This document was produced
by scanning the original publication.

Ce document est le produit d'une
numeérisation par balayage
de la publication originale.



eburgoyn
Black


i et P ki b e AR 3R b iy a1,

Section
Section
Section
Section
Section

Section

II
I11
Iv

VI

i1
TABLE OF CONTENTS

Preface
Introduction

Coals Tested

Size of Coal Briquetted
Binders Employed
Briquetting Tests

‘Testing of the Quality of the Briquettes

Physical Tests
Chemical Tests
Caking Properties
Storage Properties
Tables-Data on Briquetting Tests
Discussion of Results
A. Most Suitable Coal Size for Briquetting
B. Effectiveness of Various Binders
1. Comparison of Petroleum Asphalt and
Wheat Flour
2. Comparison of Drumheller Coal when
Briquetted alone and in Blends with
Bituminous Coal Using Flour as a Binder
Comparison of Drumheller Coal when
Briquetted alone and in Blends with
Bituminous Coal Using Asphalt as a Binder
4, "Glutrin" as a Binder
5. Petroleum Asphalt & Starch as a Dual
Binder
6. Petroleum Asphalt & Starch as an
Emulsion Binder
C. The Weathering and Waterproof Character-
istics of the Briquettes
1. Waterproof Properties
2., Weathering or Storage Properties
D. Caking Properties of the Briquettes
E. Chemical and Physico-Chemical Quality of
the Briquettes
F. Smoke Producing Characteristics of the
Briquettes

W

29-30
30

30-32
32-34
35-37
37-43
By-47
47-48
48-49




i
|

iii
PREFACE

This report comprises the results of an investigation conducted
during the last two and one half years on the amenability to briquett-
ing of slack sizes of subbituminous coal from the Drumheller coal field
in Alberta. It 1s a revision of a report issued in April of this year,
designated as F.R.L. No. 66, advance copies of which were supplied to
colliery operators and officials of the Drumheller Coal Operators
Association.

It may well be considered a supvlement to a former Bureau of Mines
publication, viz., No. 775 entitled "Fuel Briguetting" by R.A. Strong,
E. Swartzman and E.J. Burrough. This publication, in addition to con-
taining a summary of the results of briguetting tests conducted at the
Fuel Research Laboratories up to 1937, was largely a review of the 1lit-
erature on the subject and included a comprehensive patent review as
wvell as an extensive reference list. ' This former report included tests
on both caking and non-caking bituminous and subbituminous coals and con-
cluded that the amenability to briguetting of such coal varying sone-
vhat in rank, had a direct relationship to the caking (or coking) prop-
erties, and that the blending of a caking coal with non-caking coals
was essential for the production of good briguettes from the latter.

Since the lower rank coals, including the non-caking bituminous
(and 1ignites), as mined and marketed slack readily on exposure to the
atmosphere with the resultant production of an excessive provortion of
fines, they present a problem in regard to finding some method of ben-
eficiation. Briquetting as a means of increasing the form value of the
slack back to that of stabilized lump sizes has been considered worthy
of continued study.

The investigation here reported was confined to determining the
briquetting properties of the raw coal, alone and in blends with caking
coal in a standard roll press operating at normal low pressure., The
Drumheller non-caking coals tested were not pretreated in any way ex-
cept for the reduction in moisture content taking place on air drying.
Tests were conducted to determine the comparative value of several bind-
ers, viz., petroleum asphalt, starch, concentrated sulphite liquor, and
different mixtures of asphalt and starch.

The results indicate that, although a strong briquette can be pro-
duced from Drumheller coal alore by using a dual starch and petroleum
asphalt binder, that will weather well and not produce excessive smoke,

a minimum of 20% of a good caking coal must be added in order to obtain

a product that will stand up in the fire. Such a briquette will be low-
er in moisture and higher in calorific value than the original Drumheller
coal, will stand up far better to weathering than lump sizes of the coal,
and should find a ready market in competition with other briquettes and
also with higher rank Alberta coals for domestic use.

R.E. Gilmore,
Chief, Division of Fuels.




INTRODUCTION

During the war years 1940-1945, due to abnormally increased
industrial activity, no difficulty was apparently ekperienced by
Canadlan collieries in disposing of all their coal, whatever it's
rank, grade or size. However prior to the war, under more or less
normal industrial conditions, the marketing of slack coéls,
especlally those of lower rank, became a problem of major importance,
and one that seriously affected tre cconomics of coal mining in view
of the lower sale price of the finer sizes in comparison to the
sized lump coals. It 1s anticipated that in the not too distant
post-war period when industrial activity generally becomes stab-
ilized to peace time economic conditions the disposition of slack
from the lower rank coals will again b=core a major problem and may
in fact be aggravated by the possibility of increased production
of fine sizes, because of both economic and competitive factors.

As the cost of production has risen during the war, and may
well continue to rise to some degree in the post-war period, the
necessity to reduce costs will lead to more extensive mechanical
mining and preparation, which unavoidably will result in increased
production of fines. In addition, competition with other fuels
such as oll and gas, especially in the domestic field, where the
increased demand for new types of semi or fully-automatic equip-
ment is anticipated, will in all probability necessitate the
supply of larger quantities of closely sized products of the
smaller sizes, a condition in prereration which will also result
in an increased production of finec because of the necessity to
crush the larger sizes. The above conditions can quite con-
ceivably result in such an excessive over production of fines

that slack coal will again have to be stored indefinitely at the

Pithead or discarded.
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This anticipated increased production of slack coal will, as
long as there 1s maintained a substantial differential in the
price of various sizes 1n favour of the larger sizes, necessitate
it's upgrading in form, and thus in price value, or place an ever
increasing load on the larger sizes. Among the various methods
usually considered for processing fine coal in order to produce
a lump fuel with an increased value, coking and briguetting
are still the most popular. However, 1n so far as the sub-
bituminous coals from the Drumhellyr field are concerned, coking
of the coal 1s out of the question because the coals do not even
agglomerate. Thus briguetting appears, at least for the present,
to offer the most 1lilkely solution to the problem. This report
presents the results of an extenslve lnvestigation, undertaken
by the Division of Fuels during 1945-46, on the briquetting of
Drumheller coals, conducted with a view to determining whether
a briquette with sultables handling, storing and burning prop-
erties could be produced “rom these coals alone or blended with

others of required quality without any preliminary treatment,

with exception of partiail drying.
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COALS TESTED

The coals from the Drumheller Alberta coalfield, used in
this investigation, came from various mines in the fileld, the
locations .of which are listed below:-

1. Coal A:-Sec. 9, Twp. 29, Range 20, West of the 4th Meridian,
near Drumheller.

2. Coal B:-Sec. 11, Twp. 29, Range 20, West of the 4th Meridian,
near Drumheller.

3. Coal C:-3ec. 15, Twp. 29, Range 20, West of the 4th Meridian,
near Drumheller.

4, Coal D:-Sec. 27, Twp. 29, Range 19, West of the 4th Meridian,
near Rosedale.

All the above coals, although mined in different parts of
the field, come from the same seam, namely No. 1 seam, and do
not vary to any appreciable degree elither in their physical
or chemical characteristics. Table I presents the data relavent
to the chemical and physico-chemical properties of the four
coals used in this study.

TABLE I.
CHEMICAL AND PHYSICO-CHEEMICAL PROPERTIES
OF THE DRUMHELLER COALS

(As received basis)
A B C D

Proximate Analysis-

Moisture-------- % 13.8 15.1 14.5 15.5

AShecmmmm e % 8.2 8.0 9.8 8.6

Volatile Matter-% 31.9 31.0 31.6 30.4

Fixed Carbon----% 46.1 45.9 4y .1 45.5
Sulphur---=c-cec=a-- % 0.3 0.6 0.4 0.6
Calorific Value-'

B.T.U. Ab. 10, 205 10, 245 9, 885 10, 030
Soft.Temp. of Asn-°F 2, 150 2,220 2,300 2, 260
Caking properties- N.A.* N.A.* - N.A.* N.A.*
RanKececccmmmc e Subbituminous B.

¥N.A.=Non-Agglomerate.
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Although further east, in the East Coulee district of the
Drumheller field, the coals are somewhat higher in moisture
and lower in calorific value, their physical characteristics
differ 1little from those in the Drumheller and Rosedale districts,
and in so far as their briquetting properties are concerned,
may be, for all practical purposes, considered similar, and thus
wvhat applies to the above listed coals in this regard, will
apply equally to all the Drumheller coals whether from the No. 1,
No. 5, or No. 2 (East Coulee) seams.

For blending purposes, 1in order to improve certain of the
characteristics of the briquettes, two medium volatile coking
coals, one from Alberta and the other from British Columbia,
and having widely different coking properties, were used. These
coals came from the following areas:-

1. Coal E:-Michel District, Crowsnest, B. C. area:-This was
a mixture of coals from two seams, namely, No. 3, and B.

2. Coal F:-Mountain Park Area, Luscar Basin; Twp. 47, Range
24, West of the 5th Meridian, near Luscar, Alberta.

The analyses of the above coals used in this investigation
are shwon in Table II below:-

TABLE II.
- CHEMICAL AND PHYSICO-CHEMICAL PROPERTIES

OF THE BITUMINOUS BLENDING COALS
{As received basis)

B ¥
Proximate Analysis-
Moisture------ m—————— % 1.1 1.8
Ash-w-cmcmmm e % 11.C 15.0
Volatile Matter—-—------ % 23.2 23.7
Fixed Carbon---------- % 4.7 59.5
Sulphur---=—-=—=cececaeea—- % 0.7 0.3
Calorific Value-B.T.U./1b. 13,675 12,690
Caking Properties-
a)By 950°C. button--- Good Good
b)Swelling Index----- 1, 100 121

c)Caking Index------- 48 25
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Commercially, 1in either case, a lower ash product could be
produced,.but for these tests, samples were prepafed from the
run-of-mine coal obtained for the Physical and Chemical Study of
the coals as mined. So long as the ash content was not excessive,
it was not considered to be a critical factor in studying the
briquetting properties of the coals.

" The chemical analyses of the various Drumheller and bit-
uminous coal blends used for the briquetting tests are shown in
Tables IJA and IIB. |

| TABLE ITA.

CHEMICAL ANALYSES OF BLLNDED COALS
~(As received bdblgzi

- 30% Drum-D (bp Drum-D 70% Drum-D
20% M.V.-E*  :5% M.V.-E*  30% M.V.-E¥

Proximate Anelysis-

Moisture-------- % 12.6 11.9 11.2
Ash--=ceomoana % 9.1 9.2 9.3
Volatile Matter-% 29,0 28.6 28.2
Fix=sd CaPuOh-—-—% 49.3 50.3 51.3
Sulphur----=------- % 0.6 0.6 0.6
Calorific Value-
B.T.U./1b. 10, 760 10, 940 11, 430

*M.V.=Medlium volatile bituninous.
TABLE IIB.

CHEMICAL ANALYSES OF BLENDED COALS
“(As received basis)

80% Drum-B 20% Drum-B 80% Drum-C
20% M.V.-E* 10% M.V.-E* 20% M.V, -F*

Proximate Anelysis-

Moisture-------- % 12.3 13. 12.0
Ash-cecccocanaoaa % 8.6 8.3 10.8
Volatile Matter-% 29.4 30.2 30.0
Fixed Carbon----% 49.7 47.8 4.2
Sulphupr---cceeeeoa- % 0.6 0.6 0.4
Calorific Value-
B.T.U./1b. 10, 930 10, 590 10, 445

*M.V.=Msdium volatile bituminous.
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SIZE OF COAL BRIQUETTZD

All the coal used in the briquetting tests was crushed in
a Ring Mill, which was a fairly high capacity, high speed,
laboratory ring mill,‘fitted with round-hole plate screens.,

In the first series of tests, one of the Drumnheller coals
wvas ground to different fineness to determins the most suitable
screen sizing for the preparation of a briguette with optimum
handling properties. The screen analyses of these crushed
samples are shown in Table III.

TABLE III.

SCREEN ANALYSES OF DRUMHELLER COAL

s e

7

Coal Drvaine L i=r={A
Crushed to Pass + in L% in.  1/10 in.
Screen Analysis®

PIus T mesh------ % 2.0 N0 0.0

10-% mesh-=-ewc-- % 6.4 0l 0.0

20-10 mesh------- % kl.2 VL4 0.8

35-20 mesh=-===-- % 26.4 30,0 14.5

48-35 mesh---=--- e 8.3 in.1 18.3

100-48 mesh--=nu-- 2 10.0 2.1 38.0
0-100 mesh-==-=- % 7.7 1553 _28.4

105.,0 20,0 100.0

Bulk Density-1b./cu.ft. 47.0 46,0 47.0

* Tyler standard sieves,
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In Table IV are shown the comparétive screen analyses of
the four Drumheller coals when crushed to pass a‘1/8 in. screen,
and as used in all subsequent tests. |
TABLE IV.

COMPARATIVE SCREEN ANALYSES OF THE VARIOUS DRUMHELLER COALS
CRUSHED TO PASS A 1/8 IN. SCREEN

Drumheller

Coal A D B C
Crushed to Pass 1/8 in,. 1/8 1in. 1/6 in. 1/6 in.
Screen Analysis*

Plus 4 mesh--% 0.0 0.0 0.0 0.0
10-4 mesh----% 0.1 0.1 1.7 1.3
20-10 mesh---% 15.4 15.4 24.9 17.6
35-20 mesh---% 34.0 33.1 31.6 32.8
48-35 mesh---% 15.1 15.2 13.6 4.4
100-48 mesh---% 20.1 20.4 15.2 19.3
0-100 mesh--% 15.3 15.8 13.0 14.6
100.0 100.0 100.0 100.0

Bulk Density- :

1b./cu.ft. 46.0 48.0 47.5 46.5

* Tyler standard screensc.

Table V presents the comparative screen analyses of the two
bituminous coals used for blending purposes, and crushed, as the
above,'to pass a 1/8 in. screen.

TABLE V.

COMPARATIVE SCREEN ANALYSES OF THE BITUMINOUS BLENDING COALS
CRUSHED TO PASS A 1/6 IN. SCREEN

Coal gituminou;
Crushed to pass 1/6 in. 1/8 in.

Screen Analysis¥* .
Plus T mesh--==--- % 0.0 0.0
10-4 mesh--=w-u--- % 0.3 0.8
20-10 mesh~---=--- % 10.4 13.6
35-20 mesh-=-==-~-- % 28.4 31.9
48-35 mesh---~=~-- % 17.9 16.8
100-48 mesh--=-=-=- % 22.7 18.2
0-100 mesh------- % 20.3 18.7
100.0 100.0
Bulk Density-1b./cu.ft. 48.0 . 49,0

* Tyler standard screens.
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III
BINDERS EMPLOYED

" Three commonly used binding materials wvere employed in
this investigation, namely, petroleum asphalt, starch (wheat
flour), and a sulphite liquor concentrate trade named "Glutrin'.

Petroleum Asphalt-The asphalt used was a standard product

produced by the Imperial 0il Co., Ltd., for the briquetting of
coal, and had a softening point of 145°F by the Ball-and-Ring

method. The analysis of a sample of this material was as

follows:-
Moisture-—-=-cecmcmeeee—o % 0.01
J1 ) ¢ P — % 0.17
Volatile Mattere-=—ecee--- % T3.22
Fixed Carbon----—-==ceew-- % 26.60
SUlphUr-----=ccc e me % 1.16
Calorific Value-B.T.U./1b. 17,685
Caking properties-—=-—---- Good

In comparison to the vegetable binders used, this material
yields fairly large volumes of dense smoke on burning. |

Starch-A second grade wheat flour was employed as the
starch binder. This type of flour, on the average, has the

following analysis:-

Moisture----=—=cmmemmmeea—— % 12.0
1 o P T % 0.4
Organic residue@-----=-c--=- % 87.6

Calorific Value-B.T.U./1b. 6, 370
"Glutrin"-This is a neutralized concentrate of sulphite
liquor uséd extensively in foundries for corevwork. The
organic matérials responsible for the binding characteristics
of the liquor consist mainly of lignin, carbohydrates (various
sugars), proteins, resin and fats, the dry residue containing
from 10-15% ash. The material used in this investigation had

the following approximate analysils:-

Moisture---=—-ccecemeameea= % 50.0
Ash-~-=-cmmmm e e e .0
Organic residug------=-=-- % 44,0

Calorific Value-B.T.U./1b. %, 500
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Starch-Asphalt Binder

For many of the tests petroleum asphalt and flour were
used as a dual Sinder. In some of the tests they were added
separately whereas in others a so-called emulsion was prepared.

The starchQasphalt emulsion was prepared by first making
a thick boiled paste of flour and vater and then mixing with
this, while stirring, the hot molten asphalt. A recommended
binder of this type contalning 13% sterch, %1% asphalt and 11%
wvater, as a percentage of the ccal, has been found to be a
satisfactory binder for many coals, resulting in the production of
a strong briguette, easily handled when fresh from the press,
and not requiring speciel drying. As this particular formula
was not found to be entirely satisfactory for the coals tested,
variations of it were investigated.

Where flour ond 7»=2troleum asphalt were added separately,
the preheated conl uwes first moistened with water, then the
flour added, snd the coal and flour mixed and heated until the

whole mas: vecane pasty. Then, and not until then, the asphalt

was added.
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THE BRIQUETTING TESTS

The brlquetting tests were conducted with the aid of more
or less standard laboratory equipment used for such processing.
The press consisted of a standard type, electrically operzted,
low capacity Komarek-Greaves rcil press; fitted with rolls, two
pockets in width, 20% inches in dizmeter, and 4-5/8 inches wide,
making 1-3/4 ounce, 2-inch square, plllcw-shaped briguettes.
The coal, ususlly in 50-pound batches, was heated, mixed and
treated with binders in a 75-pound capacity double-paddled,
steam jacketed, bread mixer,.and the hot mix was cooled to a
suiteble briquetting temperature by spreading it out on the
flcor.

In order to obtain the information required, a totel cf
forty-two tests ir duplicate were¢ conducted as follcws, to
determine: -

| (1)

MOST SUITABLE COAL SIZE FOR BRIQUETTING
AND VALUE OF PETROLEUM ASPHALT AS BITWDER_ WIQH "DRUMHELLER ALONE

T ] ) " Test No.
1. 100% Drum-(A): -3 in.--6% pet. asphait 1%
2. i : -+ in.--8% " . 12
3. " : a% in.-10% ! ! 14
4, " s -1/8 in.--6% " 7 & 11
5. " : -1/8 in.--8% ' " 8
6. i s -1/8 in.-10% ' " 9 & 23
7- " . "IAV,/"@ in. -;.C/é ! 10
8. " : -1/16 in.--8% " " 15
9. " : -1/16 in.-10% " " 17

10. " : -1/16 in.-i2% " v 21
(11)

VALUE OF FLOUR AS BINDER WITH DRUMHELLER COAI. ALONE
11. 100% Drum-(D): -1/8 in.--5% flour 35
12. : -1/8 in.--6% 3l
13. " : -1/8 in.--7% " 33
14. 100% Drum-(C): -1/8 in.--7% " 63

(111)

VALUE OF FLOUR AS BINDER USING BLEND OF DRUMHELLER
WITH BITUMINOUS COAL -

15. 80% Drum—(D) 20% M.V.-E: -1/8 in.- % flour 29
16. ) -1/8 in -6 r 28

1 1 "
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(IV)
VALUE OF GLUTRIN AS BINDER USING BLEND OF DRUMHELLER
. WITH BITUMINOUS COAL

Test No.
18. 80% Drum-(B), 20% M.V.-E:-1/8 in.--12% Glutrin 36
(6% Solids)

19 " ) " :-1/8 in.--16% Glutrin 37
(8% solids)
20. " ’ " :-1/8 in.--20% Glutrin 38

(10% Solids)

(V)
EFFECT OF VARYING QUANTITY OF BITUMINOUS COAL IN BLEND

21. 80% Drum-(D), 20% M.V.-E:-1/8 in.-8% pet.asphalt 30

22. T5% " , 25% M.V.-E:-1/8 in.-8% 31
23. 70% " , 30% " :-1/8 in.=8% " " 32
(V1)

VALUE OF FLOUR-ASPHALT BINDER, UNMIXED AND AS EMULSION,
WITH DRUMHELLER COAL ALONE

oh, 100% Drum-(B) -1/8 1n --4% flour, 2% asphalt 43
(unmixed) |
25. " :-1/8 in.--3% flour, 3% asphalt 57
. (emulsion)
(VII)
VALUE OF FLOUR-ASPHALT BINDER, UNMIXED, WITH A BLEND OF
— DRUMHELLER AND BITUMINOUS COAL

26. 80% Drum-(B),20% M.V.-E:-1/8 in.-3% flour,e% asphalt 4o
eg. % : ) " .-1/8 in.-3% ) 4% 50
2 -

, ) :=1/8 in.-4% " ,1% " 39

29, » ) " :-1/8 in.-5% " ,1% " 41

20, S , " :=1/8 in.-5% " ,2% " 42

31, " , v :-1/8 {n.-2% " ,6% " 56

32. 80% Drum-(B),20% M.V.-F:-1/8 in.-2% " ,6% " 58
(VIII)

EFFECT OF VARYING QUANTITY OF BITUMINOUS COAL IN BLEND
== WEVUSING THE FLOUR-ASPEALT BINDER, URMIXED

2

80% Drum-(B), 20% M.V. -E:-1/8 in,-4% flour,e% asphalt QA
3 5% e ( ),15§ " 321/8 in.-4% E

0 "ol " ;178 in,-4% " ,2% "5
. 852 " ’ sé " :-1/8 in.-4% " ,2% " 4y
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(IX)

VALUE OF FLOUR-ASPHALT BINDER, AS EMULSION, WITH A BLEND OF

DRUMHELLER AND BITUMINOUS COAL

37. 80% Drum-(B),20% M.V.-E:-1/8 in.-1%% flour, 33%asphalt’
. ; ", 35%asphalt
=7 1

38. R :-1/8 in.- 2%

39. r , "o:-1/8 in.-2%% v, 34
40. " s ¥ :-1/8 in.- 3% ", 2%
41. v »20% M.V.-F:-1/8 in.- 3% " , 3%
4y2. 90% " ,10% M.V.-E:-1/8 in.- 4% " , 1%

"
"

Test No.

wturut
=W r\)‘

55
51

\

The results of these tests gliving such details as the

condition of the mix prior to briquetting, and performance

during briquetting, are presented in Tables VI to XII inclusive.
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"ESTING OF THE QUALITY OF THE BRIQUETTES

After thorough cooling and seasoning, the briquettes
from each test were subjected to various physical and chemical
tests for comparative purposes.

Physical Tests

(a) Bulk Density:-The density in bulk or weight per cubie

foot was determined.

(b) Compressive Strength:-Resistance to compression was

determined by means of the Komarek-Greaves tester. This
instrument consists of a calibrated spring attached to a
threaded plunger by means of which the briquette is compressed
between two flat surfaces. The compression of the spring is
indicated on a pointer gauée marked in pcunds, and experience
has shown that commercial briquettes which break at less than

- 130 pounds are not sufficiently strong to withstand normal hand-
ling.

(c) Resistance to Handling:-This is detcrmined on small

quantities of briquettes by means of the F. R. L. Tumbler

Test(l). This test, designed to determine the relative stab-
ility to shattering, as well as the abradability, of briquettes,

consists of tumbling, in a laboratory ball mill jar fitted with

iron frames upon which are 1% in. projecting strips, 1000 grams
of briquettes for one-half hour at 40 r. p. m. The shattered
and abraded briquettes are then screened, the material retained

on a l-inch screen, calculated as a percentage, indicating the

(I) This 1s 2 modification of the A. 5. T. M. tentative standard '
test Designation D441-37T-"Method of Tumbler Test for Coal'.
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stability or resistance to shatter, and the material passing a
10 mesh screen, calculated as a percentage, indicating thes degree
to which the briquettes abrade. Previous experience has in-
dicated that the results of this test appear to agree quite well
with the results of larger standard tests, inasmuch as the
material over 1l-inch in size from this test compares favourably
with the 14 inch shatter index determined by the method used for
testing coke,(g) and the quantity of material passing the 10 mesh
screen approximates to the sum of the breakage in the shatter
test (i.e. material through % inch), and the dust due to abrasion
as determined by the Sheffield Abrasion Test.(a)

(d) Resistance to Water Immersion:-The waterproof character-

istics of briquettes may bz indicated by their resistance to
wetting on immersion in water. For these tests, 1000 grams of
briquettes were immersed in ordinary tap water at room temp-

erature for one hour, and then weighed to determine absorption.

Chemical Tests
The briquettes were tested for their proximate composition,
that is, for their moisture, ash, volatile matter and fixed

carbon contents. The sulphur contents and calorific values were

calculated from the analyses of the coals and binders in the

mixtures.

A1l the above data with regard to the physical and chemical
properties of the briquettes are given in Tables VI to XII

inclusive.

(2) "Drop Shatter Test for Coke"-A.S.T.M. Standard Designation
D141-2%,

(3) Sheffield Abrasion Test-Developed for coke testing by the
Midland Coke Research Committee and described in the publication
"The Qualitiy of Coke", the Second Report of the Committee-1939-

by R. A. Mott & R. V. Wheeler.

e D P v vy r T

A o -+~ e
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Caking Properties

Because briquettes are prepared from fine partlcles of coal,
it 1s important’ that they be of such a nature that they do not
fall apart readily, and collapse on burnlng, otherwise burning
conditions will be poor, and loss of combustible in the refuse
will be excessive. Retention of the strength and”form of a
briquette during burning is dependent, either on the binding
together of the particles as a result of the inherent caking
properties of the coal itseif, or of the binder.

To determine the comparative caking properties of the
briquettes, single briquettes were burned in an electric muffle
at about 1T40°F. in a stream of air until the volatile metter
was completely driven off. The carbonized residues of the bri-
qQuettes were then visually examined for their retention of form,
shrinkage, and development.of fractures. In addition, in order
to obtain & numerical value forvcomparative purposes, the
compressive strength of each of the caked residues was deter-
mined by compressing the carbonized product between two flat,
one square inch surfaces, the apparatus operating on the lever
principle with the fulcrum between the weight and the resist-
ing briquette. All these tests were conducted in duplicate,
and the results are presented in Table XVI. olates IIT and IV
show photographically the various residues in comparison to the
raw briquette.

Storage Properties

A briquette to be commercielly successful, and compete with
high grade fuels, must be cf such & quality that it can be
stored in the open under varying weather conditions without

deteriorating to any great degree in physical quality. With

subbituminous coals, such &s those dealt with ir this study
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this attribute of good stoy=ge quality, 1= of added importance,
bécause the éoal itself, exveclally in the smaller sizes,
weathers readily, breakir down to a pulp of fine material.

Small scaie outdoor stdrage tests were thus conducted on
eleven different samples of briquettes. Twénty-pound quantities
of each type of briquette were placed in small conical piles on
a 4-inch square mesh screen supported on tubs. They were allcved
to be exposed to the weather, on the roof of a one story build-
ing, for a period cf from 95 to 1C2 days between June 11 and
September 20, 1S46. The weather record during this period is
shown in Table XIII.

iDuring the storege period'ob:ervations, at various intervals,

wvere made as to the ccondition of the briquettes, thus giving 2o

i
| §
|
|

A

rrogressive history of Lhe storage of each of the briguestte

samples. This record is shown in Table XIV. Plates I & -I are

rhotographs of the storage test sauples, taken at the begirning
and at the ccnclusiocn of the test reriod, and serve to indicate
the degree of deterioraticn of the various samples.

In order to determine numericnlly the effect of the
storage con the thysical guality of the briquettes, they wers
tested, at the end of Lile storege period, for thelr resistance

to hahdling by the ¥. R L. Tumbler Test, and comrared to the

quality of the same br cuottes befors wtorzge. The results of

these tests are given 1a T:ble XV,
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TABLE VI

Details of Briquetting Tests

Test No. 13 12 14 7&11 3 9&23 10

Coal or Elend 1002 Dru eller
Size of Coal =1/4% -1/4" -1/4% -1/8" -1/8" ~1/8% -1/8%

6% pet. 8% pot. 10% pet. 6% pet. 8% pet. 107 pet. 129 pet.

Binder
asrhalt  asghalt asphalt asphalt asphalt asphalt . asphalt

Condition of Mix

(a) water addod. . ... iiie it e ﬂ 0.0 0.0 0.0 0.0 0.0 .0 0.0
(b) Temp. of proheated coal......... Deg. C. 112 115 11C 115 118 112 115
(c) Temp. of mixture........... e Deg. C. 122 125 120 125 130 127 130
(d) Temp. of mix to press........... Deg. C. 92 90 317 92 88 85 88
Performance during Briguetting y ‘ ,
(8) Sticking in Tolls. .. oor vennnee.. et Nil Nil Nil Nil il Nil serious(®)
(b) Compression....eeiiieriiveennareenenns : Fair Fair Fair Fair Fairly good Good Fair
(c) Condition leaving press............... : weak rair Fairly Good Fair  Fairly good Good Weak
Quality of Briquettes
Physical properties
(a) Bulk density.......coovvnvnnn.. 1b./cu.ft. 34.8 34.8 34.5 33.8 36.8 41.0 36.8
(b) Resistance to hardling (T unbler Test) '
1. Otebility (plus 1 in.)......... yA 16.8 39.8 65.7 25.1 31.5 91.1 82.9
2. Asbradability (-10 mesh)........ % 67.6 54.6 32.1 67.3 18.5 8.9 16.8
(c) Resistance to water immersiom........: Good Good Good Good Good Good Good
1. Watcr Lagorbed. . v ove i vnnernnennnnnas yA 1.8 1.6 1.5 1.9 1.7 1.8 1.5
(d) Comprossive strength (b)............. : 25 50 80 25 60 100 70
Chemical properties .
Proximate analysis -
Moisture....... et i e, yA 9.8 1c.4 10.6 11.5 10.5 11.7 9.7
Ash........ et e r e, RN 4 8.8 9.2 8.7 8.4 9.6 9.2 10.2
Voletile matter............ e yA 32.6 31.8 33.1 32.7 31.8 32.0 31.8
Fixed carbon....oovvunviirineneraennas A 48.8 48.6 47.6 47.4 48.1 47.1 48.3
SULPRUL e « v e vt v et z 0.3(#) 0.3(#) 0. 3(%) 0. 3(j) 0.3(#) 0.3(#) 0. 3(#)
Calorific value....... e B.T.U./1b.: 11 100(%) 11,175(#) 11,295(#) 10,890 (#)11,170(;#) 11,130(#) 11,530(#)
Coking properties....cceeeuveirencnnnnneast A(c) A(c) A(c) Ac) A(c) A(c) A(c)

"Lt




TABLE VII
petails of Briqueiting Tests

34 33

Test No._ 15 . L1 21 35 63(d)
 Coal 6 Blend 1004 Drumheller A 100% Drumheller D Drum..C,
§iz$ of Coal =1/6" -1/16" -1/16" -1/8" -]/6" -1/0" -1/0"
Binder 8% pet. 107 pet. 127 pet. . . ) ;
agphalt  asphalt asphalt 5% flour 64 flour 74 flour 7% flour
Condition of Mix - -
(a) Water added..ceeececsvernncnnnss A 0.0 0.0 0.0 16.0 16,0 16.0 16.0
(b) Temp; of preheated cozl.........Deg. C. 112 115 115 115 118 115 118
{(c) Temp. of mixtureesiceeceo... cese.Deg. C. 130 125 128 110 110 100 105
(d) Temp. of mix to press...........Deg. C. 87 90 88 90 90 90 90
" Performance during Briguetting '
(a) Sticking in rollsec.cecceccocees sesooel Nil Nil Nil Nil Nil Nil Nil
(b) Compressione.ceccesscerascsccnssons coel Fair Fair Fair Good Good Good Good
(c) Condition leaving pPress...ccsoocoeccooel Weak Fair Fair Good Good Good Good
Quality of Briquettes- oo
Physical properties .
(&) Bulk density.-csceeeeneen. ..1b/cu. ft. 32.5 33.0 33.5 38.8 37.3 39.3 42.0
(b) Resistance to handling (Tumbler Test) : _
1. Stability(plus 1 in.)...... RN, 4 18.0 53.5 59.5 90.0 88.4 91.1 97.3
2. Abradability (=10 mesh}....c... yA 68.8 43.9 37.8 8.9 11.5 8.8 2.4
(¢) Resistance to water immersion......... Good Good Good Very poor(g Very poor(E)Poor(g Poor(g)
1. Water absorbed.ccocecoeccscocne y A 1.6 1.8 1.4 28.8 35.0 29.1 40.1
(d) Compressive .strength (b)............,: 55 70 70 130 135 138 145
Chemical properties
Proximate analysis '
MOiStUrBeoocsoosooascnccccecssonnnos R A 11.5 10.8 9.9 15.6 14.9 10.8 16.3
Ash ..c.oos cossecosesmsecoessansan cosennn 9 9.1 9.5 8.7 9.6 7.8 g.; 38.§
Volatile . maitOrececarucacnscnensnnes coosls 31.8 32.1 32.5 32.2 33.9 32.5 4.3
Sulphur........ Y 0.3(#)  0.3(H  0.3(#) 0.6(#)  0.6(;} 0.6 (#) 0.4(#)
Calorific value...... Ceeeeon oo BJToU./1b..  11,040(#) 11,245(#) 11,500(#) 9,745(#) 9,985(#) 10,385(#) 9,580(#)
Coking properties....ececeevecens. A(c) A(c) A(c) N.A.(e) V.W.A.(f) V.W.A(F) VWA (f)

agt -
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1ABLE VIII

vetails of Briquetting Tests

Test No. 29 28 217 36 37 38
Coal or Blend 80% Drumheller, 20% M.V.B.-E 80% Drumheller, 20% M.V.B.=E
Size of Coal -1/8" -1/8" -1/8" -1/8" -1/8" -1/8"

5% flour 6% flour 7% flour 12% glutrin 16% glutrin  20% glutrin

Binder (6% solids) (8% solids) . (10% solids)
ondition of Mix . . 4
(a) Water added.......vcvivninnennnnenns yA 16.0 16.0 16.0 Nil Nil Nil
(b) Temp. of prcheoated coal......... Deg. C. 118 - 115 120 , not prehecated
{¢) Toemp. of mixture...... e Deg. C. 105 110 105 90 90 90
(d) Temp. of mix to press........... Deg. C. ‘ 90 88 88 60 70 80
Performance during Briqueiting ‘
(a) sticking in rolls........coiiviioncanes : None + Ione iNone None None Some sticking
(b) Compression...... R Good Good Good Fair Fair Good
{c) Condition leecving pross......... teseaal Good Good Good Fair Fair Fairly good
Quality of Briqueottes
Physical properties
(a) Bulk Density.............. 1b./cu. ft. 42.3 41.0 42.8 36.0 38.5 39.0
(b) Resistance to handling (Tumbler Test) ‘
1. Stability (plus 1 in.)eceo....% 95.2 95.8 96.7 47.5 79.8 90.0
2. Abradability (=10 mesh)s...... % 4.8 4.2 3.3 47.4 19.3 9.7
{(c) Resistance to water immersion....... : Poor(g) Poor(g) Poor(g) Very poor Very poor  Very poor
1. wator absorbed................ % 16.2 14.3 16.7 3/4 disinte- 1/2 disinte- 1/4 disinte-
grated grated grated
(d) compressive strength (), ... 267 290 330 30 112 180
chemical properties : .
Proximate Analysis
Moisture............ e A 13.7 12.2 11.8 11.0 1.1 11.4
X )« YO % 13. 12.6 13.4 8.1 7.9 ‘8.0
volatile mattore...c.vovvuiineninenerannn 4 30.1 30.2 311 33.6 33.1 33.1
Fixed carbon....... Ceseen et aaas % 43.2 45.0 43.7 47.3 47.9 47.5
SUlphUr.. ..o vivivannns. P cheneeaes % 0.6(?) 0.6(#) 0.6(#) —=-- ———- -
galorific value.,.......vvvuveunne B.T.U./1b. 9,890(#) 10,095(#) 10,005(#) 10,930(#) 10,860(#)  10,725(#)

¢Coking properties.......... et coraed VoW.A(f) VW.A.(f) V.W.A(L) w.A.(h) Ww.A.(h) Ww.A.(h).




TABLE IX

Details of Briquetting Tests

Test No. - 30 31 32 43 57
0% Drumn. % Drum. ‘ .
Coal or Blend ZQ%%M.V.B.-E 2;5 M. V.B.=E égg%m?z?ﬁ.-E 100% vrumheller=-B
Size of Coal -1/8% -1/8" -1/8w -1/0" -1/3%
0% pet. as- 0% pet. as- 87 pet. as- 4f flour,2% 3% £lour, 3%
Bindor phalt phalt phalt pet. asphalt pet.asphalt
) ‘ : . emulsion
condition of wniix -
(&) water added........oiviiiiuninnn, A C.0 0.0 0.0 18.0 16.0
(b) Temp. of preheated coal......... .Deg. C. 1138 114 117 115 150
(c) Temp. of mixture................ .Deg. C. 113 118 117 110 120
(d) Temp. of mix to press............ beg. G. 85 87 90 95 120
Ferformance during Briquetting
(a) Sticking in rolls........ P None Nil Nil Nil Nil
(b) Coupression..........uv... e ¢ Fairly good Fairly good Fairly good Fairly good Fairly good
(c) Condition leaving press........... cevea? w " “ " " " " " v "

Qaulity of Briquettas
Physical properties

{a) Bulk Density........ ceereies .1b/cu.ft.

(b) Resistance to Handling (Tumbler Test)
1, Stability (plus X in.)...... N A
2. Abrodability (=10 mesh)...... %

(c¢) Resistance to water immersion........ :
1. Water absorbede......evveenn.n %

(d) compressive strength (b)ececerveuaness

Chemical propserties
Proximate analysis

pMoisturee.......... Cherenirees N 4
T %
Volatile mattor........ Cereeeeaeaes N
Fixed carboh. ... ..covvviiviurninioannonnss A
SULPhUP. . s ovenses it iocroncsesssoncanas %
Calorific valuG...eeeuvueneeenennn B.T.U./1b..
Coking properties...............eunn coesans :

-~ P~
P e

°
°
L]
o

o

0.6(#)
11, 505(#)
S.A.(1)

39.0

69.2
29.0
Good
103
220

.

l
3
1
8

v -
D - O

.

0.6(#)
11,610(#)

S.A.(1)

39.0

72.1

27.8

Good
150
26

DL
N M ~3
Or=~3IN

0.6(#)
12,010(#)

S.A.(1)

37.5 39.3
81.5 87.5
18.2 12.5
Good Good
2.1 2.7
60 90
1207 13‘8
10.0 10.0
33.4 29.4
43.9 46.8
0.6(#) 0.6(#)
10, 304(#) 10, 265(#)
eAo(h) W.A.(h)

ny
(@]




TABLE X

Details of Briquetting Tests

Test No. 40 50 39 41 42 56 58
; - 80% Drum.
Coal or Blend 80% Drumheller, 20% M.V.B.-E 209, ﬁ:V.B.-F
Size of Coal -1/8" -1/8" =1/5" -1/8" -1/8% -1/8" -1/8"
3% flour 3% flour 4% flour 5% flour 5% flour 2% flour 2% flour
Binder 27 as- 47 as- 1% as- 1% as- 2%, as- 6% as=' 6% as-~
phalt phalt phalt phalt phalt phalt ~ phalt
Condition of Mi:
(a) wator added..... Ceerier et % 16.0 16.0 16.0 16.0 16.0 16.0 16.0
(b) Temp. of prehoated coal.........Deg. C 120 120 115 120 120 120 120
(c) Temp. of mixture................ Deg. C. 110 105 100 110 110 120 130
(d) Temp. of mix to press........... Deg. C. 90 85 80 90 90 90 110
Performance during briqueiting
(&) Sticking in rolls....cc.vvvevivens ceonal Nil Nil Nil Nil Nil Nil Nil
(b) Compression.......evven.. Ceereena e : Fair Fair Fair Feir Good Good Good
(¢) Condition leaving press............... : weak Fair Fair Fair Good Good Good
guality of Briquettes
Physical properties ) : ‘
(a) Bulk density............... 1b./cu.ft. 37.3 39.5 3.3 39.3 39.0 42.0 42.0
(b) Resistance to handling(Tumbler Test)
1. Stability (plus 1 in.)ee...ee 40.4 86.6 72.4 85.9 95.3 90.8 94.6
2. Abradebility (-10 mesh).......% 53.3 13.3 26.4 12.1 4.6 9.2 5.4
(¢) Resistance to immersion.............: Good Good Good Good Good Good Good
1. Water absorbed........eoeuiuns yA 2.0 1.9 2.0 2.0 1.8 1.2 1.2
(d) Compressive strength (b)............ : 20 145 55 190 362 208 220
Chemical Propertios .
Proximate analysis o
lioisture....... et 4  10.4 10.7 10.9 10.7 11.6 11.8 12.2
ASh.vieiuiieinnninonns Cieireeariaieeaaas 4 9.8 11.1 6.8 8.5 8.8 11.9 10.7
Volatileo mattor....... ..o yA 31.9 . 31.6 32.8 33.6 32.0 3l.1 32.3
Fixed cAPbON..evr v rerreenrronnnsenss yA 47.9 46.6 49.5 47.2 47.6 45.2 44.8
Sulphur........... ceeneans et yA 0.6(#) 0.6(# 0.6(#) 0.6(#) 0.6(;#) 0.6(#) 0.4(#)
Calorific value........... ceias B.T.U./1b.. 11,030(#) 10,950(#) 11,235(# 10,990(#) 10,900(#) 10,890(#)  10,800(])
Coking properties......ccvevveirnccnen cest W.A.(h) A(c) Woho(h) W.A.(h) w.A.(h) A(c) A(c)




TABLE XI

Petails of Briyueiting Tests

Test No. . 59A 46 45 44
807 Drum. 85% Drums ~ 90% Drun. 95% Drum.
Goal or Blend 204 M.V.B.~E  15% M.V.B.-E JQ}ZM.V.B.-E 59 g.v.s.-m
Size of Coal -1/8% -Iﬁ" -1/8" -1/8"
Binder 47, flour 4% flour 4% flour 4% flour
e — 2% asphalt 2,° asphalt 2% asphalt 2% aspl.alt
Condition o X
(a) Water added.............convunnnennnn. 4 16.0 16.0 16.0 16.0
(b)Temp. of preheoated coal........ ..Deg. C. 120 120 120 120
(¢)Tomp. of mixture................. Deg. C. 110 110 110 112
(d)Temp. of mix to press............ Deg. C. 90 100 70 950
Performance during Briquetting
(a) Sticking in rolls...oceveeviunennenen.t Nil Nil Nil Nil
(b) Compression.......... crecaeaae e : Good Fair Fair Fair
(c) Condition leaving press.......... N Good Good Fair Fair to poor
Quality of Briquettes '
Physical propertics -
(a) Bulk density.............. 1b./cu.ft.. 39.5 39.0 38.3 37.0
(b) Pesistance to handling {Tumbler Test)
1. Stability (plus 1 in.)........... y 91.0 87.8 71.1 59.7
2. Abradability (=10 mesh).......... yA 9.0 12.2 22.6 40.0
(c) Resistance to immersion............. : Good Good Good Good
1. Water absorbed........covvvnnn.. % 2.3 2.5 2.3 2.9
(d) Compressive strength (b)............ : 150 120 90 27
Chemical properties
Proximate analysis
BOEBEUTG. ae v ereneeenenenennnaerannn, % 11.0 11.8 1.8 12.8
A8 e e, 1 8.9 8.8 8.8 11.7
volatile matter.........coviinivnnnn N4 32.4 32.5 33.4 32.7
Fixed caArbon. . oot rnreenrnnnnnnnns % 47.17 46.9 46.0 42.8
SULPhUL. c vt v et et yA 0.6(#) 0.6(#) 0.6(#) 0.6(#)
Galorific valuo..,.............. B.T.U,/1b.. 11,075(#) 10, T40(#)
Coking properties................. e : W.A.(h) W.A.(h) W.A.(h) W.A.(h)




TABLT XIT

Details of Briquetting Tests

Test No. 52 53 54 55 59 51
o g 1 o 80% Drun., 90% Drum.

Coal or Blend 807 Drum%fller, 20% }M.V.B.-E 20% HV.B.-F 10 é.V.B.-E
Size of Coal 14/8“ -1/8" -1/8" -1/8" -1/8" -1/8"

14p flour 2% flour 24% flour 3% flour 3% flour 4% flour
Binder 3% as- 3% as- 3% as- 3% as- 3% as- . 1% as-

phalt ex-  phalt em- phalt em- phalt om- phalt em- phalt em-

ulsion ulsion ulsion ulsion _ulsion ulsion

Condition of HMix.

(&) Water BAdet. ... .eueraeneerenenrnrnnns % 11.3(§) 18.0(3)  18.0(j) 16.0(§) 16.0(j) 18.0(j)
(b) Temp. of preheoated coal......... Deg. C. 130 140 150 150 150 140
(¢) Temp. of mixture................ Deg. C. 120 130 120 130 150 130
(d) Temp. of mix to press...........Deg. C. 90 99 90 95 100 95
Performance during briquetting - .
(&) Sticking in rolls...........cuun. R Nil(k) Ni1(1) Nil Nil Nil Some
(b) Conmpression...... Certeaentaseesenennneel Poor Fair Fair Good Good Fair to poor
(¢) Condition leaving press..... crreaeane ol Poor Fair Good Good Good Poor
Quality of Briguottos
Physical properties
(a) Bulk donsity.............. 1b./cu.ft.. 37.0 41.0 43.0 40.3 40.3 38.0
(b) Resistance to handling (Tumbler Test) ' o
1. Stability (plus 1 in.)........% 4.8 76.8 84.2 91.0 95.8 54.6
2. Lbradability (-10 mesh)....... A 75.3 23.2 15.8 9.0 4.2 42.6
(c) Resistance to immersion............. : Good Good Good Good Good Good
1. Water absorbed..........c...... yA 1.5 1.5 1.8 "~ 2.0 1.5 2.2
(d) Compressive strength (b)........... .t 20 65 77 93 205 - 40
Cherical properties
Proximate analysis
LIOE St Ur® e e v v v e et inreeennannnesaannns A 9.2 9.1 9.7 10.3 -12.0 10.0
= 7 WA e yA 9.7 9.7 11.8 12.5 10.1 10.3
Volatile matter.......covvvvveniunnnnnn, % 31.6 30.7 31.6 30.4 - 30.8 , 32.5
Fixed carbon. .. .covvviienereenenenenonns 4 49.5 50.5 46.9 46.8_' 47.1 46.3
Sulphur....... e % 0.6(j) 0.6(#) 0.6(#) 0.6(#) 0.4(#) o, 0. g%
Calorific valuo..........ccoeonss: B.T.UL/Ib.  11,360(4) 11,350(#) 10,940(#) 10,750(#)  10,630(#) 10,5954
h)  W.A.(h) W.A.(h) WoA.(
W.A.(h) W.A.(h) W.A.(h)

Coking propertios..........c..vemevrrevnes
N
Lo
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(a)
(b)
(c)
(d)

(e)
(f)
(g)
(h)
(1)
(3
(k)
(1)
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Glossary of References for Tables VI to XII

- Calculdted

- Too much binder, mix held up in hopper and very sticky
- By Komarek-Greaves Tester

- Agglomerate

- This test is a duplicate of Test #33, using a coal from a different
mine in the Drumheller area.

- Non-agglomerate

- Very weak agglomerate

= Briquettes swelled but did not disintegrate
- Weak agglomerate

- Strong agglomerate

- Water used for making flour paste

- Mix rather dry and crumbly

- Mix not as dry and crumbly as in test j#52.




DISCUSSION OF RESULTS

Sultable briquettes for the domestic markef, irrespective
of the base golid fuel from which they are prepared, should
have qualities epproximating the follcwing:-

1. They should be strong enough to withstand normal hand-

2. They should have a high density.

3. They should not deteriorate in quality or form during
storage.

4. They should not disintegrate and should produce very
little more'and preferably less smolke during burning.

5. They should, as a minimum requirement, retain all the
desirable chemical and physical rroperties of the raw coal
front which they are made,” but preferably should exhibit
improved quality especially when made frcm low rank coals.

In orcer to determine the conditicns under which a
product with the above charactcristics could be produced, wvith
non-coking Drumheller coal as a base, 1t was necessary to carry
the investigetion through several phases, in which the 1influence
of various controlling factors, such as particle size of coal,
type of binder, and effect of blending with bituminous coking
coals, were studied. 1In all this work it was attempted to
demonstrate whether, and in which wey, suitable briquettes could
be made from the raw coal without the necessity of drying to
& low moisture content.

A, Most Suitable Coal Size for Briguetting

A sample of Drumheller coal was crushed in & ring mill

1 .
to three different sizes, namely to pass & % inch, a 1/8 inch,
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and a 1/16 inch round-hole screen. These samples, ths scraen
anelyses of which are shown in Table IIT and in Figure I, wvere
employed In a gseries cf tests using petroleum &asphalt as the
binder to determine the degree of crushing required to yield

Y

briguettes with the optimum characteristics in so far as resist-

ance tc handling is concerred.

The table velow compares the three zizes with regard to the
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of Tyler szcrzen which would give a 504 cult in each cacse.

Figure _I)
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It is of interest to rnote that the
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crushsed co2l oy Indicatzd Dy the ccereen
¢l the cosl puwriss 1 directly related to the crusher zetuing
for the wvarticular crusgher used. This is & geod indicatilon

of unifiocrmity in cruzhsr performance and aliow:z for thz

cruchsr satting, th:st is the screen opening, to be uzed

directly as an index of the size produced.

The results of the briquetting tests ere shown in Tables
VI and VII. Using ths s%ability factor, thzt is the p2rcentage
of material reteined on & l-inch screen after the briguettes vere
exposed to the Tumbler Test, 25 &n index of resistance to
handling, it is quite apparent thet the cozl crushed to pass
the 1/8-inch screen gave by far the best resultc, and the
finer coal, crushed to pass & 1/16-inch screen, the poorest
result, irrespective of the quantity cf binder employed.

These results are shown grzphically in Flgure II. Thus it
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appears that the size of coal found most suitable was one in
which there was practically no material on the 10 mesh screen,
and only abouﬁ 15% through the 100 mesh screen, with epprox-
imatcly 50% retained on or passing through a 35 mesh screen.
There is also an apparent relationship between the strength

of the resultant briquettes and the ratio of particles re-

tained on & 35 mesh screen to those passing the 35 mesh screen

of the crushed coal, as shown below, and in Figure III, the
optimum conditions for briquetting being approcached as this ratio

approaches 1.

Ratio:
Crusher % + 35 Mesh Coal Stability of Briquettes-%
Setting % - 35 Mesh Coal Petroleum Asphalt
6% 8% 10%  12%
5 in. 2.85 16.8 39.8 65.7 ---
1/3 in. 0.98 25.1 81.5 91.1 82.9
1/16 in. 0.18 . 0.0 18.0 53.5 59.5

In view of the fact that for the Drumheller coals a
material crushed to pass a 1/8-inch screen with a2 size dist-
ribution shown in Table IV was found most suitable, all sub-
sequent tests were conducted with coals approaching this size
distribution.

B. Effectiveness of Various Binders

1. Comparison of Petroleum Asphalt and Wheat Flour as
Binders for Briquetting Drumheller Coal

Although petroleum asphalt is used extensively in the
briguetting of coals, ususally resulting in a strong prcduct

wvhich is water and weatherproof, past experience has indicated

that the lower rank coals do not make as good briquettes as the
(4)

bituminous coals with this binder. Thus a series of tests

(§) "Fuel Briquetting"-R. A. Strong, E. Swartzmen, E. J. Burrough;
Bureau of Mines, Dept. of Mines & Resources. Publication No 775
(See pages 51 armd52.)
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was coﬁducted to determine the comparative value of petroleum
asphalt and flour as binders, in so far as resultant strength
only is concerned, as briquettes made with flour alone will
not store well. The results of these tests are shown 1n
detail in Tables VI and VII, and the stability of the briguettes
(resistance to shattering) in relation to the quantity and type
of binder used, 1s shown graphically in Figure‘IV. Using DPrum-
heller coal alone, withcut admixture of bituminous coal, 1t 1s
quite obvious that wheat flour, added dry eand then formed into
a paste while being admixed with the coal, results in a far stronge;
briquette than when using petroleum asphalt. The results indicate
that 5% flour (on the basis of the as received coal) yields as
strong a briquette as one mede with 10% petroleum asphalt.
It 1s of interest to note that although 16.0% of water had to be
added to the flour and coal in crder to ensure proper gelatin-
ization of the starch, the briquettes handled well as they left
the press and alr-dried readily down to a moisture content equal

to or lower than the original coal.

2. Compariscn of Drumheiler Coal when Briguetted alone and
in Blepde with Bituminous Coal Using Flour sz a Binder

In order to improve the burning gquality of briquettes made
from low rank non-caking coals, coking bituminous ccal is usually
added. In view of the fact that it has been found 1n the past
that amenability to briquetting appears to improve with the rank,
from the lignite to medium volatile bituminous coals, it was of
interest to determine whether blending bitumlnous coal with

,the subbitumincus coal would improve the resultent briquette

when flour was sed as the binding medium. The results of this

series of tests are shown in Tables VII and VIII, where tests

3% to 35 are on the 100% Drumheller coal, enc tests 27 to 29
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are on a blend of 80% Drumheller and 20% medium volatile bitum-
inous coal from the B. C. Crowsnest area. The stability of the
briquettes in relation to the quantity of flour‘binder used 1is
indicated graphically in Figure IV. From these tests it appears
that although strong briquettes were made with either Drumheller
coal alone or blended, b}ending‘the bituminous with the sub-
bituminous ccal showed a definite improvement in the strength
of the finished product.

3. Comparison of Drumheller Coal When Briquetted alone and

in Blends with Bituminous Coal Using Asphalt as a
Binder

In view of the above noted improvement in the strength of
the briquettes as a result of blending bituminous coal with the
Drumheller coal, using flour as & binder, a series of tests
were conducted to determine whether similar results would be
obtained when using‘petrdleum asphalt, which had by previous
tests been found to be inferior to flour as a binder for the
subbituminous coals. The results of these tests, using 8%
petroleum asphalt binder and varying the quantities of the
medium volatile bituminous coal, are given in Table VI (test 8),
and Table IX (tests 30 to 32). Below are shown the stability

of the resultant briquettes when tested by the Tumbler Test.

Coal or Blend Stability (% on 1" screen)
100% Drumheller (Test 8) 81.5
80% Drumheller;20% med.vol.bit.coal 72.3%
75% H ;25% I 4 it [H 69.2
70% 144 ;30?5 1N t 14 1" 72 . l

These results indicate quite clearly that blending the
Drurmheller coal with even as much as 30% of the medium volatile
bituminous coal did not improve the strength of the resultant

briquettes. These tests serve to confirm the conclusion that
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petroléeum asphalt when used alone is not as satisfactory e binder
for Drumheller subbituminous coal as starch, even when employed
in much larger quantities.

4., "Glutrin"” as a Binder

"Glutrin®, a concentrated sulphite liquor product contain-
ing approximately 50% of solids hgs been tried by various ex-
perimenters as a binder for coal briquetfes but without much
success, not only because of various technical difficulties, but
because the resultant product is not weather-proof. However, in
order fo determine it's value in comparlson to flour and asphalt,
e seriss of tests were conducted using a blend of 80% Drum-
heller and 20% medium volatile bituminous coal. The results of
these tests are shown in Table VIII (Tests 36, 37 & 38), and the
stability of the briquettes to handling in relation to the quan-
tity of binder used is shown graphically in Figure IV. After
some experimenting it was found that in order to make briguettes
with Glutrin binder that would not stick in the rolls the mix
rmust be made and fed to the rolls at room temperatures (about
70°F). The briquettes were of the same order in strength as
those made with petroleum asphalt, and much Inferior to those
prepared with flour. "Glutrin" binder equivalent to the addition
of 10% solids was found to be ecqual to about 5% wheat flour.

5. Petroleum Asphalt and Starch as a Dual Binder

Although starch (wheat flour) was found to be superior
to petroleum asphalt as a binder with Drumheller coal, the
resultant brlquettes are not weather-proof. It Was thus vital
to determine whether, and to what extent, petroleum asphalt,
which imparts weather-proofness, could be used together with

flour, ceach added separately, to produce a briquette which

would be sufficiently strong for handling and at the same
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time weather-proof.- The results of these tests both on a sample
of Drumheller coal alone, and in blends with QOW of a medium
volatile bltuminous coal are shown in Table IX (test 43),

Table X (tests 39, 40, 41, 42, 50, 56, and 58), as well as in
Table XI (tests 44, 45, 46, and S59A). In the table below 1s
shown the stability of the briquettes as determined by the
Tumbler Test.

Coal Stability of

Test or ‘ Briquettes
No. Blend Binder (# + 1 in. screcn)
43 100% Drumheller Y4 flour,2 asphalt 81.5

40 80% Drum-go% bit .* 3/0 ’ 2/\9 " 40 -1\"

50 LT Bﬁ b o " 86.6
5, SR T 2
7 L BT S 3%18

42 " . i . 57; 1 2(7: 1 .

56 R TR A 508
58 i . " **9d "L, 64 v 94.6

* bit.=med. volatile bituminous coal from Crowsnest Area, B.C.
*¥*¥ bit.=med. volatile bituminous coal frcm Luscar Basin, Mountain
Park Area, Alta.

From the above it 1s quite clear that strong briguettes
could be made with quite a variation in the proportions of the
flour and asphalt binder, and that where fiour is used as the
base binder a lower total quantity of binder is required than
when petroleum asphalt is used. Thus 6% asphalt and 2% f1lour
makes no stronger briquette than one made with 4% flour and 2%
asphalt.

In the subsequent discussion it will be indicated what
appears to be the minimum amount of the two binders rquired
in order to result in a briquette that will be sufficiently

strong for handling and at the same time store well. However, 1

in so far as strength alone is concerned, and keeping in mind
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the production of a briquette with a minimum of increased
tendency to smoke formation, (petroleum asphalt increasing the
tendency to production of objectionable smoke), it would appear
that a binder consisting of 4% or 5% flour and 2% asphalt is the
most suitable.

6. Petroleum Asphalt and Starch as an Zmulsion Binder

Although the advantage of using a dual binder is obvious
from the results discussed above, 1t necessitates the addition
of two binders separately. The use of these binders admixed

as one in the form of a so-called emulsion has certain advantages

from an operational viewpbint, and it has been claimed that with

the use of such a binder, stronger briquettés with less total
binder may be made. The binder is prepared by making a hot
paste of flour and water and then adding the molten asphalt.
For theze tests the ratio of flour, asphalt and water was
varied in order tb determine the composition of the most suit-
eble emulsion binder for the coals being investigated. The result
of this series of tests is shown in Table XII;(tests 51 to 55
inclusive and test 59) and in Table IX (test 57). This latter
test was conducted to determine whether the starch-asphalt
emulsion binder is as suitable for Drumheller coal alone as
vhen blended with coking bituminous coal.

In tests 52 to 55 inclusive, using 80% Drumheller with 20%
bituminous coal, the quantity of asphalt in relation to the coal
was left more or less constant at 3% to 3%% and the flour was
increased to determine the maximum quantity of this latter binder
required to give briquettes of optimum strength. The stabllity

to handling of these briQuettes produced are shown below.




1%}

-3%.

Test No. Binder-% Stability-%
52 11% flour, 3%% asphalt 4.8
53 . ez ", 33 " 76.8
54 2z% ", 3% " 84.2
55Ea3 3% Y, 3% © 91.0
59(b 3% ", 3% " 95.8

gé blend with strongly coking bituminous coal from B.C.
b) blend with weakly coking bituminous coal from Alta.

Test 52 was conducted with an asphalt-starch emulsion as
recommended by some commercial experimenters for bituminous
coals and anthracites, but it was found to be entirely unsatis-
factory for the Drumheller-bituminous coal blend. The sub-
sequent tests indicated rather conclusively that the quantity
of flour would have to be at least doubled before a briquette
of good strength would result.

A comparison of tests 55 and 59 indicates that changing
the medium volatile bituminous coal in the blend from a strongly
to a weakly coking cone does not appear to adversely affect the
stability to handling of the resultanf briquette providing
no change 1s made in the binder.

Test 57, conducted on Drumheller coel alone with an
emulsion consisting of 2% flour and 3% asphalt indicates that
addition of the bituminous coal when such a binder 1is used only
improves the stability to handling of the resultant briquette
to a limited extent.

Altering the ratio of flour to asphalt, (see Test 51) by
reducing the asphalt even though increasing the amount of
flour, appears to result in a weaker briquette as judged by it's
stability to handling. It would thus seem that the correct |
balance between the two -binders when used as an emulsion for

the Drumheller coal is reached when there are equal quantities

I
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of the two materials and when they are used combined to the
extent of 6% of the coal. Thus from 2ll the above it may bse
concluded that the starch-asphalt binderAis'quite suitable when
used as an emulsion, and the indications aré.that gsome reduction
in total binder éould be expected when they‘are used in this

manner, in comparison to their use together but unmixed.
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C. The Weathering and Waterproof Characteristics of the Briquettes

1. Waterproof Properties

produced,

water,

resunie below: -

are shown in Tables VI to XII inclusive.

The'waterproof rroperties of the various briquettes

as indicated by their resistance to immersion in

The water

absorbed in one hour by each type of briquette is shown in

% Water
Test No's. Coal or Blend Binder Absorbed in
1 hour
7-23 100% Drumheller ©-12% Petroleum 1.4 to 1.9
3%-35, 63 100% Drumheller 5-7% Flour 28.8 to 40.1
27-29 80% Drumheller
20% M.V.B.* 5-7% Flour 14.3 to 16.7
6-38 80% Drumheller 6-10% Glutrin
36-3 20% M.V.B.* Solids Disintegrate
80-70% Drumn.,
30-32 20%-30% M.V.B.* 8% Asphalt 1.0-1.3
39-41, 50, 80% Drumheller Flour & Asphalt
56, 58 20% M.V.B.* (unmixed)
(varying ratios) 1.2-2.0
4z 100% Drumheller 4% Flour,
2% Asphalt
(unmixed) 2.1
80-95% Drumn., 4 Flour
4L _46, 59A 20-5% M.V.B.* 2% Asphalt
(unmixed) 2.3-2.9
80% Drumheller  Flour-Asphalt
52-55, 59 20% M.V.B.* Emulsions ‘
(varying ratios) 1.5-2.2
51 90% Drumheller 4% Flour
104 M.V.B.* 1% Asphalt
Emulsion 2.2
57 100% Drumheller 3% Flour,
% Asphalt
Emulsion 2.7

The sbove data indicates that,

*M.V.B.=Medium Volatile Bituminous Coal.

although the briquettes did
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not disintegrate during the hour test, flour alone as a binder

does not result in a waterproof briquette, irrespective of the

quantity of binder used. However even though neither Drumheller
coal alone nor when blended with up to 20% of a médium volatile
bituminous coal gave a waterproof briquette there does appear to
be an indication that the addition of the bituminoué coal to the
Drumheller results in some improvement. However, it should be
noted, that even bltuminous coal by 1tself does not result in a
waterproof briquette when flour alone is used as a binder.
"Glutrin" (concentrated sulphite liquor) when used as a
binder results in a briquette with absolutely no waterproof
"

characteristics. Due to the hygroscopic nature of the "CGlutrin"

solids, water is absorbed very rapidly and the briquettes dis-
integrate in a very short time, the rate of disintegration being
roughly inversely propertional to the quantity of binder emloyed.
Petrcleum asphalt by 1tself, irrespective of the quantity
used (6%-10%), and irrespsctive of the coal cr blend employed,

regulted in the production of briquettes which were completely

waterproof as judged by the water immersion test.

Ao

Petroleum asphalt and flour when used as a dual binder, but

e R

fohid
AT

R g

unmixed, in various proocrtions, resulted in the production of

TR

7

good waterproofed bric:zttes. Even quantities of asphalt as lcw
as 1%, providing sufficient flour had been added to glve a reason
ably strong briquette, resulted in waterproof briquettes. Good
waterproof products resulted, irrespective of whether the Drun-
heller coal was used alone or in blends with increasing amounts

of medium volatile bituminous coal.

i
Lo

”
X

Petroleum asphalt-starch emulsion when used as binders,

irrespective of the rztio of asphalt to starch, and even though
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the briquettes were weak, resulted in briquettes which exhibited

Y
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waterproof propertics egqual to those made with asphalt alone.

It is obvicus from these tests that petroleum asphalt is an
exceptionally good vaterproofing agent for briquettes, and when
used 1in conjnﬁction with floﬁr binder, imparts good waterproof
charecteristics to the resultant product even when used in quant-
ities &s low as 14 of the coal.

2. Weathering or Storage Properties of the Briquettes

A seriegy consistiﬂg of eleven different types of the
experimental briquettes were stored in 20 pounds lots in the
open air exrosed to all conditions of weather from June 1lth.
to September 20th., 1246. The weather record during this period
is presented ih Table XIII,and it should be noted that the
briquettes vere exposed to a greater than normal rainfall. The
conditicn of the briquettes as‘the atorege pericd progressed is
shown in Table XIV. From this it is apparent that the briguettes
vrepared with Giutrin as a binder disintegrated IiIn a very short
time into a vulp which vas readily washed awvay by the rain. The
briquettes made with flour as a binder stored much better than
those nade with Glutrin. At the end of the test pericd the
surfece briquettes were broken to a pulp, and although those
underneath remained whole they were badly fractured and weak.
Addition of 20% medium volatile bituminous coking to the Drum-
heller coal did nct improve the storage properties.

The briquettes made with asphalt alone appeared to store
very well although they seemed to have weakened‘as a result of the
weathering.

Asphalt and flour used together as a binder, but not in the

form of an ermulsion, appeared to weather quite well although at

the end of the test period the surface briquettes were partially

broken down and the protected briquettes seemcd weaker.










TABLE XIV - PROGRES5 REPORT ON STORAGE OF BRIQUETTES

TEST NO. 34 63 21 31 32 38

COAL OR ; - 807 Drumheller 754 Drumheller 704 Drumheller 80% Drumheller
BLEND 1007 Drumheller  100% Drumheller 204 M.V.B.(#) 254 M.VoBo(#) _ 30% M.V.B.(#)  20% MoVeB.(#)
BINDER .. 6% flour .. ... ... % flour 7% flour 8% pet. asphalt = 8% pet.asphalt 20% Glutrin

(107 Solids)

1536

June 11

Storage begun

Sforago begun Storage begun '

June 13 === emeee 0 cmee- Surface cracking —-——— No change Surface eroding
June 14 3 eesea . . ceasa n L e " " " "
June 17 = ===e=s ece-- " " Storage begun " woo.. .. m
_ ' : : : ““-and -eracking
June 18 Storage begun - "~ Storage begun Softened, surface No change- " hd Erosion extensive
: : cracking R > - - S
June 20 - No change Surface cracking ~ Surface fractures " " " " w u
R increased -
June 21 Surface cracking " “ Surface fractures " " " . n "
L . serious T . , .
June 24 No change No change - No change " " " N .........No change »
July 2 LKore scrious Lore serious kore serious " " " "o ~ Partially washed
surface fractures surface fractures surface fractures PP away
July 9  Surface briquettes Surface briquettes  Surface briquettes " " . w - - .Over-4 washed
breaking- up broaking up breaking up ' away
July 23 " " " " " " Surface briquettes GSome surface Some surface - Almost completely
. . - - - almost broken fracturing . fractures +broken down,
) to pulp ' ' washed away
Aug. 6 " " " " " " wou s w No change No change - Completely
. ; . S broken down
Aug. 24 Surface briguettes- Surface briquettes Surface briquettes " . .
almost broken " almost broken ‘completely broken . * - " "\”;_g : ’%-waahed away
: 10 pulp . t0 pulp : .t0 pulp : S .
Sept.30 Surface briquottes Surface briquettes  Surface briquettes Somewhat cracked - Somewhat cracked No-whole =
(End of - broken to pulp. broken to pulp. broken to pulp. on surface. All ' on surface. le' briquettee,‘%
Test)  Subsurface ones Subsurface ones Subsurface ones  .briquettes = briquettes “washed away

weak

weak

weak

slightly weakened

slightly weakened




TABLE XIV - (CONT.) PROGRESS REPORT ON STQRAGE OF BRIQUETTES

- TEST

o Y

A T

weakened ' weakened

ones weakened’

ones weakened

NO. o 54

"COAL OR " 1,04 Drin 35% Drumheller 80‘ Drumholler .807% Truchollor ~
BLEND . . 100} Drumheller 15% M.V.B.(#) ZQ% M.V.5. (£) 20% M.V.B Lﬁ) A 100% Drumheller
BINDER 4%ﬁflour 4% flour 2%% flour 3% flour 3% flour

‘ 29, asphalt 29, asphalt ﬁ;}.asphali-emulsion 3% asphalt-emulsion 37 asphalt-emulsion

1946  ° , :
June 11 Storage begun ———— Storage begun . St{orage ‘begun Storage begun

" June 13 No change - No change ho change No change
Juno 14 " - s on o [}] " - ”
June 17 " Storage begun » " -~ " " "
June 18 " N No change " " " " » ”
June 20 * - - urface  cracking- " " " " " "
Jun° 21 " . i"o chmge " " ” " 1] 1]
June 24 Some surface erosion » "o " " " " oo w o ‘
July 2 No change Briquettes weakening Brigusttes weakening Briquettes weakening Briquettes weakening
July 9 " e No change No change No change No change
July 23 Some surface cracking: Some gurface cracking “ " Some surface cracking Some surface cracking
Aug. 6 Some surface erosion Briqgettos weakening- Briquettes weakening- Some surface erosion: " "
Aug. 24 Briquettes weakening S "o " Briquettes weakeming Briquettes weakening
Sept.20 Surface briquettes Surface briquottes Surface briquettes Surface briquettes Surface briquettes
(End of partially broken down. partially broken-down. cracked. Subsurface cracked. Subsurfece cracked. Subsurface

Test) Subsurface ones Subsurface ones

ones weakened

- (#) Kedium volatile bituminous coal.

‘ot




TABLT XV

Effect of 3torage on Physical Quality of Brigquettes

Test No. 4 A . %27 34 - 31 % 32
0% Drum. 00% Drum. 75 Drum. 70% Drum.
Coal or Blend 100£ Drum. 100% Drum. 207 M.V.5.0 20; " V%B c 2573% vh.e ‘10’57(“ vn.c
20% Glutrin pot.. pet. -
-Blgder ' -~ - 6% flour T4 flour - 7% flour jlf% Solids) nsphalt ‘ asphalt
Duration of 3torage..ee........days - 935 95 102 = 102 ,-96 --102
wt. of briquettes stored.........1b. 20.0 20.0 + 20.0 20.0 20.0 20.0
Wt. of -briquettes at end of test.lb. 16.5 16.25 - 16. 5 5.0 C19.75 - :19.75
loss in weight.....o.... Creereeenas X 17.5° 17.75 17 75.0 1 25 1,25
Stability of Briyuettes o : S = N ’ AT
Before tastee.ce... Cereeeniaaas %. 88.4 97.3 - 96 T . 90.0 ~69 2 T2
After test(l)....... REIRNSPUSARIN, 4 17.2 2.4 42.1 " 0.0 64. 0(54 2) 66.0
Stability of.Storod briquettes = - : ~ . S
in relation to fresh ones(l)....4  19.5 2.5 43.5 0.0 92, 4(78.3) 91.5
Abrudability of Briguetties Cee o RTINS ST S ~ e
Before testec.o.ovieceeronn. NN SN § N 2.4 3.3 9.7 § 29 0 -27.8
After test (1.)......... heeaee < 54.4 . 17.5 35.8 100 0 34 0(41 3) 29.0
Abradability of stored briquettes : S
in relation to fresh onos.......,. 473 o 725.0  1035.0 1030 0 .117.2 104.’3
Wategproof¥pr0porties G e e § s : SN T o
water absorbed in 1 hr.......... % 35 0 40.1 16.7 Diaintegrated 1.3 . 1.0
Resistance to-immersion.........: Very poor Very poor "Poor Very poor Good "~ Good
(1) Vvalues in brackets are for briquettes from the surface of the stored briquettes. The unbracketed values
are for subsurface ones, that is, thoae protected from the direct impact of the weather.»» e
@ - Medium volatile bituminous coal. - : ‘ SE EETEE e

IV
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TABLE XV (Cont.)

Effect of Storsjze on Fhysicul Quality of Briquettes

~_Teat No. 43 46 57 55 54 ,
Coal or Blend 100% Drum. Egé Drumé 1007 Drum. 00j Drum. 204 L.V.5.@
) _/. :. V. .c -

49 flour 4% flour . 3% flour 3% flour 2% flour

Binder 27, pet. 24 pet. 3% asphalt 3% asphalt 3% asphalt
- asphalt -—ggphalt - emulsion emulsion- . emulsion
puration of Storage......... +..days. 102 96 102 - 102 102
Wt. of briquettes stored......... 1b. 20.0 20.0. 20.0 20.0° 20.0
Wt. of briguottes at end of test.lb. - 19.75 18.75 19.75 "+ 19295 19.75
1088 inweighte.oovrinovinienennn.. y A 1.29 6.25 1.25 1.25 1.25
Stability of Briquettes ‘ « ' -
(&) Before TeB8teceeesoerearennnnn % 81.5 87.8 87.5 791.0"; 84.2 ‘
(b) After Test (1)....c000vvuunnn A 61.6(21.2) 44.2(25.2) 75.6(38.8)  64.4(37.2) 72.1(44.2)
Stability of stored briquettes - , ' L '
in relation to fresh ones(l).4 75.5(26.0) 50.4(28.7) 86.4(44.3) .70.8(40.9) 85.6(52.5)
Abradability of Briquettes : K e
() Before test...oveveeoiennn.. 4 18.2 J12.2 12.5 : 9.0 15.8 :
(b) After test (1)e.vevevnnenennn A 30.0(43.2) 32.8(38.8) 18.1(31.6) 34.0(47.6) 26.9(39.3)
Abradability of stored briquettes _ :
in relation to fresh ones....% 164.17 268.3 . - 144.7 377.8 - 170.2
Waterproof properties ‘ - : ’
Water absorbed in 1 hr....... y 2.1 2.5 2.7 2.0 - 1.8

Resistance to immersion....... Good ~ Good Good Good Good

-
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nhe stability of the stored briquettes as determined by the

Tumbler Test in relation to the fresh briquettes is shown below;i

Stability of

Test . - Stored Briquettes
No. Coal Binder . = a5 ¢ of Stability
. - - - of Fresh ‘Briquettes-
34" Drumheller 6% flour ~  19.5 .
63 - f;gr;mheller - 7% flour . . o 2.4
0% Drumheller - P
2T . 30%.Bituminous . % Tlour L 2.1
" n 10% Glutrin '
28 =v.v-% : R . 8olids : - 0.0 4
75% Drumheller : ' ) N
31 / 25%‘Bituminous 8% asphalt ; 92 .I{f »
: 4% flour
3 QT;mhellerl,: , €2§ asphalt - 75.5
70% Drumheller '
32 . -30% Bituminous 8%_ as»pha'lt N 91 5
16 85% Drumheller, 4% f£lour 0. 4
'15% Bituminous = (2% asphalt-. . = . O
%% flour
57 .- Drumheller . - . (3% asphalt - . . 86.4
(%mulsion)
e v 3% flour .
55 SO% Drumheller 53% asphalt 70"8
o _,Q%,Bituminous emulsion) S
% flour
54~ 80% Drumheller g % asphalt , - 85.6
20% Bituminous emulsion)

The above .results indicate very clearly thatnpetroleumv
asphalt by itself results in a briquette that weathers very
well but Glutrin is absolutely useless as binder in this regsrd.
Flour although appreciably better than Glutrin does not result
in a product which can be expected to stand up for very long.
and must also be considered es unsatisfactory. However,
mixtures of asphalt and starch whether added separately or
as an emulsion appear to result in briquettes with fairly.
good resistance to weathering as indicated by the strength of
the briquettes after storage. In view of the fact that the
briquettes were exposed- in small quantities the test was quite

2

severe and thus in commercial storage piles where the ratio




.
of the surface area to the total volume is very much smaller than_
in the case of these very small test piles the storage of the r“
briquettes containing the flour and asphalt could be expected to

be better than indicated

D. Caking Properties of the Briquettes

The degree to ‘which briquettes ‘will hold together or fall
apart during burning is a characteristic of prime importance in
ad judicating the value of the product, as a competitive fuel,
it being a requirement that the fuel ratain it's form through-
out burning with as little degradation as possible. Where a
non- ooking coal ,'reduced to a fine size, is briquetted the retentim
of form will be due either to the cementing power of the binder
on heating or the agglutinating power of an added coking coal
or both. As it was not feasible to conduct full scale burning:
tests the caking properties of,the briquettes were‘tested
empirically by burning them singly infair in ‘an electric muffle
preheated to about 1740°F. until they vere devolatilized. The -
resultant carbonized briquettes were then tested for their comp-
ressive strength. The‘results are shown in Table XVI.

Where Drumheller coal was used by itself, employing either

.flour 'or petroleum asphalt as binders, the latter even up to
10%, - the resultant carbonized briquettes had a very low com- -
pressive strength (560 to 575 gms. per sq. in.) crumbling readily
with very mild ‘handling.

Blending the Drumheller coal with 20% of a gocod coking
“medium volatile coal, and uSing-flour as a binder resulted in
carbonized residues which'retained their form, handled fairly

well and exhibited fairly high compressive strengths varying

between 4350 and 6711 gms. per sq. inch.
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Usingi"dlutrinh’vith a blend of 80% Drumheller aﬁd~20?
good coking medium volstile bituminous coel, i1t 1is of interest
to note, yielded briquettes whose carbonized residues were
stronger than those made with flour, the compressive strength
being proportional to the quantity of binder used and varying from
7961 to 11540 gms. per sq. in. The results of these tests appear
to indicate that the solids of the.'Glutrin" binder, on. carbon-
ization, have a superior binding action to the flour._'ﬁ_v

The tests.using asphalt and flour.as a dualvbinder without
mixing them brior to addition tova blend of 80% DrumhellergandQ.
20% medium.&olatileAbituminous coking’COel or'in’the“form of an
emulsion sppeared.to indicateithat:the asphalt had a greater in-
fluence on.thelresulting cakingibropertiesloffthe_briquettes than
did the flour. This 1s demonStrated‘by‘cOmparing the compressive

strengths'of,the,carbonized briquettes,,shown below in the exerpt

from Table XVI.

A Compressive Strength of

Test No. = . Binder , .- Carbonized Briquette
o = ' | ~ gms./sq.in.

39 l% Asphalt, 44 Filour 1911
ho , 3% " - 2416
4o o 2% ", 5% " 4770
54 3% nooLolg orow 4825
55 3% ", 2% " o* 4848
59%* - 3% ", 3% "o , - 4605
A BEARE B

, 2% v 6634

56 . 6% 1

* Asphalt-starch emulsion binder.

** The Alberta medium volatile bituminous coal used in this
blend was not as strongly swelling as the B. C. coal
of similar rank used in the other blends.

It 1s of interest to note in comparing’the results of}

tests 55 and 59, that although the briqucttesrof test 55 were
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made with a blend containing 20% of a strongly coking medium
volatile bituminous coal, (swelling index about 1000, and caking
index about 48) and those of test 59 with 20% of a bituminous
coal of similar rank but with much reduced coking tendency,
(swelling index about 200, and caking index about 35) the »
strengthlof the resultant carbonized briquettes was practically
the same. Thus, contrary to expectations, the results appear to
indicate that the non- caking Drumheller coal may be blended with
bituminous coking coals having quite a range in coking quality
to produce resultant products which stand up equally well in the
fire. This contention is confirmed by the results of tests .
4y and 45 in which 10% and 5% respectively of the strongly coking
7 coal were blended with Drumheller. The carbonized residues of
‘these briquettes were very weak exhibiting a compressive strength
of 568 589 gms. per sq. inch. - _ ) j

In general it _may be conluded that, irrespective of the
binder employed,(it is necessary to blend a minimum of 20% of
a reasonably good coking bitumlnous coal with the non-caking .
Drumheller coal before a briquette is produced which can be
expected not to deteriorate in the fire.»

E. Chemical and Physico Chemical Quality of the Briquettes

The chemical and physico chemical (calorific value and
ash fusibility) quality of the briquettes shown in Tables VI to XII
is of course entirely dependent upon the quality of the coal
and binder constituents used. Employing asphalt as a binder
would increase the calorific value of the product over and .
above the coal because this material has a higher calorific
value than the coal, whereas using flour would somewhat decrease

the heating value below -that of the'coal, both changes being

proportional to the quantity of binder used. Blending‘bit-'
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uminous coking coals with the Drumheller coal will increase
the heating value of the resﬁltant brigquette in proportion
"to the amount of-highef rank coal added.

In so far as ash ana sulphur content are concerned the
briquettes will be of pfactically the same quality as the coal,
1f not possibly somcwhat beﬁter due to the addition of low
ash and sulphur binders. Dﬁe to the method of processing
the priquettes can be expectedlto have a substantially lower
moisture content than the raw Drumheller coal. From the results
of the tests it is antidipated that due to heating required
during mixing, énd subsequent air-drying, a briquette contain-
ing about 11% moisture couid be éroduced from the raw coal con-
taining originally about 18% moisture. A product with this lower
moisture content has an advantage over the raw product in that it
has reached a point of stability in so far as gain or loss in
moisture 1s concerned under normal weather conditions.

F. Smoke Pfoducing Characteristics of the Briquettes

Although no special tastsvwere conducted to determine
this undesireable charaéteristic, 1t may be assumed that due to
the smoke producing properties of asphalt, the briquettes, even
when made with Drumheller coal alone, will give off varying
quantities of sooty smoke dependentvon the quantity of asphalt
added. In addition .blending bituminous coal with the Drumheller
coal will also increase the tendency towards smoke production
in proportion to the amount of these coals added. However, using
flour as a binder will have a tendency to somewhat reduce the
production of smoke as this matérial is less smoky in burning
than the Drumheller coal.

In‘any case, hovwever, it is not felt that the increased

amoke producing characteristics of the briquettes will be of

i
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such a degree as to result in the production of aﬁ obnoxious

rroduct.
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