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INTRODUCTION

In previous reports on this research project entitled
"Mineral Matter Content and Gross Properties of Hat Creek Coal",
it has been showmn that the extent of the inorganic minerals content
in the Hat Creek deposit is found to vary widely from 177 to n 60%
by weight. The average value being in the neighbourhood of ~n 35%
by weight. This means that about one-third of the coal depésit-is'
mainly composed of clays, sand and other minerals. To burn this coal,
as present in the deposit, entails a significant amount of energy loss
to deh&drate (drying), dehydroxylate the clay minerals, decarbonate

the carbonates (CaCO3 or ankerite) or other similar high temperature

reactions. Ali these reactions are endothermic i.é. absorbs energy
(in the range 40 to 70 Kcal/mole - 5.to 10 BTU/1lbs of cléys or carbonates)
Burning this.inorganic minerals along with the coal will also generate

a huge quantity of ash. Even a partial success in removing these
minerals will increase the efficiency of power gemeration from this

coal in two ways: (i) less energy will be lost to decompose minefals

and subsequent fusioh to produce. ash, and (ii} increasing the heat

‘ conﬁent per unit mass of coal burnt. Another aspect which should

be considered is the large amount of minerals present, if can be

removed o separated out  of ‘the coal; may find useful markets for
ceramic industries. In a nut shell, the prime objective was to

obtain the washability data to yield maximum recoverable BTU, with
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minimum sulphur per pound of coal burnt.

The success of ash removal by washing depends very much on
the degree of intergrowth of minerals in organic coal. It is well-
known that the size of a coal generally influences its washability
characteristics. Therefore, to chooée the most suitable top size for
washing, knowledge of the dispersion of the minerals and the thickness
of the different coal macerals in Hat Creek coal will be extremel&

useful.

Proposed steps for studying washability characteristics of

Hat Creek coal are as follows:

1? Collect all types of coal (in 1 to 5 1lbs pieces) as
present in the open-pit mining operations.

2. C(Classify these pleces into different groups according
to their ash content and maceral types by visually
examining thickness of seam of different coal minerals
and the degree of intergrowth of minerals in the organic
coal. This should give the starting point in choosing

a range of top sizes.

5

[Note: Hebley 7, in"summariziﬁg comparative burning tests of same
coals before and after cleaning, showed that 1% of excess ash in the

coal causesg a loss in efficiency averaging 0.34%].



3. Major activities are to be confined to performing
float and sink tests in different specific gravity
fluids on rhe coal samples from the Bradford Breaker,
supplied by B.C. Hydro.

4, Tdentification and estimation of inorganic minerals
in float and sink fractions.

5. Proximate analyses, sulphur and heat content deter—‘
minations on fleat and sink fractioms. |

6. Washability of the coal sample (from the Bradford
Breaker) after crushing to different top sizes. The
variation of washability with the reduction of coal

~sizes should alsec indicate the nature of -distribution

of inorganic minerals in coal.

MATERIALS

1. Iniﬁially during a field trip with Dr. L. Jory of
Dolmage ~ Compbell Associates Ltd., about 250 1lbs of coal pieces
were collected‘by Drs. Chow, Warren and Chaklader. Selection of
the coal pieces was made on the basis of their texture, colour,
softness and varieties. Efforts were made to collect a few pieces
of every type of coal, which could be visually distinguished. This

trip was made on June 20 and 21, 1977.
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2. Three batches of Bradford Breaker coal samples
(i) TFirst batch consisted of four bags of ceal.
Total weight about 160 lbs and delivered in
the middle of August, 1977.
(ii) The second and third batches consisted of one
bag of each weighing about 40 lbs (each bag).
3. Washed refuse from Alberta Research Council - omne
sample ($ 2 lbs).
4, Inorganic minerals from different depths for idéntifi—
cation - eleven samples
5. Bradford Breaker rejects — Hard non-breakable coal-

two samples.

TESTS PERFORMED

1. -Haﬁd-picked specimens (collected during the field
trip — wvisual examiﬁation andApartial petrographic examination-divided into
& groups, float and sink tests on one of the groups. |
##2.1i.Detailed float and sink tests in seven specific gravity
fluids, moisture and ash analyses, quantitative X-ray analyses, calorifie
value and sulphur analyses.
#2.ii. Moisture and ash analyses, calorific value,float and
sink tests at 1.45 specific'gravity'liquids on one of the two samples.-
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#3. X-ray analyges for minerals present and SEM
for elements present in-ﬁashéd?rejééts;
Two experiments: |
(i) samplé {bulk)
and (ii) white powdery coating on the sample
#4. X-ray analyses on eleven samples for identification.
#5. Differential thermal (DTA) and thermogravimetric (TGA)

analyses on Bradford Breaker rejects (non-breakable rejects) -

EXPERTMENTAL PROCEDURE

I. Field-Trip Samples

A. During the first two months, attention was focussed

lﬁaini& on tﬁe samples colléétéd éuring the trip to‘the Hat Creek‘;oal
deposit. The samples collected were divided into six main groups by
visuai (and occasionally petrographic) examination,

B. Lumps of each of these six samples were placed in water
énd thelr behaviour of disintegratibility was observéd. They were also
stirred occaslonally to see whether they would break up in this liquid
medium. | |

C. These six groups of samples were analysed for percentages
of moisture, volatile, carbon, ash, ;alorifig value and c¢lay mineral
content. Thermogravimetric analyéis (ITGA) was used for proximate
analysis, Parr bomb calorimetry for calorific value determinations and

X-ray diffraction for identification and estimation of clay minerals



content,

D. One of tﬁe six groups (Sample No.3) was crushed and
sieved into various sample top sizes for float and sink tests. The _
various sample top sizes included < 1.5" > 1", < 0.5" > 0.5", -~ 4 mesh
+ 7 mesh, - 7 mesh + lo-ﬁesh, - 10 mesh + 14 mesh, -~14 mesh + 20 mesh
and - 20 mgsh. Each top size was placed into 1.3 specific gravity
fluid separating the Sample into twe portions - one float and one
sink fractions. The sink fraction was placed into 1.4 specific gravity
fluid and again was divided into two jortions ~ float and sink fractions.
This procedure was then repeated with 1.5 specific gravity fluid. All
the float and sink fractions were weighed and analysed for percentages .

of moisture, volatile, carbon, ash (i.e. proximate analysis) and heat

content, Howéver, only a few.fractions were anaiysed by X-ray for
mineral content. A complete study of these groups of samples should
include a washability study from 1.3 specific gravity fluid to 1.90

$.G. fluid at six or seven sample top sizes, but was not carried.out.
Due to lack of time, instead, main effort at this stage was directed

to the samples from the Bradford Breaker.

I1. Bradford Breaker Samples

A. TFirst Batch (High Ash Content Coal)
About 200 grams of this sample was placed'in a
bucket, filled with water and stirred at 40 RPM for one

hour. The water was then decanted off and the remaining



sample was analysed.

The remaining portion of the Bradford Breaker sample was
sieved to -1.5" +0.25", -~.25" + 4 mesh, -4 mesh +7 mesh, -7 mesh
+14 mesh and —-14 mesh.  Their weight distribution was recordéd.

The actual sample top sizes for specific gravity separation
were < 1.5, £1.0", £ 0.5" and £ 0.25". These sample sizes were
prepared by crushing the original Bradford Breaker sample to sizes
< 1.5", £ 1.,0", £ 0.5 and £ 0.25". Each top éize was placed into
1.3 specific gravity fluid separating the sample into two portions -
float fraction and sink fraction. The sink fraction was then placed
into the next higher specific gravity fluid and again the sink'fraction
: was-sfpa?atgdi%ntn two porﬁéopsfﬁloat fraction andlsink_frécﬁioﬁ.Thisrprom

cedure was repeated until the last fraction of the samplé was floated

in 1.7 specific gravity fluid. The range of speciéic gravities used

was 1.3, 1.4, 1.45, 1.50, 1.55, 1.60 and 1.70. The incremental increase
. 0f 0.05 rather than 0.10 was chosen between 1.4 and 1,6 gpecific gravity,
because the amount of near-specific gravity material is crucial in selecting
the optimum specific gravity for-cleaning coal.

Float and sink fractioms of all sample sizes (4 sizes used)
were weighed, analysed for moisture, ash, heat content, sulphur and
mineral contents. All tests are done in duplicates. Sometimes tri-

plicates were made whenever doubt of the accuracy of the result existed.

Analyses done in the last part of this study were all quantitative, so
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that balances of weight, ash calorific ﬁalue, and mineral content
can be calculated reasonably accurately,

B. Second Batch — (High Kaolinite Sample)

Because of shortage of time float ~ sinks were performed
only at 1.45 spécific gravity fluid. Analyses for moisture, ash,
calorific value and mineral contents were done on both float and
sink fractions.

C. Third Batch

No float and sink tests could be performed on this specimen
for lack of time. Only proximate analysis for determining meisture,
rash, fixed carbon and heat content (BTU) was performed on this sample.

D. Clay Samples (Elevgn from Dr. T. McCullough)

Samples were crushed to pass through a7100 mesh sieve;r X-ray
analyses and SEM were used to identify minerals present. Main emphasis
was to determine if . significant concentration of kaolinite exists in
these samples.

E. Rejects from Bradford Breaker (Hard Coal)

These two samples were first crushed to -100 mesh. Proximate
analysis by TGA, calorific value determination and differential thermal
analysis were performed. Differential thermal analysis was used to
find out the range of combustion temperatures and to stud& the react-
ivity of the two low-ash samples during combustion. The results are
recorded automatically in the thermograms and interpretation of these

readily provided valuable informations about these samples.



RESULTS

I. Field Trip Samples

gi) Photographs: Ihe hgnd-picked samples can be divided into
8ix groups from the point of view of textural, maceral and ash content.
Pictures of these samples are shown in Figure 1 (A - F). The ash:content
varied from as low as 6% to 69.4%7 (dry basis).

(ii) Proximate Analysis: Proximate analyses were performed
to determine moisture, velatile and dehydration of clays, carbon and
ash concentrations,A The calorific value was determined by the Parr
bomb test. X~ray diffraction and SEM (scanning electroﬁ microscoge)
were used oniy on two samples to identify the iporganic minerals_
ﬁrese;t. Tﬁe ;ésults of tﬂ;‘éone tests are summé;ized in Table il
Note that groups #2 and #3 have similar moisture, volatile (including
wt. loss by dehydration of clays), carbon and ash contents. It'appears
that group #2 is the oxidized form of #3 (see pictures).

{iii) Disintegration Test: All six groups were immersed in
water to observe tﬁeir disintegration behaviour in water. They were
also stirréd océasionally. This test was considered interesting from
the point of view of washability characteristics of different groﬁps
of coal present in the Hat Creek deposit. It was observed that
groups #1 and #4 disintegrated in water especially when stirred.

There was no change for groups #2, #3, #5 and #6. Note also the



COAL SAMPLES FROM HAT CREEK DEPOSIT

SORTING® OF

il High moisture and
clay content, complex
intergrowth of coal
and shale, Coaly shale
Ash: 683 (dry basis)

#2 Complex intergrowth
of exinite-vitrinite
and clay. Surface

- bighly oxidized and
dehydrated
Ash: 11% (dry basis)

3 Lew inherent misture
content, less oxid{izad
hard coal, with complex
S8am structure of bright
and dull bands. Fair
amount of imbeddeod
molsture,

Ash: 231 (dry basis)

& High ash seaming
(yellowish-broun),
extremely soft and
friable coal pulps.
Fair amount of moisture
Ash: 34X (dry basis)

#5 High clay content,
brownish {fair amount
of moisture) posaibly
dried up coaly shale,
with clay mud visible
Agh: 42X (dry basis)

fi Law inhersnt moisture
contént, non-banded
(lustrous) coal. Looks
like vitrinite or pitech
Ash: 6T (dry basis)
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Table T

ANALYSIS OF SIX GROUPS OF HAT CREEK COAL
. COLLECTED DURING FIELD TRIP

GROUP_#

PROXIMATE ANALYSIS - _ CALORIFIC VALUE

(db*) 4 (db%)

Moisture

Volatile &
dehy.of Minerals Carbon. Ash BTU/1b BTU/1b

MINERAL CONTENT*%

i 18.7 Z7.3 3.3 69.4 1790 2200 B, X, Q, F
2 16.8 41.9 29.1 29. - ‘ - -

3 15.9 39.9 35.1 25, 6840 8130 B, K, Q

4 17.3 45,2 21.3  ~ 33.5 5520 6680 -

5 30.1 42.8 15.5 41.8 3760 5380 -

6 20.3 42,0 52. 6. 9500 11920 -

g
% dry basis

ek

in random order

- '{‘[—
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similarity in behaviour of #2 and #3 in this test.

{iv) TFloat~Sink Test: At the earliest stage of the in-
vestigation, it was decided to do some float-sink tests on one of
these samples. Samples from group #3 were crushed and sieved into
8 size fractions. Figure 2 shows that as size decreases the yield
weight percent decreases with different specific gravity fluid. At
smaller sizes more inorganic minerals are released, which in turn,
decreases the yield weight percent.

Float and sink tests on all eight size fractions (of Group
#3) were conducted at 1.3, 1.4 and 1.5 specific gravity fluids.‘ The
results are shown in Table II.- The same data are included in Figure

2, where the concentration of the float and sink fractions at three

different 5.G. fluids and eight size fractions are shown. It is evideﬁt
from the figure that finer size fractions yields's&aller'weighﬁ_percent.
Figure 3 shows this more clearly, -in which float and sink fractiomns

are shown at the 1.3 S.G. fluid for different size fractions. Table
IIT summarizes the data of the proximate analyses of different size
fractions at the 1.3 and 1.4 S.G. fluid separations. The minerals
identified by X-ray analyées on the float fractions are also included
in the table for completeness. The primary mineral is kaolinite with

a small amount of bentonite (and quartz in some cases).  The calorific
value does not appear to changze to any extent with size fractions, in-—
dicating that the inorganic minerals are disseminated evenly throughout

the coal mass.



Table II

RESULTS OF FLOAT/SINK TEST ON HAT CREEXK COAL DEPOSIT SAMPLE®

(Group #3)

Specific Sample T BRI R IR T iu - - \ - -1 -
Gravity Size +1% 15"+ 1Y+ 4" 4m 4 + Tm 7 + 10m 10+14m 14+20m 20m
1.3 ¥Float - 47, 25. 21,3 18.5 1.4 9.0 4.4 2.8
Sink - 53, 74,9 . 78.7 .81.5 88.6 91. 95.6 97.2
Sink - 32.6 21,7 32,4 44 .9 43.4 37.5 44, 42,2
1.5 Float - 100 98.6 95.3 | 96.6 93.2 85.7 82.7 68.5
Sink - - 1.4 4.7 3.4 6.8 14.3 17.3 31.5

£

All figures given above are weight percent (%)

hand-picked: one of the size groups collected at site.

!

_E"{:.—
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Table TII

FLOAT/SINK RESULTS FOR GROUP #3

Sample Size Fraction| Moisture Vol.& Deh* Carbon Ash| Vol.& Deh* -Carbon Ash |Calorific Value Mineral
. (Dry Basis) BTU/1b(db) " Identification

Specific Gravity: 1.3
+1" Float 14, 39.1 38,4 8.5 45.4 4.7 9.9 10400 kaolinite,bentonite
=14 Float - 19.4 34.8 38.7 7.1 43.2 48,0 8.8 10840 patterns not well
~Y"+4 mesh Fleoat 17.5 36.3 41, 5.2 44, 49,7 6.3 11300 defined
~4+7 mesh Float 17.2 38.8 39.7 4ob 46.9 48, 5.3 11350 , : "
~-7+10 mesh Fleat 12,1 41,2 42.6 3.5 47.6 48.4 4.0 10170 "
-10+14 mesh FPloat 13.3 40,3 41,7 4,71 48,5 48,1 5.4 - "
~14+20 mesh Float 13.4 41, 43, 2.61 47.3 - 49,7 3.0 11390 : "
-20 mesh Float 11.7 43.7 37.9 6.51 49.7 42,9 7.4 - "
Specific Gravity: 1.4
+1" Float 14.6 35.8 38. 11.6 41.9 44,5 13.6 10470 | -
—1" Float 13.4 36.5 38.3 11.8 42.2 44,2 - 13,6 10210 kaclinite,bentonite
-%"+4 mesh Float 12.6 35.6 39.6 - 12.2 40.7 45,3 14, 10230 kaolinite,bentonite -

‘ quartz
~4+7 mesh Float 14,6 38.4 37.9 9.1 45, 44,4 . 10.6 10470 kaclinite,bentonite
~7+10 mesh Float 13.5 39.5 38.9 8.1 45.6 45, 9.4 10220 patterns not well
-10+14 mesh Float 14,4 36.4 41.1 8.1 42.5 48, 9.5 10840 defined
~14+20 mesh Float 13.3 37.4 42, 7.3 43,1 48,5 8.4 10870 "
-20 mesh Float 13.4 37.9 42.9 5.8 43.8 49,5 6.7 10720 "

3,

* Volatile and Dehydration of Clay.
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Due to the Iack of time, a complete study of these 6 groups

" of samples from the Hat Creek coal deposit including washability

study at 1.3 to 1.90 S. G. fluids at six or seven sample top sizes
could not be carried out. A complete study of these basic constituents
of the deposit should give a set of washability curves applicable to
all samples from the deposit and these would be very helpful for

future references.

1I. Bradford Breaker Samples
| A. Tirst Batch (High Ash Contenf Coal)

Taking advantage of the information that groups #1 and #4
disintegréted in water, Bradford Breaker samples (as received) were
ﬁlacéa in water and stirrea'for‘one-hour at 40 RPﬁi Soﬁe inorganic
ninerals became looge in water. The ash content of‘the washed coal
was reduced by about 10%. The calorific value of the c¢oal corres—
pondingly increased from 4900 to 6540 BTU/1b on dry basis (or 3800
to 5100 BTU/1b at N 23% moisture). About 8% by weight was lost in
this water washing. This weight loss was primarily due to disinte-
gration of the components similar to groups #1 and #4 in water.

The first batch of the Bradford Breaker sample was composed
of four sacks. The four bags were thoroughly mixed and the mixed
sample was sieved into 6 sizes. The weight percent and cumulative
weight percent distribution of different size fractionrare given in
Table IV and in Figure 4., These sieved samples i.e. all 6 sizes were

also gravity separated at 1.3 S.G. fluid for doing some brelimiﬁary study.



SIZE DISTRIBUTION OF BRADFORD BREAKER SAMPLE

Size
2‘" o 1/2"
1/2 - 174"

1/4" + 4 mesh

4 + 7 mesh

7 + 14 mesh

14 mesh

- 18 -

Table IV

FIRST BATCH (FOUR SACKS)

Weight % Distribution

26.8

32.0
6.8

10.0
8.5

15.9

‘Cumulative Weight %

26.8
58.8
65.6
75.6
84.1

100, -
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Figure 5 shows the results of this float and sink test for six

different size fractions and Table V summarizes the data.

Detailed Float-Sink Tests

Bradford breaker sample of top sizes g 1 1/2", £1",51/2" and
£ 1/4" were floated at specific gravities 1.3 to 1.7. Incremental
increase of .10 specific gravity is used except between 1.4 to 1.6
S$.G. where the incremental increase is .05 S$.G. Samples were not
floated at specific gravities higher tham 1.7 because the ash con-
tents on dry basis of the float fractions of top sizes ¢ 1.1/2" and

< 1" are approximately 66 % and 72 %, respectively. Experiments

at higher specific gravity fluid could only result in ash content

higher than approxiﬁately 70%Z db (a rough average of 667 and 72%).
At 70% ash content, the carbon content is only abéut 2 to 4% accordiﬁg

to TGA results. This mearns that floating at higher specific gravity

will only add to thé percentages of recovery and ash, but add very

little to the total caleorific wvalue.

It should be pointed out that Hat Creek coal is very ﬁorous
(especially groups #1 and #4-6 groups collected on site) as found By
scanning electron wmicroscope. And because alcohol solution (used for
F/S tests) has better wettability characteristics than water on coal,

comparison of data between F/8 tests in alcohol solution and water

should be viewed with the following in mind. What happens is that alcbhbl

solution £ills up more pores in the coal than water when floated in
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Table V

Sample: Bradford Breaker Sample

Float and sink test at 1.3 specific gravity

Sample Size | | wt.% Float wt.%Z Sink Wt.% Loss¥®
=-2" + 3/4 19.5 75.4 5.1
=3/4" + 1/4" - 25,1 - 69.9 5.0
-1/4" + 4 mesh 29.2 61.2 9.7
-4 + 7 mesh | 43.6 45.9 7 10.5
-7 mesh 62,2 28.2 , 9.6

* handling losses
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specific gravity fluids. When the poies are not filled with S.G.
fluid, they are filled with air®*. This means that the apparent
specific gravity of the coal (same type) is lower in water than in
alcohol solution. The difference between floating the sample in
alcohol and water medium should show up in the washability curves.
For example, the washability curve with yield weight percent as a
function of specific gravity of sample floated in water medium should
shift slightly to the right than that in alcohol medium. The actual
amount of specific gravity shifted can only be estimated easily by

experimental means.

Experimental results of the float and sink tests are presented
" in table forms (Table VI l;:g-l}i). VOn the left of .the tables, listed are
the specific gfaﬁities at which the samples are flocated; the weight
percentage of the samples, their moisture contents ;nd the calculated
weight percentages of the samples on dry basis. In the next section

is information on the float fractions at various specific gravities from
weight of float fraction (g) to cumulative calorific value (dry basis).
The next section further to the right has information on the sink
fractions from the weight of sink fraction (g) to calorific value

BTU/1b (dry basis). The last section is on the amount of loss during

float/sink tests.

An example on reading these tables should clarify any doubts

% generally speaking
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on the interpretation of the experimental results. Samples with top
size £ 1 1/2" is fioated at 1.3 specific gravity (S.G.). The total
original weight for floating is 1553 g. at 17.37% moisture yielding
1284 g. on dry basis. This amount of sample, 1284 g. (db) is floated
at 1.3 8.G. giving float‘ffaction of 299 g. at 24.37 mﬂistufe,or

266 g. on dry basis.and gink fraction of 1188 g at 16.2% moisture or
996 g. on dry basis. The percentage of moisture is monitored closely
for the purpose of balancing the weights throughout the float/sink
test. .

Float fraction of 266 g. on dry basis constitutes 20.7
weight 7 of original weight 1284 g. (db). The ash and cumulative
‘ash contents (db) in weight percentages of the float fraétion are
both 10%. 60% and 40% of ‘the ash content are kaolinite and beptomite
respectively. These would mean 1.27% and .8% of the original mgterial
(1284 g, db) are kaolinite and bentonite, respectively. The sulfur

and cumulative sulfur contents in weight percentages are both .63%,

1600,000
11170

The heat and cumulative heat contents on dry basis are both 11170

or 256 gram sulfur per million BTU. ( x 453.5922 x .0063).
BTU/1b.

Sink fraction of 996 g. on dry basis constitutes 77.5%7 of
the original material for floating (1284 g. db). This 1l.3-specific
gravity sink fraction is not analysed for ash, heat, and sulfur

contents.
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Balancing the original weight of material for floating,
the weights of the float and sink fréctions; the weight percentage
of loss (db) is 1.8%.
The gink fraction (996lg.) db of 1.3 5.G. is then used
for the float/sink test in 1.4 8.G. fluid. Again, this resulted
in a float fraction and a sink fractionm.
The weight of ghe float fraction is 305 g. at 21.27 moisture
or 240 g. on dry basis. The weight Z is 24.1% (_Eﬁgﬂg x 100).

Cumulative weight % is 39.4%7 (20.7 + 18.7%). The weight % of total

240 g
596 g

is 31.5%. The cumulative ash content is 20.27 (i.e. a sample made up

material is 18.7% ( b3 77.5%); The ash content of this fraction
of 1.3 and 1.4 F has ash content of 20.2%). B88% and 12% of the ash
content of this fraction are Raolinite and bentonite respectively.
' Thé\weight A 6f kaolinite and bentonite of the original materiai i.e.
1284 g (db) of this fraction are 5.18 and .71% respectively. The
cumulative kaolinite and Dbentonite contents (i.é. a sample made up of
1.3 and 1.4 ¥ has K and B contents of 6.4 and 1.5% respectively) are
6.4 and 1.5% respectively. The weight % of sulfur and cumulative
sulfur are .80 and .71% respectively. And the sulfur and comulative
sulfur contents in grams of sulfur per million BYU are 429 and 338
respectively.

The heat and cumulative heat contents are 8460 and 988

BTU/1b respectively.
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The weight of the sink fraction is 879 g at 147 moisture -
ot 756 g. on dry basis. The weight % of the sink fraction is 75.9%

( %g%*g' x 100). The weight Z of the total original weight is 58.8%

%%% 77.5%). The weight % of ash and cumulative ash contents

are actually the same and is eqﬁal to 62.5% (db). 49% and 51% of the

ash content of this.fraction are kaolinite and bentonite respectively.
Weight % and cumulative weight % of kaolinite and bentonite are the same
and is equal to 18.0 and 18.77% respectively (18. = 58.87% (.625)(.49)
and 18.7 = 58.8% (.625)(.51)). The sulfur content of this fraction
(i.e. 1.45) in wt,% and grams sulfur per million BTU are 0.45% and

559 respectively. And the calorific value of this fraction is 3650
BIU/1b.

Apain 1.4 S.G. sink fraction is used for the-float/sinﬁ
test at 1.45 S5.G. to obtain float and sink fractions. WNote that ﬁnly
833 g. of 879 g at 14% moisture of 1.4 sink fraction is floated at
1.45; the difference (879 g. — 833 g. at 147 moiéture) is used for

analyses.
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Table VI
'—___—.:
SAMPLE: BRADFORD BREAKER SAMPLE SIZE: ¢ 1 1/2"
: i X-ray Analysis Wt.% of Original Total Material{db) We. % Cumulative WE. 2 Cumulative Grams Sulfur Calorific Val cal : !
Weight o Welght of Weight of Weight of We % Cumulati Wt % (dbh) Kaol - 0 - p Wt.% : WE. % : A d alorific Value alorific Value Weight of Sink 4 W - ' _
Specific Gravity z Ly g to% umulative ¥ _ Xaol Bent Qtz Sid Pyp Ank Kaol  Bent  Raol Bent Ash (db Sulfur (db " - (db) 8 n eight of Sink Wt.% of Sink Wt % - : Ve, - ' : : :
fMatg;'g.?l) Moisture M;;g:zia;](.dggr . Fl?at( N Moisture Flo?t F:('action of Float Weight % of of Original . _ Comulative ) Ash (db) ur (db) Sulfur (db) Million gggul“i‘;e BTU/1b B'I‘U/lbc (db; Fraction(g) Moisture Fraction(db) Fraction(db#*) of Orig(?.?x;.l X-ray Analysis f_‘z of Original Total Material(db) e x o %?‘_'Lﬁ%ﬁ (db) Calorific Value Calorificlle  We.% Cumulative
Sink  Float or & & raction(g g) (db) Fraction(db*)  Float Fraction Total Material ——————— s —— . Cumulative Total Materiay Xa0L Bent Qtz Sid  Pyp Kaol  Bent Kaol  Bent Ash(db)  Sulfur(db) , BTU/1b (db) BTU/Lb ()  Loss (db) . Wt.Z Loss (db)
' (of F/S Fractions) “Cumulative - o : e . !
- c S 60 40 t - t - 1.2 .8 1.2 .8 10. 10. .63 .63 256 256 a4 |
1.3 . 1553 17.3 1284 299 124.3 266 20,7 20.7 20.7° 5 11170 11170 1188 16.2 -
, 88 12 t ottt 5.18 .71 6.4 1.5 31.5 20.2 .80 71 429 338 ot 996 1.7 77.5 - - - - - - - - - - - 1.8 1.8
1.3 1.4 1188 16.2 996 305 21,2 . 240 24.1 39.4 18.7 : . 8460 9884 879 14. : ‘ .
' o 74 2 t t t - 4,81 1.69 11,2 3.2 40,1 26. .61 .68 351 342 6300 756 75.9 58.8 49 51 t t ¢ 18. 18,7 18. 18.7 62.5 .45 559 I 3138 3650 1.8
1.4 1.45 833 14. 716 247 20.1 197 27.6 55.6 16.2 7880 9300 522 9.2
. 581 42 t - - t .89 .65 12,1 3.9 57. 27.4 .57 .68 478 348 4878 474 66.2 38.9 50 50 N ¢ _ 13.63 13.63 13.6 13.6 70.1 42 664 2610 2870 6.2 3.5
1.45  1.50 501 9.2 455 35 9.8 32 6.9 58.3 2.7 ‘ | 5410%% 9120 476 13.5 ‘ : '
- - - - - - - - - - - 63. 27.6 - - - - 412 90.5 35.2 46 54 t ¢ - L 12,4 14.56 12.4 14.6 76.6 .79 498 2285 2640 2.6 6.5
1.50  1.55 427 13.5 369 13 12.5 11 .8 58.6 .3 ) ) _ _ i i i ) _ _ _ _ - - - 434 9.0 395 99.2 34.9 ) ) i ) ) i ) ) 29 498 . ) _ 6.5
1.55 1.6 429 9.0 390 negl. - - - - - | - ) ) - ) N - - - - - | i
& ‘ 521 48 t - t t .21 .19 13.3 4.1 66.2 28. - - - - 3164 351 - - - - - - - P - - - - .29 498 - - 6.5
1.6 1.7 429 9.0 390 118 9.8 107 27.4 59.2 .6 \ $3510 9035 308 9.5 ; _
| 279 72.8 34.3 2 . 12.64 13.15 13.6 13.2 75.2 17 426 1640 1810 6.3

¥ d\b : d\\:\s \006\-"3

n
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SAMPLE: BRADFORD BREAKER SAMPLE

SIZE: < 1" - | " | | Wt.% of Original Total Material(db ‘ | ,
—_ " . . - o . ) £.% of Original Total 31 = {a» Wt.% Wt, % ﬁ%ﬁsu (db) Calorific Value Calorific Value Wt. 2 Cumulat:u(re
B ) — . . , , o : o _ ‘ Kaol  Bent Kao ent M1 TU/1b (db BTU/1b (db) Less (db) Wt.%Z Loss (db)
. Weight of Weight of Weight of . Weight of WE. % Cumulative We. % (db) X~ray Analysis Wt.% of Original Total Material(db) e Cumulative Cumulative - Calorific Value Calorific Value Weightlof Sink 'Z Wedght of Sink Wt.% c?f Sink We.Z (c.lb) X-ray Analysis (of F/S Fractions) Cumilative Ash(db)  Sulfur(db) . BTU/ '( ) /
Specific Gravity A . o Float Fraction £ F1 Weleht % of of Oripinal . . . t. WE.% Grams Sulfur ' BTU/1b BTU/1b (db) Fraction(g) Moisture Fraction(db) Fraction(db*) of Original ——
Material Moisture Taterial for Float Molsture cat fractio ° oat 8 ; g Kaol "“Bent  Qtz §id Pyp Ank Kaol Bent Kaol Bent Ash (db) e, 2 Sulfur (db) We. % Milli Ty (db) Cumulative Total Material 201 Bent Qtz 5id Pyp An
for F/s(g) oY F/S(g)(db)  Fraction(g) (g) (db) Fraction(db*) Float Fraction Total Material Cumulatiy Ash (db) : Sulfur(db) tilion BIU —oAtive exia .
Sink  Float - - ~umu ative Cumulative z . 28.7  23.5 28.7  23.5 64.9 .55 514 3872 4850 5.7 5.7
- | - | . 3145 3720 - 5.7
o - 113 - 13 1.8 89 11 - 117 .4 1.2 .14 9.5 9.5 .40 .40 148 148 9322 12250 12250 2431 20.2 1940 80.5 80.5 0 4 e oo 202096 2.2 1.6 n4 " > 481 2960 5.7
1.3 2576 6.5 2:22 o e e 2.0 17 1 233 66 34 - . 412 2,12 5.3 2.3 26.8 0.4 3 61 232 " 8353 9980 10820 1582 15.5 1337 71.0 57.2 52 48 ot & ot - 1571 12.3 5.7 12.3 74.2 48 702 2847 oo .
o o o X . 433 33.8 56.4 19.3 62 38 ot ¢ 6.83  4.19 12.1 6.5 57.1 32.9 .58 .60 480 338 4707 P480 8995 1008 16. 847 66.2 37.8 A S S O el = > )
1.4 1.45 1501 15.5 1268 504 14.1 . 65-8 . 51 49 t t 3.0 2,9 15,2 9.4 68.9 37.7 50 59 606 373 3400 3740 8300 677 10.4 607 77.4 29.3 55 45 t t - - 10.8 7.8 10.8 7.8 71.5 .39 534 2989 3310 - 5.7
2.6 . R H L] L] -* . - - - a ’ - - -
1.45  1.50 920 16 773 195 9.1 177 2 - 57 6 . . L3 98 16.4  10.3 1.3 19.9 _ _ B _ 2762 3110 8060 488 10.6 436 89. 26.1 58 42 t - - - - - - - .39 - 5.7
1.50  1.55 547 10.4 490 61 11.2 54 11 68,2 . _ i ) ) ) : b - 174 10.6 334 . - - - - - - - 11.68 7.78 1.7 7.8 74.9 .2] - 1633 1830 - 5.7
1.55 1.6 374 10.6 334 negl - '8 ; , e; , . 4 / t t - - 16.4  10.3 _ 39.2 - - - _ - - 8050 375 10.8 335 97.7 26, 60 40 - - - -
1.6 1.7 374 10.6 334 9 10.2 . . . | .
i ]
|
Ab vy basis

e



A ST R T PR
. .. . .
. Mo el L e e =l I

- 29 -
SAMPLE: BRADFORD BREAKER SAMPLE (BATH #1)

MD32/4  log (B) | . o '

Table V111

' : Wc.% of Original Toral Material(db) Wt % Wt.% | 1s. 5 (d!::) Calorific Value Calorific Value Ve, Z Cumulativeb>
' ' ifie Value . Weight of Sink % Weight of Sink Wt.% of Sink We.2z (db) X-ray Analysis _ Kaol Bent Kaol  Bent Ash.(db) Sulfur(dp) 1 BTU BTU/Ib (db) BIU/1b (db) Loss (db) Wt.% Loss (d
' | Calorific Value Calorifd (g) Moisture Fraction(db) Fraction(db*) of Original s1d  Pyp At (of F/S Fractions) Cumulative
, — : (db) Fraction(g . Kaocl Bent Qtz yp (o ——
: , . BTU/1b BTU/1b : _ Total Material _
, : X-ray Analysig Wt.Z of Oripi - : Cumulative. . : Cumulative o
Specific Graviey  Welsht of 9 Weight of .  Weight of 5 ’ Weight of Wt 2 Cumulative We.Z (db) . ¥y Analys 0f Urlginal Total Material(db) | Wt % Cum;ia;ive We. W % G;i}iigzlg; (db)’ . 2ol | 2866 3160 3.4 3.4
Material Moisture Material for Float Moist Float Fraction of Float Welght % of of Original Kaol  Bent "Qtz sid Pyp  Ank Kaol Bent Kaol Bent Ash (db) A h'(db) Sulfur (db) Sulfur (db) Cumulative X 12.03 7.07- 12,03 7.07 74.8 .38 545 :
Sink Float for F/S(g) F/5(g) (dh) Fraction(g) olsture (2) (db) Fraction(db¥*) Float Fraction Total Material & M ‘ s - —— i E 37 6.4 ‘ 305 25 25 _ 63 37 t -t t .- ’ : ’ ' 2809 3130 .8 3.5
' . . 8185 3 . : : : 72 6.31 77.1 - -
< L o . 6515 8185 . - - 11.72 6.31 11, . | 3.5
‘ | o | 360 260 % | o 8140 298 10.2 268 93.4 | 23.4 65 335 v - 1! i _ o _ - ~
' ' L 59 . 41 t t ot - 15,67 11,78  15.67  10.89 37.1 37.1 .65 .65 5167 - 610 : - - - - - - - ' | '
1.45 1457 16. 1224 1102 ; 20.4 877 71.6 71.6 71.6 . S Ut - | , ! _ 266 12.6 233 94.4 22.8 - - |
| - 69 31 ¢ t ot - - W53 24 16,2 12,02 52.6 -, - - - T Lo -
1.45 1,55 317 9.4 287 20 15.3 17 5.8 - 731 - 1.5 : . 4 o |
1.55 1.7 274 10.2 246 8.3 11, 7.4 3.0 3.7 ' 6. ) - )

do : CUUS basis __ : |

LY



Table IX

. ' . ' - ' o - : o SAMPLE: BRADFORD BREAKER SAMPLE
_ s Table 1X _ - _ | | - I SIZE: s1/4"
l e - - SAMPLE: BRADFORD BREAKER SAMPLE ' SAMPLE: BRADOFRD BREAKER SAMPLE ' ¥
N SAMPLE: BRADFORD BREAKER SAMPLE A SIZE: sl/4" . | SIZE:  £1/4" | |
o2 /4 (& Sz | . - L *
! e - - : ‘ s ipi 1 Material(db) ' .- '
| - l . : . - : » We.% of Original Toral Ma ¢ We. % Wt,Z MI??.'B;U (db) Calorific Value Calorific Value Wt. % C:nnulative
Specific Gravity Weight of z Weight of Weight of Weight of We. 2 ' Cumulative Wt.% (db) X-ray Analysis Wt.% of Original Total Material(db) Cumulative . Curﬁulative | Calorific Value Calorific Value Weight of Sink % Weight of Sink Wt.% of Sink Wt % (db) L X-ray Analysis Kacl  Bent Kapl Bient Ash(db)  Sulfur(ab) 1 BTU/1b (db) BTU/1b (db) Loss (db) Wt.% Less (db2»
Material Material f Fl Lok : T o PP = - * WE.% , Wt % e o Grams Sulfur , BTU/1b " BTU/1b (db) Fraction(g) Moisture  Fraction{db) Fraction(db*) of Original s —- (of T/S Fractions) Cumulative :
] for F/S(g) Moisture oF cat Moisture Float Fraction of Float Weight % of of Original Raol  Bent Qtz Sid  Pyp  Ank Kaol Bent Kaol Bent Ash (db) wE. % Sulfur (db) WE. % Million BTG (9P} Cumulative Total Material 201 Peat Qtz Sid Pyp ar
Sink  Float g F/S(g)(db)  Fraction(g) (g) (db) Fraction(db*)  Float Fraction Total Material Ash (db) Sulfur(db) _ ~um-ative : | |
' - Cumulative Cumulative .
| | 8.99  3.49 8.99 3,49  71.8 78. 754 2160 2343 3.0 30
'_ ' . . 6145 7540 7540 215 7.9 198 16. . 16. 72 28 t ot .t - : : 21 - 3.0
1.45 1631 22.9 1236 1229 18.5 1002 81. 81. 81. 63 - - - - 21.8 12.8 21.8 12,8  42.7 42.7 .52 52 313 213 | 7.33 .87 7.33 .87 | 75.6 79.1 - 2005 0o
. | ’ 5050 5900 7534 189 ' 4.4 180.7 98 15.7 59 3% - - - - t | - - 3.0
1.45  1.55 200 C 7.9 184 bob 14.4 3.8 2. 81.3 30 84 16 - - ~ - 14 .03 21.9 12,8 55. 42.8 - - - . . | B " ) - T i - : 2100 .
, | T - 5 |
155 19 - » s | | 900 7534 174 4.4 , 166 100 15.7 - - - _

negl. .- - - 81.3 - - - - - - - - - - - - - 42.8
!
1‘
|

do - dhv y bass
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Washability Curves

From the detailed float-sink data as presented in Tables VI to IX for four
top sizes, <1.5",51.0",<0.50" and £0,25", the washability curves for these samples
are drawn and are shown in Figs. 6 to 9. There are six curves in each figure.

X axis Asﬁ 7 Specific
Sample Sizes: y axis ) Gravity
g s, 1M, &Y, T Weight % 1, 2 4

of Float

Weight 2 3 -

-of 8ink

Calorific

Value - 5,6

BTU/1b

) Curve 1: percent ash of cumulative float curve
— traces the variation of cumulative ash percent with the
variation in recovery

© Curve 2: ash curve of sample curve

—. traces the variation in ash per cent with variation in

recovery ;
A Curve 3: percent ash of cumulative sink curve |
— traces the variation of thelcumulativegash percent with
variation in weight per cent sink fraction.
U Curve 4: recovery curve

— traces the variation of the recovery with the variation in
specific gravity.
% Curve 5: cumulative heat content curve

~— traces the variation of cumulative heat content with the
variation of specific gravity

& Curve 6: total recoverable heat content per pound washed coal curve

~ traces the variation of total recoverable heat conteut per
pound washed coal with the variation of specific grawvity.

Calculations are shown in Table X.



Table X

CALCULATION OF TOTAL RECOVERABLE.HEAT CONTENT PER POUND
WASHED COAL (WASHABILITY CURVES #8)

TOTAL RECOVERABLE HEAT CONTENT

SPECIFIC GRAVITY PER. POUND WASHED. COAL

CUMULATIVE WI.Z X HEAT CONTENT

Sample size < 1 1/2" {
1.3 2310 20.7 % x 11170 BTU/1b

1.4 3890 39.4% x 9884 BTU/1b
1.45 5170 55.6 % x 9300 BIU/Ib
1.5 . 5320 58.37% x 9120 BTU/1b
1.7 5350 59.2% x 9035 BTU/1b

Sample sizé.f i

1.3 1690 13.8% x 12250 BTU/1lb
1.4 4010 37.1% = 10820 BTU/1b
1.45 5070 _ 56.4% x 8995 BIU/1b
L.5 5460 65.8% x 8300 BTU/1b
1,55 : T 5500 - 68.2% x 8060 BTU/1b
1.7 5500 68.3% x 8050 BTU/1b
Sample size g 1/2"
+1.45 5860 71.6% x 8185 BTU/1b
1,55 | ‘ 5950 73.1% x 8140 BTU/1b
Sample size g 1/4" ' ,
1.45 6110 81.% x 7540 BTU/1b
1,55 . 6130 81.3% x 7534 BIU/1b
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The dotted portions of curves number 1, 2, and 3 are project-

‘ions of the existing curves based on experimental data. For example,

at 100Z recovery, the cumulative ash 7Z of the float fractions of

sample top sizes <1 1/2, <1" are 47% and 517% respectively as shown by
curve #1. These cumulative ash % are obtained by ash balances* of the
float and sink fractions and they represent the ash content of the
original (before washing) coal. Also at 100% recovery, the ash content
of the float fractions are avound 77% ash**, . This means that as the
samples are continued to be floated off as the specific gravity is
increased; the ash % of the floated portion will be increased up to
around 77% at 100% recovery. As the Z of recovery and % of sink fraction
approach 100 and 0 respectively, the ash contents (%) of the float and
éink fractién ;hould be the same. Therefore Curve #2 and #3 should

converge to about 77% ash because both fractions should contain almost

entirely of inorganic minerals when the percentage of recovery approaches
. t

100.

%% TGA analysis showed that sample containing only about 27 carbon has
about 77% ash (from 76 -+ 80% ash). This sample contains almost
entirely of inorganic minerals.

9

See calculation of ash content o¢f coal before washing by ash balance

of float and sink fractions for sample top sizes < 1 1/2", < 1",

-
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Intexpretation of Washability Curxves

Curves #1, 2 arnd 3 give information on the qualitieé of the
clean coal and refuse at a chosen recovery. For example®*, at 55Z
recovery considering top size < 1 1/2, the ash % of the float-sink
fraction is 42.5% (Curve #2), the cumulative ash % of the float fraction
is 27% (Curve #1) and the ash % of the sink fraction is 68% (Curve #3).
(Note that line is projected from (100%Z -~ 55% =) 45% of the sink

fraction).

Curves #1 and #2 which are cumulative ash content and ash
content of the float fraction curves, should indicate the variation of
ash content with recovery which in turn indicate the specific gravity
for separation. The ash content of the coal of saﬁple top size g 1"
before cleaning is about 51% by ash balance¥®. Redéction of ash content
by 12% (51% —~ 39%) corresponds to approximately 69%H* recovery at 1.55
to 1.7 specific gravity separation. Again from curve {#f1, reduction of
ash content by 13.5% (51 - 37.5%) corresponds to approximately 657 #+%

recovery at 1.5 specific gravity separation.

#+%  See lines on washability curves for sample size 1"

%%  See washability curves of sample top size < 1 1/2", see
lines with direction arrows.

* See calculation of ash content of coal before washing in Appendix.

+*  See lines on washability curves {#1 and 4) for
sample top size < 1",
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Curve #4 traces the variation of recovery with the variation
of specific gravity. This furnishes information on the amount of near
gravity®+ material present. The significance®*** of the amount of near
gravity material on the operation of céal—preparation plant is shown on

Table XI.

As seen in washability curves #4 of sample top sizes ¢ 1 1/2"
and & 1", the curves start to flatten out at around 1.5 S§.G. The curves
are completely flét from specific gravities (85.G.) 1.5 to 1.7.  This
means that the near gravity material at 1.6 -+ 1.65 S.G. is almost zero
and floating the coal at this specific gravity will separate the coal
easily. Curves #4 will drop very little as the specific graviries are

..... dincreased,  This prediction is based on exPerimenEél results - that the
yield weight % of the float fractions remain fairly constant, the-ash A
of the sink fraction can increase very little, and the specific gravity
of coal is around 1.3 to 1.4 S5.G.%++ Curves #4 w£11 abruptly drop when

the specific gravity is increased to that of one of the inorganic minerals

*#%% Chemistry of Coal Utilization, Supplementary Volume, p.326.

*+  Near—gravity material defined as the percentage of ceal tﬁat.will
float in a range within plus and minus 0.10 specific of the cleaning
value,

#H-+ Around 1.3 to 1.4 at sample top sizes used here. But if sample top
sizes are very small, e.g. —400 mesh, the true specific gravity can
be as high as 1.7 +~ 1.8 due to decrease of porosity as the sample is
grinded to smaller sizes.
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Table XI

SIGNIFICANCE®*QF AMOUNT OF NEAR-GRAVITY MATERTIAL*#*

Amount of Near CGravity Material Estimate of Coal-Preparation
Greater than Less than Plant Cleaning Problem
0% 7% Simple
1% 10% Moderately difficult
10% 15% Difficult
15% 207 Very difficult
20% 25% Exceedingly difficult

25% Formidable

* Ref.#2 Chemistry of Coal Utilization, Supplementary Volume,
H.H. Lowry, Editor, NAS-NRC Comittee on Chemistry
of Coal, Wiley

*% The near gravity material is defined as the percentage of
the coal sample that will float in a range within plus and
minus .10 specific gravity of the cleaning value.
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in the coal. In view of the inorganic minerals presenf, this should

happen at around 2.0 §.G.

Additional float and sink tests have been performed at
1.6 $.6., 1.7.8.G., 1.8 $.G. and 1,9 S.G. for sample top sizes < 1/2"
and < 1/4". Negligible increases of recovery of the float fraction are

observed. This confirms the above speculation.

Summary of Interpretation of Washability Curves

From washability curves #1 to #4, it was found that the amount
of recovery increases with decreasing sample top sizes at any specific
gravitf. The recoveries for sample top sizes < 171/2", £1", £1/2" and
g1/4" at 1.5578.G. (for example) are 58.3%, 68.2%, 73.1% and 81.3% respec-
tively. For all sample top sizes, the amounts of recovery remain constant
from 1.5 8.G, to 1.7 S.G. Since additional float[fsink tests were per-
formed with sample top sizes gl/2" and <1/4" ;the amounts of recovery
remain constant from 1.5 S5.G. to 1.9 S.G. It can be speculated that
the same finding is applicable for other top size gamples. - The near-

gravity material is almost zero at 1.6 -+ 1.8 S5.G. for all sample sizes.

Total Recoverable Heat

Of all six curves, the most important curve to consider is
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Curve #6., It traces the variation of total recoverable heat content
per pound washed coal with variation of specific gravity. TFrom
balance® of all float and sink fractions, the heat content of Bradford
Breaker sample < 1" before washing is about 6056+BTU/1b. But the

total heat content of the coal varies from about 5200 to 5450' BTU/Ib at
specific gravities 1.45 to 1.7, respectively. This definitely shows
that floating the coal beyond 1.7 S.G. will only increase fhe total
heat coﬁtent élightly. Therefore, the optimum specific gravity for
floating the coal should be within this range i.e. 1.45 to 1.7 for

maximum total recoverable heat content.

The effect of sample top size on the total recoverable heat
content’per pound washed coal is shown in Figure 10. The total recoverable
heat content per pound washed coal is calculated with the cumulative
calorific value as well as the ﬁumulative weight percent recovery of

the float fractions taking into consideration.

This figure shows the trend that as the sample top size is
decreased, the total recoverable heat content per pound washed coal is
increased at any specific gravities between 1.4 and 1.7. The actual
heat content increase in BTU/lb between sample top sizes should not
be taken from this graph because all four top size samples have slightly

different calorific values before washing. From heat content balances,

% See Appendix
+ dry basis
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the calorific values of sample top sizes 1 1/2", 1", «1/2" and
<1/4" are 6050, 6050, 6730 and 6440 BTU/lb*&espectively. Comparison
of the increase of total recoverable heat contents of the four top
size samples in percentages should be more meaningful. This is shown

in Table XII.

Table XIT

Sample Cumulative total Heat content of % of heat content Z% loss of

Top recoverable heat sample before of sample before  total heat
Size content per/ib washing (BTU/ washing content
washed coal(BTU/ 1b (db))
1b (db))
<" 5330% 6050 88.1 11.9
s1" 5500 6050 90.9 9.1
s 5950 T 6730 “88.4 i1.9
< 6130 . 644D 95.2 4.8

The percentage increase of heat content .seems to be very small
as sample top size decrease from £1 1/2" to £ 1", and from g 1" to g 1/2"
Significant increase is noted though as sample top size decreases from
< 1/2" to g 1/4". At sample top size g 1/4", the pércentage of loss of
heat content is only around 5%Z. Therefore, as far as total recoverable
heat content per pound washed coal is concerned, smaller samplé top size
coal is definitely more advantageous for using as the feed material to

coal preparation plant than larger sizes.

*¥ Assume 10 BTU/1b increase at 1.55F from 1.5 F since at 1.5F heat
content is 5320 BTU/1b and at 1.7F, it is 5350 BTU/1b.

-+ dry basis
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Summary of Total Recoverable Heat Content:

The percentages of recoveréble heat content are approximately
90% for sample top sizes <1 1/2", £1" and £1™ and <1/2" at 1.55 S5.G..
But for sample top size £1/4", the percentage of recoverable heat con-
tent ié about 95% at 1.55 S8.G. with only about 5% loss of total heat
content in the coal. The recoverable heat contents** of all sample top

sizes remain fairly constant from 1.5 S.G. to 1.9 S5.G,#**

Distribution of Inorganic Minerals

Another area of investigation in this project is on the dis-

tfibuéion of iﬁorganic minerals‘in the flbat and sink fractions ag—various
specific gravity separafions. Cumulative weight % of float fraction as

a function of cumulative ash % curves for sample top sizes g1 1/2", 1",
<1/2" and <1/4" are shown in Figure 11, This figure shows that the ash
content of the various top size samples before washing is about the sane
i.e. ® 497 ash. The mineral contents of the samples should then be a

little higher than 49%.

%k of float fractions

#%% 1.9 5.G. because of additional F/S tests at 1.8 S.G. and 1.9 S.G.
for sample top sizes £1/2" and <1/4".
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The two major inorganic minerals preéent in the coeal
(Bradford Breaker sample, Batch #1) are bentonite and kaolinite.
Minor miperals occur in traces only are quartz, siderite, pyrite

and ankerite.

Because the inorganic part of the sample is almost entirely
of bentonite and kaolinite, mass balance* and cumulative* mass balance
are carried out only for these two minerals. Kaolinite[bentonite WASS
balance should show that the sum of these two minerals in the float
and sink fraction at one specific gravity should equal to the sum of
these minerals in the sink fractions of the previous lower specific
graviFy. Cumulative kaolinite/bentonite mass balance should show that
at any specific gravity, the sum of these minerals in the float and
sink fractions should equal to that at any other speeific gfavity {See

Appendix for more explanation).

Figure 12 A and B summarize the distributions of minerals in

the float and sink fractions by specific gravity separation. The two

main minerals in the Bradford breaker sample (Batchv#l) are kaolinite and

bentonite. The distributions of minerals in both float and éink fractions

are of interest because the float fraction will eventually end up in the

furnace for power generatiom and the sink fraction will be used for

brick-making if the scheme is proven feasible.

* See Appendix
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The fusion temperature of the feed to the furnace is -
dependent somewhat on the amount of kaolinite and bentonite in the
coal. Generally speaking, bentonite decreases and kaolinite
increases the fusion temperature., As shown in Figure 12 A and B,
-the cumulative weight Z of both kaolinite and bentonite increases
as the sample top size decreases. The increase in weight percent
of the minerals is due primarily to the increase in recovery of the
float fraction as the sample top size decreases. For example, the
recoveries of sample top sizes g 1 1/2", < 1", ¢ 1/2" and 51[4* are
58.6%, 68.2%, 73.1% and 81.3% respectively at 1.55 specific gravity.
As a whole, the increase of fusion temperature by kaolinite is off-
set by the decrease of fusion temperature by bentonite; the fusion -
_temperature of the feed should therefore remain relatively the same
for éll sample top sizes. !

The mineral distribution curves (Figure{l3 A to B) of the
sink fraction shows that as the sample top size decreases, the
cumulative weight percent of the minerals decreases also. The decrease
of the minerals can be explained by the decrease of the welight percent
of sink fraction. For example, the weight percent of sink fraction
of sample top sizes < 1 1/2%, <1", <1/2" and <1/4" are 34.9%, 26.1%
23,47 apd 15.7% respectively at 1.55 specific gravity, But, the
decrease of bentonite with decrease qf sample top sizés is at a faster

rate than that of kaolinite, This means that the sink fraction con-

tains smaller percentage of bentonite at smaller top size than at
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larger top sizes. TFor brick-making purposes, the decrease in bentoumite
4is definitely a plus as bentonite is not desirable. Therefore smaller

top size sample should he fed into preparation plaﬁt.

X-Ray identification of minerals and proximaté,analysis have
been performed to trace losses of mineral during the cleaning process.
TGA results show that'handling-loss Sample" is consisted of approximately
{(on dry basis) 20.5% volatile and dehydration of clay, 2,5% carbon and 77%
ash. An-X—ray énalysis has shown that the sawmple is compésgd_ primarily

of bentonite and only a small amount of kaolinite.

Summary of Distribution of Inorganic Minerals

- —

Between 1.4 $5.G. and 1.9 S§.G.*, the cumulative weight % of
both kaolinite and bentonite in the float fraction increases as the
sample top size decreases. The increase in weight percentage of the
minerals is due primarily to the increase in recovery of the float
fraction as the sample top size decreases. Both the weight 7 of
kaolinite and bentonite in the sink fraction decrease with decrease
in sample top size. But the concentration of bentonite with decrease
of sample top size decreases at a faster rate than that of kaolinite.

This means that the sink fractions of smaller top sizes contain higher

* Weight distribution curves show 1.4 S.G. to 1.7 S.G. But this is
extended to 1.9 S5.G. because no increase in recovery is observed in
additional tests donme at 1,8 5.G. and 1.9 S.G. for sample top sizes

<1/2" and £1/4".
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percentages of kaolinite than that of larger top sizes.

Sulphur Removal by Washing

Sulfur distribution in the float and sink fractioms is
studied in search of suitable specifiq gravities for separation at
which the sulfur content of the coal is reduced to the minimum.
Reduction of the sulfur content in the float fraction would in
turn reduces the amount of sulfur dioxide préduced duriné combustion

of the coal.

Hat Creek coal is a low sulfur coal having a mean sulfur
;'content of approximately .41% as reported by Dolmage-Campbell and -
Associates Litd.#%* Examination.of the sulfur contents of drillholes
76-135 and 76-136 shows that large concentration of sulfur is present
in the coal as organic sulfur, small percentage as pyritic sulfur,
and almost none as sulfate sulfur., The distribution of sulfur in

the proportions obtained is typical of low-sulfur coal®#¥, .

Generally speaking®#**, gulfur occurring in inorganic
combination as pyrite and sulfate can be removed by specific gravity
separation. However, the finer the pyrite particles in a coal grain
and the lower its concentration, the more difficult it is to remove.
Sulfur in organic combination or organié sulfur cannot be removed

by mechanical cleaning ox preparation processes because it is present

*% CIM Bulletin June 1977, p.107 *** Chemistry of Coal Utilizatiom,

425, p.426.
* Petrology, p.333 P » P
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in the organic matter making up the coal. This imposes limitation

on the extent sulfur can be removed by mechanical mesans.

Sulfur analyses were performed on 1,3, 1.4, 1,45, 1.5 specific
gravity float and sink fractions of top sizes <1 1/2" and <1" samples.
But for top sizes <1/2" and <1/4" samples, sulfur analyses werevdone
only for the 1.45 S.G. float and sink fractions. Therefore, comparison
of reduction of sulfur for the four top size samples will be made only-

at this specific gravity.

From‘Taﬁle %111, the welight % reduction of sulfur (i.e. the
weight % of total S in washed coal (db) column for the sink fraction)
for top sizes <1 1/2", <1%,7<1/2" and <1/4" at 1.45 specific gravity
are 30.1%, 34.0%, 20.87 and 14.67% vespectively. At the same time,
the welight % of the sink fractions of the four top sizes are decreasing.
The weight % of the sink fractions of top sizes <l i/Z", <1, s1/2"
and 1/4" are 38.9%, 37.8%, 37.1% and 16.%. The weight % recovery of
the float fraction of top sizes g 1 1/2", ¢ 1", ¢ 1/2" and $1/4" are
55.6%, 56.4%, 71.6%and 81.0%Z.The weight Z reduction of sulfur is
decreased with decreasing sample top size at the expense ¢f increase

in the recovery of the fleoat fraction.

Reduction of sulfur on Table XIV is presented in terms of

grams sulfur per million BTVW. The percentages of reduction in grams



Table XIII

PERCENT REDUCTION WEIGHT % OF SULFUR IN WASHED COAL

(Bradford Breaker sample, Batch #1)
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Specific Gravity

FLOAT ¥FRACTION

SINK FRACTION

Cumulative Cumulative Cumulative We. Z of Cumulative Cumulative Cumulative Wt., % of Total S
Sink Float wt. % (db) wt. 2§ (db) wt.% Fraction Total § wt. % {(db) wt., % 8 (db) wt.% Fraction Total § in Washed
of Fraction - x Cumulative in Washed of Fraction % Cumulative  in Washed Ceoal (db)
wt. %2 S Coal (db) wt. 7 8 Coal (db)

Sample Top Size
<11/2 ‘

1.3 20.7 .h3 L13 - 77.5 - - - -
1.3 1.4 39.4 .71 .280% 51,4 58.8 W45 .265 48.6 .S
1.4 1.45 55.6 .68 373 69.9 38.9 A2 163 30.1 .54
1.45 1.5 58.3 .68 .39 79.5 35,2 .29 102 20.5 .49g
Sample Top Size
S lll

1.3 13.8 A0 .055 11,0 80.5 .55 hbg 89.0 .49g
1.3 1.4 37.1 .61 .22¢ 44,7 57.2 49 .284 55.3 .50¢
1.4 1.45 56.4 .60 .33g 6.0 37.8 A6 174 34.0 .51,y
1.45 1.5 65.8 .59 . 383 77.3 29.3 .39 11y 22.7 .502
Sample Top Size
< 1/2" ' ;
' 1.45 71.6 +65 465 79.2 37.1 - .33 124 20.8 587
Sample Top Size
< 1/4" ,

1.45 81.0 .32 421 85.4 16. 45 079 14.6 494

# Sample calculation .28y =

(cumulative wt.% of fraction){cumulétive‘wt.% SY = (L3 (,71)




Table XTIV

PERCENT REDUCTION OF GRAMS SULFUR PER MILLION BTU
IN WASHED COAL
(Bradford Breaker sample, Batch #1)
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. . FLOAT FRACTION : SINK FRACTION
Specific Gravity Cumulative Cunulative § % of Total % of Total Cumulative Cumulative § Cumulative % of Total | Total
Sink Float wt.%Z (db) S wt.% Fraction Cumulative S} wt. % (db) g S (t) wt.% Fraction Cumulative §|Cumulative
of Fraction Mil BTU x cumulative S g s of Fraction Mil BTU % Cumulative 8 g 8 g 8 (dH
) Mil RBTU g5S Mil BTU Mil BTU
Mil BTU Mil BRTIU '

Sample Top Size
< 1 1/2"

1.3 20.7 256 - - 77.5 - -
i.3 1.4 39.4 338 133 28 .8 5g8.8 559 32% 71.2 462
1.4 1.45 55.6 342 180 42.4 38.9 664 258 57.6 448
1.45 1.5 58.3 348 203 53.7 35.2 498 175 46.3 378
Sample Top Size
<‘l" .

1.3 13.8 148 20 4.6 80.5 514 414 95.4 - 434
1.3 1.4 37.1 264 : 98 22.3 57.2 597 341 77.7 439
1.4 1.45 56.4 338 191 41.8 37.8 705 266 58.2 457
1.45 1.5 65.8 373 245 60. 29.3 556 163 40, ' 408
Sample Top Size
< 1/2” - )

1.45 71.6. 360 258 56.1 ! 37.1 545 202 43.9 460
Sample Top Size
< l/ﬁ_il

1.45 81.0 313 254 67.7 16. 754 121 32.3 375
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sulfur per million BTU at 1.45 gpecific gravity for sample top
sizes g1 1/2", 1", <1/2" and <1/4" are 57.6%, 58.2%, 43.9% and
32.3%. Again the pércentage of reduction of sulfur is decreased
With decreasing sample top size at the expense of increase in the
recovery of the float fraction. But the percentage reduction of
sulfur in terms of grams sulfur per million BTU is twice the percent
reduction of sulfur in terms of weight %. For example, the per-
centage of reduction of sulfur is 32.3 grams sulfur/million BIU

or 14.6 weight 7 sulfur for sample top size < 1/4" at 1.45 specific

gravity separation.

Even though sulfur analyses were not available for 1.50
float and sink fractioms for top size samples <1/2" and <1/4", thefe
will definitely be slight décreases'of weight percent reduc£ion of
sulfur at 1,50 S.G. for these two sample sizes. This is because
the weight % of sink fractions at 1.50 S5,G. are less than that at
1.45 5.G. The decrease is 1.67% from 25.7% at 1.45 S.G. to 23.4%Z
at 1.5 S.G. for top size sample £1/2". And the decrease is only
0.3% from 16.0% at 1.45 S.G. to 15.7% at 1.5 S.G. for top size sample
<1/4". 1In view of the weight % decrease of sink fractions of sample
top sizes < 1 1/2" and s1" are about 3% to 9% respectively, the
decrease of weight % re&uction of sulfur at 1.50 S.G. for sample

top sizes <1/2" and <1/4" are estimated to be around 3 to 4% and G

to 1% respectively. An assumption is made here that the quality of
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the coal floated at 1.50 §.G. is about the same for all four sample

top sizes.

Applyving the same reasoning of the decreases of sink fractions
from 1.45 §.G. to 1.50 §.G., estimations of decrease of # reduction of
sulfur in terms of grams sulfur per million BTU are around 5 to 6% for

sample top size £1/2" and 2 to 3% for sample top size gl/4".

A table (Table XV) of percentage reduction of sulfur in
terms of grams sulfur per million BTﬁ and weight % at 1.45 and 1.50 S5.G.
for four sample top sizes is presented below. WNote that Z reduction at
1.50 S.G. for sample top sizes £1/2" and <1/4" are estimations and for

sample top sizes g1 1/2" and <1" ave experimental results.

Table XV

PERCENTAGE REDUCTION OF SULFUR

Sample % Recovery of Float grams Sulfur . o
Top Size Fraction Million BTU Weight % Sulfur
1.45 8.G6. 1.5 S.G. 1.45 S.G. 1.5 8.G. 1.45 s.G. 1.5 S.G.

<1 55.6 58.3 57.6 46.3 30.1 20.5

<" 65.8 65.8 58.2 40.0 34. 22.7
& 71.6 73.1 43.9 38 to 39 20.8 17 to 18

& 81. 81.3 32,3 29 to 30 14.6 13 to 14
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Percent reduction of sulfur in weight 7 and gramsrsulfur
fer million BTU as function of welght % of recovery pf float fraction
at 1.45 and 1.50 S.G. are plotted in Figure 14 A and B. These figures
show the observations made earlier that the % reduction of sulfur is
decreased with decreasing sample top size at the expense of increase
in the recovery of the float fraction. An additional and crucial
information can be obtained from these plots, the % reductions of
sulfur in weight % or in grams sulfur per wmillion BTU decreased
slightly about 2 to 3% as the specific gravity for separation is
increased from 1,45 S.G. to 1.50 $.G. at sample top size <1/4" only..
This is not true with other sample sizes.

At higher specific grafities 1.55 to 1.7;ﬁthe p;rcentagef
reduction of sulfur will remain fairly constant to that at 1.5 S5.G.
for all sample top sizes, This is so because the weight % of recovery
of the float fractions (see washaﬁility curves #4) and conversely,

the weight % of the sink fractions remain constant at 1.50 to 1.7 S.G.

Summary on Sulfur Removal

From sulfur analyses, it seems that the percent reduction
of sulfur is decreased with decreasing sample top size at the expense
of increase in the recovery of the float fraction. At 1.5 specific

gravity, the recovery of the float fraction of top size g1/4" sample



46 1513

8 X 25 CM.

ENTIMETER

KEUFFEL & ESSER CO. mAGE IN .54,

10 X 10 TO THE ¢

T
T
T
£+
4
-t
L4
1
s
T
ry
o
Ry
+ It
i ~
t
=y
o
+
13
n
T
}
t
1
_
NS
&
i 16
t
It +
o
o
1+
iy o
?
S i
oy
\;
wra
o)




- 60 -

is 81.3%, the percent reduction of sulfur achieved in terms of
‘weight % is 13 to 147 and in terms of grams sulfur per milliomn
BIU is 29 to 30%. The percent reduction of sulfur should remain
fairly constant from 1.5 to 1.8 S.G. because the weight % increase

in the float fractions is negligible,

SUMMARY AND CONCLUSTONS

Washability of Bradford Breaker Samples

It appears that the Hat Creek coal deposit can be classified
into several groups of cozl as shown in Figure 1. So far six different
gfoupé (AwF) of coal with ééh‘cdnteﬁt as low as 6%ﬁ(db) to as high as
69.4% (db) have been encountered. It is surmiéed that the whole deposit,
wihich consists of four zomes A, B, C and D, is mainly composed of
admixtures of these coal groups in different proportions. For example,
the seams (or zones) C and D, which have high fixed carbon (consequently
high calorific values) should have higher proportion of coal groups D,E,
and F as shown in Figure 1. Conversely, Zones A and B may contain more
of the coal groups A, B and C as shown in Figure 1. However, the
exact proportion of each of these coal groups in any particular zone

has not been determined.
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The above observation is made only to indicate the complex

"nature of the coal present in this deposit., The success of benefici-

ation i.e. ash removal by washing depends very much on the degree of
intergrowth of minerals in organic coal. Thé disintegration
characteristic of coal in ﬁater (with moderate stirring) indicates,
whether the coal in general can be broken down in water and
beneficiated without much difficulty. But as shown previously, only
two of the six coal groups disintegrated in water, dmplying that
breaking this coal by mechanical means will be necessary before higher

degree of ash removal can be accomplished.

it is Well—known1 that the size of coal generally influence
its wééhabilit?lcharacterisgics,las breaking down éﬁe co;l jinta sméller
sizes makes the inorganic minerals more accessible for removal by
washing. Therefore to determine the most suitable top size for

washing, knowledge of the dispersion of the minerals and the thickness

of the different coal macerals in coal is extremely useful.

The washability characteristics of a coal is perhaps the
most important tool available to determine the extent to which a coal
may be cleaned. Examination of washability data for a particular
coal or for particular size of coal will reveal the quality of coal
which may be obtained by mechanical cleaning as well as the quantity

of coal of a particular quality. The data may also indicate the ease
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or difficulty with which the ceal may be cleaned.

The washability curves shown in Figures 6 to 9 indicate
the guantity and quality of coal to be obtained by cleaning at
certain specific gravities. Before selecting the optimum specific
gravity for separation of Hat Creek coal (Batch #1), a review of the

results obtained in the various areas of study should be helpful.

First of all, water washing (along with stirring) alone of
Hat Creek coal will reduce the ash content by n 10% (by weight). TFor
better cleaning, washing in specific gravity fluids (or equivalent)
will be necessary.

From the washability curves (#1 to #4 in Figures 6 to 95,
it can be seen that the amount of recovery increasgs with decreasing
sample top sizes at any specific gravity. For all sample top sizes,
the amounts of recovery remain constant from 1.5 S;G. to 1.9 5.6G.
The near-gravity material is almost zero between 1.6 and 1;8 5.G.
for all samples. This indicates that the coal can be eaéiiy cleaned

by washing (compare Table XI}.

The important aspect of washability is the recoverable
heat content. 7Tt is found* that the total recoverable heat content
per pound of washed coal is highest within 1.45 to 1.9 specific

gravity range with only ~ 5% loss of the heat content at sample size

% from washability curves #6 (Figure 6 to 9)
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< L/4v,

In terms of mineral differentiation in washing it was found
that the petrcentage of bentonite in-the sink fraction decreased with
decreasing sample size. This means that sink fractions of sample top
size £ 1/4" is more desirable to recover kaolinite by washing. The
weight Z distribution of the two major inorganic minerals i.e.
kaolinite and bentonite remains comstantat 1.45 to 1.7 specific gravity

fluid separation.

The last area of study on sulphur distribution shows that
the réductions of sulphur decrease only 2 to 3% within the range
of specific gravity 1.45 to 1.7 for sample top size < 1/4". The ?-
# reductions of sulphur decrease anywhere from 5 to 117% within the
same specific gravity ranpge for sample top sizes < 1 1/2", < 1" and
< 1f2v,

In view of the results obtained for Bradford Breaker sample
having approximately 507 ash, 6000 BTU/1b on the dry basias; the
optimum specific gravity for separation is within 1.6 - 1.8 §5.G. and
thé optimum sample size < 1/4". The cumulative heat content of the
float fractiom within 1.6 - 1,8 S5.G. is 7530 BTU/1b (db), and the
total recoverable heat content per pound washed coal is 6130 BTU/1b
which is about 95% of the heat content of coal before washing. The

ash reduction is about 12% db.* The percent reduction of sulfur in

* This may appear to be low as compared to ordinary water washing {(“10%).
It should be noted that this result is only applicable to this coal
containing a very high concentration of ash, which disintegrated in
water. For other types of coal this may not be applicable.
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weight 7% is about 14% and in grams sulfur per million BIU is 30%.
The near-gravity is almost zero at 1.6 to 1.8 5.G. and specific

gravity separation within this range should create no problem!

It should be pointed out that the presence of a large
copcentration of bentonite in some of the coal sections may
introduce problems into thé cleaning circuit during specific gravity
separation., Attempts should be‘made to mix these coal sections with
other sections of coal containing primarily kaolinite (or other
minerals) for dilution. This particular aspect needs further study.
If washability of Hat Creek coal is found not to be feasible, another

alternative method -~ dry specific gravity separation (i.e. without

ﬁater”medium)-éhould be tried. This will circumvent the problem of
water jellying up with high bentonitic clay concenération in some

coal sections.

1T, Bradford Breaker Sample

B. Batch #2 Low Ash Content Sample
One single sack of this sample was supplied, containing
about 40 lbs of sample. One gquarter of the batch was crushed to
minus 0.5" size. Proximate analysis on this material could not be
carried cut as the TGA equipment was broken down. From static
analyses, it is found that sample consists approximately 25,97

moisture, 24.7% ash (or 33.37 ash on the dry basis). From Pary
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bomb tests, the heat content is found to be 5860 BTU/1b or 7900
BTU/1b db. The inorganic minerals present are identified by X-

ray diffraction. The major minerals present are kaolinite, bentenite,
quartz and siderite, with kaolinite making up of approximately 60 to
70% of the total inorganic minerals, The results are shown in Table

XVI.

The sample attop size < 0.5" is subjected to 1.45 specific
gravity separation yielding a float fraction of 86.4% and a sink
fraction of 7.6% on the dry basis®*. The weight percent ash of the
float fraction ig 27% and the sink fraction is only 63.8%Z. The
recovery can definitely be increased past 90%Z (by weight) as the
ash weight % of the sink fraction can be increased-up to around 73

to 75% if 1.5 to 1.7 specific gravity fluid for separation is used.

Even at 1.45 specific gravity separation; a few minerals
are very well separated. The minerals present in ﬁhe sample before
float-sink separation are kaolinite, bentonite, quartz and siderite.
But after float-sink separétion at 1,45 §.G., bentonite ig concen-
trated only in the float fraction and siderité is concentrated only
in the sink fraction. Siderite, being a high specific gravity mineral

should concentrate in the sink fraction. Kaolinite and quartz are

% The balance is lost during handling.
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present in both float and sink fractions.

The data of the float-sink test for < 1/2" top size sample
at 1.45 S.G. are shown in Table XVII. For 5 1/2" top size sample the
calorific value for the float fraction is 7663 BTU/Ib ( or 9410 BTU/

1b db) and 4650 BTU/1b (or 5030 BTU/1b db) in the sink fractiom.

Because of lack of time no exhaustive study could be made

ont this sample.

II. Bradford Breaker Sample

C. Batch #3
Yo float-sink test is performed on this sample., Only
moisture, ash content are determined by the static tests and the
calorific value is determined by the Parr bomb test. 3By q;alitative
X-ray analysis, the inorganic minerals are determiﬁed. All these

results are shown in Table XVIIIL.

ITI. Refuse Sample from Alberta Research

Two parts -~ bulk and surface
1. refuse from float/sink tests

2. vwhite coating on this refuse

Identification of minerals is donme by X-ray diffractometry
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Table XVI

Bradford Breaker sample: Batch #2

Average %
Moisture 25.9%
Ash 24.7%
Ash (dry basis) 33.3%
Calorific value BTU/LB 5860 BTU/LB
Calorific value (dry basis) 7900 BTU/LB
Clay mineral content *¥* Kaolinite (= 60»70%)

quartz (= 40+30%)

' Table XVIIT
Bradford Breaker sample: Batch #3

Average *

Moisture _ - 28.37%

Ash 142.0%

Ash (dry basis) 58.6%

Calorific value BTU/LB 2110 BTU/LB
Calorific value (dry basis) 2940 BTU/LB

Clay mineral content #*% bentonitexkaolinite

quartz, pyrite (t)

% All tests are done in duplicates.
*% Given in descending order.
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. ' 3 - : ! . - 1

\ (A

v
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and scanning electron microscopy (SEM) techniques. ' Kaolinite, quartz,
" bentonite and trace of gypsum were found in the refuse sample from
float/{sink tests. The white coating of this refuse was found to con-

tain large percentage of gypsum as well as kaolinite, bentonite, and

quartz. (see Table XIX)

Gypsum has not been found in the previous samples sent for
X-ray analyses. However, there are reasons to believe that some of
the previous samples contain traces of gypsum because of the presence
of sulfur detected by scamning electron microscopy (SEM) which canmmot
be accounted for by other minerals such as pyrite, marcasite, etc.,

or by organic sulfur (sulfur in organic part of coal). The identific~

ation of gypsum'was not pessible because X-ray diffraction techniQue
is not capable of producing clear identifiable diffraction peaks of

minerals of 5 wt.%Z or less.

The concentration of gypsum on the coating of the refuse
suggests liberation of this mineral during the crushing and specific
gravity separation stages and eventual concentration on the coating

of the refuse.

IV. Clay Samples

Results of X-ray analyses on these samples are shown in
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Table X1X

7Minera1 Analyses of refuse (from Alberta Research Council)

: X-ray analysis

SEM

SEM results*
#1: si, Al, Fe, Ca, S, K, Ti
#2+ 8i, Al, Ca, S, Fe, X, T1
X-ray analysis¥®
#1: Kaolinite, quartz, bentonite, gypsum (small quantity only}

-#2: Kaolinite, bentonite, gypsum, quartsz

Si - silicon K -~ potassium
Al - aluminum Ti -~ titanium
Fe - iron

Ca -~ calcium

S - sulfur

% listed in decreasing quantities
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Table XX. The sample numbers given in the table are supplied by
Dr. T. McCullough. The mineral content in the table are listed in
decreasing quantities but no quantitative estimation of these minerals
are carried out by the internal standard method. It can be seen that

the major mineral in all these specimens (except one) is bentonite.

V. Bradford Breaker Reject Samples

Two samples which are rejects of the Bradford Breaker was
supplied by Mr. Max French. These specimens are very hard to break.
Proximate analyses are performed on these specimens and calorific
values are determined. These results are shown in Table XTI, ' These
samples are referred to as "Low Ash Samples", as they contain very

small concentration of ash_in. the range 3 to 6% (wet basis).’ -



Table XX

Mineral Tdentification b§ X~ray Diffractometry and Scamning

Flectron Micrdscopy (SEM) .

Minerals(listed in descreasing quantities)

HC
He
HC
HC
HC
HC
HC

HC
HC
HC
BHC

74-29 625'

74-34 448"

7434 479°

74~34 491" > 5617
74~34 618' - 620"
Th~44 2167

74~48 1342

74144 212' (2115 + 2130")
76~123 410"
76~123 590"
76~135 1975

bentonite,
bentonite,
bentonite,
bentonite,
bentonite,
bentonite,
bentonite,
kaolinite,
bentonite,
bentonite,

bentonite,

feldspar,
feldspar,
siderite,
giderite,

feldspar,

kaolinite, quartz
siderite
feldspar
quartz, feldspar

siderite, quartz

quartz, feldspar, kaolinite

feldspar,

ankerite

quartz, siderite,

quartz, feldspar

kaolinite

quartz, siderite, pyrite (t)

quartz, calecite, bentonite, kaolinite

L




Table XXI

Arialyses of Low Ash Samples®

Temperature
Proximate_Analysis (by TGA) range (°C)
Volatile ‘Calorific Value heating | at which car-
Sample and - ; BTU/LB Minerals present rate bon burned
No Modlsture Dehydration** Carbon | Ash | (by Paar bomb) {(by x~ray diffraction){ °C/min (by DTA) *++
13 116 -» 560
1 ag ig 12.8 33,8 50.8 12,8 11,000 not detactable 30 17¢ > 200
dry basis - 38.8 58.2 | 3.0 12,600 -
2 as is 27.8"F 32,7 33 6.5 8,000 kaolinite, quartz 30 150 - 750
dry basis - 45,3 45,7 19.0 11,100 -
++ see appendix

*

*#%  Dehydration of Clay

Hepe

sample was collected on rainy day at Hat Creek deposit

two low ash samples brought by Max French of B.C, Hy&ro (rejects from Bradford Breaker)

£L
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APPENDIX



=75 -

EXOTHERMIC AND ENDOTHERMIC REACTIONS OF MINERALS

Endothermic, peaks
{maximom)
Temp. °C Magnitude

Exothermic, peaks
(maximom)
Temp.°C Magnitude

1. kaolinite 105 gmall
585 large
2. bentonite 140+150 medium

490+540% medium

700% medium
875% medium
3. feldspar: orthoclas 850 small{broad)
- albite 820 medium
- &4, quartz - ~ 573 v. small
5. siderite 545 mediuvm
6. Calcite 880 v. large
7. ankerite ok

8. pyrite -

985 v. large

900+920% small

620 large

E3

440 large

* SGee p.891 of Benn. bentonite consists of mont. etc.

* dnformation not available in Benn reference



Y
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SPECIFLC GRAVITIES* OF VARIOUS MINERALS

Specifie Gravity

Kaolinite AlZ(SiZOS)(OH)Z 2.61
Bentonite various 2.64 »~ 2,66
Feldspar various 2.55 » 3.2
Chlorites various 2.57 ~ 3.0
Quartz 8102 2.65
Pyrite FeS2 5.02
Calcite CaCO3 2.71
Siderite FeCO3 3.85
Dolomite (CaMg)CO3l 2.86
Ankerite (CaMgFe)CO, T 3.5+ 3.8
Iron disulphides (pyrite, marcasite, melnikovite 5
pyrite) :

#* References:

The Chemistry and Physics of Clays, A.B. Searle

and R.W. Grinshaw
BENN p.890 -+ 901
Petrology p.281

Coal Utilization New, p.314.
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Differential Thermal Analysis (DTA) of two low ash samples (rejects from

Bradford Breaker):

Differential thermal analysis (DTA) is thertechnique usedrto find the
range of combustion temperatures and to study the reactivity of the two
low ash samples during combustion. The results are recorded automatically
in the thérﬁograms and interpretation of these readily gives valuable

informations about these samples.

The thermograms are plotted with differential temperature (AT) as a function

of furance temperature (T). Air (not preheated) is fed continuously

-(at constant rate for all three tests)into the furnace during heating.

The differential temperature (AT) measures the increase of the difference
of temperafures between the sample and the reference material ( in this case
A1203 is used). And the faster increase of‘the sample temperature compared
to the reference material temperature is pfoduced by the exothermic heat of

the sample during burning.

As seen in Table XXI, the range of cowbustion temperatures is dependent on

the heating rate. TFor example, the range of the combustion temperature of
sample number one is decreased as the heating rate is decreased. Decrease
of heating rate means there are more time for combustion of the samplae.

This therefore explained why combustion is completed at about 540°C at
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heating rate of 13°C/min as compared to about 900°C at heating rate of 30°C/
min.: Similarly,‘when sample mmber two is heated at a rate of about 10 =
15°C/min., the thermogram is shifted to the left indicating faster com-
pletion of combustién at a lower .temperature, The completion temperature
of combustion will also be increased or decreased by a hundred or so degree
centigrade depending on the type and amount of coal maceral, and mineral

content present,

The reactivity of the coal sample can be readily obtainedrfrom the thermograms
also. TFor example, looking at thermogram of sample number one heated at 30°C/
min., the more~reactive part of the sample reacts first and the less-reactive
part last as the furnace témperature is increased. The combustions of the
more~reactive part and the iessfreactive part of the sample are represgpted
by the first and second peaks respectively on the thermograms. Given éamples
heated at the same heating rate, broad exothermic peaks suggest the presence
of greater amount of low reactive materials. This is shown by sample number
one and two heated at about 30°C/min. The first exothermic peaks of the more—
reactive part of the both samples occur at about A50°C, whereas the second
peak of sample number one occur at 890°C of compared to 740°C of sample number
two indicating .the presence of greater amount of less~reactive material in

sample number one,
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SAMPLE SIZE g1 1/2"

Calculation of cumulative heat content in fleoat fractions

Specific Weight Calorific Value Calorific Value

TIONS
Gravity % (Exper.)BTU/1b  (Cumulative) CALCULATION
BTU/1b
28,
1.3F 20.7 11170 11170 o ,
i W -
1.4F 18.7 8460 9884 B4 lniodr %ﬁ (84607 S8 ¥ 403 = Q834
i 8.t A a2
1.45F 16.2 7880 9300 221 (o 2 Gued+ B2 (1820)
TUHIRE L+ 2BE5 . 4 v LG, = A%eo
. 0. ! & T ‘__b,.‘E- 2.1
1.5F 2.7 5410 9120 53 (T Sx(end) v Sakieedy + 54 (5w
| = 3966.o ¢ T3 v 2886+ 25C.5 = X
201 . N 2 2.7
1.7F .9(.3+.6) 3510 9035 Re G+ B (weo v 53(eedy v 5 (s
q
+ A {10) =350t W23t asL e T 2T ¥
= e
1.7s 34.3 1810 1810

Calculation of heat content of coal before washing by heat
balance of float and sink fractions

1,3F: 20,7 wt.% at 11170 BTU/LB 2312,2
1,4F: 18.7 wt.Z at 8460 BTU/LB 1582,0
1.45F: 16,2 wt.%Z at 7880 BTU/LB 1276,6
1.5F: 2.7*wt.z at 5410 BTU/LB 146,1
1.55/1.7F: .9 wt.%Z at 3510 BTU/LB 31.6
1.75: 34,3 wt.% at 1810 BTU/LR 620.8
Loss: 6,5 wt,% at 1300 BTU/LB 84,5
- 6053, 8 6050 BTU/LB

# .9 = .6+ .3 from 1.7F & 1.55F respectively, assumption is made
that heat content 1.55F = 1.7F
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SAMPLE SIZE <1 1/2"

Calculation of Cumulative Ash in float fractions

Specific Weight Wt.7 Ash Wt.%Z Ash

Gravity % (Exper.)  (Cumulative) CALCULATIONS
1.3% 20.7 10. 10. 191
1.4% 18.7 31.5 20.2 3q4+0031-sﬁ4(%153 595% + 4450 = 20.20%
25
1.45F 16.2 40.1 26. 55 ¢ (1o = to(Slg)* B (404} 2T Y 1o.5Gk + W.LEs
2 2b. o\
2.1 a b2 2.7
1.5F 2.7 57. 27.4 £53 (10 )+ :5%?%(%\.‘5\ * seal4oa)t @%&)15
FAERY GG T W Y 2B T 23D
267
1.55F .3 63. 27.6 3‘5\0(10\-\- 's'a 'o(?'»\ 5) + 5%5(40 D+ ‘S&La(b"(\*n;n ‘QQ_)J 5
= 30530 % 10,652 ¥ MLOEL T 262k T %237 26
) . 20,77
i.5¢ .6 66.2 28 . 5‘\’?—(\0\" 56\?1“"))*.3% 1(%0 V) X 51'1(5'( )+ sv\'z(tf

t 5‘11(%‘?3 3497 qi50+ ©AIZ T 2.bor %\‘i+ Al

= 2B D)

Calculation of ash content of unwashed coal by ash balance
of float and sink fractions

1.3F: 20.7 wt.%Z at 10% ash 2.07

1.4F: 18.7 wt.% at 31.5% ash 5.891
1.45F 16.2 wt.% at 40.1% ash : 6.496
1.5F 2.7 wt.% at 57.7% ash 1.539
1,557 .3 wt.¥ at 63.% ash L189 -
1.7F .6 wt,% at 66.2% ash .397
1.78 . 34.3 wt.Z at 75.2% ash 25.794

Loss 6.5 wt.% at 77.%* ash ~ 5.005

47.381 =+ 47.4% ash {db)

% obtained by TGA
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Kaolinite/Bentonite Mass Balance

SAMPLE SIZE: <1 1/2"
g?e{\g & Grav ;Tj Kootune Peveent 1 Bewnlownie Peccewk
Sink Floot | Flook  Suak Totod bc\m;n;w% Float  Swak  Tolad | Deviokowm
1% .2 - - - .83 - - -
1.3 - t 54" 8. 232 - it 3.1 .4 -
o LU 4% 1343 - e | Y23 RN (1363 B3 SR2Y
L4 L5 .59 (PR 13.3 -2.4% 65 S 152 TW5 Y
i.5 L5 - - - - - - - -
155 16 - - - - - B - -
AN 1T 1 (.64 2.8 £3.2% G 35 133 —%.’("’/.»

All figures given are % of total weight (dry basis) before washing:
These are quantitively analyses of the specific gravity fractions.
At any specific gravity, the total percentages of kaolinite and

_bentonite will not be equal as these are not cumulative percentages.

But, the percentage of kaolinite or betonite at any specific
gravity should equal to the percentage of kaolinite or be bentonite
in the sink fraction of the lower specific gravity. For example,
the total percentages of kaolinite in the float and gink fractions
at 1.45 S.G. is 18.42% and this is = equal to the percentage of
kaolinite in 1.4S which is 18.7%Z.

* Sample calculation

5.8%2 = ,187 x 31.5% X .88
4 4 4
wt.% 1.4F %4 ash in % kaolinite
of total 1.4F in L.4F

material
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Cumulative Kaolinite/Bentonite Mass Balance

Sample Size:

—

1 1/2"
Float Fraction

Sink Fraction

Specific Gravity

Kaol. Bent.

Kaol. Bent.

Kaol. Bent.

Sink Float % of Float % of Total| 72 of Sink
R Fraction Material Fraction
1.3 6.0 4.0 1.2 .8 - - L
\3b Ay hm| Rﬂv Kﬁa
1.3 1.4 16.3 3.9 6.4 1.5 18. 18,7 4 55‘,{_(10)((0&‘\':ﬁ|_‘_ (g‘r,)(q;a
B wlo)d)+ aqw(%x DIEEM
: 1 1 y
1.4 1.45 20,3 5.8 11.2 3.2 13.6 13.6 | K F(o)ed+ ol )@ 2l
207 © W2l
B Saco)(mdt @D v 55 ot
27 11 w2, o
145 LS 20.8 6.6 12.1 3.9 | 12,4 146 | U s5alod0r 5eaGis)edt B (e
‘ 2.7
+ Sa61)(s8)
B sea( R 535(3\“%&\* 58-5(& :
Z'!
* 553514
1.5 1.55/ |20.8 6.6 12.1 3.9 12.4 14.6 Saty - 2% of toton SHIRRES
' 1.6
%\oc\,\ed\ el {55F% cond VT
0\3’3\,\_\“6 A2V (,‘(\C\.In‘\(,B ‘-\a‘\. {u
k&o\n\\\'e, RV, ‘oev{\'on\xﬁ
30
1.55/ 1.7 20.8 6.9 13.3 4.1 12.6 13.2 bq,_(m\(@* U_IZQAQ{%QJ(,
1.6

s\ J_Q’m Ol + sanST N sb)+
2L D9
B ’%{ (1o)(us) ¥ %%(%\S\Q\Q‘r ;'{’o{?{Qp
A FRSOD ¥ E‘e%z(g,(,ﬁ;%g\

* weight of sample for washing
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At any one gpecific gravity, the cumulative percentages of
kaolinite and bentonite in the float and sink fractions

(% of total material in the float fraction and % of sink

fraction) should equal to that at another specific gravity.

"Listed below is a table of the total kaolinite and bentonite

contents for comparison,

Specific Gravity Cumulative Z 7 Loss + Total kaolinite

Loss (% of " Total % and bentonite
total wt.) K&B contents (% of
Sink Float db,at 77% ash total material
for washing)db .
1.3 1.39
1.3 1.4 1.39 46, 44,6 4 + 1B + 18+ 8.7
1.4 1.45 4.23 45.8 41.6 U2 Y 3246 Y\ 6
1.45 1.5 5.01 48. 43. 124 % 3A% s 4G
1.5 1.55/ 5.01 48, 43. W
1.6 ;
i-gs, 1.7 5.01‘ 48.2 43,2 ‘\&%'VHN\*lQ&D*\%fL
Average: 47.2 - total ash content (db) of sample

< 1 1/2"
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“Calculation of cumulative sulphur in float fractions

Specific Gravity

Weight £ Wt.%Z S

g S/Mil.BUT Cumul. Cumul,

. of total (exp.data)db {db) Wt.% S g S
Sink Float _ T BTU(db)
1.3 20.7 .63 255.8 .63 256
1.3 1.4 18.7 .80 428.9 .71 338 Tg(Wde T ()
EREER IR TR
181
aqw(zas“b*f 3pe(ze 2)
K]
2677
1.6 1.45 16.2 .61 351.1 .68 362 ET(e) Byl
RS
0.7
55 L(zssa)* S S
TR Es0Y: 2
2
1.45 1.5 2.7 .57 477.9 .68 18 Ealar Sy
= .tjﬂ‘o
20,7

@. 1 .

S HY s%:s(hrzg o
b2 21

'tWEQﬁLﬂfégQﬂx

* 3%%.0
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SAMPLE SIZE: <1"

Calculation of cumulative heat content in float fractions

Specific Weight Calorific Calorific ,
* Gravity % Value(actual) Value(cummul.) CALCULATIONS
BTU/1Db BTU/1b
1.3F 13.8 12250 12250 s
. \V3 L L
o T oY
38 .
1.45F  19.3 5480 8995 SN Grsdr B @)t 53 (suqe)
T 2097 ¢ w12 8 4+ BTS2 T BAGS Ly
128 93
1.5F 8.6 3740 8300 | gu, (mrsg v B g+ (s%@
t us 5. (2148) = 2660 €351 W+ W1 45
2300.0
- 3.4 . 4.3
1.55p 3.2 3110 8060 | B (2250 + B (as0) + o (548¢)
. P } o - . - ;
T EE G T %@'_-‘z(auoy 246781 el
! T 15568+ WILL Y wsd = Bes6l
1.7F 1 3110% 8050

Tos (mese) + B (o) ¥ L (suse )
&“{(37405 T &gsca\\&) 4TS5 e
+ 15485 + 470G + \So.3 T By

Calculation of heat content of unwashed coal by heat balance of
float and sink fractions (db)

1.3F: 13.8 wt.% at 12250 BTU/1b 1690.5
1.4F: 23.3 wt.% at 9980 BTU/1b 2325.3
1.45F: 19,3 wt.¥% at 5480 BTU/1b 1057.6
1.5F: 8.6 wt.% at 3740 BTU/1lb 321.6
1.35F & - 3.3(3.2 + .Dywt.% at 1062.6
1.7% 3110 BTU/1b

1.75: 26. wt.Z at 1830 BTU/1b 475.8
Loss: 5.7 wt.% at 1300 BTU/1b 74,1

100 6047.5 - 6050 BTU/1b

%*Assume 1.7F has = 3110 BTU/LB ~ based on 1.55F/1.555 heat contents.
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St e T il ononscns
1.3F 13.8 .5 9.5
1.4F 23.3 8 20.4 %——(“‘5\* BE(LE)F 3534 ¥ b8BT 20,305
1.45F  19.3 57.1 32.9 BE oyt B2 () Y REETY
T 22304 4 \i.ol12 % G 5% e
T B3
1.5F 8.6  68.9 37.7 22 22 Gy B s B (e
= 2.0 + Q.(,vj + \s.ésw r Aoub
= 2644
1.55¥% 3.2 71.2 39.2 "EE%‘@“‘% N 5&1 (%%3\" t,smb-f‘) + (,31_((:8 )
+ &5 (D = V421 Liset 16,456 4 $.LER + Qe
= 3g 2Ly - |
1.7F 1 - n39,2 owly -\ % of tokal wnaderial vs fleateq
ok 1M $.6. ot ook e ashe
= .7 akso

Calculation of ash content of unwashed coal by ash balance of float and sink fractions.

1.3F:
1.4F:
1.45F:
1,5F:
1,55F:
1.7%:
1.78:
Loss:

% obtained

13.8 wt.%
23.3 wt.%
19.3 wt
8.6

3.2 wt.2

A1 wel%
26, wt.%

5.7 wt.%

100.

by TGA

at
at
at
at
at
at
ar
at

9.5% ash
26.8% ash
57.1% ash
68.9% ash
71.2% ash
71.27% ash
74.9% ash
77.%% ash

1.311
6.244
11.020
5.925
2,278
071
19.474
4,389

50.712 - 50.7% ash (db)
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Kaolinite/Bentonite Mass Balance

' SAMPLE SIZE: g1V
Specific Gravity Kaolinite . Percent Bentonite Percent B
Sink Float Float Sink Total | Derivation| Float Sink Total | Derivation
1.3 .17 28.7 29.9 - 14 23,5 23,6 -
1.3 1.4 4,12 21.24 25.3 -11.5% 2,12 19.60 21.7 -7.7%
1.4 1.45 6.83*% 15.71 22.5 +5.9% 4,19 12,3  16.5 ~15.8%
1.45 1.5 3.0 11.88 14.9 -6.0%2 - 2.90 9.72 12.6 +2.1%
1.5 1.55 1.3 10.82 12.1 +1.8% .98 7.8 8.8~ ~9.5%
1.55 1.6 - - - - - - - -
1.6 1.7 - 11.68 - - - 7.78 - -

All figures given are % of total weight (dry basis) before
washing. . At any specific gravity, the total percentages of
Explanation is-
given in Kaolinite/Bentonite Mass Balance for sample <1 1/2".

kaolinite and bentonite will not be equal.

% gample calculation

6.83%2 =

.193

wt.% of
1.45F of
total
material.

57.1%

7 ash in

1.45F

x N Y

Z kaolinite
in 1.45F



SAMPLE SIZE: <1V

Float Fraction
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Cumulative kaolinite/bentonite balance

Sink Fraction

Specific Gravity| Kaol. Bent. Kaol. Bent. | Kaol. Bent.
¢ . Floa % of Float % of total % of sink CALCULATIONS
Sink oat Fraction material Fraction
{Cumul.) (Cumul.)
1.3 8.46% 1.05 1.17 .14 | 28.7 23.5
W“-Ojo ofe D{ e I *h k““\;“q{
= Kookl "
L?,J/. F:TE\. E \J‘H- ?.?:‘i‘— 1 P
10 4 19.6 3% (L ‘!/ 3.3 d J .
1.3 1.4 14,25 6.11 5.29% 2,26 | 21.24 19. NS GO TRl CYE A GYEN!
= A%y
12.% 233 )
B @) + 31 (e D {(aw)
RN VA Y
& 33 A3
1.4 1.45 {21.49 11.45 12.12 6.46 | 15.71 12.3 K EA9EY Y Ealantul)t st
T LT T30 T vZawt
-3 )
. R e @) T B (W)
"2 -
oo GTOUAN® 20 + 3L+ 18
1.45 1.5 123.3 14.40 15.15 9.36 |11.88 9.72 % (’5 (“:S\(%“H' % (zt,‘é)(tt)* 3 (ﬂbw
bb (L%ﬁ)(%i)
8 B2 (‘i‘s)(n)*l‘ 22 (LB)(24)
3.6
e (510Dt GTUIDC44)
= Y B3 62
1.5 1.55 |24.1 15.16 16.44 10.3 |10.8 7.8 oy H(QSY%Q’{' L%z(zt,%\(gmm(smé@
+ ;,mu,% D) + F (DS
2 ;,g'z,@l D)+ g%'z.@(-:%)(‘%‘\- W—l('ﬂ ‘)[
* Bl V) ¥ 2 (D)
1,55 1.6/ |24.1 15.2 16.4 10.3 |10.8 7.8 Only .1% of total weight** is
1.7 |

floated at 1.6&1L.75.G.+H+

tegts.

sample calculation:
* 5,297 =

Bentonite mass balance.

+++ Assume no change in % of kaolinite and bentonite.

A g

= Q.5 ( %Q\ :(é’ o CXS\'\\ (o/ c Kle \‘»{\T&\

*% total weight - weight of Bradford Breaker sampling for Float/sink

% kaolinite in 1.3F + % K in 1.4F from table of Kaolinite/
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Specific Gravity Cumulative
% Loss (at

At any one specific gravity, the cumulative percentages of
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kaolinite and bentonite in the float and sink fractions
(7 of total material in the float fraction and % of sink

fraction) should equal to that at another specific gravity.

Listed below ig a tabhle of the total kaolinite and bentonite

contents for comparison.

Total Kaolinite and
bentonite contents

Sink Float 77% ash) (% of total material
(% of total for washing )db
db)
1.3 4,39 53.52 1.17 + 14 + 28.7 <+ 23.5
1.3 1.4 4,39 48.39 5.29 + 2,26+ 21.24 4+ 19.6
1.4 1.45 4.39 46.59 32,12 + 6.46 + 15.71 + 12.3
1.45 1.5 4.39 46.11 15.15 + 9.36 + 11.88 + 9.72
1.5 1.55 4.39 45,34 161§47+ 10.3 + 10.8 <+ 7.8
1.55 1.6/ 4,39 45,34 16.44 + 10.3 + 10.8 + 7.8
1.7 _.
Average: 47.55
+ 4.39
Average: 51.9 — total ash content (db)

of sample g 1"
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SAMPLE SIZE: g1"

s Calculation of cumulative sulfur in float fractions
Specific Gravity| Weight Z Wt.%Z S g S/Mil.BTU Cumulative Cumulative
. of total (Exp.Data)db (db) g S (db) g S (db) CALCULATTIONS
~ Sink Float Mil BTU Mil BTU
1.3 13.8 40 148.1 40 148
' ‘ g 233
1.3 1.4 23.3 .73 331.8 .61 264 F(a0) 374 (
. = .\\\.C\ X ME% 7
V38 233 .
31 Qag ) 1370
TAUARS
R B3,
= (. TS
1.4 1.45 | 19.3 .58 480.1 .60 338 5’6-*%:’“ S
» &3
t Sen(s®) = Lo
13.% B3 -
. , ol s (s
!q'?’ ~
(430 723
3% 233
1.45 1.5 8.6 .50 606.4 .59 373 () (v
43 L 8L
YT b
= .84
155 B3
- (Y Tk
+ B (a0
XA
T T (el )
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SAMPLE: <1/2"

. Calculation of cumulative heat content In float fractions:

Specific Gravity Weight Calorific Cunmulative
Sink Float A Value Calorific CALCULATTIONS
(Exp.B3TU/1b) Value(BTU/1b)
1.45 71.6 8185 8185
1.45 1,55 1.5 6100 8140

T4 S
Trl(2es) ¥ 55(6w0s)

Ly

7o e I ol -2 8

H

B4

Calculation of heat content of coal before washing by heat

balance of float and sink fractions.

1.45F: 71.6 wt.Z at 8185 BIU/1b
1.55F 1.5 wt.% at 6100 BIU/1b
1.558: 23.4 wt.% at 3130 BTU/1b
Loss: 3.5 wt.% at 1300 BTU/1Db

6729.85 >

5860.45
91.5
732.4
45.5

6730 BTU/1b



- 93 -

SAMPLE STZE: g1/2"

. Calculation of cumulative ash in float fractions;

Specific Gravity Weight # Wt.%Z Ash Wt. % Ash "
Sink Float {db) (exp.) {Cumul.) CALCULATIONS
1.45 71.6 37.1 37.1
e, S
1.45 1.55 1.5 52.6 37.4 1*“—3"(}-(.0)\- 13.\('5'1&;\

T v et T ALY

1.55  1.65 - - - Wil of W \As.6 foaks
axe.vweﬁﬁﬁfﬁt ;

' Calculation of ash content ©f unwashed coal by ash™
balance of float and sink fractions.

1.45F 71.6 wt.% at 37.1 % Ash 26.56 .
1.55F 1.5 wt.% at 52.6% ash .79
1.558 23.4 wt.% at 77.1% ash 18.04
Loss 3.5 wt.% at 77.%% ash 2.70

48.09 + 48.1% ash {db)

* obtained by TGA
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SAMPLE: <1/4"

.Calculation of cumulative heat content in float fractions:

Specific Gravity

s » Calorific Value Cumulative . R
Sink Float Weight Z (Exparimental)*. Calorific Value#* Calculations
1.45 81. 7540 7540
: Lo, 3
1.45 1.55 .3 5900 7534 512 (1540 1 814 (5900)
=Rz vl
* BTU/1b

- Calculation of ‘heat content-of coal before washing by heat
balance of float and sink fractions.

1.45F 81.wt% at 7540 BTU/1b 6107.4
1.55F .3wt.% at 5900 BTU/Ib 17.7
1.558 15.7wt.% at 2005 BTU/1b 314.79
Loss 3.0 wt.% at 1300 BTU/1b 3.9

6443.79 -+ 6440 BTU/1b
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SAMPLE SIZE: g£1/4"

Caleculation of cumulative ash in float fractions:

Specific Gravity Weight Wt. % Ash Wt. % Ash
Sink Float Z (db) (Experi.) (Cumul.) CALCULATIONS
1.45 81, 42.7 42.7
gL -1
1.45  1.55 .3 55. 42.8 grala2 DT Gass)
* 42.5421 . 209
= 42,185

- Calculation of -ash content of coal before washing by ash balance
of float and sink fractions.

1.45% 8l.wt.%Z at 42.7% ash 34.587
1.55F .3 wt.Z at 55.7 ash | .165‘
1.558 15.7 wt.% at 73.1% ash 12,419
Loss 3. wt.Z at 77.%Z% ash 2.31
100, 49.481 - = 49.5% ash (db)

% obtained by TGA
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Kaolinite/Bentonite Mass Balance:

'SAMPLE SIZES: g/2v, <1/4"

s s . i
Specific Gravity Kaolinjite Percent | Bentonite Percent
Sink Float Float Sink Total | Derivation| Float Sink Total | Derivation
Sample Size %
< 1/9% !
1.45 } 15.67% 10.82 26.6 - hoo11.78 6.92 18.7 -
1.45  1.55 53 11,72 12,3 | 7.6 @ .24 6.31 6.6 4.6
Sample Size %
5.. 1/411 i
1.45 21.8%% 8.99 ' 30.8 - 12.8 3.49 16.3 -
245 1.55 A4 7.3 7.47 ] 16.9 03 422 4251 218
All figures given are % of total weight (dry basis} before
washing. At any specific gravity, the total percentages of
kaolinite and bentonite will not be equal, Explanation is
given in Kaolinite/Bentonite Mass Balance for sample<l /2",
% 15.67 = (wt.% of 1,45F)(wt.% ash) (wt.% kaolinite) = (.716)(37.1)(.59)
#% 21.8 = (wt.% of 1.45F)(wt.% ash) (wt.? kaolinite} =

( .81)(42.7)(.63)
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Cumulative kaolinite/bentonite balance

'SAMPLE SIZE:

51/211,51/411

Float Fraction

Sink Fraction

Specific Gravity; Kaol. Bent., Xaol. Bent. | Raol. Bent.
Sink  Float | % of float % of total | % of Sink CALCULATIONS
Fraction Material | Fraction
Sample Size
s 1/2" .
1.45 21.89 15.21 15.67 11;78' 12.03 7.07
: & . 1S
1.45 1.55 {22.18 15.23 16.2 12.02 |11.72 6.31 |k $35.G1005) T 333(52.006)
= 214% ¥ IS '
TLEG 3
B TGt + ﬁ"??(squt\(-m)
= A.27.3% |
Sample Size
s 1/4"
1.45 ]26.9 15.8 21.8 12.8 8.99 3.49 . ‘
B, 22
1.45 155 127, 1577 21,9 12,8 7.33 4.22 | % e1alarDCED T EA(s5I( L)

T L%t 1
B B2 (aD DT sl sy

= BN e}
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