//

C o bha i
604H-M32/2
THE UNIVERSITY OF
BRITISH COLUMBIA
o Mineral Matter Content and Gross
Properties of Hat Creek Coal
Second Report - Quarterly
(Januarv-March 31, 1977)
7; Supported by B.C. Hydro
B DEPARTMENT OF METALLURGY
5
2
4
VANCOUVER, BRITISH COLUMBIA - CANADA



«)

"Mineral Matter Content and Gross Properties of
Hat Creek Coal"

Second Report - Quarterly
(January to March 31, 1977)

(Financially Supported by The B.C. Hydro and Power Authority)

Research Directors
Dr. A.C.D, Chaklader Br. L.H. Warren
(Professor) (Professor)
Academic Research Assistant

Miss M. Lau

Department of Metallurgy
The University of British Columbia
Vancouver, B.C.

March, 1977



Introduction

In the first quarterly report of the research project, efforts werermainly
directed teo include the results of identification and estimation of the
mineralogical constituents of the clay samples (Total 30) supplied by Dr. T.
McCollough of B.C. Hydro. This was done with the suggestion of the granting
authority. The original objective of this study, which was to determine the
mineralogical constituents of the coal samples, was set aside because of the
urgency to study the clay samples. The study on the clay samples was computed
by the end of December, 1976 and all subsequent studies were on the coal samples
supplied by Mr. Max French of B,C., Hydro. The samples are identified as follows:

B.C. Hydro identification Code

76-135-91
76-135-93

76-135-135

76-135-137 (1195' - 1205")
76-135-41 (685" — 695")
76-135-43 |
76-135-120 (905' - 910")
76-135-121 (910' - 920")
76-135-163 |

76-135-164

The tests carried out on these samples are:
1. Inorganic mineral constituents (quantitative)
2. Same as above on different size factions

3. Moisture content
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4. Volatile content

5. Fixed carbon content by TGA*

8, Ash

7. Calorific value (Heat content) by a PDSC**cell (also checked by a bomb
calorimeter)

8. Same as above on different size fractions

9. Ash fusion temperature by differential thermal analysis (DTA)

it should be noted that most of the samples are from one drill hole
(76-135). Two other samples are from another drill hole (76-136). The last
two sequential numbers of the identification code e.g. 41 and 43, 91 and 93,
120 and 121, 135 and 137 and 163 and 164 belong to a pair of specimens which
are adjacent but diffe£ent ash fusion temperature, as determined by Dolmage-
Campbell Associates of Vancouver. Thus, 1t was considered that a quantitative
analysis of inorganic minerals present in these samples might shed scome light

on the reason for this variation of ash fusion temperature.

Materials and Procedures

The coal samples as supplied are quite fine (v 60 ﬁesh minus) and each
batch weighs ~ 100 gms. The coal samples as-received are subjécted to x-ray
analysis for identification and quantitative estimation of inorganic minerals
present. The method used for quantitative estimation of minerals has already
been reported in the first quarterly report. This essentially involves
(i) measurement of the integrated peak area of a particular diffraction peak

of & mineral, (i1) normalized this area with an internal standard, and

#* Thermogravimetric Analysis
*% Pressure Differential Scanning Calorimetry



(iii} compared this peak area with a calibration curve of peak area versus
mineral content.

Again it should be pointed out that the estimation of minerals by this
method is considered to be accurate to within * 3% for felspar, quartz, siderite,

pyrite, calcite and kaolin but only within & 5% for bentonite.

Inorganic Mineral Content

The results of this part of the investigation i.e. the quantitative
estimation of inorganic minerals by x-ray diffraction analysis are shown in
Table I. The last column of the table shows the total clay (inorganic)
constituents in the coal samples, which varied between 22 and 69%. Calcite was
detected in only one sample., Epidote, a mineral belonging to the felspar family,
was also found to be present in several samples, Presence of this particular
mineral will definitely lower the ash fusion temperature. The main clay
constituent is kaolinite and the other major mineral is quartz.

Subsequent to this quantitative analysis, the coal samples were
fractionated into different size fractions by sedimentation. This was done for
two purposes: (i) to estimate bentonite, which is very fine <@.1 um, more
accurately and (ii) to‘assess the possibility of removing these inorganic con-
stituents by washing, flotation or sedimentation. This latter aspect required
determinations of calofific values (heat content) and total imorganic constituénts
of the fractionated samples.

The coal samples were fractionated into coarse, medium and fine size
fractions by sedimentafion. Only deionized water was used as the ﬁedium for

sedimentation. The solid component settled within 5 minutes constituted the



Table T

QUANTITIVE ANALYSIS OF HAT CREEK COAL SAMPLES

Clay Constituents of Coal Sample Total % of
Sample Number Clay

Kaolinite Quartz Bentonite Siderite FEpidote Feldspar Pyrite Calcite Constituents
76-135-91 24% 172 ~ trace 13% 8% trace - - 62
76-135-93 - 33% . 29% trace 7% - trace trace - N 69
76~135-135 14% © 147 - 7% 3% - trace - 38
76~135-137 '
1195'+1205" 187% 14% trace 2% 1% 1% trace - 36
76-135-163 17% 17% trace 6% trace trace - - 40
76=-135-164 22% ‘20% trace trace trace trace’ - - & 42
76-135-41
635'+695" 38% 17% 1% - - trace - = 56
76~-135-43 : 25% 15% trace 1% 1% 1% trace 15% 58
76-136-120
905'+910" 12% 10% - trace trace - trace trace - 22
76-136-121

910'»920' 11% 1z - 4% - - - - 32
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coarse fraction. This corresponds to pérticle sizes greater than 20 um

(1 ym = 10'_3 mm). The medium fraction consisted of material settled for 6 hours
(after 5 min fraction was removed). The particle size for the medium size
fraction is between 20 pym and 1.5 um. The solid fraction left unsettled was the
fine fraction having léss than 1.5 um particle size,

The results of x-ray identification and estimation of minerals present in
different size fractions are shown in Table II. The last two columns in the
table show the weight of different size fractions in 5 gms of samples and
percent of different size fractioned materials, of the total coal samples (and
not of clays only). The inorgsnic mineral constituents varied widely in
different sized materiais. For example, siderite is mainly present in the
coarse and medium fractiﬁns and almost mnone in the fine fraction and conversely,
the bentonite is mainly accumulated in the medium and fine fractions and none in
the coarse fraction. Similarly, felspar, calcite and epidote are present mainly
in the size fractions larger than 1.5 um. A more thorough and systematic study

is necessary to investigate this aspect, particularly if removal of inorganic

components by washing of Hat Creek coal is envisaged.

Proximate Analysis by TGA

The next phase of this investigation was devoted to the proximate analysis
of Hat Creek coal by thefmogravimetric analysis. It has been recently establisbed(l)
that this technique can bé easily used to determine (i) moisture content
(ii) volatile matter (iii) fixed ecarbon and (iv) ash. Furthermore, a single
experimental run (duration v 90 minutes) can give all the information necessary

to calculate the four components of a proximate analysis. In terms of experiments,

this essentially involves heating about 30-40 milligrams of a sample at a constant



Table II

INORGANICS OF COAL SAMPLES

(5 g. of each was used for fractionation)

Sample .. . . . . .. . 4+ +H+
Number Kaolinite Quartz Bentonite Siderite Epidote Feldspar Pyrite Calcite Weight Percent
' Distribution Distribution
76-135-91 Coarse 36% 27% - 227 15% - - - 4.67 937%
Medium# 517 29% 9% - - 11% - - 0.10 2%
Fine** 65% 25% 10% - - - - - 0.23 5%
+6-135-93 Coarse 427 45% - 13% - - - - 4 44 89%
Medium* 487 39% - - - 5% 3% - 0.21 47
Fine#* . 69% 287 3% - - - - - 0.35 77 o
76-135~ Coarse 33% 36% - 227 9% - - - 3.81 76%
135 Medium 41% 45% - - L2% 2% - trace - 0.94 197
Fine 62% 37% - 1% - - - - 0.26 5%
76-135~
137, 1195' Coarse 447 43% - 7% 37 3% - - 3.58 ‘ 712%
-+ 1205 Medium 627 38% - trace - - trace - 1.05 21%
Fine 60% 40% ' trace - - - - - 0.37 7%
76-135- Coarse 40% 467 - 14% - - - - 3.83 77%
163 Medium 497 32% trace 19% trace trace - - 0.96 19%
Fine 32% 45% trace 3% - trace - - 0.21 4
76-135~- Coarse 47% 50% - 1% 1% 1Z - - 3.42 68%
164 Medium 52% 45% - trace - - - - 1.09 22%
Fine 65% 35% trace - trace trace - - 0.50 10%

{TO BE CONTINUED)
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Table IT
(fontinued)
76~135- Coarse 67% 33% trace - - trace - - 3.57 71%
414+ Medium 64% 28% 8% - - - - - 1.14 23%
685" » Fine 83% 13% 4% - - - - - 0.30 6%
695
76-135-43 Coarse 447 27% - - trace - - 29% 3.85 17%
Medium 447 307 5% trace 5% 5%, - 11% 0.99 207
Fine 79% i5% 6% - - - trace - 0.16 3%
76-136- Coarse 52% 48% - - - - - - 4.04 81%
1204+ Medium 52% 42% trace trace - 6% trace - 0.80 167
905" - Fine 67% 33% trace - - - trace - 0,1¢ YA
910
76~136- Coarse 34% 56% - 107 - - - - 4,01 80%
121 Medium 34% 46% - 20% - - - - 0182 16%
910 - Fine 47% 47% - 6% - - - - 0.18 4%
920

Coarse fraction:
Meddium fraction:
Fine fraction:

Medium fraction®:

Fine fraction##

+++ Weights were
++ higher fusion

settled for 5 minutes

settled for 6 hours after coarse fraction was removed
the remaining portion

settled overnight after coarse fraction was removed

t the remaining portion

corrected for variation of moisture in the three fractions
point




heating rate in N2 up to about 950°C, then cooling it down to 600°C (in NZ) and
reheating the same in air (or in 02) up to 800-900°C until all weight loss due
to combustion ceases. Some experimental plots are shown in Figures 1-3. During

the first heating cycle in N,, there are two stages of weight loss - up to

2°
~ 150°C, loss of moisture (i.e. moisture content) and then starting from 150°C
and continuing to 900°C, the second stage of the weight loss is due to evolution
of volatile matter and dehydration of clays (or decarbonation of carbonates if
present). During the second reheating cycle in air (after cooling to 600°C in
Nz), all remaining carbonaceous material will be burnt off. This weight loss
corresponds to carbon. The weight of the sample remaining after this stage is
the ash content of the sample.

Table TII shows the results of the proximate analyses of the coal sampleé
as carried out by the TGA technique. Dolmage-Camphbell data are also included
in the table for comparison. The first column in the table shows the percentage of
moisture present, This.corresponds to the weight loss up to 150°C. The next

three columns of the table show the volatile matter, fixed carbon and ash in

percent on dry basis l.e., after moisture has been driven off at 150°C. The

data for the reconstituted TGA are the calculated values from the fractionated
samples. Some of these calculations are shown in Appendix I. These calculations
are carried out from the x-ray estimation of different mineral content in different
size fractions of samples. The known theoretical weight loss of the decomposible
minerals {(e.g. kaolinite, bentonite, calcite, ﬁyrite, siderite etc.) are used to
correct the volatile matter present, as the total weight loss in the temperature
range 150 to 900°C in N, is due to both the decomposition of the inorganic
minerals and the evolution of organic volatile components. After the correction,
the different amount of minerals (%) present in different size fractions are

combined to obtain the reconstituted samples. The proximate analyses by TGA,

’



Table IIT

THERMOGRAVIMETRIC ANALYSIS (TGA) OF HAT CREFK COAL

, TGA of Coal Sample * Reconstituted TGA Tolmage-Campbell Analyvsis
Sample Number Moisture (# of dry coal) : (% of dry coal) (% of dry coal)
P ' Content
Volatile Carbon Ash Volatile Carbon Ash | Volatile Carbon  Ash

76-135-91 3.9% 28.6% 15.7% 55.6% 27.0% 18.6% 54,47 28.4% 14.9% 56.7%
76-135-93 8.67% 22.4% 15.6% 62.7% 23.6% 13.6% 62.8% 22.37 15.5% 62.27%
76-135-135 5.7% 35.4% 33.9% 30.6% 34.4% 33.1% 32.5% 36.3% 32.3% 31.4%
76-135-137 1195

+ 12057 6.7% 30.3% 36.37% 30.3% 34.5% 34.5% 31.1% 32.1% 35.3% 32.6%
76-135-163 7.1% 33.6% 35.4% 31.0% 30.97% 38.5% 30.6% 35.2% 32.9% 32.0%
76-135-164 6.1% 27.4% 31.47% 41.4% 27 .9% 31.9% 39.82 . 28.07 31.8% 40.2%
76-135-41 685"

- 695 9.2% 22.1% 21.8% 55.9% 28.6% 20,1% 51.3% 23.9% 21.9% 54.2%
76-135-43 10.4% 31.9% 23.2% 44.9% 30.37% 24,67 44 .1% 32.0% 24.1% 43.9%
76-136-120 905’

-+ 910" 10.4% 31.3% 42.,0% 23.7% 37.5% 41.8% 20.8% 34.37 43.6% 22.2%
76-136-121 910"

+ 920" 8.5% 34.47 35.67% 30.2% 34.5% 36.4% 28.4% 35.3% 34.8% 29.9%

* See Appendix I
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reconstituted TGA and Dolmage~Campbell data show good agreement (within one to

two percentage point).

Heat Content Determination by PDSC

Table IV shows the results of determination of the calorific value
(Btu/1b) of the coal samples by a PDSC cell (Pressure differential scanning
calorimetry). The method of determination of the heat content by a PDSC cell
is discussed in Appendix II. The heat content values of the same coal samples
as reported by Dolmage-Campbell are also included in the table for comparison.
In addition; a few Par-Bomb tests were also performed on some coal samples to
test the accuracy of the calorific value determinations by a PDSC cell. It
appears that the determination of heat content by a PDSC cell is within * 5%
of the values determined by the ASTM technique. Thus it can be concluded from
these tests that the pressure differential scanning calorimetry is a reasonably
good technique to determine the heat content wvalue of coal.

Table V shows the proximate analysis data {(moisture content, volatile
matter, fixed carbon and ash) of different size fractions of coal samples.
Again these data are calcﬁlated and reported on dry baéié. Moisture content of
the specimens are shown in the last column. The calorific values of the
fractionated samples as determined by a PDSC (Pressure Differential Scanning
Calorimetry) are also shown in the table. The heat content values of all coal
samples including the fractionated components are plotted as a function grain
size in Figure 4. As expected, the heat content of the fine-~fraction materials
is always lower than the cpérse component, indicating that if it is péssible to
remove the fine fractionedrcomponent from the coal sample, the remaining coal
(i.e, washed sample) will have higher calorific value than that of the unwashed

coal.



Table IV
CALORIFIC VALUE OF COAL SAMPLES

*Best Value xR Dolmage-Campbell Par-bomb Test
with PDSC Percentage Calorific Value Calorific Value
Calorific Value Deviation BTIUI/LB BTU/LB
BTU/LB
76-135-91 3870 4 4038 -
76-135~93 3640 <=1 3616 3460
76-135-~135 8360 =5 7927 -
76-135-137
1185'»1205° 7990 2 8125 -
76-135-163 7960 -1 7882 7250
76-135-164 6240 7 6676 6580
76-135-41
685'+695" 4750 2 4840 -
76-135-43 6070 -5 5769 -
76-136-120
905'+910" 9280 2 9451 -
76-136-121
910'+920" 8120 2 8285 -
ANTHRACITE 14705 - - 14330

* These data are calculated using the best experimental calibration coefficient (E = 270).

Formula used is AH =

Ma

E A ATgTg

where A is area on graph, Tg and ATs are x and y axis settings
respectively, M is the weight of sample, a is the heating rate
"and E is the calibration coefficient.

*% Thls is the percent deviation from the Dolmage-Campbell Associates' reported values.

....17'[....



Table V

THERMAL ANALYSIS (TGA) OF FRACTIONS OF COAL SAMPLES

3*Weight Percent Thermogravimetric Analysis Calorific Value Moisture
. (g.) of (% of dry coal) by PDSC
Sample Number Fraction (5¢) Sample 7 (BTU/LB) Content
Volatile Carbon Ash

76-135-91 Coarse 4.67 93% 27.6% 20% 52.47 4570 4.6%
Medium 0.10 2Z - 32.8% o 67.2% 2840 5.3%
Fine 0.23 5% S 13.3% 0 86.7% - 750 16.6%

76-1.35-93 Coarse 4.44 89% 24,37 14.9% 60.8% 5830 7.6%
Medium 0.21 &% 19.9% 8.3% 71.7% 1190 5.2%
Fine 0.35 1% 17.2% 0 82.8% 117 19.0%

76~-135-135 Coarse 3.81 76% 34.6% 35.3% 30.0% 8770 9.3%
Medium 0.94 19% 33.6% 30,5%  35.9% 5950 ‘ 6.47
Fine 0.26 5% 33.7% 9.47% 56.9% 4000 37.27

76-135-137

(1195'+1205") Coarse 3.58 72% 34.8% 38.0% 27.2% 7750 6.97
Medium 1.05 21% 35.8% 31.1% 33.1% 5800 12.7%
Fine 0.37 7% 26.3% 8.3% 65.47% 2430 30.3%

76-135-163 Coarse 3.83 17% 32.3% 39.2% 28.5% 7890 10.0%
Medium 0.96 19% 26.8% 40,27 33.0% 5530 9.0%
Fine 0.21 4% 24.8% 15.9% 59.3% 2760 3.7%

76-135-164 Coarse 3.42 687% 29.8% 38.8% 31.4% 6330 7.1%
Medium 1.09 22% 26.5% 24.7%  48.87 3090 6.1%
Fine 0.50 10% 21.9% 0.7% 77.4% 1470 1.7%

..g'[....

(TO BE CONTINUED)
* Weight corrected due to variation of moisture in each fraction.



Table V

{(Continued)

76~-135-41
(685'+695") Coarse 3.57 71% 30.4% 24.3%  45.3Y% 6090 4.6%
' Medium 1.14 23% 24.8% 12.3%2  62.9% 3540 8.9%
Fine 0.30 6% 22.7% 77.3% 860 7.0%
76-135-43 Coarse 3.85 77% 30.9% 27.4% 41.7% 6280 4.8%
Medium 0.99 20% 25.9% 10.9%2  63.2% 4640 10.0%
Fine 0.16 3% 30.3% 24.6%  AL4&.1Y% 3330 3.4%

76-136-120
(905'+910") Coarse 4. 04 81 37.9% 44.0% 18.1% 9630 5.3%
Medium 0.80 16% 36.7% 35.0%2  28.3% 6070 19.8%
Fine 0.16 3% 29.4% 18.5%2  52.2% 4110 4.7%

76-136-121
(910'+920") Coarse 4.01 80% 35.7% 37.7% 26.6% 8180 6.4
Medium 0.82 16% 31.1% 35.0%  29.8% 5290 24.5%
Fine 0.18 4% 25.3% 16.7%  58.0% 2860 20.4%

_9'[_
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Agh Fusion Temperature by DTA

Attempts were made to investigate the possibility of determining the ash
fusion temperature of coal by the differential thermal analysis technique (DTA).
The differential thermal analysis plots of coal in air show a distinctive
exothermic (broad) peak in the temperature range 150 to 650°C corresponding to
oxidation of organic components (volatile matter + carbon). This is shown in
Figures 5-7. TFollowing this characteristic peak, there is a gradual shift of
the line above 1100°C. This shift in the line is shown in the plots by drawing
tangent to the line shift. A simple (and single) melting point of ash cannot
be expected in view of the presence of complex inorganic minerals in the system
as discussed earlier (Tables I and 1I). The on-set of the line shift may be due
to the very initial stage of sintering, which may or may not be associated wifh
the liquid phase formation in the system. The differential theéﬂ%l analysis
technique is extremely ;ensitive and will easily detect agglomeration of powders
even in solid state (i.e. change of ffee surface energy of the system controlled
by diffusion). Thus, it is not possible to state categorically whether the.véry
beginning of the line shift corresponds to the initiation of fusion of ash.

To complicate the issue further, the initial solid state éintering temperature

is dependent on severalrfactors: partic;e size (finer the particle size lowery
the sintering temperaturé), impurities in the particles and other phases present;
For example, felspar and;epidote will definitely lower the ash fusion temperatufe
of coal. Bentonite has-é much lower fusion temperature than kaolinite (at

least 300 to 400°C). Bentonite itself h;s a wide range of fusion temperature
depending upon substitutién ~ aklali and iron in the lattice. Tts initial fusion
temperature can be as low as 900°C. Thus the on-set of the line shift in the

DTA plots cannot be considered to be due to ash fusion in all cases. However,
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when the line shift becomes progressively larger and reaches a steady state,
it mav be considered to be due to ash-fusion. With this consideration the
"initial ash-fusion temperature'" was determined from the DTA plots and shown
in Table VI.

The final ash-fusion temperature similarly can be determined from the
change of slope in the plots, as shown in Figure 5. In Figure 6, an exothermic
reaction ~ 1325°C is indicative of mullitization (recrystallization) of alumino-
silicates. 1If the change of slope is not very apparent (as shown in Figure 7),
then it is possible that the melt is very viscous and the melting process is
continuing and was not finished in this case. The final ash fusion temperature
could not be determined in this particular system,

The change in sloﬁe is due to the change of specific heat of the system
once melting is completéd. The ash fusion temperature obtained by the ASTM
cone (Pyramid) fusion technique cannot be directly compared with the values
obtainable by DTA. DTA is a much more sensitive and accurate technique to
determine a phase change; melting point, sintering etc. The wvalues determined.
by DTA will be always loﬁer than Ehe ASTM technique, which is done visually
from the blanting of thé cone tip. On the other hand, the ash fusion temperatures
obtained by DTA (Table VI) can be conside?ed quite accurate and reliable. The
lower values of ash fusién temperatures reported by Dolmage-Campbell Associates
appear to agree quite weli with the values determined by DTA (e.g. see the
values for sample No. 91, 135, 163 and 43), but in the case of samples having
high ash fusion temperagﬁres {(as reported Dolmage-Campbell Associates) there is
a large discrepancy between the reported values and DTA values. This dis-

crepancy cannot be resolved without further studies.
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Table VI

Fusion Temperatures of Coal Samples

1

: i - 1 .
‘ " Fusion Temperature by Fusion Temperature by Dolmage—~Campbell Asso
ample Number r

| DTA °F (in air)

j-(OXidizing-Atmosphere) (Reducing Atmosphere)°F

(Oxidizing Atmﬁsphere)°F

76-135-91

2100 -+ 2550 2200 + 2325 2140 - 2215
76-135-93 2150 - 2600 +. 2700 + 2700 +
76-135~135 2190 - 2880 2330 » 2390 2130 -~ 2200
76-135-137
1195'+1205 2150 - 2590 2700 + 2700 +
76-135-163 2240 - 2800 2170 =+ 2230 2020 —+ 2080
76-135-164 2230 - 2780 2700 + 2700 +
76-~135-41
685'+695") 2160 - 2550 2700 + 2760 +
76-135-43 2300 - 2530 2360 - 2560 2130 » 2440
76-136-120 8
905'+910’ 2120 + 2R30 + 2700 + 2700 +
76-136-121
910'+920" 2180 -~ 2600 + 2415 » 2520 2015 » 2140

....SZ..-.
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Conclusions

The gross properties of several samples of Hat Creek coal supplied by
B.C. Hydro have been evaluated. The inorganic minerals present in the coal samples
were identified and estimated‘by x-ray diffraction. The mineral content varied from
20 to 70%. The major components of minerals are kaolinite and quartz. Thermo-
gravimetric analysis was used to perform the proximate analysis of coal samples i.e.
determination of moisture, fixed carbon, volatile matter and ash. This technique
has been found to be very suitable for this type of analysis. The data obtained
by this technique compare wvery favourably with the data obtained by the conventional
ASTM standard techniques. However, the TGA technique is quick and very easy to use.
The heat content.of the coal samples was determined by a PDSC cell, which gives
the calorific wvalue of the coal within + 5% after proper calibration. This
technique is not very accurate but is rather easy to use. It utilizes a very
small amount of sample (i1-3 mg) which may be disadvantageous, as it may not be
a representative sample. On the other hand, a PDSC cell produces to broadiover—
lapping peaks correspoﬁding to the heat content-of volatile matter and the Heat
content of fixed carbon, as shown in Figure 8. Thus it is possible to differ-
entiate the heat content wvalues of these two components (VM and fixed carbén)
in any sample. However, this has to be done with proper calibration.

The finer size fractions of ceal saﬁples indicate much lower calorific values
as expected. These‘are given in Table V and shown in Figure 4. From thesé results
it appears that 1if the fine fraction of coal can be removed by washing, pért of the
clay content (i.e. ééh) can be eliminated, which should improve the calorific

value of coal.
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Appendix I

Reconstituted TGA (% of drv coal): results of TGA of coarse, medium and fine fractions after'corrected for the various minerals present.

For example:

Analysis We. 4 Moisture| *Correction TGA results (As is) After Correction *%Correction for %Z dry coal
of Clay Distribution{ Content Factor for g - Siderite
Material Carbon and
Volatile Volatile Carbon Ash Volatile Carbon Ash Volatile Carbon Ash Volatile Carbon Ash
Sample| K,Q,5 100 ' 8.5% - 31.5% 32.6%  27.6% - - - - - - 34.4% 35.6% 30.27
Coarse ! K,Q,108 80 §.42% 7.7% 27.5% 41.7%  z4.3% | 35.2% 34.0%  24.5% 32.8% 34.7%  24.5% 35.7% 37.7% 26.6%
~Medium) X,Q,20S8 16 24.5% 4&.9% 23.3% 29.8% 22.5% ) 28.2% . 24,97 22.5%} 23.5% 26.4% 22,541 31.1% 35.0Z2  29.8%
Fine K,Q,6S 4 | 20.4% - 24,.6% 11.9% 43.1%7 ]| 24.6Z 11.9%2  43.1% 18.8% 12.4%  43.1%} 25.3% 16.77% 58. 07

‘l ..s-

34.5% 36.4%2  28.4%

TGA of the sample were done using Ny atmosphete from 0°C to about 600°C and in 0, atmospheres from 600°C to about 900°C. The chenge of the gas input
to the furnace was carried out at about 600°C because volatiles given off after 600°C should be quite low. However, it was found that if the analyses
were done this way it gave lower volatile and higher carbon contents than those given by Dolmage-Campbell Associates. It was therefore reasonable to
sugpect that volatiles were given off after heating over 600°C. Sﬁbsequent analyses were carried out using Nz atmosphere from 0°C to 900°C and 02
atmosphere from 600°C to 900°C and the results obtained were very close to those given by Dolmage-Campbell Associates. Because the coarse and

medium fractions were already analysed by the old procedure, the as-received sample was analysed by the new procedure Lo get a correction factor for

the coarse and medium fractions. The correction factor was added to the volatile and subtracted from the carbon contents.-

TGA of the various clay minerals were used to find their weight losses when heated from 0°C to about 900°C.
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Appendix TI

Discusgion on pressure differential scanning calorimetry (PDSC)

The PDSC was used to find the calorific value of the coal samples and
their sedimented fractions. The advantages of the PDSC over the Par bomb method
were the extremely small sample size (1.0 > 3,0 mg) réquired and the ease to
study the thermal reactions of the sample on the PDSC graph. The Par bomb was
a better method than PDSC with fespect to the accuracy of the result and‘the
shorter length of time for each run.

Using the PDSC, two* runs were needed for each sample. Each run took
about twenty-five minutes and cooling between rumns took about thirty minutes.
Therefore, an analysis of a sample required about one hour and twenty minutes.
On the other hand, only twenty-five minutes was needed for each Saﬁple using the
Par bomb, and no codiing‘timé was necessary between runs.

The result obéained from the Par qub was more accurate because it waé
representative of a i g coal sample. But, resuit from the PﬁSC was oniy
representative of aBbut 2.0 mg cool sample. There could also easily be uneven

mixing of the coal sample leading to inaccurate results.

% One run for the coal, the other for establishing a baseline.



