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Abs tract

As reported earlier (1), four different lithologic layers have been identified
in the Freedom Mine (Mercer County, North Dakota) which supplies the lignite for the
Great Plains Gasification Associ ates plant in Beulah, North Dakota. The layers were
identified on the basis of readily observable megascopic characteristics including
luster, fracture characteristics and the presence of clay and silt zones. Lignite
sampled from each of the four layers has been pyrolyzed in a bench scale reactor
system designed to simulate the production of gas liquor condensate from the
pyrolysis zone of an actual gasifier., The yields of water-soluble organic effluents
fram each of the layers were found to differ significantly, particularly the yields
of phenol, cresol and catechol.

Introduction

The treatment and removal of water-soluble organic ef fluents fram wastewater is
an important issue facing coal gasification technology. The extent of treatment is
governed by the reuse or envirommentally acceptable disposal of the wastewater,
Downstream effluent treatment is also dependent on the nature and quantity of tars
pyrolysis and devolatilization reactions in the upper portion of the gasifier. It
is desirable to develop a laboratory test to simulate the production of water-
soluble organic effluents from a gasifier, thereby eliminating expensive pilot-plant
tests. Such a test could eventually be a method of assessing the gasification
potential of various coals, and the resulting data base would be helpful in
designing ef fluent treatment systems for gasification plants.

In working towards the development of such a test, the technique was found to be
sensitive to changes in coal quality which occur withing the same mine. With the
discovery of distinct lithologic layering within a mine which supplies coal to an
actual commercial gasifier, an investigation into the effects of in-mine variation
on coal gasification was initiated.

Experiment al

A laboratory scale tubular reactor was constructed which allows for the
pyrolysis of up to five grams of coal in a variety of gas atmospheres. A Lindbergh
split-type furnace with a maximum temperature of 1100 C and a programmable heating
rate of 5°C/min. to 45°C/min. allowed for reproducible heating of the samples. A
liquid nitrogen cooled trap was used for the collection of water-soluble organic
effluents. After completion of the experiment the trap was allowed to warm to above
0°C and the water-soluble orgamics analyzed by gas chromatography (2).

The coal samples used in this study were collected at the Freedom Mine (Mercer
County, MNorth Dakota). The samples were ground to -60 mesh and pyrolyzed in a

gisgsggen atmosphere using a heating rate of 45°C/min. and a final temperature of

TOSCO Materi al Balance Assays were provided by J & A Associates, Inc., Golden,
Colorado. The procedure has been described elsewhere (3).
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Standard quantitative maceral analyses (4) were performed on representative
samples from each of the four lithologic layers. Lignite samples were prepared for
micropetrographic analysis as described in ASTM procedures (5).

Results and Discussion

During a mine study in May 1984, major 1ithologic units occurring as layers in
the Beulah-Zap bed of the Sentinel Butte Formation (Paleocene) were observed. The
seam was subdivided into four 1lithologic units on the basis of overall megascopic
characteristics (Figure 1). The criteria for these subdivisions were:

1. appearance of the broken surfaces of the units on a large scale as they appear
in the high wall;

2. luster of the coal;

3. fracture characteristics, hardness and surface appearance of the coal on a small
scale (1-10 cm);

4. presence of lithologically distinct units including thin layers of fragmental
coal, clay, and silt layers and concretionary zones.

There is evidence to suggest that the units are not entirely local in extent but
persist widely in the Beulah-Zap bed (6).

Lignite was sampled from each of the four layers in a vertical sequence with th
samples being collected within a few meters of each other. The samples wer:
pyrolyzed as described above and the water-soluble orgamic effluents were
analyzed. The yields of the water-soluble organics from each of these four samples
and their corresponding proximate and ultimate analyses are given in Table 1. Based
on the pyrolysis yield data, the top three layers appear to be quite similiar.
However, layer four shows considerable differences in the yields of methanol,
phenol, cresols and catechol. In fact, layer four appears to be an entirely
different coal. Layer four is separated from the other three layers by a locally
thin, inorganic-rich zone or clay layer, suggesting that a marked difference in the
depositional environment could have occurred. The proximate and ultimate analyses
for the four layers are quite similiar, however, and provide no explanation as to
why the fourth layer should behave so differently upon pyrolysis than the other
three layers. In particular, a comparison of maf ultimate data for layers 2 and 4
shows great similarity, yet pyrolysis yields of water-soluble organics are radically
different. This suggests that a plant operator could not rely on routine coal
analysis as the predictor of wastewater characteristics.

The data from the TOSCO Material Balance Assays are given in Table 2. The most
obvious difference is the tar yields for the four layers. There is a 44% decrease
in tar yield between layer 1 and layer 2. The yields of water, CO and Cy; also
differ significantly between the four layers. However, unlike with the water-
soluble organic effluent data, the fourth layer doesn't stand out as being different
from the other three layers.

Petrographic analyses for the four layers are presented in Table 3. Unlike the
proximate and ultimate analyses, which suggest little difference between the four
layers, the petrographic analyses indicate that there might be considerable organic
structural differences between the layers. There exists a good correlation between
catechol yields upon pyrolysis and the amount of corpohuminite found in each
layer. A linear estimation of the data results in a correlation coefficient of
0.92,
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Table 1. Pyrolysis Yields for Four Lithologic Layers in the Freedom Mine™

(Top) (Bot tom)
Coal Layer 1 Layer 2 Layer 3 Layer 4
Compound:
Methanol 990 1010 940 1590
Acetone 1350 1320 1490 1420
Acetonitrile 240 250 260 190
2-Butanone 360 340 420 350
Propionitrile 70 130 280 190
Phenol 2110 1720 1800 3820
o-Cresol 610 520 580 980
p-Cresol 680 570 600 1190
m-Cresol 710 630 720 1420
Catechol 990 1010 1200 3150
Proximate Analysis
{as rec’d; % by wt):
Moisture 23.51 23.11 27.93 30.62
Volatile matter 29.32 33.93 34,22 36.74
Fixed carbon 31.61 36.56 32.91 27.93
Ash 15.55 6.40 4,94 4,72
Ultimate Analysis
maf ; % by wt):
Hydrogen 4.66 5.09 4,75 5.13
Carbon 68.20 69.14 70.37 69.32
Nitrogen 1.08 1.11 1.12 1.07
Sulfur 2.75 0.66 0.68 0.84
Oxygen 23.30 23.99 23.09 23.65
aCompound yields are reported in micrograms/g maf coal.
Table 2. TOSCO Material Balance Assay
Normalized Values (Moisture Free)
Fischer Assay Yields Layer 1 Layer 2 Layer 3 Layer 4
Tar (1b/ton) 119.3 67.1 103.7 89.1
{gal/ton) 14.6 8.2 12.7 10.9
Gas (1b/ton) 311.9 333.5 329.0 306.6
{scf/ton) 3311.0 3597.7 3627.6 3402.9
Water (1b/ton) 129.9 192.3 158.7 191.2
{gal/ton) 15.6 23.1 19.0 22.9
Char {1b/ton) 1438.9 1407.1 1408.5 1413.1
HB {1b/ton) 1.22 1.11 1.33 1.14
€0 (1b/ton) 30.76 37.51 36.85 40.89
€0, (1b/ton) 243,23 256.50 251.62 224.00
C1 (1b/ton) 17.44 19.78 22.32 20.63
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Table 3. Petrographic Analyses of Freedom Mine, Four Lithologic Layers

Macer(';] Arlmalys).is Layer 1 Layer 2 Layer 3 Layer 4

Volume

Humani te Group
UWminite 35.5 33.9 38.2 42.8
Humodetrinite 25.2 23.1 21.9 18.0
Gelinite 0.5 0.4 1.4 1.3
Corpohuminite 1.0 2.6 2.0 6.2

Liptinite Group
Sporini te 0.9 2.4 1.4 3.3
Cutinite 0.7 0.5 0.5 0.5
Resinite 2.7 1.9 0.9 1.7
Suberini te 0.0 0.5 0.4 1.5
Alginite 1.2 0.4 0.9 1.2
Liptodetrinite 5.0 5.9 3.8 5.3
Fluorinite 0.0 0.4 0.0 0.0
Bi tumini te 0.0 0.0 0.0 2.0

Inertinite Group
Fusinite 4.5 4.6 8.5 2.7
Semifusinite 6.8 8.1 7.2 5.3
Macrinite 0.7 0.5 0.2 0.0
Sclerotinite 0.3 0.5 0.4 0.3
Inertodetrinite 8.9 7.6 8.5 4.2
Micrini te 1.3 0.7 1.8 1.3

Conclusions

The composition of gas liquor condensate can vary greatly due to variations
within an individual seam. The samples used in this study were collected within a
few meters of each other but indicate significant vertical variation exists in a
particular mine. The ultimate analyses of these layers are virtually identical, but
the actual chemistry, as evidenced by the pyrolysis results and the TOSCO Material
Balance Assays, is very different from layer to layer. These differences could
result in substantial changes in wastewater composition and operability of a
tar/water separator in an actual gasification plant when coal from different layers
is gasified.

Petrographic analysis reflects, to an extent, the structural chemistry of the
coal because the macerals generally derive from different kinds of plant
constituents, and these original plant constituents in turn have different
structures. Therefore, petrography should be a useful predictor of some pyrolyzate
yields.

Reasonably steady operation of wastewater treatment plants and tar/water
separators depend on having reasonably steady wastewater composition and tar
production, or at least the ability to predict these in advance. In order to
achieve this it is important to characterize the pyrolysis behavior of the coal
layers to provide for blending or preferential mining and selective utilization.
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= OVERBURDEN

[— LIGNITE, DULL ta MOOERATELY BRICHT, FRACTURES
EASILY ALONG BEDDINC PLANES, SOMEWHAT FRACMENTAL

~= LIGNITE, VERY FRAGMENTED WITH BLOCKY FRACTURES.

— LIGNITE, BRIGHT to VERY BRIGHT, MASSIVE STRUCTURE
DOES NOT FRACTURE ALONG BEDDING PLANES

LIGNITE, MODERATELY BRIGHT to BRIGHT, VERY MASSIVE,
VERY HARD and RESISTANT to FRACTURING.

-

é

l— 7 INORGANIC ZONE?, CONTACT MAY BE MARKED BY
CLAYEY and/or CONCRETIONARY ZONE

LIGNITE, DULL ta VERY DULL, HARD but BRITTLE,
ABUNDANT DISSEMINATED FINE PYRITE CRYSTALS,
FEW BEDDING PLANES or FRACTURES, SHARP CONTACT
with UNDERCLAYS

[— UNOERCLAY

Figure 1. Lithologic units of the Beulah-Zap lignite bed as described at

Freedom Mine.
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