicated in the introduction to this report the basic reason

for conducting this investigation was to attempt to correlate the physical
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properties of the cokes produced by means of certain labofatory
carbonization tests with that manufactured industrially for météllurgicﬁl
use, The tests used were as follows:

(a) Bureau of Mines ~ American Gas Association |
(BM~AGA) Carbonizing Test

This test (8), which was developed in 1929 as a result of co-
OPérative effort between the U, S, Bureau of Mineg. and the Amei‘i.can
Gas Association,. isv used by the Bureau o:‘;.Mi;les ‘as the ‘principé,l method .
fc;r dete‘rmiﬂing tlie‘ carbohizing p:roper%:ies as well as yields of p‘rbduc_:tg ‘
of co’ki'ng coals, Ir_l this t'est coal is carbonized in eithef‘, or ’both, of an 18
in, diameter (a‘ppro#imétely 185 1b. ﬂcapacity). and a 13 in, .diameter
(approximately 90 1b, capacity) welded, cylindrical sheet-‘Ste‘el .re’tort' in
van electrically heated resistance fﬁrnace at altemper.atur'e of 900°C, *

" Although it'is conceded (8) '1!:hat the BM-AG.A. test '"does not yield
results that exactly duplicate thOSe’:,"vobtain'ed in q_ommércial ovens or
rgtoft_s, the quantity of coa;l chafgéd in each test is la’.rge’r e‘noﬁgh to yield
products that are 1n g‘ené‘ral si'mi.lair to those obtained in lérg_e ,plant_.s, and

in quantity sufficient to pei'_mit analyses and tests of quality to be made',

*Duplicate tests were made in both retorts,
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The physical properties of the cokes were determined by means
of the A,S, T, M, Standard Shatter and Tumbler Tests, but in the case of
the 13 in, retort insufficient coke is available for both the Shatter and the

Tumbler Tests (see Table XI).
(b) Bethlehem Test Oven

The Fuels Division has, for some time, been using the coke
prepared in a modification of the gole-heated Bethlehem Expansion
Tester (9) as an indication of the physical qualitf of coke that could be
made from coals, alone or in blends,

The Fuels Divisibn. test oven varies from the A, S, T. M. proposed
method in dimension and manner of heating, The carbonizing chamber
is smaller, being 8 in. wide, 15-1/2 in, long, and 9 in, deep, and is
charged with 25 pounds of coal to a depth of approximately 5 in. Sole
heating is effected electrically by means of two Globar elements
(1 in, diameter, 24 in. effective length) inserted immediately below the
floor of the chamber. The chamber is charged when the sole plate:
temperature has stabilized at 1350°F. and carbonization carried to
completion in 5 to 6 hours, at which time the sole plate temperature has
reached a level of 1950°F, and the temperature of the top of the charge

about 1200°F, (see Table XII for operating data).
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7

As the amount of the coke produced is rather small, neither the standard

rnodifilcatior.l of the A, S, T. M. Tumbler Test for coal, d_escr'ibedj'la;ter, wag used,
Table XIII gives a description of coke from this test and Table XIV the data on the
physical properties,

3, Expansion Tests

Both the U, S, Bureau of Mines and the Fuels Division dgfe'rmine the ex-
pé,nsion or coritré,ction characteristics of codls \by means of modified Bethlehem
Expansion' Testefs. The Bure'va‘u’ of Mings' apparatus and thét of. the Fuels ‘Division,
- described dbove, d'iffe‘l; ' :'L'n‘ the é‘iz:e of coking cha‘mber_, and in the he;ating schedule,
The 'coki-ng chamber in the Bureau,of Mines' tes'tef (10, 1i, 12, 13) is 11 inches
wide, 24 inches.lcvmg, ané. 11 .i.njche‘s dee‘p. The quantity of coal qhargéd is él(ijusted
to give a final coke thickness of abgut 5 inches (about 35 poﬁnds required), The
initial floor temperature of 550°C, ?aft' the start of a test is increased to 950°C, on

o : -
a f-ixéd schedule; ”a‘nd ca‘rbonization is,.continued until the top of the charge .reavche‘s
a temperature of 500°C." This normally requires about 7‘ hours. The coal is heated
by 9 ﬁi’ckel—-chr’orniun;l resistors, pl{gced‘longitudinally‘below tl;e silicon carbide
.floor-plate, and a constant -pressﬁiie of 2.2 pounds per square inch'is é;pplie’d to
fhé coal charge through a cast iron. cover plate, |

The expansion htesters‘ afe ujSe‘d in both laboratories fof obtéining 'in;formation
which aids in choosing coals or bleﬁds that Wi;'.l not' damage thé brickj linings of coke
ovens during carbonization, - The results are shown in Table XVI,

-4, Tests for Physical Pfoperties’ of Cokes

- Wherever the carbonization test yielded sufficient coke, standard A,S.T.,M.
tests were used for assessing their physical properties, Otherwise special tests,

as described below, were employed. The test methods used were as follows:
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(a) Drop Shatter Test for Coke -~ A,S, T, M,
Designation: D-141-48

In the case of the induétria‘lly produced cokes both the 2 in,
and 1-1/2 in, shatter indices were reportea (Table XV), In the case
of the BMuAGA test cokes (Table XI) using the 18 in, retort, only
the 1-1/2 in, index was reported, because according‘to Smith and
Reynolds (14) 1t has been found to be more reliable for the size of
coke pieces obtained from this retort,

(b) Tumbler Test for Coke - A,S, T. M,

Designation: D-294-50

In this test approxima‘tely 22 pounds of dried 2 x 3 in, square
mesh pieces of coke is tumbled in a 36 in. diameter drum fitted with
t\?vc; 2 in, wide lifters at a rate of 24 r,p. m, for a total of 1400
revolutions, As the result of a thorough inves'tigatiqn by the steel and
coké industries in tAheAU. S. (15) it was concluded that the test could .be
modified without impairing the results by reducing tumblipg time‘ to a
total of 400 revolutions., In view of this the Fuels Division conducted
the test on the industrial cokes by both methods (see Table XV). Both
the Stability Factor, per cent material retained on a 1 in, ‘sieve after
tumbling, and the Hardness Factor, per cent material retained on a

1/4 in, sieve, are reported, For results on BM~AGA cokes see

Table XI,
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(c) Jar Mill Test

Where insufficient coke was avlaﬂable for the Tumbler, Test for
coke, as in the case of the Fuels Division Bethlehem Test, a mod'ifica"-‘"
" tion of the Tumbler Test for Coal: - A, S, T, M., Designation D=441-45

i

was used, ’
In this test appréximatély 800 grams o-f"‘.lv’,‘:‘c 1-1/2.in.. square
mesh qoke, ‘carefully prepared by gently breaking 16.rge‘r pie‘ce;s, is -
:tumbled in a;-'\751/4-;in. -diameter porcélain jar fitted on the inside with
three equally spbicéd 3/4 iﬁ,w:ide iifte‘rs. The jar is _foté;ted at 40 If.b. rﬁ. '
fory 1 hour. qu cdmp.aris’on two values were used_far the’-S’_ca‘biiity o
’ 'Facfor, r'xamely,j -fhe material re‘taingd’ _&n,a 1 in, ?iéve aftér tuﬁlb‘lin’g

and that retained on a 3/4 in, sieve (;see’ Table VXIY for detailed r’es’ulfs‘).

(d) Screer}l Analysis of Run-of—Ov’en Coke
In addition to the Jar Mill test, in the case of the Bethlehem

tester, a screen analysls, using a series of ' square mesh screen from

2'in." to 1/81in,, was corxdticted on the coke ag discharged from the oven.

(e) A;;parent Specific Giravity
Tflis was deterinir}ed at tjhe‘ Bureau of'Mihes-by A5, T, IV,I..
methods énd at-the Fuels Divis’ioﬁ by a modification of the A, S, T. M,
water disPIacenient method (16). In the latter case, the difference in .

weight of the coke in-air and water is used to calculate the apparent
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specific gravity, For detailed results on all cokes see Tables XI,

" XIV and XV,
(f) Bulk Density

This was determined in accordance with a standard method (17)
on 2 x 3 in, square mesh pieces of dry coke., The test was only applied
to the industrial coke, as the laboratory carbonization tests yielded

insufficient material (see Table XV).

b, Tests for Carbonization Yields

(a) Industrial Plant Yields

Where possible the yields of the products of carbonization were
obtained from plant data for a périod of time including the test data,
- The data obtained were rather limited and included yields of coke, gas,
tar, light oil, afnmonium sulphate and hydré)gen sulphide in the gas. The
yields were on the basis of the coal as charged and are shown in Table

XXXII,
(b) BM-AGA Test Yields

The BM~AGA test retort is connected with a condensing tar-
precipitating and scrubbing train for the recovery of by-products, thus
enabling data to be obtained for the yields and quality of all the products

of carbonization, According to the Bureau of Mines (8), although the
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BM~AGA. test does not yvield results that exactly dupﬁ.cate those obtained
industrially, tests on a series of coals have shown that '"most of the
plant yields of coke, gas, 'and B, T, U, of gas per pound of )coal_:'f’all between
the 900°C, .and 1000°C, test results', The yield of ammonium sulfhate
from the test at 900°C. approximates that from iﬁdustrialtplants, Iwhereas
the'tar yields at 1000°C, in the 18 in., retort agree closely with industrial
yields, and 1;he light éil distilled at 900°Q. in the- 18 in, retort "is ab:)ut
the same as that obtained in by-product ovens if light oil ’in the ’BMI—_AGA
tar is incl‘uded”.-' TheA detailed results on the coals used in this in\/;estiga;tion
are shown in Table XVIL
(c) Sperr and Rose (Koppers) Tube Test

This small scale laboratory high temperature carbonization assay
test is a modified vgrsion of th;xt uséd for years by the U, S Steel Corporar~
tion (18), Sperr and Rose replaced the gas burners with a system of
electric heaters, and used the large fund of industrial yield ‘data; availabie
to fhem to esta.blish‘ suitable correction factors to convef't the test data
to comrﬂercial yields,

In the test 20 grams of fine coal is épread out in a unifor‘rnA layer in
a hard glass tube packed at its open end Witht broken fireBrick to permit
cracking of evolved tar, 'and fitted:with a train to collect tar, water, émmonia,
» hydrogen sulphide, light oil and gas. ' The tube is, in accordance with a pre~
determined schedule, proéressively heated from the clésed to the exit end by
means of a series of horseshoe~shaped electric elements to a maximum temp~

erature at a given point along the tube of 850°C,
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The corrected yield data so obtained have been found to be
quite comparable with ‘commercial yields,._except in some cases in so
far as tar yield is concerned where it has been noted that the higher
volatile matter coals do not give the high tar yields noted in industrial

data. The results of the assays are presented in Table XVIIL

DETAILS OF RESULTS

The detailed data obtained in this study are presented in

Tables VI to XVIIL The general properties of the coals are given
first in Tables VI and VII. ‘I‘his is followed by the analyses of the
cokes in Tables VIII and IX. The significant physical properties
of the cokes as predicted from the F'.R, L, Swelling Index are then
given in Table X and this is followed by a detailed summary of the
physical properties of the cokes prepared on both the laboratory
and industrial scale in Tables XI to XV. The expansion properties
of the coals in the Bethlehem oven are given in Table XVI, while

the carbonization yields are presented in Tables XVII and XVIII,
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TABLE - VI

ANALYSES OF COALS AS CHARGED TO OVENS
' (ANALYSED BY FUELS DIVISION)

Coal A Coal B Coal C -

‘(Blend) (Blend) - (Single Coal)
Laboratory No. - 2603-56 2604-56 ___2605-56

As Rec'd Dry As Rec'd Dry As Rec'd Dry.

Proximate Analysis

Moisture % 1.0 0.0 4.5 0.0  11.0 0.0
Ash %o 5.8 6.2 6.5 6.8 5.5 6.2
Vol. Matter % 26.3 28.3 30. 2 31.6 32.8 36.9
Fixed Carbon % 60.9 65.5 58.8 " 61.6 50, 7 56.9
Sulphur - % : 0.9 0.9 0.9 1.0 2.1 2.3
‘Calorific Value
B.T.U./Lb. Gross - . 13355 14355 13570 14215 12535 14080 -
Ash Fusibility
Initial °F 1980 - - 2370 1870
Softening : °F - 2140 2580 2050 -
Fluid aF 4 - 2420 2750+ 2150
Swelling Properties
Free Swelling Index (A.S.T.M. )* 7.5 | 7.5. 6.5
F.R.L. Swelling Test : , ,
Vol. Matter at 600°C %  23.0 25,2 - 29.4
Swelling Index | , 1155 . 686 833
Plasticity (Gieseler Test)
Temp. of Maximum Fluidity *C. 434 : 432 : 420
" Maximum Fluidity D.D.M.t 1187 , 2134 3174
Solidification T emp. °C . 467 464 ‘ 458
Melting Range °C 66 67 72
Specific Vol, Index , 176. 3 171.5 162.2
Vol, Matter - d.m.m‘. free 4+ 9 29.4 - 33,1 : 39.3
Rank by S. V.1, #% . G=orthobituminous E-parabituminous D-parabituminous
+ D.D,M.= Dial divisions per minute. * F,R.L. modification using electric cone
' heaters., -

+1 Dry mineral matter free, *% Specific volatile index.
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TABLE - VII

ANALYSES OF COALS AS CHARGED TO OVENS
(ANALYSED BY U. S, BUREAU OF MINES)

Coal A Coal B Coal C

Bureau of Mines Sample No. 801 799 802

As Rec'd Dry As Rec'd Dry As Rec'd Dry

Proximate Analysis

MOiStUI‘e...-.......... O/O 7.4 Ono 4-9 0.0 1007 00

.A.sh & 6 & 0 8 6 0 5 B0 4 e ¥ 4 s 70 6.5 7‘0 6.3 6.7 5.8 65

Volatile Matter "v....... % 27,1 29.2 30.2 31.8 32.7 36.6

Fixed Carbon ....evv... % 59,0 63.8 58,6 61.5 50.8 56.9
Ultimate Analysis

~Carbon .iieviveeennees Yo 75,2 8l.2 76.9 80.9 70.1 78.5

Hydrogen ...vevvveeees % 5.4 4.9 5.3 4,9 5.9 §.3

S.ulph\lr R 70 0.7 0.8 0.8 0.9 2.2 .4

Nitrogen ...evveeeseee. % 1.5 1.6 1.4 1.5 1.2 1.4

Oxygen IR O/O 10-7 4.5 9-3 5.1 14:08 5-9
Swelling Properties

Free Swelling Index (A.S.T.,M.) 8.0 7.5 7.5
Agglutinating Value(!) 6.4 6.6 7.1
Fixed Carbon - Dry Mineral

Matter Free ...... % 69.1 66.5 . 61,4

Bulk Density - Lb, /Cu. Ft, 50.5 51,3 ~ 50,5

(1) American Society for Testing Materials. Proposed Method of Test for
Agglutinating Value of Coal. A.S.T.M. Standards on Coal and Coke, September,
1951, Appendix VIII.
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TABLE - VIII.

ANALYSIS OF INDUSTRIAL COKE SAMPLES ..

(HALF-OVEN PIECES - DRIED)

Coal A = CoalB Coal C
Proximate
Moisture -onnn.“--- 0/0 0.5 003 Ooz
ASh s e a4 0480 e 70 10.6 905 807
Volatile Matter ... % 1.8 1.1 1.2
Fixed Carbon ..... % 87.1 89.1 89.9
Sulphur ....eve.. % 1.0 0.7 1.9
Calorific Value,B. T, U./ Lb. 12,575 12,575 12, 840
TABLE - IX

ANALYSIS OF COKE FROM BETHLEHEM TESTER

(DRIED)
Coal A Coal B Coal C
Proximate
Moisture «e.vueee % 0.2 0.3 0.3
Ash Ciieieees T 11.2 10.5 10.5
Volatile Matter.... % 1.3 1.7 2.5
Fixed Carbon .... % 87.3 87.5 86.7, .
ceae %o 0.8 0.6 2.0

Sulphur .....
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TABLE - X

PREDICTED APPROXIMATE QUALITY OF OVEN COKE (1}
(FROM F.R,L. SWELLING INDEX)

l Coal A Coal B Coal C
|
‘ F.R. L. Swelling Index 1155 696 833
‘ Vol. Mattel‘ at 600°C s v v e (70 23. 0 25.2 2904
ASh'.ll'..l..I'...l‘.‘.l.l qo 6.2 6'8 6'2
Location on Chart ,..... group (2) III IV near VII IV near V
. Predicted Quality of Coke
Size on Wharf
On3in. ...... . 35-45 40-50 35-45
0 x1/2in. (Breeze) J.... % 1.5-2.5 2-4 2-4
Shatter Test '
Plus 2 in, Index ««coeeees O 50-65 60-70 45.55
0x1/2in. (Breeze)...... % 2-3 2-3 3-5
Abrasion (3) '
Plus 1-1/2 in. Index ..... % 85-95" 85-90 80-90
Dust - Minus 10 Mesh .... % 2-3.5 3-4 3-5
Density :
Apparent Specific Gravity - .90-1.0 .83-.90 .90-1.0
Bulk Density - Lb./ Cu, ft. .. 25-26 24-26 26-28
Transverse Shrinkage Fair to Good Good Good
Shape Square Slightly Triangular,
Triangular Somewhat
Fingery
Strength Hard Hard Fragile
Cross Fracture Med. amt. Med. amt. Med. to large amt,
Square Steppy Steppy
Longitudiﬁal Fracture Small to ‘Med. amt. Med. to large amt.
Med. amt.
Cell Structure Dense Small to Medium
Med. amt.

Sponge

Pebbly Seam

Very Little

None

Small amt.

None

Small to med. amt.

None

(1) For comparison with industrial coke - see Table XV. (2) See Figure 1.

(3) Sheffield Test.
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TABLE - XI

PHYSICAL PROPERTIES OF COKE - BM~AGA TESTS

True Shatter
Specific Apparent _ Index , - .

Test  Gravity  Specific ~ Cells = '1-1/2- _ . Tumbler Index, (2)

No. (1) Gravity Percent Inch 1-inch 1/ 4-inch |

(18-inch Retort)

Coal A

801-1 1.890 .881 " 53,4 . 8l1.6 43.4;42.3 60,6362, 2
801 -2 1. 890 .832 56. 0 " 85,5 44, 2;44. 9 '61.2;62.2
Average 1.890 .  ,857 54,7 83.6 43,7 61.6
Coal B ‘ | -

799-1  -1.888 .826 56. 3 84,2 48, 2350, 2 64.2;63. 2
799-2 1.888 - .84l 55. 5 83.2 51.4;48. 8 63. 8;64. 4
Average 1,888 .834 . 55,9 83.7 49,7 63.9
Coal C

802-1  1.883 796 57.7 . 7.0 34,7 59.3
802-2 1.883 . 803 57.4 76,7 36,7;33. 7 62.0;59. 2
Aveérage 1.883 .800  57.6 76,9 . 35.0 60. 2

(13-inch Retort)

Coal A : o \

801-3 ~ 1.890 = .832 56. 0 - 38, 3;36. 3 62.7;62. 6
801-4  1.890 . 850 55. 0 ——- 40.3;41.4 61.4;61.6
Average 1.890 T . 841 55.5 - 39.1 62.1 |
Coal B | -

799-3 1.888 . 807 57.3 —-= 47.1346.5 64. 3;64. 2
Average o 46. 8 64,3
Coal C ‘

802-3 - 1.883 . 801 57.5 . 33.6331.7 60. 7358. 7
Average A 32,7 59.7

(1) Estimafed fromAash'content of coal. (2) A.S.T.M. Tumbler Test.
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TABLE - XII

OPERATING DATA RE COKING TESTS IN BETHLEHEM EXPANSION (BROWN)

TESTER
Coal A Coal B Coal C
Test 1 Test 2 Testl Test2 Testl Testl

Coal as Charged

Size - 0x1/8inceeveneen % 70.7 79.7 73.3  73.3 62.4 62.4

Weight ... icivee cneeeeaes lbs. 25 20 25 .25 25 25 .

Depth in Oven... «cseeses in, 5.0 4,25 5.13 4.75 5.0. 5.0 )

Bulk Density ... Lb./ Cu. Ft, 58.5 57.1 58.1 62.5 59,0  59.0 ’

Moisture ... veee seoeeens % 6.0 6.0 4.0 4,0 10.0 10.0

Carbonization Data :

Coking Time +++ vseeeess hrs, 5,5 5.33 5.0 5.17 6.08 5.0

Temp. of Oven Floor _ :

Initial ,...eeeee seseesss °Fo 1350 1350 1330 1350 1400 1350

Final cveeecoeee danaenss °F, 1950 1950 1950 1950 1950 1950

Temp, of Top of Charge

Final evveeeeses sesecees °F, 1200 1370 === 1200 1260 1300

Yield of Coke

(Dry Basis) ceee coveeese P 4.7 73.2 71.5 70.9 67.3 67.6
TABLE - XIII

DESCRIPTION OF COKE FROM BETHLEHEM EXPANSION TESTER

Coal A Coal B Coal C

Shape Medium Blocky Blocky Fingery
Colour Steel Grey Steel Grey Steel Grey
Cross Fracture Small amt. Small amt. Medium amt,

Square Square Steppy
Longitudinal Fracture Medium amt, Small to med. Medium to large

a amt. amt.

Cell Structure Dense Dense Dense

Spongy End
Pebbly Seam

Small amt.

None

Small amt.

None

Small amt.

None




Average

Cozal C
Test 2
21.8

Test 1
22.6
44,4
23.5

‘Average
56.0
23.0
14.3

Coal B
Test 2
53.2
21.7
18.4

Test 1
58.8
24.3
10.2

TESTER

18.3

41.
31.7

TABLE - XIV

Average

.Coal A

Test 2
41,
30.

18.4

PHYSICAL PROPERTIES OF COKE FROM BETHLEHEM EXPANSION
41.8
32.8
18.2

Test 1

%
%o

secase
e e

Sq. ..

2x1-1/2in. SQuecene. %
1-1/2x 1 in. sq...

Screen Analysis - Run of Retort Coke
Plus 2 in.

- 32 -

F N H O~ 0[O H M~ w0 oo o
o e v e e e | e e e e s
. r~ ~|o o
« e o w el -~
4 O o . .
b= .
purt A~ wlo © )
v e e v . s
al - O -O OO — —t
n & o )
—
« 0 oo ~|o e~ olo o <
s & e e & s) e a_ s v 8+ w e . .
N i © O O D =t O N - -OIO [os] o
R =1 0" N o o
— o 4
O H o~ O [=] [
al AP TN .
) et et =t - O - 0
<H N~ o <H ~
. ~i
H o~ ~Oo
¢ TR n<HWoNMNGo o
H - - O ~lo o] S . .
o bW MM~ 0| ) <
-t 0w N S i @
L
NN AN &IOS MmN
oo N ol B I N S
N - - O oo v N S W~
o — '
—t .
DM e~ O[O o] ~—
al o . .
O Me~~yO N o 0
n N S in o0
i
[ FLIS B SN-Y [ ~N WG~ OO 0
s e« e+ & ol s | ¢ & o Y . .
N -~ O Olo DO Mmoo ~0 ~o 1 0
o n ™ o i o
~i ., . i
) WO O o w0 <t
[ AP S n
O -t o 0 [>2]
O w M m|o —
A . .
MO ~Oo A9 MM~ 00 wlo ~ o
— a_ ¢ o & v 2 = el s . .
0O N ~~ O WO 22 [+
n N S 0
—4
~1n m i~ oo et - Blo W o 0
« o PR B . .
o =1 =] N0 i Sl Ko enme
o mn M o mn - 00
— 4
- O OB D 4 4
o] P ] i) .
O N WO -~ 0O O (=] (]
. th ™ S i oo
0 W0 W0 0 NO 4
e v o e . ;
WO N OO~ O —
—_ []] e s e e e W) . .
QN M~ ~O O O 0
O N [=TRY-] o0
4
O A~wlo W )
mamenle el yhddAaSEls ¢
M - O OO 0 ™ o 0 ©
o 4t
~ . e
N NN 0 O WO (] <H
W GeNSASdS ¢ @
DN [STRN:) 0
~i
BRERRR B R R R R . o o o o o
. e e . 77W777
et .. e . . —
L T . . . v :
Priiiiio g g
. ¢ . . .
”.““u,m ..”.h..m t.8 28
NN wl lriih e kW .ad
twona L H 0 P R CHcH g
o o f g . hroHEoH
o9 [ e . g . .1..ua.uﬁa
HH4 r “..m.m4sh ﬂaVHaV
. . o ) les .fa..lf
.m“A.B.m = ..m”“xme ,@eo&wo
SN 4
H ol - O g .m411.. .Sm SD..m.D.gm
PR B R e Ao +9 .5 g0.
y ¥ N W o Bl Sy dmw ¥H HRLLuE
D N N N ] oed SSSLH @ bt Yq
O et M [ s PRy i lqm:my‘m:&
w0
8 o 0
N .mSCuSC.
o 0 ot
= . B

90.2
0. 94

90.8
0.92

89.4
0.92

89.8
0.93

95

90.
Q.

96.2 90.3 90.6 90.6
0.87 0.91 0.91 0.90 0.90

91.6

91.1
0.99"

90.6
. 0.99

9.6  90.6
0,977 0.99  0.99

91.7

%

Hardness Factor {+ 1/ 4'in,)

Apparent Specific Gravity




TABLE - XV

PHYSICAL PROPERTIES OF INDUSTRIAL

COKE
Plart A Plant B Plant C
Range Average (1) Range Average(l) Range Average(l)
Shatter Test (A.S.T.M.)

Plus 2 in. IndeX ceceoececosonase % ) 60.9-70.2 65.6 60.4-72.5 66.0 55.4-60.7 59.4
Standard Deviation (S) ......... % 4.0 5.2 2.3
Coefficient of Variation (V) ..... % . 6.1 7.9 3.9

Plus l—l/Zin. IndeX sevesacocens % 81.7-85.6 83.9 83.0-87.0 .85.0 75.6-78.2 76.1
Standard Deviation {S}....ovevun.. % - 1.7 1.7 1.1
Coefficient of Variation (V)...... % 2.0 2.0 1.4

Minus 1/ 2 in. Fines (Breeze} .... % 3.0- 4.0 3.3 2.0- 3,0 2.6 3.0- 4.8 4.0

tandard Deviation (S).ecveveee. %P 0.4 0.4 0.8
Tumbler Test (A.S.T.M.) - {1400 revs)

Stability Factor (+ 1 in.} ......... % " 42.9-45.1 44,2 46,4-51.2 48.2 '19. 7-22.1 21.0
Standard Deviation (S} ......... % ' 0.9 2.1 1.0 !
Coefficient of Variation (V)...... % 2.0 4,4 . 4.8 &

Hardness Factor (+ 1/4in. )oe.... % 63.9-65.5 64.9 64.7-68.2 65.9 60.2-63.7 61.9
Standard Deviation (S}....... veee T 0.7 1.5 ’ 3.5
Coefficient of Variation (V) ..... % 1.1 2.3 5.7

Tumbler Test (Modified A.S.T.M.,} - (400 revs)

Stability Factor (+ 1 in.} «..ovenns % 65.3-67.2 - 66.2 67.2-72.1 70,0 39.9-46.1 42.7
Standard Deviation (S} ....coeeve % 0.8 2.1 2.7
Coefficient of Variation (V) ..... % , 1.2 3.0 6.3

Hardness Factor (+ 1/4in.) ..... % - 81.1-82.5 81.7 82.8-84.7 83.8 78.6-79. 6 79.0
Standard Deviation (S} .......... % 0.6 0.8 0.4
Coefficient of Variation (V) ..... % 0.7 1.0 0.5

Density
. (2) - ' -
Apparent Specific Gravity ........ 0.92-0.95 0.93 0.86-0. 87 0.86 0.90-0. 96 0.92
” A 0.012 . 004 .026
Standard Deviation {S) ......... 1.3 0.5 5 8
Coefficient of Variation (V}..... - . .
24.4-24.6 24.5 4.62-24. . .1-24. 4

Bulk Density (3} ... ... ..Lb./Cu.Ft. o 12 24.62-24.75 2;1; 33 24.1-24. 6 2§~ i
Standard Deviation (S} ..... eeees 1b. . . .

(1} Averages are of 5 determinations unless otherwise stated. (2) Average of 6 determinations. (3) Average of 3 determinations on 2 x 3 in.

pieces.
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TABLE - XVI

EXPANSION CHARAGCTERISTICS
(BETHLEHEM SOLE-HEATED OVENS: 2.2 P.5,1 LOAD)

"Coal A Coal B ) Coal C

1, Fuel Division Expansion Test
ExXpansion «.veeeesoeeees Jo Nil Nil Nil Nil Nil Nil
Contraction.ssessevivess P 10,0 12,0 5.9 - ~22,0 - %
Contraction Calculated
to Bulk Density of ‘ , ,
55 1bs/ cu,ftt eveneeaes P 10.9 10.7 8.1 - 20.0 -

2, U. S, Bureau of Mines Expaﬁ_sion Test

ExXpansion .u.eeeesssesje B Nil Nl Nil Nil e
Contraction Calculated ‘
to Bulk Density of A .
55 1b/ cts fty + vearensees o © 9,0 10,2 0.8 1,1 ok

* Trouble with pen of recorder,

+ Calculation made in accordance with method described in U, S, Bureau of Mines
Report.of Investigations 5295, "Expansion of Coal in the Sole-Heated Oven,
Quantitative Effects of Dry Bulk Density, Moisture Content, and Particle Size',
by.B. W, Naugle, J, E, Wilson and ¥, W, Smith, January 1957,

54,45 (1 + E,) - . '

: -1 1 40,13 (X~ 0,01).

[BDt (1 - M) . e )
fractional expansion at a reference bulk density
of 55,0 1b, of coal per cu. ft, with 1% moisture

and a, particle size such that 1% is retained on
a 4-mesh sieve,  and

. Formula; 3(55)(1)(1)_

where  Es5)(1)(1)

X = measure of the '"as tested' particle size of coal~"
_fraction retained on a 4-mesh sieve. o

% Expansion tests not made on Coal C as it contained only 61, 4% dry mineral-matter-
free fixed carbon, and it is standard practice of the Bureau of Mines to make

expansion tests only of coals containing more than 65% dry mineral-matter-free
fixed carbon.




TABLE - XVII

YIELD OF CARBONIZATION PRODEYCTS - BM-AGA TEST
{AS CARBONIZED BASIS)

Yields Per Ton of Coal

_ H,S
. . 2
Retort Yields, Percent of Coal by Weight Grains Light Oil, P S———
Test " Size Light Per 100 Gas Tar Imp. Gal. Sulphate,
No. Inches Coke Gas Tar Oil NH3 . Liquor Total Cu,. Ft. Cu.Ft. Imp. Gal. In Gas Pounds
Coal A
801-1 18 70.5 13.8 4.7 1.12  .181 10.0 100.3 211 10, 017 7:8 2:50 25.2
801-2 18 70.1 13.6 4.5 1.12 .177 10.2 99.7 201 9, 976 7.4 2.50 25.0
Average 70.3 13.7 4.6 1.12  .179 10.1 100.0 206 9, 997 7.6 2.50 25.1
801-3 13 70.1 14.1 4.9 1.07 .184 10. 3 100, 6 235 9, 831 8.1 2.50. 25,0
801-4 13 70.3 13.7 4.7 1.17  .191 10.0 100.1 262 9, 883 7.7 2. 61 24.6
Average 70.2 13.9 4.8 1.12  .188 10.2 100. 4 249 . 9,857 7.9 2.58 24,8
1
Coal B w
(%3]
799-1 18 70.5 13.6 5.7 1.22  .152 8.9 100.1 239 9, 822 9.7 2.73 24.3 '
799-2 18 70.1 13.4 5.5 1.25 .154 9.1 99.5 293 9, 683 9.4 2.78 24.6
Average 70.3 13.5 5.6 1.24 .153 9.0 99. 8. 266 9, 750 9.6 2.76 24.5
799-3 13 69.9 14.2 6.1 1.26  .168 9.0 100. 6 357 9,870 10.2 2.80 25.2
Coal C
802-1 18 62.6 14.6 6.9 1.47 .146 13.8 99.5 824 9,622 11.4 3.27 21.4
802-2 18 62.5 14.5 6.7 1.68 147 13.6 99.1 730 9,722 11.2 3.74 22.3
Average 62.6 14.6 6.8 1.58  .147 13.7 99.4 777 9,672 11.3 3.50 21.9
802-3 13 61.9 14,9 7.1 (1) .138 14.0 98.0(1) 870 9, 746 11.7 (1) 21.5

(1} Light oil yield not determined.
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TABLE -~ XVIII

HIGH TEMP}:‘RATURE CARBONIZATION ASSAY (SPERR AND ROSE TUBE METHOD)
(DRY COAL BASIS)

Coal AT Coal BY Coal C¥

Proximate Analysis (Dry Basis)

Volatile Matter «ivevees P 28.3 : 31.6 7 36,9

Fixed Carbon vetennne B 65.5 61,6 55,9

Ash tiieenvaes veaennes D 6.2 © 6.8 6.2

SUIPhUL vevevsss sossreas o 0.94 0.95 . 2,31 ,

Fusion pomt of ash . .. °F 2140 2580 2050 -
Products of Distillation ;

. - |

Water vveeeeeeeonnacans % 3,751 4,333 5.060

Carbon Dioxide ..vveass. P 1.216 1.213 1.608

Hydrogen Sulphide ..... e % 0.221 . 0.239 0,714

Ammonia ..veeeans PR 0.398 0.379 - 0.387

Light Oils .eveevvivneees P 1.043 1.283 - ' 1.244

Tar veeeeeess Chieeeaa % . 2.564 2,392 2.990

Gas sevreneins veerenees % 712,706 ©12.509 13,478

Composition of Gas (Calculated Free
of Oxygen, Carbon Dioxide, and

H,S)
Nluminants .o oveeunas ee %, 4.0 3.5 3.5
Carbon Monoxide . vvevees B 5.9 6.2 7.7
Hydrogen ...ovvunsesees b = 60,3 57.8 51.8
Methane ...... civesenae P 27.3 27.8 31.5
Nitrogen ...... eienees T 2.5 4.7 5.5
Density (Air = 1) L 0.314 0.334 0.373
B.T.U, in gas per 1lb, of
dry coal (inclusive of light
oils) 2849 2931 ~ 3007
Practical Yields (Per Net Ton
Dry Coal)
Total Gas, cu, ft. (inclusive
of light oils) (1) 10, 428 10, 940 10, 736 |
" B.T.U. of Gas per cu. ft, 546 536 560 ‘
H,S in Gas grains/ 100 cu. ft, 297 : 306 _ 1012
1y, (@) Imp. Gals. 5,79 5.40 6. 75 |
Light Oil, (3) Imp. Gals. . 2,39 . 2.94 2. 85 |
Ammonium Sulphate, pounds 31.2 26,8 27,2
Ammonia Liquor(4)  Imp. Gals. g3 9.4 10.9 |
Total Dry Coke: per cent of coal  74.8 73.7 : 70, 4 |

(1) Saturated at 15°C and 760 mm.

(2) 135% of Tube Test Results (11. 96 1bs. per Imp. Gal,)

(3) Light Oil = 8.73 lbs. per Imp., Gal.

(4) The Liquor includesthe Ammonia €arried over with the water but is
exclusive of the Ammonia in the tar filter,

+ Average of Three Tests, * Average of Two Tests,
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Vi

DISCUSSION OF RESULTS

1. General Properties of the Coal Vs. Coke Quality
(a) Volatile Matter and Rank

The three plants considered in this study used different
types of 'Charges to their coke ovens. Plants A and B employed
blends consisting of 77.5% high volatile A bituminous coals with
22. 5% low volatile bituminous coals, whereas Plant C used a very
high volatile rﬁatter, high volatile A bituminous coal by itself,” The
volatile matter contents of the coals as charged, and on the dry and
dry mineraﬂmatter-free basis are shown in Table XIX, In addition the
rank of coal and blends as indicated by the A.,S.T.M. method of
classification and by the Specific Volatile .Index (19) are also
given,

In accordance with what is considered to be best coke oven
pract?c_:e, only Plant A appears to have used a charge that should result
in the coke with the best physical qualities, all other things being equal.

This is also indicated by the Specific Volatile index of the coals,
where the higher the index the higher‘ the rank, In é,ccordance with the
coal classification based on the Specific Volatile Index and Volatile
Matter content of the coal (see 'Fig. 2), coal A falls into Group G of

the orthobituminous coals which contain those coals or blends considered
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TABLE - XIX

"VOLATILE MATTER AND RANK

Coal A Coal B Coal C
Volatile Matter
As Charged..... vessaes B 26.2 30.2 32.8
DryBaSiS R (70 28.3 31.6 36-9
Dry, Mineral-matter- ~
free basis +evveeenieas % 29.4 33.1 39,3
Classification by
Rank (A.S.T.M.)* MV HVA HVA
Specific Volatile Index™ 176.3 171.5 162, 2
Rank by S. V.I. G-orthobituminous E-parabituminous D-parabituminous

+ MV = Medium Volatile Bituminous. * Specific Volatile Index = Heating Value
HVA = High Volatile A Bituminous. - of Volatile Matter per unit of Volatile
Matter, :
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most suitabie for production of metallufgical' coke. Coal B is

somewhat lower in rank falling into Group E of the 'Ipara,‘bituminc')us coa.l-s,
sométimes referred to as '"true gas coals" because';f past preference
for their use in continuous vertical gas retorts. These-éoéls

usually réquire blending' with a moderate amount of high: free~swelling
low volatile bituminous coals to improve coke quality. Coal G.is,
relatively, much lower in rank than thé other two blends, falling in

- Group D of the parabituminous coals, often referred to in the past as
"pseudo-gas coals'. Such coals require blending ‘with fairly large
éuantities of high free-swelling low volatile l?iturhinqus' coals for

production of coke with more suitable physical properties.
(b) Ash

The ash contents of all the coals were uniformly low and thus.
may be ruled out as a factor in producing variation in physical quality

between the cokes.
(c) Free-Swelling Properties - Predicted Coke Quality

The results of the A.S.T.M. test indicate very little difference
between the coals. 'All the coals show a high aﬁd felétively ﬁn‘iform
free-swelling index at between 6, 5 and 8.0 (see'TaEles VI and VII).

The F.R.L. Swelling Index (Table VI), on the ofher_hand,

indicates ‘Coal A to have the highestindex and Coal B the lowest.
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However, as the intermediate swelling index of Coal C is associated

with a high evolution of volatile matter (at 600°C.) it is in a different
category in so far as coke makiﬁg is conc‘erned. This is shown in
Table X which dea;-ives its data from the position of the coals in
Figure 1. It is to be noted that Coal C should produce a triangular,
somewhat fingery coke containing a medium to large amount of
longitudinal and steppy cross fracture in comparison with the other
coals. These characteristics usually result in a more friable coke
which has a lower shatter index and produces more breeze on shattering
aﬁd more fines on abrasion. In addition, the cells of the coke aré
larger and less uniform. Generally it may be concluded from the
parameters of F,R. L. Swelling Index and volatile matter evolved at
600°C, that, l from a physical ‘standpeoint, Coal A should make the best
coke; Coal B a coke very siﬁilar in quality but with a lower apparent
specific gravity and slightly higher fines.production on abrasion; and
Coal C a coke with, comparatively, the least alttractivé physical
qualities. Pinpointing of oven coke quality is not possible with the
above 'discussed test, but the ranges within which the quality might
be expected to fall is in agreement with the actual results of the

industrial tests,
(d) Plasticity

The maximum fluidity of the three coals as determined by

means of the Gieseler plastometer (see Table VI) increases with the
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i

_volatile matter from 1187 D.D.M. for Coal A to 3174 D.D. M. for
Coal C, and decreases as the rank of the cbal or blend:s' incfeases,

Coal B lying practically mid-way between the other two coals. Although’

v .

it is agr/éed that the fluidity (viscosity) of thecoal durihg carbonization

‘must be a significant factor in relation to the quality of the resultant

’
A

solidified coke, to date no correlation has been es’tablished. b‘i»Recent
work by the British National Co;;.i Board (.ZO) indicated that for a
certain lseries of high V(?];é,tile:‘(30(70 to 35%) céal blends the "' 1—1/'2 in,
shatter index éf the 'cok:e wa‘s'lre-lé.ted :t.o:'—‘- (a) tlhe fluidv’ré.nge of the

. coal (;orr‘elation coefficient 0.69)", and ! (b) the actuéa;l vola;tile ’cbntent
of thé coal '(correlait:ic.m coefficient 0..v67)” . Frotﬁ the data an equation
which predicted coke shat’ter‘ Vi.ndex from fluid rangé’and volatile content
of the coal Was derived. -_Hc;wéver, " fhe‘_accﬁracy of pre}dict'ion .was not
high''. |

(e) Agglutiﬁating Value ('s'ee Table VII) \"\

\
v

: ‘ _ , ( o
This value, giving a relative index of the cementing powe'}‘ of
the coal wh’ic‘h_ on heatingzbécomes plastic ‘and then solidifies, does not

appear to show significant differences between the coals examined,

)
ranging between 6,4 and 7,1, The values, for the coals:studied, increase

with the volatile matter and with fhe maximum fluidity., However, it
should be noted that Coal C with the highest agglutinating value resulted

in the coke with the lowest shatter and'stability indices: Thus although
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there may be a relationship between the agglutinating value and some
of the other inherent coking characteristics of the coals as indicated
by certain laboratory tests, these relationships do not apparently
lend themselves readily to correlation with the physical quality of
the resu;ltant oven coke. This can be seen from the data 'presented
below in Table XX. It should be borne in mind, however, ‘that it
would be erroneous to draw firm conclusibns from the testing of
only three coals,

TABLE - XX

RELATIONSHIP OF AGGLUTINATING VALUE TO FLUIDITY
OF COAL AND COKE QUALITY

Coal A Coal B Coal C

Agglutinating Value 6.4 6.6 7.1
Volatile Matter -

Dry Mineral :

Matter Free......... % 29.4 33.1 39.3
Maximum Fluidity DDM 1187 2134 3174
Quality of Industrial Coke
2 in. Shatter Index ....% 65,6 66,0 59,4

Stability Factor (+1'")..% 44, 2 48, 2 21.0

Apparent Specific A
Gravity’.......;...... 0-93 0086 0092
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(f) General Remarks

Of all the'. small scale laboratory fes‘ts discussed ab’ove it
would a.ppgalar that the F, .R'. L, Swelling Ind;ax used in conjuncjtion
with the volatile matter evolved at 600°C, giveé the most reliable
comparative indication as to the physical properties of oven cokes
that would be obtained from different .coals un&er similar proces.sin'g
conditions, .

2, | Quality of Laboratory Carbonization Coke Vs,
Industrial Coke '

(a) BM-AGA Test Coke Vs, Industrial Coke

(i) Shatter and Tumbler Indices

"It is of importance to n;)te that although the BM~AGA retorts
are cylindrical, yieldiﬁg triaﬁg‘ular shaped pieces of coke, the 1-1/2
in, Sthatter Inde:; and, éxcept ih one case, the 1 in, ’I‘umbier Index
(Stability Factor) of the coke from the 18 in, retort checked closely
with those of the industrial cokes, This ié indicated in Table XXI

which presents average values,
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TABLE -~ XXI

COMPARATIVE SHATTER AND TUMBLER INDICES

OF COKES-
Coal A Coal B Coal C
BM-~AGA Coke

1. 18 in, Retort

1-1/2 in, Shatter | »

Index e ® B A NS N0 O 70 83.‘6 83.7 76.9

1 in, Tumbler : ' Co , ‘

lIndexo-"-onooooo % 43.7 49-7 3500
2. 13 in, Retort®

1 in, Tumbler ‘ :

IndeX voveencnsns B 39.1 46,8 32,7
Industrial Coke

1-1/ 2 in, Shatter

IndeX covevaseees P 83.9 85.0 76,1

1 in, Tumbler

Index-.-..----.- (70 44.2 : 48.2 : 21.0

% Shattef tests are not done, because insufficient coke is available.

’I‘he exception is the 1 in, Tumbler Index of the coke from the
high volat.ile Coal C which showed a substantialiy higher value than the
industrial coke, The reason for this is not obvious, especially since
the 1-1/2 in, shatter indices checked so closely. This anomalous result
might be é.ccounted for by either one or both of the following considerations:
If it is assumed that the Tumbler test measures other characteristics
in addition to resistance to shatter by impact, it is possible that

carbonization in a cylindrical retort progresses in a somewhat different
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manner for coal's' of very high volatile matter content in comparisqn ,
with carbonization in an industrial coke oven, In the‘ s'ecvon'éi‘ place,
it should bé noted that in Plant dvthle coal was coked for 23, 25 hours
instead of 17 hours’, thou_t"gh ’Fhe ovens were thé same width in all
cases, However, if éuch provCedure has a deleterious effect on
coke qﬁa:iity it waé not obvious from the shattér test results, but '.
certainly was quite evident from the Tumbler Index, In view of
‘the fact, however, that the cémpany operating Plant C has ‘appai;'ently'
: fér some years obtained cok‘e‘lWith alow 1 in. Tiimbl'ell"lnd'e_x.
(average abo,ut'26’), (21), even with normal coﬂking rates it _i'nust be
~as sumed that this is characteristic of the coal,

In all cases the cokes from the 13 in. BM~AGA retort shoW'e'cI‘
’somewhat lower 1 in.v Tumbler ;indices tflan'the céke frqfn the 18 in,
f’e’tort. In view of this, and as insufficient coke 1s produced in the 13 in,
retort to run b.of:h sﬂatfer and tlj.mbler tests," it seems that, of the two,
the 18 in. re‘tortvwould be the more reliable guide to assessing the

quality of coke to be expected from any coal or blend.

(i) App'a‘f:'ent Speciﬂé Gravity : .
As indicated in Table XXII the apparent specific gravities of
the BM-AGA cokes are substantially lower than that of the industrial

cokes,
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TABLE - XXII

COMPARATIVE APPARENT SPECIFIC GRAVITIES OF COKES

Coal A - Coal B Coal C
BM-AGA Coke
1, 18 in, retort 0, 86 0.83 -0, 80
13 in, retort 0, 84 0,81 ‘0. 80
Industrial Coke 0.93 0, 86 . 0,92

This is characteristic not only of BM-—AGA.cokes but also of cokes
produced in experimental slot-type ovens employing two-sided heating
(22, 23). There is no entirely satisfactory explanation for this, but the

data show that charge density is a minor factor.
(b) Bethlehem Test Coke Vs, Industrial Coke

(i) Jar Mill Tumbler Test

As the charge to the Bethlehem test oven is small, approximately
25 1bs., insufficient coke is availablle for any of the standard tests,.
Because of this the Jar Mill Tumbler test, described earlier, and using
1 x1-1/2in, pieces of coke, was used to yieid comparative data on the

‘physical quality of the coke. As the ratio of the area of the cold walls and
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'top to the heated sole of the oven is rathex_' high, and as the thickness
of coal cl‘.zarge is limited to about 5 in., bias in sampling o.f.the coke
was unavoidable. This is reflected in the variabiAlity of the test results
, (see_ Table XIV)., However, if one takes the st‘:ability' iﬁdex as the
‘material retained on the 3/4 in, scraen inatead ;_)f on the 1 in. screen,
much better repeatability is attained as shown below by the lower

coefficient of variation¥,
TABLE - XXIII

,JAR MILL STABILITY OF BETHLEHEM TEST | _

COKES

Coal A Coal B Coal C
Plus 1 in, Stability .
Averageooooio-u..oooo-o-(yo 57.4: . 60.3 . 52.4:
Coefficient of Variation* .. % 11.8 - 10.1 16.6
Plus 3/ 4 in, Stability .
AVerage cvesenesasssasanes o 85.9 86,2 80.9
Coefficient of ¥ariation* .. % 3.6 ' 1.5 C 4.9

* Coefficient of variation = Standard Dev1at10n %100 = x per cent,
Mean Value

As 1nc11cated in Table XXIV the 3/4: in, Jar Mill Stability
indices of the Bethlehem test coke compare favourably with the 1- 1/ 2
in, shatter indices of the industrial cokes, although the degree of

correlation is . not the same in all cases.
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TABLE - XXIV

JAR MILL STABILITY BETHLEHEM COKE VS,SHATTER INDEX OF
’ INDUSTRIAL COKE

Coal A ' Coal B ' Coal C
Bethlehem Test Coke
3/ 4 in, Jar Mill
Stability......}......0/0 85.9 86.2 80.9
Industrial Coke
1-1/ 2 in. Shatter

IndeX...-..............olo 83.9 85.0 76-1

(ii) Screen Analysis of Run-of-Retort Coke

- Because, as indicated previously, the Bethlehem tester yields
such a small quantity of coke ‘that limited testing of quality is possible,
it was considered that the size distribution of the coke as discharged
from the test oven might yield a correlating factor.

As can be seen in thé data below (Table XXV),there would appear
to be some relationship between the quantity of Bethlehem tester coke
retained on the 1-1/ 2 in, screen and the 1-1/ 2 in, shatter index

of the industrial coke.
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TABLE - XXV

RELATIONSHIP OF SIZE OF BETHLEHEM COKE TO SHATTER
INDEX OF INDUSTRIAL COKE

Coal A Coal B ‘ Coal C
Bethlehem Tester Coke
as Discharged. - plus , . ‘
‘1-1/Zil’l-..............-.. 70 73.2 79;0 ‘ 66n4
Industrial Coke o :
1-1/ 2 in, Shatter Index . oo B ' 83.9 , 85.0 76.1
. Apparent Specific Gravity
Bethlehern Test Coke 4 0.99 1 0.90 . 0.94
Industrial Coke o 0.93 : 0.86 0.92
Bulk Density of Charge in » /
Bethlehem Tester = Lb/ Cu. Ft,. . 57.8 60.3 - 59.5

‘Bulk Density of Coal before .
Charging Lb/ Cu.Ft. 50. 6 51.0 49.6
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(iii) Apparent Specific Gravity

Because of the higher charge density in the Bethlehem oven,
as compared with the average that might be expected in a coke oven,
the apparent specific gravities of the Bethlehem tester cokes are
higher than the industrial cokes (see Table XXV), However, they follow the
variations indicated by the industrial cokes.

(c) Correlation of the Properties of Industrial and Laboratory
Test Cokes

In view of the fact that only the results of three coking tests
were available it was not possible to apply the r-correlation factor
test to any of the data, However, probable correlations may be
indicated by means of the ratios between the various quantitative
measurements of physical quality, it being assumed that the lower
the coefficient of variation of the ratios the greater is the.probability
of correlation,

The data used for the above type of correlation are prese’ntéd
in Table XXVI, which give the average values for the various

physical properties of the cokes,



TABLE - XXVI

DATA ON PHYSICAL PROPERTIES OF COKE USED IN ESTIMATING

CORRELATIONS BETWEEN BM-AGA, BETHLEHEM
TESTER AND INDUSTRIAL COKES

Industrial Coke

(a) 1-1/2 " Shatter Index %.

(b) 1" Tumbler Stability %o
(c) 1/4" Tumbler Hardness %
(x) Apparent Specific Gravity

BM-AGA: 18 Inch Retort Coke

(dy 1-1/2" Shatter Index %
(e) 1" Tumbler Stability %o
(f) '1/4" Tumbler Hardness %
(y) Apparent Specific Gravity

BM-AGA: 13 Inch Retort Coke .

{g) 1" Tumbler Stability Po
(h) 1/4" Tumbler Hardness %
(i) Apparent Specific Gravity -

Bethlehem Expansion Tester Coke

(j) Plus 2" on Whare* %

(k) Plus 1-1/2 " on Wharf* %

(1) 1" Jar Mill Stability =~ %
(m) 3/4" Jar Mill Stability %
(z) Apparent Specific Gravity

Coal A - Coal B Coal C
83.9 ' 85.0 6.1
44,2 48,2 21.0
64.9 - 65.9 61.9

0.93 . 0.86 0.92
83. 6 83,7 76.9
43,7 49,7 35.0
61.6 63,9 60,2
0.86 0.83 0. 80
39,1 46. 8 32,7
62.1 64.3 59, 7

0.84 0.81. 0. 80

41,5 56.0 22,2
73.2 79. 0 66.4
57.4 60. 3 52.5
85.9 86. 2 80.9

0. 99 0.90 0. 94

% As Discharged from the Oven.
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(i) Correlation of Strength and Abrasion Characteristics

From the various ratio's p;t'esented in Table XXVII, which
are assumed to be indicative of tl;e relationships between the strength
and abrasion characteristics of the laboratory and industrial cokes,
the following conclusions may be drawn:

18 in, and 13 in. BM-AGA Coke Vs. Industrial Coke

The 1-1/ 2 in. Shatter'Index and the 1/4 in. Tumbler
Hardness appeared to give the best correlations, as follows:

(a) 1-1/2 in. Shatter Index - Industrial Vs. 18 in,
BM-AGA coke. Average ratio 1.003, coefficient of
variation of ratios: 1. 5%.

(b) 1/4 in. Tumbler Ha.rdness - Industrial Vs, 18 in.
BM-AGA coke. Average ratio 1.038, coefficient of
variation of ratios: 1.4%.

(¢) 1/4 in. Tumbler Hafdness - Industrial Vs. 13 in.
BM-AGA coke. Average ratio 1.036, coefficient of

variation of ratios: 1.2%.

Probable correlation between the 1 in. Tumbler stability of
the Industrial and BM-AGA cokes is poor because of the relatively

wide difference between these values for the high volatile Coal C.
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It is of interest to note that although there’ is little or no
indication of correlation between the 1—1/ 2 in, Shatter Index and
the 1 in, Tumbler Stgbility of the 111Auétria1 cokeé, -(coefficient of
variation of ratios: 45, 3%), a 'cha;-acteristic noted by other observe‘rs,
the same two quantitafive measurements of physical quality for the
18 in, BM~AGA cokes appear to indicate better correlation
(coefficient of variation of ratios: 15, 7%). A similar probable
'relationship‘ appears to exist between the 1~1/2 in, Shatter Index of
the ipdustrial cokeé" and thev lvin. Tumbler Index of BM~AGA cokes.
(coefficient of variation of ratios:'using 18 in, BM;A_GA coke results,
14. 2%; using 13 in, BM~AGA. coke results, 14, 3%). More data wlclmlld
be required to determine; wile:thler.thi‘s relationship is close enough -
for éoals or blends with rather;‘v'videly varying volatile matter
' .contents'. |

It is also wofthy of noté’:that there appears to be a correlation
Betwgen the '1/4'in. Tumbler Hardness of the BM~AGA and industriaﬁ
6oke (coefficient of vafiation of ratios: industrial Vs. 18 in, BM~-AGA

cokes, 1,4%; industrial Vs, 13 in. BM-AGA cokes, 1,2%).




E_Ethlehem Test Coke Vs. Int_élllstrial Coke

As standard tests could not be applied to the Béthlehem
tester cokes because of the small quantity of coke produced,corre-
lations were sought between the strength characteristics of the
laboratory cokes as indicated by special tests and the industrial
cokes as evinced by standard tests. The following appear to show
the best relationships:

() 1-1/2 in, Shatter Index of Indugtrial coke Vs. 1 in.

- Jar Mill Stability of Bethlehe‘ln tester coke.(average ratio:
1.441; coefficient of variation of ratios: 2. 2%).

(b) .1-1/2 in. Shatter Index of industrial coke Vs. 3/4.in. _
Jar Mill Stability of ]_;aethlehern coke (average ratio: 0.968; |
coefficient of variation of ratios: 2. 9%). This latter correlation
has been included only because the actual numerical values for
the 3/ 4 in. Jar Mill Stability of the laboratory coke approach
those of the 1-1/ 2 in. Shatter Indices of the industrial cokes. .
This may be a coincidence but it is worthy of note that in both
tests the next screen smaller in size than the bottc%;m screen

size of the original coke pieces tested yields values which are
numerically similar (3 x 2 in. coke used for Shatter Testand 1-1/ 2

x 1 in. for the Jar Mill Tumbler Test).
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- (e) 1.1/ 2 ir, f,hatter Index of inAdustr’iall.cok'e Vs, plus
1-1/2 in, size as discharged from Bethlehemltester (average
ratio: 1. 123; coefficient of variation of ratioé} 3, 7%).

(d) 1/4 in, Tumbler Hardness of industrial coke Vs, 1 in,
- Jar Mill Sté.bility of Bethlehem coke(avérﬁge ratio: 1,135;
coefficient of variation of ratios: 4, 6%).

From the above it would appear that there is pr;)bably a
strong 1'elationshipvbetWeen the 1-1/2 in., Shatter Index of the
industrial goke and the 1 in, or 3/4 in, Jar Mill T‘umbl'er Stability ‘
and the quantity of plus 1-1/ 2 in, cokeasvdischarged' from the
Bethlehem tester., In addition, the 1/4 in. Tunibler Hardness of
the industrial cokes appears to be related to.t,l.lé 1 in, Jar Mil}

A Stabilit.y of the Bethlehem cokes,

Correlation between the 1 in, Tumbler Stability of the

indusgtrial cokés and ﬁhe 1 in, Jar Mill Stability of the Bethlehem

coke appears to be very poor,

Bethlehem Vs, 18 in, BM~AGA Test Coke Vs. Industrial Coke

Table XXVIII presents the correlation ratios of BM~AGA to
Bethlehem tester cokes for two quantitatively assessed physical
properties of the BM~AGA cokes which, as shown above, indicated

correlation with industrial cokes,




TABLE - XXVII

CORRELATION OF PHYSICAL PROPERTIES OF COKES INDICATIVE OF STRENGTH FROM BM-AGA AND BETHLEHEM
EXPANSION TESI(‘)EP]ES WITH INDUSTRIAL
COK

-5 -

Standard Coefficient
Ratios * Coal Coal Coal Average Deviation of Variation
A B C S %

1. Industrial: 1-1/2" Shatter Index =a 1,004 . 1.016 0.990 1.003 2.015 1.5
18" BM-AGA: 1-1/ 2" Shatter Index d

2. Industrial: 1-1/2" Shatfer Index =a 1.920 1.710 2,174 1.935 0.274 i4.2
18" BM-AGA: + 1" Tumbler Stability e

3, Industrial: + 1-1/2" Shatter Index =a 2. 146 1.816 R 2.324 2. 095 0. 300 14.3
13" BM-~AGA: + 1" Tumbler Stability g

4., Industrial: 1" Tumbler Stability =b 1.011 0.970 0. 600 0. 860 0,243 28.3
18" BM-AGA: 1" Tumbler Stability e

5. Industrial® 1" Tumbler Stability =b 1. 130 1.030 2,642 0.934 0.288 30.8
13" EM-AGA: 1" Tumbler Stability g

6. Industrial: l-1/2" Shatter =a 1.898 1.763 ‘ 3.624 2.428 1.099 45,3
Industrial: 1" Tumbler Stability b

7. 18" BM-AGA: 1-1/2'" Shatter =d 1.913 1,684 2.197 1.931 0.303 15.7
18" BM-AGA: 1" Tumbler Stability e

8. Industrial: 1-1/2' Shatter =a 1,462 1.410 1.452 1.44] 0.031 2.2
Bethlenem: 1'' Jar Mill Stability 1

9. Industrial: 1-1/2" Shatter =a 0. 977 0.986 0. 941 0. 968 0.9028 2.9
Bethlehem: 3/ 4" Jar Mill Stability ™

10. Industrial: 1'" Tumbler Stability =b 1.055 0.861 ' 0.946 0.957 0.120 12.5
Bethlehem: Plus 2 in. on Wharf ? )

11. Industrial: 1" Tumbler Stability =b 0.770 l 0.799 0.401 0.657 0.235 35.8
Bethlehem: 1" Jar Mill Stability 1

12, Industrial: 1-1/2'" Shatter Index =a 1.146 1.076 1.146 1.123 0. 041 3.7
Bethlehem: Plus 1-1/ 2" on Wharf T x

13. Industrial: 1/4" Tumbler Hardness =c 1.05¢ 1.031 1.028 1.038 0.015 1.4
18" BM-AGA: 1/ 4" Tumbler Hardness f

14, Industrial: 1/4" Tumbler Hardness = c 1.045 1.025 1.037 1.036 0.012 ' 1.2
13" BM-AGA: 1/4'" Tumbler Hardness h

15. Industrial: 1/4" Tumbler Hardness =c 1.131 1.093 1.181 1.135 0.052 1.6
Bethlenem: 1" Jar Mill Stability 1

% Symbols such as a etc. refer to the items in Table - XXVi. + Ag discharged from oven.

4
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TABLE - XXVIIT

CORRELATION RATIOS BETWEEN BM-AGA AND BETHLEHEM

TEST COKE
d f ~d
Ratios * 1 1 L ™
. Coal A 1,457 21,073 1,141
Coal B - 1.388 1.060 1.060
Coal C : 1.468 1.149 1,158
Average ' 1.438 1.094 - 1.119
Coefficient of . . o
Variation ....oveuvee % 3.3 4.8 - 5.2
* d = 18 in, BM-AGA:-  1-1/2 in. Shatter Index.
f = 18in, BM-AGA:- 1/ 4 in. Tumbler Hardness.
1 = Bethlehem:- 1 in Jar Mill Stability, '
k = Bethlehem:- Plus 1-1/ 2 in. coke as discharged from
oven. ‘

The relatively low c'oefficients of vjariaiv:ion of't.lr.xe raﬁos api:ear to
indicai:é bro‘bable correlations of the physical properties of the cokes from
- the two labofa’tofy tests.,

Table XXIX compares the average ratios and coefficients of.
variai;ion 6£ the above with sim.ilar‘ gorrelation 4.da,ta,- b.étween, the Iﬁ@ps,@rial‘

and Bethlehem Test bokes; o
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TABLE - XXIX

CORRELATION RATIOS BETWEEN BETHLEHEM AND INDUSTRIAL

COKE
e Ratios Coefficient of Variation
%o
1. d/1 1.438 3.3
a/l 1.441 2,2
2. f/1 1,094 4,8
c/1 1.135 4,6
3. d/k 1,119 5.2.
a/ k ‘ 1.123 3.7
* a = Industrial coke : 1-1/2 in, Shatter Index.
c = Industrial coke ; 1/4 in, Tumbler Hardness.

d, f, k, 1 -~ As in Table XXVIII.

The fact that the ratios of groups 1 and 3 (Table XXIX) are very
similar and the coefficients of variation of the ratios are relativelyAlow
and uniform appears to indicate that the 151/ 2 in. Shatter Indices of the

| 18 in. BM-AGA and industrial cokes are closely related to both thg 1 in.
Jar Mill Stability of the Bethlehem coke, and the quantity of plus 1-1/ 2 in,
Bethlehem coke as discharge& from the test oven.

A correlation between the 1 in, Tumbler Stability of the BM-AGA
and industrial cokes with the I in. Jar Mill Stability of the Bethlehem coke
does nqt appear to be as firm, although-some relationship is evident.

It should be cautioned that more data are required to establish the

above relationships before they can be applied with certainty.
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(ii) Correlation of Apparent Specific Gravities of the Cokes

Table XXX presents the ratios and '1.:he coefficients of variation
of the ratios between thé apparent specific gravities of the cokes made by
‘each of the laboratory tests and the industrial cokes (see Table XXVI for
average apparent specific gravity values),

. TABLE - XXX

RATIOS OF APPARENT SPECIFIC GRAVITIES OF INDUSTRIAL
TO BM-AGA AND BETHLEHEM TESTER COKES

. Ratios

Industrial Industrial Industrial -
18 in. BM-AGA 13 in. BM-AGA Bethlehem Test

Ccal A ~ 1,081 . 1.107 0.939

Coal B - 1,036 _ 1.062 0. 956
Coal C 1.150 1.150 0.979
Average 1.089 1.106 : 0,958
Standard Deviation § 0.067 - 10,052 0.024
Coefficient of ‘ ' \
Variation ...vev...% 6.2 ' 5,7 2.5

From the above data it would appear = that ‘the Bethlehem test
coke is in better correlation with the industrial coke than is that from the
BM~AGA testers, Although the Bethlehem test coke shows a higher
épparenf specific gravity than fhe industrial coke, .because of the higher

charge density, it follows the same trend as the latter.
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3, Laboratory Vs. Industrial Carbonization Yields

As some uncertainty existed concerning the results of the plant
yields, especially with regard to coke, comparisons between indusirial
and laboratory yields are very tentative,

The yields of carbonization products, on the dry and charged
basis, as determined by the BM~AGA and Sperr and Rose tests are
shown, in comparison with the industrial yield values, in Tables XXXI
and XXXII'respectively, Generally, the results indicated the followin;g:

(a) Coke Yields

The BM;-AGA and Sperr and Rose test coke yields for the

three coals checked very closely with the industrial yields,
(b)Y Gas Yields

The BM~AGA and Sperr and Rose gas yields for the three
coals showed some deviations from each other as well as from the
industrial yields, '

A better comparison would be the B, T. U, in the gas per
pound of coal, These are shown in Table XXXIII in comparison with

the volatile matter on the dry basis,



TABLE - XXXT~

COMPARISON OF YIELDS OF CARBONIZATION PRODUCTS - DRY COAL BASIS

. Yields : e
Weight % .~ . Per Ton of Coal Calorific
k : — i - H,S Value
— - o . . Ammonium >
Gas - “Tar . Light Oil  Sulphate Gr./100.Cu,Ft, ©°f Gas |
Coke . Cu.Ft. Imp.Gal. Imp.Gal. . Lbs.  of Gas BTU/ Cu. Ft.
Coal A
BM-AGA Test
18 in. retort. 75.6 10, 749 8.2 2.7 27.0 206 E&4
13 in. retort 75.5 10,599 8.5 2.8 26. 7 249 568
Sperr and Rose Test 74.8 10,428 5.8 2.4 3.2 297 - 546.
Industrial Test (1) - 10,475 5.8 2.9 ——— 270 518
' Coal B
BM-AGA Test
. . i
18 in. retort 73.6 10, 209. 10.1 2.9 25.7 . 266 535 o
13 in. retort . 73.2 10, 335 10.7 2.9 26.4 357 . 585 '
Sperr and Rose Test 73.7 - 10, 940 5.4 2.9 26.8 306 536
Industrial Test 74.9 . 11,769 6.9 2.7 19.0 250-310 . 535
Coal G
BM—AGA Test ) .
18 in. retort 70.3 . 10,867 12.7 3.9 24.6 777 503
13 in. retort - 69.6 10, 950 13.1 ~ - 24.2 870 605
Spér; and Rose Test 70.4 10, 736. 6.8 2.9 27.2 1012 560
Industrial Test = 69.4 - - 11,140 11.5 = 3.5 20.3 - -—-

(1) Only yield of Blast Furnace Coke given (See Table - XXXTI).




- TABLE - XXXII

COMPARISON OF YIELDS OF CARBONIZATION PRODUCTS -

BASIS OF CCAL AS CHARGED

Moisture Yields, Per Cent of Coal by Weight "Yields, Pzr Ton cf Cgoal HZS
in Coal Light Coke Gas Tar Light Ammonium|
% Gas Tar 0il (1) Cu.Ft. Imp.Gal il Sulphate |{Gr./ 1(0 Cu. Ft.
Imp.Gal. Lbs. of Gas
Coal A
BM-AGA Test
18 in. retort 7.0 13.7 4,6 2 70.3 9997 7.6 2.50 25.1 206
13 in. retort 7.0 13.9 4.8 .12 70,2 9857 7.9 2.58 24,8 249
Sperr and Rose Test 7.0 11.8 2.4 0. 97 69.5 97090 5.4 2.22 29.0 ‘297
Incdustrial Test 7.0 - - - 70.0 (2 9742 5.4 2,72 - 270
BM-AGA Test Coal B
18 in. retort 4.5 13.5 5.6 1.24 70.3 9750 9.6 2.76 24.5 266
13 in. retort 4.5 14.2 6.1 1.26 69.9 9870  10.2 2.80 25.2 | " 357 o
. w
Sperr and Rosz Test 4.5 11.9 2.3 1.23 70.4 10,448 5.2 2.72 25.6 306 !
Industrial Test 4.5 - - - 71.5 i1, 239 6.6 2.59 .18.1 250-310
Coal C
BM-AGA Test
;i in. re:orz .0 14.6 6.8 1.58 62.6. | 9672  11.3 3.50 21.9 777
in. retor 11.0 14.9 7.1 - 61.9 9746 11.7 - 21.5 870
Sperr and Rose Test 11.0 12.0 2.7 1.11 62.7 © 9555 6.0 2.54 24.2 1012
Industrial Test 11.0 - - - 61.8 9915 10.2 3.10 18.1 -

(1} In the case of the BM-AGA and Sperr and Rose Test the coke vield is calculated on basis of dry coke.
(2) Referred to as ' Blast Furnace Coke'" and therefore not total coke yield. The total yield would be about 4% higher.
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TABLE -~ XXXIIL

COMPARISON OF B, T.U. IN GAS/ LB, OF COAL TO
VOLATILE MATTER '

B, T.U. in Gas Per Lb, of Dry Coal Volatile
- Matter
BM-AGA. Sperr and Rose , (Dry Basis)
13in., | 18 in, Test -~ Industrial %
Coal A 3010 3042 2849 2713 ' 28,3 :
Coal B 3028 2986 2931 3148 31,6
Coal C 3312 3276 3007 - 36,9 ' "

. {¢) Tar Yiei&ls
In all cases the tar yields as obtained By the BM-AGA t'e‘st were
- higher than those given by the Sper'r and Rose teslt.‘ In the ca’seiof'thev
‘ .high volatile Coal C the BM~AGA ax;d indusgtrial tar yields checked ﬁére
closely, - The Sperr and Rose tar yields were, on the other hand, lower '
in most cases than the industrial yields, the difference increasing with
increase in volatile mattex of coal,. This has been noted previously,
(4) Lig‘ht Oii

The light oil yields of the laboratory tests showed reasonably
good agreement with the industrial yields, especially in"the case of the‘:‘
BM-AGA test., .

(e) Ammonium Sulphate’

The laboratory tests generally showed higher yields of ammonitum
‘sulphate than indicated by the industrial yields available, It should also

be noted that in all cases the Sperr and Rose test results Wefe higher than

those from the BM-AGA 1':esstu
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(f) General Remarks

From the data presented in this report it would appear that
neither of the laboratory tests seems capable of giving yields of all
products of carbonizatic;n comparable to that obtained industrially,
egspecially in view of the fact that vari.ations in plant operation will
often result in substantial changes in the yields of the various products,
For ordinary comparative purposes it would seern that, probably with
the exception of the tar yield, the Sperr and Rose test gives reasonably
good results, Because it is .a; test that is run with a very small amount
of coal on a laboratory bench for a relatively short period, it is pre~
ferable to larger scale tests for yield comparisons, However, where
it is desirable to study the quality of the products in addition to yields
there is no question as to the preference of a larg'e‘r scale test such ds

the BM~AGA retort,

4, Expansion Characteristics
The expansion characteristics of the coals as determined in
Bethlehem type sole~heated ovens, by both the U, S, Bureau of Mines
and-the Fuels Division, are shown in Table XVI,
The three coals showed no expansion, contracting to varying
degrees., Although the results of the tests by the two laboratories gave
reasonably reproducible results for Coal A, such was not the case with

Coal B, It is noteworthy that, although Coal B was higher in volatile
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matter than Coal A (Coal B - 31, 6%, Coal A « 28,3% V., M, dry

 basis), the former exhibited less contraction, especially in the case

of the Bureau of Mines test, The opposite effect was actually expected,
but the reason for the reveréal is not obvious, In alccordancie' with the
Bureau of Mines results, Coal B might be considered as a borde“rline- ' -
case with respect to possible expansion, However, even though the
Fuels Division results indicate Co,é.l B to be less coﬁtfacting than
Coal A there is no question as to the coal being non-expanding, Such
a result would appear to be more in a,cco'rda,nce"‘wit‘h what might be
expected,

Coal C ran true to form, It had the highest volatile mattér

content (36, 9%, dry basis) and exhibited the greatest contraction,
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