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APPENDIX A

EXPERIMENTAL APPARATUS, TEST CONDITIONS AND
RESULTS OF CATALYTIC COAL, TREATMENT

Egperimental Apparatus

In this section of the appendix are descriptions of the following
experimental apparatus:

(1) Batch and Continuous Treatment Equipment

(2) Batch Solids Fluid Bed (BSFB) Gasifier

(3) Thermogravimetric Analyzer (TGA)
In addition, a description of the Battelle developed agglomerating index (AI)
is also included.

Batch Treatment Equipment

The batch experiments on production of BTIC are conducted in a "quick-
charge", one-gallon autaclave system shown schematically in Figure A-1. In
the majority of the experiments, the autoclave is first charged with 3000 g
coal of desired size, Ca0, and water, and the mixture is brought up to the
operating temperature and then NaOH solution may be added through the charg-
ing bomb. 1In some cases, the Ca0 is added to the preheated autoclave through
the charging bomb. On adding the charge to the autoclave, the autoclave tem-
perature drops at first but ie back up to the operating temperature in 3 to 5
minutes, at which time the measurement of retention (treatment) time is started.
Samples of coal-catalyst slurry can be withdrawn from the autoclave during a
run. The samples withdrawn from the autoclave are quickly quenched. The
calcium-impregnated (treated) coal is separated from spent catalyst solution
and for high sodium treatments, washed under nitrogen atmosphere with distilled
water at 35 C.

Continuous Coal Preparation Pilot Plant

A high pressure continuous coal preparation pilot plant is shown
schematically in Figure A-2. The facility is composed of the following sections:
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(1) Coal and reactant slurry preparatien,

(2) Slurry pressurization,

(3) Preheating,

{4) Reactionm,

(5) Cooling,

(6) Pressure reduction,

(7) Solids/liquid separation, and

(B) Coal drying (not shown ia the figure).

Coal was first ground in a Fitz Mill comminuter and separated in
a Sweeco vibratory separator. Coal sizes in the range of =20 mesh (the
maximum size compatible with the Miniplant) to -200 mesh were prepared in
this system. Ground coal and activation reactants were weighed, mixed and
pumped to the high pressure pumps. Two high pressure reciprocating pumps,
a single and double pump, were available to allow operation over a range
of flow rates, i.e., from 5 to 30 gal/hr. The slurry exiting the pumps
first passes through a steam preheater and then through four electrical
resistance plug-flow heaters before entering the first autoclave, which
is also used as & preheater. The slurry exiting the first l-gal continuous-
1y stirred autoclave preheated entered a 2-gal reaction system. The tempera-
ture in each preheater and autoclave reactor was maintained at the desired
set point by electronic temperature controllers. The maximum operating pres-
sure and temperature are 1000 psig and 275 C. After reaction, the slurry was
then fed to one of three basket centrifugal filters. The centrifuge filter
cake, typically containing 75-80 percent solids, was fed batchwise to a steam-
heated rotary dryer.

Batch-Solids Fluid-Bed Gasifier

A batch-solids fluid-bed (BSFB) gasifier is shown schematically
in Figure A-3. The reactor tube is 1-1/2-inch I.D. x 3-inch 0.D. x 48
inches long and is fabricated from Haynes 188 Superalloy bar stock. A
36-inch long furnace is used to heat the reactor to temperatures up to 1100 C.
The distributor plate, located at the center of the reactor tube, is made of
100-mesh stainless steel tube. The thin-wall tube can be removed easily
from the reactor tube for recovery of char from the reactor at the end of a

run, and is mounted such that the feed gases cannot flow through the small
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gap between the thin-wall tube and the reactor tube. A thermocouple is
placed in the bed of coal one inch from the distributor plate. The fur-
nace is biased to give a constant temperature zone encompassing the fluid-
bed zone.

A 50 g batch of coal can be charged through an electrically-
operated ball valve in less than 10 seconds. The portion of the coal-
feeding line below the ball valve, called the dip tube, is always purged
with helium to prevent condensation of steam, tars, and other condensables.
The coal-charges can be pressurized with helium and depressurized regard-
less of the pressure and the temperature inside the reactor tube.

The rate of flow of various feed gases through the bottom of
the reactor is controlled by fine metering valves and the pressure on
the upstream and downstream sides of the metexring valves.

The reactor is designed to operate at 1000 psig at 1100 C.

The pressure in the reactor is precisely controlled with a back-pressure
regulator.

The product gas is allowed to pass through, in order, a hot trap,
a water condenser, a water trap, and a cold trap prior to gas analysis.
The total valume of product gas is determined with a dry gas meter. The
product gas is continuously sampled by a infrared detector to determine
methane concentration and by an isokinetic probe to collect a gas sample

for gas chromatographic analysis to determine the overall gas composition.

Thermobalance (TGA)

The high-pressure thermobalance (TGA) reactor to be used for this
study is shown schematically in Figure A-4. The reactor system consists of
two zones, The upper zone houses the thermobalance assembly while the lower
zone is used for gasification of coal. Ther thermobalance assembly can with-
stand high pressures but not high temperatures. Therefore, to protect the
thermobalance from high temperatures, the upper zone of the reactor is con-
stantly purged with helium during the rTun. The upper zone can be completely
tsolated from the lower zone by the use of a ball valve and can be pressurized
or depresgsurized irrespective of the temperature and the pressure in the lower
zone. The reactor tube is 3/4-im. I.D., 2-1/2-in. 0.D., and 48 irches long

and is constructed of Haynes 188 superalloy. The temperature of the basket
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is sensed by a thermocouple placed 1/4 inch below it. A proportional-
integral-digital (PDI) controller is used for controlling the temperature
of the furnace at a suitable value so that the sample is maintained at the
desired temperature. The sample basket is 5~-3/4 inches long, having a
diamter of 3/8 inch, and is made of 100-mesh stainless steel or nickel
screen. The basket is suspended from the end of a 3-mil nichrome hang-
down wire.

The sample basket can be raised and lowered at the rate of about
3/4 inch per second using a motor-operated windlass. Thus, it takes less
than a minute to lower the sample into the desired position. A dip tube
that is constantly purged with helium extends from the upper zome to about
10 inches from the basket. Thus, while lowering the sample basket, only
a few seconds are allowed for the sample to contact reactive gases before
the transducer starts to indicate the mass of the sample. Similarly, the
gasification reaction can be stopped in a matter of a few seconds simply
by raising the sample basket a few inches.

A preheater is used to produce steam or to heat hydrogen or other
gases to 500 C or higher. An infrared detector (IR) from Mine Safety Appli-
ance Company (Lira 300) is used to continuously monitor the methane concen-
tration of the product gas. A gas chromatograph (GC) from Carle Instrument
Company can be used to determine the overall composition of product gases.
Other parts of the system include a trap that can be operated at an elevated
temperature for capturing tar and solid particles, a back-pressure controller
that can be operated up to 500 C, a condenser for steam, a trap for condensed
water, several flowmeters, a wet test meter, and a gas collection bag.

During a TGA run, the weight of coal is continuously monitored.
From the weight versus time data, the fractional conversion as a function
of time can then be determined. The fractional conversion of coal on an
MAF basis is defined as
W =W Wy
wo " Wa B Wm

where W igs the initial sample weight, W is the sample weight at any time t,
W is the weight of ash, and W is the weight of moisture of the initial
sample. It is assumed that the moisture is quickly released on exposure

of the coal sample to the reactor environment.



Development of an Agglomeration Index (AL

A test to measure the agglomerating tendency of ccals had been
developed and applied in the Lurgi trials in Westfield, Scotland.* The test
consisted of determining, by trial and error, the amount of sand which
could be mixed with one gram of coal, coked briefly at 850 G, cooled, and
carefully separated such that 1.0 g of nonagglomerated material was produced.
The trial and error feature of the test, which required multiple determina-
tions to obtain a result, was considered unattractive for application to this
work.

The test was modified by adding a fixed amount of 30 x 50 mesh quartz
sand to 1.0 g of -30 mesh coal, coking at 650 C in a crucible, cooling in an
inert atmosphere, removing the nonagglomerated material by carefully screen-
ing on a 30 mesh screen, and recording the weight of +30 mesh material. Three
sand/quartz mixutres were tried, 5:1, 10:1, and 15:1, with 10:1 chosen since
the worst agglomerating coals gave a small amount of nonagglomerated material
at this ratio. It was necessary to run the samples in duplicate because the
resulting agglomerates are weakly bonded and can be easily broken during
screening. Repeatability was about + 10 percent for the weight retained on the
screen or + 1 point on the index value explained below. An Agglomeration Index

(AI), varying from 1 to 10, was calculated from the following equation:

AT = wt +30 mesh material x 10
wt total material after coking

Thus, the higher the AI value the worse the coal agglomerates. The relation-
ship between AL and Free Swelling Index (FSI) was investigated by plotting

the AT and FSI values for treated and untreated coal sample used in this

work. It is clear that the agglomerating and swelling tendencies of coal

are not directly related. Based on the limited data available, it is pos-
sible to have a highly swelling coal (FSI = 9) which has a moderate agglomerat=—
ing tendency (AI = 3.3) or a moderately swelling coal (FSI = 1.5) with a large
agglomerating tendency (AI = 8.5). It appears that 1f gas is produced when

a coal devolatilizes it is highly swelling and if a liquid is produced it is
highly agglomerating.

% Trials of American Coal in a Lurgi Gasifier at Westfield, Scotland, ERDA
Report No. 105, Final Report.
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Test Conditions

Presented in this appendix are tables and figures covering the

following areas:

Table A-1 Treatment conditions for BIC prepared in the
Continuous Miniplant

Table A-2 BTC Physical and Chemical Properties

Table A-3 BSFB Hydrogasification Run Summaries

Table A-4 BSFB Steam/H, Gasification Run Summaries

Table A-5 Raw Coal Physical and Chemical Properties
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TABLE A-7. TREATMENT CONDITIONS OF BATCH RUNS WITH
ILLINOIS NO. 6 COAL

Sample Parzicle Time, Temp: s Caralyst Water Sample ____A_n.ﬁy_sg_s__._‘.‘_i_am-’.__.

Nuzber Size sin. [ Catalyst Coal Coal Recovered Fs1 AL Moisture Ash Ca Na

¥aw Cosl -8+20 6.6 2-1/2 10.9 8.65 0.14

34546-9 -20+50 38.3 2 8.6 11.0 9.40 .26
~504100 13.9 2112 11,2 8.96 6.24
~1C% 13.3

25344218 -8+20 £0 278 €20 .05 2.0 30.7 1-1/2 8.1 3.22 2.6 0,59
—20+30 35.5 2 9.3 2.30 13.0 1.52
~50-i00 15.6 208y (2} 2.3 2.07  18.1 2.93
-103 18.2

3:084-1% -3+20 &0 276 €a0 0,10 2.0 30,2 2-1/2 8.1 0.43 12,5 1,03
~20p30 37.5 2 3.9 0.53 19,4 3,73
-53+100 6.6 NA 0.1 0.73 27.% 7.22
~200 15.7

34%LL-20 ) 0 24 a0 0.05 2.0 1.8 2.1/2  B.4 0.99 10.2 0.45  0.08
-20430 NaOR 0.003 36.4 1-1/2 3.9 0.86 1L.5 111 .18
~53+100 4.8 NA 0.1 1.02 19.4 3.68 D0.13
~100 17.0

34044=21 oy EEe 37.0

Shew Conl Grind) =240 33.8
~56-100 1.2
-1%0 18.0

4a044-222 B2 50 276 Ca(N0o3)g* o.182¢) 2.0 32,3 1-1/2 8.3 1.72 11.3 0.78

Dried under N2 =250 & Ha0 35.9 1-1/2 3.6 1.43 10.7 0.59,
«5{109 13.8 A 0.1 1.54 12.5 1.30
-1¢0 18.0

i 22R 570 60 276 caCpy 01847 2.0 4.9 172 8.2 0.60 1L 0.62

Nried Umder Adr  -20+30 4 Bad 3.5 1-1/2 4.0 1,19 12.0 0.89
510" 9.9 1 0.0 1.20 1.4 1.23
-150 12.1

3iueas 26 «5+23 12 277 Ca0 0.10 2.0 32.0 2-1/2 4.7 1.a2 12,3 0.4
-20+50 33.6 2 6.1 1-15 13.0 3.25
-5(+100 11.6 ¥A 2.5 1,50 22,0 .86
~100 2.7

3400327 -8+20 30 275 cad 0.10 2.0 31.2 321/2 8.0 =0.1 12.8 0.68
~2tr50 0.2 2-1f2 2.3 0.15 12.2 141
~50+100 10.3 2 1.4 0.40 15,7 2,55
~1G7 28,3

38034=28 ~20+50 30 276 Ca0 0.10 2.0 72,56 ma(® 3 0.42 23.4 .91
-50+100 27.5(0) (1-1/2)

3L765=30 -5420 50 25 Ca0 .05 2.0 4.3
~2irb50 4.8 1-3/2 3.0 2.13 13.7 .62
-50+100 12.4 1 2.9 1,80 16.4 2.87
-ion 18,5

30044-31 -20450 0 217 cco 0.10 1.0 6438 ma 2.2 1.55 24.5 5.49
~504200 5.2

2068-12 ~20+160 30 279 €an 0.05 2.0 (400 pet air) 1-1/2 5.1 1.00 15.0 3.2%

{a) MNA = Wonagxlomerating.

{B) Tuz

This samnle did swell to give a profile ginilar te FSI = 2.

sarales shown below were prepaTed starting with this mesh aize distribucion.

{¢; Tais 1s equivalunt to 0.03 CaC/coal in terms of Ca/coal ratic.
{4} Tnis sample did not agglemerate buz the sweliing profile was similar to FSI = 1-1/2.
(&) These are the starcing amounte of the nesh sixe fractions.
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TABLE A~11.RESULTS OF BTC TREATMENT OF PITTSBURGH SEAM
(MONTOUR NO. 4) COAL AT ELEVATED PRESSURES

ON STEAM GASIFICATION REACTIVITY(a)

S r—

Raw b
Treatment Press, psi Coal 0 1000 2000 4000 Vac( )
Analyses of Treated Coals, wt %# of Sample
Moisture 2.36 0.89 0.87 0.66 0.67 0.44
Ash 8.56 16.1 13.2 15.2 15.6 13.7
Na 0.016 0.026 0.016 0.033 0.022 0.021
Ca 0.010 3.75 2.10 3.15 3.31 1.95
S 0‘51 1-07 0-71 0095 1.05 ——
Volatile Matter 36.2 1,254
c 77.1
H 5.5
N 1-"’
s 1.62
FSI, 20x70 mesh 6-1/2 3 4-1/2 2-1/2 4 4
20x0 mesh 2-1/2 6-1/2 2-1/2
-70 Mesh Material Removed Before Reactivity Tests, %
14.8 22.9 15.7 12.4 15.1
Stean Gasification Reactivity Test Results
Conversion (MAF) at min, 2 36.0 37.0 34.7 38.2 37.9
First order rate constant,
min-1 0.062 0.056  0.056  0.058  0.054

(a) Treatment conditioms: T=25C, Ca0/NaOH/H,0/Coal = 0.10/0.005/2.0/1.0

with 10 minute residence time.

(b) Materials degassed under vacuum prior to treatment.
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TABLE A-12. SUMMARY OF CATALYST IMI’REGNAT{OSI EXPERIMENTS
WITH ILLINOIS NO. 6 SEAM COAL\&/, PEABODY
# 10 MINE
Experiment Sample Treatment
No. No. Time, Temperature,
32544~ 32544- Ca0/Coal Water/Coal min. c FSI
Raw Coal 150 0 0 0 275 3
15 15C 0.13 4.0 120 275 0
17 174;  0.13 3.0 10 275 0
17 1745 0.13 3.0 20 275 0
17 173  0.13 3.0 30 275 0
17 17¢ 0.13 3.0 60 275 0
21 21;  0.08 3.4 10 275 0
21 21A7 0.08 3.4 20 275 0
21 2144 0.08 3.4 30 275 0
21 21¢C .08 3.4 60 275 0
28(b) 284y 0.039 3.0 10 275 1.5
28(b) 284,  0.039 3.0 20 275 0
28(b) 2843  0.039 3.0 30 275 0
28(b) 28¢C 0.039 3.0 60 275 0
s0(b) 304,  0.072 2.0 10 275 0
30(b) 3043 0.072 2.0 20 275 0
30(b) 30A3 0.072 2.0 30 275 0
30(b) 30C 0.072 2.0 60 275 0
32(b) 324,  0.05 1.5 10 275 0
32(b) 3247 0.05 1.5 20 275 0
32(b) 3247  0.05 1.5 30 275 0
32(b) 32¢ 0.05 1.5 60 275 0
35(b) 35¢C 0.05 1.1 15 275 0
38 38A 0.055 1.1 0 280 0
38 3sc 0.055 1.1 15(b) 280 0
39 39 0.05 1.1 30 23 1.5
40 40A 0.08 1.1 10 280 0
40 40C 0.08 1.1 15(b) 280 0

(a) The temperature variation during a run is normally less than 10 C
around the operating temperature. Raw coal particle size was -48+65 mesh.
(b) Removed after quenching to 225 C followed by slow cooling.
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TABLE A-14_ DEPENDENCE OF HYDROGASIFICATION ON
REACTIVITY OF BTC ON THE TIME OF

LEACHING
Gasificati%:) Time of(h) Average Relative
Experiment Sample No. Leaching s Reactivity, R "
No. 31793~ 31689~ min. for x=0.6 for x=0.7
50 '31A1 10 17.0 21.8
51 31A2 30 17.9 24.0
55 31.A3 60 17.0 23.5
56 31A4 120 17.6 23.1

(a) All hydrogasification experiments were performed at B850 C and
500 psig.

(b) Ceal from Montour #4 mine (Batch II) was hydrothermally treated
at 250 C using an NaOH to coal ratio of 0.35, a Ca0 to coal ratio
of 0.1, and a water to coal ratio of 4.0.



APPENDIX B

DIRECT HYDROGASIFICATION
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TABLE B-2. ULTIMATE ANALYSIS OF TYPICAL RAW COAL AND BTC

Ultimate
Analysis, % Raw Coal pre-1() pre-11% re-111¢e
c 68.93 65.17 66.97 61.33
H 5,07 4,67 5,04 4.57
N 1.36 1.26 1.27 1.00
s 4.39 4.07 3.54 3.53
Ca 0.35 2.75 2,42 6.92
Na - - 0.11 0.21
Ash 11.77 18.98 19.43 26.13
Balance 8.48 5.85 3.75 3.35
100.00 100.00 100.00 100.00

(a) BTC-I: BTC-12 and BTC-13, fine particle size, treated only by 5
percent Cal

(b) BTC-II: BTC-22, BTC-23A, BTC-23B and BTC-25C, coarse particle size,
treated by 10 percent Ca0 and 0.3 percent NaOH

(¢) BTC-III: BTC-54, 60, 93, coarse particle size treated by 15 perceant
Ca0 and < 1.0 percent NaOH.



TABLE B-3. TYPICAL PARTICLE SIZE DISTRIBUTION OF BTC

Weight Percent

5ize, mesh BIC I BTC II BTC III
+40 0 25.40 (a)
~40/+50 0 24,52
-50/470 10.57 23.58
-70/+100 24.04 16.36
-100/+200 49.38 10.01
-325 3.54 0.05
100.00 100.01

T et ——— ettt

(a) TFeed Size: 3/16 in X 1/2 in long pellets
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TABLE B-5. PARTICLE SIZE DISTRIBUTIONS OF
HYDROGASIFIED CHAR(2)

Char from Char from Char from

Item BTC I BTC I1 BTC 111
Size Distribution (%)

+40 0 48.B0 17.33
=40/+50 1.88 23.32 19.93
-50/+70 20.59 16.32 15.51
-70/+100 20.13 7.20 12.89
~100/+200 28.68 3.72 17.69
-200/+325 13.57 0.19 14.24

-325 5.14 0.46 2.41




TABLE B-6. ULTIMATE ANALYSIS OF FEED CHAR TO SECOND
STAGE HYDROGASIFIER

Feed Char

Element Run 32(a) Run I!S(b) Run 45(c)
C 77.69 72,52 75.76

H 1.10 0.88 0.97

N 0.60 0.49 0.22

S 3.50 3.36 3.45
Ca 4.33 3.1 6.18
Na NA NA 0.17
Ash 37.93 31.83 28.10
Hp0 0.25 0.79 0.69
Ba1(d) (21.07) (9.87) (9.19)

(a) Graphite content in the char was 21.84 weight percent. The
char was from Runs 29, 30, and 31.

(b) Graphite content in the char was 25.53 weight percent. The
char was from Runs 19, 33, and 34.

(c) Graphite content in the char was 27.57 weight percent., The
char was from Runs 42 and 44.
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APPENDIX D

SUMMARY OF TEST RUNS FOR
HYDROGASIFICATION OF CHAR
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APPENDIX %

SUMMARY OF STEAM/O,
GASTFICATION RUNS
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APPENDIX F

PROCESS ANALYSIS




- Wet Product Gas, 121.2 scf

CH; = 54.36%
CpHy = 0.25
525 F CzHg = 2.06
BTC, 10 1b ey co =  4.20
C = 65.0% CO2 = 5.02
HpS = 1.24
H = 4.0 N
. 2 = 2.55
N = L3 H, = 15.07
s = 3.1 2 )
Ash = 14.7 Hp0 = 12,52
HoO = 3'0 Others = 2.73 (liquid products)
2 . 100.00% .
Bal = 8.9
FIRST T = 1600 F
STAGE
Char, 6.12 1b A Gas from 2nd Stage, 79.8 secf
C = 68.93% CH; = 33.30%
i = L4 CoH; = 0.04
S = 1.99 Collg = 0.11
N = 0.49 Hp = 65.83
Ash = 25.86 Np = 0.32
Bal = _ 1.59 H20 = __0.40
100.002 & 160.00%
SECOND T=1700 F
STAGE
Char, 5.31 1b
C = 64.50% Hy Strean, 101.7 pcf, 1100 F
R = 1.00 B
5 = 97.87%
s§ = 2.29
Ny = 0.27
0 = 1.8
CH; = 1.46
N - 0056
CoHy =  0.02
Ash = 29.80
y Hp0 = _ 0.30
100.00%

FIGURE F-1. INTEGRATED MATERIAL BALANCE AROUND A TWO-STAGED HYDROGASIFIER
FOR CARBON CONVERSION OF 47.3 PERCENT (35.1 percent on 1st
Stage and 22.2 percent in 2nd stage)



TABLE F-1.

p =

ENERGY BALANCE AROQUND TWO-STAGED HYDROGASIFIER

{(Low Carbon Conversion Case)

Basis: 10 1b BTC

Temperature, Sensible Heating Total
Stream F Beat, Btu Value, Btu Energy, Btu
First Stage
Energy In
Coal 525 1,795 107,820 109,615
Gas from 2nd
Stage 1700 3,281 44,040 47,321
Total 5,076 151,860 156,936
Energy Qut
Char 1600 2,790 64,116 66,906
Vet Product Gas 1600 6,814 80,020 86,834
Total 9,604 144,136 153,740
Energy In-Energy Out 3,196 (2.04%)
Second Stage
Energy In ‘
Char 1600 2,790 64,116 66,906
Bydrogen Feed 1100 1,951 33,986 35,937
Total 4,741 98,102 102,843
Energy Out
Char 1700 2,581 51,984 54,565
Gas 1700 3,281 44,040 47,321
Total 5,862 96,024 101,886

Energy In-Energy Out

957 (0.93%)




L%

- d

Raw Product Gas, 175.2 scf

{liquid products)

Ha = 22.02
CO2 = 2.75
525 F CHy = 0.09
BTC, 10 1b —————q CoHg = gzg
= Nz = .
¢ 6.0 CH, = 5B.72
B = 4,0
Co = 5,41
N = 1.3
H2S = 1,38
s = 31 H0 = 7.34
B20= 300 2 *
Others = 0.92
Ash = 14.7 —r 7
Bal = 8.9 100.01
100.0 v
FIRST T = 1650 ¥
STAGE
Char, 5.39 1b A Gas from 2nd Stage, 147 scf
¢ = 70.40% CH; = 30.38%
H = 1.2 CoHs = 0.03
s = 1.6 02H6 = 0.10
N = .0.3 Ho = = 68.67
Ash = _26.5 No = 0.45
100.0% Hy0 = _ 0.38
J 100.01%
SECOND T=1750 F
STAGE
Char, 4.04 1b
C = 61.1%
s = 2.1 Hy Stream, 184 scf, 1100 F
o= L0y B, = 97.71%
N = 0.4 N = 036
Ash = 35.4 c121 1.53
100.0 4 =
CoH4 =  0.03
C2Hg = 0.08
Hp0 = _0.30
100.01%
FICURE F-2. INTEGRATED MATERIAL BAIANCE AROUND A TWO-STAGED HYDROGASIFIER

FOR CARBON CONVERSION OF 62 PERCENT (41.6 percent in 1st
Stage and 20.4 percent in 2nd Stage)



TABLE F-2. ENERGY BALANCE AROUND TWO-STAGED HYDROGASIFIER
(High Carbon Conversion Case)
Basis: 10 1b BTC)
Temperature, Sensible Heating Total
Stream F Heat, Btu Value, Btu Energy, Btu
First Stage
Energy In
Coal 525 1,795 107,820 109,615
Gas from 2nd
Stage 1750 6,097 717,771 83,868
Total 7,892 185,591 193,483
Energy Out
Char 1650 2,538 57,721 60,259
Wet Product Gas 1650 9,358 123,916 133,274
Total 11,8596 181,637 193,533
Energy In-Energy Out =50 (-0.03%)
Second Stage
Energy In
Char 1650 2,538 57,721 60,259
Hydrogen Feed 1100 3,505 61,213 64,718
Total 6,043 118,934 124,977
Energy Out
Char 1750 2,024 37,621 39,645
Gas 1750 6,097 77,771 83,868
Total 8,121 115,392 123,513

Energy In-Energy Out

1,464 (1.17%)




Char, 1700 F

Product Gases, 1540 F, 267 SCF

—’
5.31 1b l | ercent
CHy 0.83
Oxygen 2.05 1b (1200 F) ——» g CzH; 0.01
team-
Oxveer co  22.11
Steam (800 F, 1050 psia) w——p Gasiliier co; 15.52
No 0.15
HpS .0.54
Hp0 _27.32
100.00
Ash, 1540 F
1.760 1b
percent
c 9.73
S 0.36
Ash 89.91
100.00
Temperature, Sensible Heating Total
Stream F Heat, Btu Value, Btu Enthalpy, Btu
Enthalpy, In:
Char 1700 24,210 519,840 544,050
Oxygen 1200 6,100 6,100
Stean 800 100,640 100,640
Total In 130,950 519,840 650,790
Enthalpy, Out:
Asgh 1540 8,550 28,330 36,880
Gas 1540 122,600 512,520 635,120
Total Out 131,150 540,850 672,000
Enthalpy In-Enthalpy Out -21,210

FIGURE F-3., MATERIAL AND HEAT BALANCES FOR CHAR GASIFICATION
WITR STEAM/OXYGEN (Low Carbon Conversion Case;

Bagia:

10 1b BIC to lst Stage Hydrogasifier)



F-6

Char (1750 F) BIC (525 F) 1.908 1b

3.270 1b
Steam 800 ¥, 1050 psia — el Product Gases, 1540 F, 260 SCF
6.96 1b g
team- percent
Oxygen
Gasifier g“ g'gg
Oxygen (1200 F) —> Zﬂé 04
2.18 1b C2He 0.0
co 21.58
€0y 14.81
Ash (1540 F) 1 33'22
1.55 1b N2 0-
HaS 0.55
Ho0 27.46
percent 100.00
c 8.27
s 0.28
Ash 91.45
100.00
Temperature, Sensible Heating Total
Stream F Heat, Btu Value, Btu Enthalpy, Btu
Enthalpy, In:
BTC 525 3,420 205,720 209,140
Char 1750 16,380 304,470 320,850
Steam 800 93,120 - 93,120
Oxygen 1200 5,830 - 5,830
Total In 118,750 510,190 628,940
Enthalpy Qut:
Ash 1540 6,380 24,420 30,800
Gas 1540 119, 350 491,080 610,430
Total Out 125,730 515,500 641,230
Enthalpy In-Enthalpy Out ~12,290

—_——

rl

FIGURE F-4. MATERIAL AND HEAT BALANCES FOR CHAR GASIFICATION
WITH STEAM/OXYGEN (High Carbon Conversion Case;
Basis: 10 1b BTC to lst Stage Hydrogasifier)
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TABLE F-E.ENERQY DISTRIBUTIONS AND THERMAL, EFFICIENCIES
FOR BATTELLE THWO-STAGE HYDROGASIFICATION

(Plant Size: 250 x 109 Btu/day)

]

Low Carbon
Conversion Case

High Carbon
Conversion Case

Energy In, 106 Btu/hr

Coal to Hydrogasifiers 14,455 (72.73)(d)
Coal to Steam/Oxygen
Gasifier 0 (0)
Coal to Boiler 5,419 (27.27)
Total Energy In 19,874 (100.00)

Energy Distribution, 106 Btu/hr

Product Gas

10,417 (52.41)

9,386 (60.58)

2,214 (14.29)
3,893 _(25.13)

15,493 (100.00)

10,417 (67.24)

Liquid By-productsl® 1,278 (6.43) 650  (4.20)
Excess Hydrogen 2,232 (11.23) 0 (0)
Subtotal 13,927 (70.08) 11,067 (71.43)
Consumed and Losses 5,947 (29,92) 4,426 (28.57)
Total Energy QOut 19,874 (100.00) 15,493 (100.00)
Cold Gas Efficiency, percent 63.6(b) 67.2
Planned Thermal Efficiency,(c)
percent 70.1 71.4
(a) Heating value of liquid by-products = 18,000 Btu/1b (assumed)
(b) Excess hydrogen was included.
(c) By-product sulfur was not included.
(d) Values in parentheses represent percentages.
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FIGURE F-5.

Carbon Conversion in Hydrogasification, percent

HYDROGEN REQUIREMENT IN HYDROGASIFICATION AND HYDROGEN
PRODUCTION FROM STEAM/OXYGEN GASIFICATION AS A FUNCTION
OF CARBON CONVERSION IN HYDROGASIFICATION

Hydrogen Requirement in Hydrogasification, scf/1b of BTC
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TABLE F-7. EEA'S ESTIMATE OF INSTALLED COST FOR BATTELLE
TWO-STAGE HYDROGASIFICATION(12)

(High Carben Conversion Case; Plant Size, 250 x 109 Btu/day)

Installed Cost, ()

Process Section 105 dollars

Coal & Receiving & Preparation 34.80
Catalyst Receiving and Preparation 2.45
Coal Treatment 8.30
BTC Slurry Drying 12,10
Hydrogasification 35.47
Aromatics Scrubbing 14,32
Acid Gas Removal I 52.37
Methanation & Product Gas .Drying 10.95
Aromatics Refining 0.70
Steam-Oxygen Gasification 13.13
Shift Conversion 30.00
Acid Gas Removal Il 69.75
CO Removal (Methanation) B.23
Sour Water System 4,66
Stretford System 2.50
Oxygen Production 48.38
Ash Disposal 9.50
Waste Water Treatment 28.50
Steam & Electricity Production 222,78
Support Facilities 114.00

Total 723.00

(a) 1978 'dollars.
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TABLE F-8. EEA'S ESTIMATE OF TOTAL CAPITAL REQUIREM%N?
FOR BATTELLE TWO-STAGE HYDROGASIFICATION 1

(High Carbon Conversion Case; Plant Size, 250 x 10?2 Btu/day)

Itenm Cust,(a) 106 dollars

TOTAL PLANT INVESTMENT

Installed Cost 723.00
Constructor's Home Office Costs
and Fee 80.33
SUBTOTAL
Project Contingency (15% of
SUBTOTAL 120.50
923.83
INITIAL CHARGE OF CATALYSIS AND
CHEMICALS 8.00
ALLOWARCE FOR FUNDS USED DURING
CONSTRUCTION
(Total Plant Investment x Average
Spending Period in years x 9%) 99.77

START-UP COSTS (20% of Total Annual
Gross Operating Costs) 48.32

WORKING CAPITAL (14 Day Inventory of
Raw Materials + Haterials and
Supplies at 0.9% ot Total Plant
Investment + Net Receivables at 1/24
Annual Gas and By-Product Revenue at.
Calculated Sales Price) 35.69(b)

TOTAL CAPITAL REQUIREMENT 1115.67

e

(a) 1978 dollars.
(b) DBascd on private financing method.
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TABLE F~9. EEA'S ESTIMATE OF ANNUAL OPERATING COST
FOR BATTELLE TWO-STAGE HYDROGASIFICATION (1)

(Righ Carbon Conversion Case; Plant Size, 250 x 109 Btu/day)

Ttem Cost, 106 dollars(a)
Raw Materilals
Coal (19,635 tons/day at 25§/ton) 161.25
CATALYSTS AND CHEMICALS
Lime (667.92 tons/day at 30$/ton) 6.52
NaOH (26.37 tons/day at 350¢/ton, 76% purity) 3.03
Catalysts and Other Chemicals 3.00
12.55
PURCHASED WATER ( gpm at $.40/M gal) 4.50
LABOR
Process Operating Labor (58 men/shift at $6.7/hr) 3.40
Maintenance Labor (60% of Total Maintenance) 10.89
Supervision (20% of Direct Labor) 2.86
17.15
ADMINISTRATION AND GENERAL OVERHEAD (60% of Labor) 10.25
SUPPLIES
Operating (30% of Process Operating Labor) 1.02
Maintenance {40% of Total Maintenance) 7.24
B.28
LOCAL TAXES AND INSURANCE
(2.7% of Total Plant Investment) 26.95
ASH DISPOSAL 0.65
TOTAL GROSS ANNUAL OPERATING COSTS 241.58
BY-PRODUCT CREDITS
Sulfur (33.84 Mlb/hr at $11.16/M1lb) 2.97
BTX (10.83 Mlb/hr at $0.80/gal) 10.15
Tar and Oils (18.07 Mlb/hr at $0.4/gal) 6.43
Hydrogen (0.0 MMSCFH at $0.86/MSCF)
19.55
TOTAL NET ARNUAL OPERATING COST 222,03

(a) 1978 dollar.
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TABLE F-10. EEA'S ESTIMATES OF GAS CO:T TOR BAIE%PLE
TWO-STAGE HYDROGASIFICATION PROCESS 1

(High Carbon Conversion Case; Plant Size, 250 x 109 Btu/day)

Utility Private
Finarcing(a) Financing(®)
Total Capital Requirement, $106 1111.17 1115.67
Total Net Operating Cost, $106/yr 222,03 222.03
Gas Cost, $/106 Bru
Average 3.89
Constant 5.10

(a) Project life = 20 years; Depreciation = 20 year straight line on
plant investment, allowance for funds used during construction and
capitalized portion of start-up costs; Dept/equity ratio = 75/25;
Interest on dept = 9%; Return on equity = 15%; Federal Income Tax
Tate = 48%.

(b) Project life = 20 years; Depreciation = 16 year sum of the years
digits on total plant investment; Financing = 100% equity; Rate of
return = 12% DCF; Federal Income Tax rate = 4BZ.
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TABLE F=11. STEAM BALANCES FOR STEAM[OXYGEN GASTIFICATION OF BTC IN FLUIDIZED-
BED REACTOR (PLANT SIZE: 250 x 109 BTU/DAY)

Case 1 Case 2
Temperature, Steam Net Heat Temperature, Steam Net Heat
Process F 103 1b/hr 106 Btu/hr F 103 Ib/hr 106 Btu/hr
Steam In
Gasifier 800 2,389 3,314 800 1,988 2,757
Shift Reactor 800 129 179 800 284 394
Acid Ges Removal 800 1,391 1,930 800 1,674 2,322
Oxygen Plant 800 1,314 1,823 800 2,189 3,037
Total In 5,223 7,246 6,135 8,510
Steam Out
Methanator 550 1,732 2,061 550 1,718 2,044
WHR #1 400 - 2,250 400 - 2,064
WHR #2 550 449 534 550 461 549
WHR #3 550 421 501 550 419 498
Total Out 5,346 5,155
Additional Heat 1,900 3,355
Required
Fuel Needed 2,235 3,941

{Assume B5% Efficiency)
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