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OPERATING A PRESURE-GASIFICATION PILOT PLANT
USING PULVERIZED COAL AND OXYGEN:

Effect of Heat Loss on Economy '
by

J. H. Holden,? K. D. Plants,? G. R. Strimbeck,> and L. F. Willmott?

SUMMARY

Operations involving the processing of coal, oxygen, and steam into syn-
thesis gas by means of two pressure-type gasifiers have demonstrated the
effect of heat loss and operating variables on carbon gasified and oxygen and
coal requirements. Carbon gasified is the fraction of carbon in the coal that
is converted to gas. Oxygen and coal requirement is the quantity of each that
is needed to produce a unit volume M std. c.f.) of carbon monoxide and hydro-
gen. Operating pressure of the gasifiers ranged from 150 to 300 p.s.i.g. and
coal was fed at 200 to 500 1b./hr./cu.ft. of reaction-zone space. Oxygen-to-
coal ratios were 8.5 to 10.5 std. c.f£./1b.

Heat loss and residence time have opposite effects on carbon gasified;
increasing the heat loss decreases the carbon gasified, but increasing the
residence time (by raising the operating pressure or reducing the coal-feed
rate) increases the carbon gasified. The effects of these two factors are
difficult to separate because they usually change simultaneously. A compari-
son of the results obtained from the operation of two gasifiers with different
levels of heat loss, however, permitted the effect of heat loss to be sepa-
rated from that of pressure and coal-feed rate. When the results were deter-
mined on the basis of constant heat loss, increase of the residence time
increased the carbon gasified until the reaction virtually had come to comple-
tion. For example, at 150 p.s.i.g., decreasing the coal-feed ratio from 500
1b./hr./cu.ft. to 200 1b./hr./cu.ft. substantially increased the carbon gasi-
fied. At 300 p.s.i.g., however, changing the coal-feed rate had little effect
on the carbon gasified because the reaction had almost reached completion and
further increase in residence time resulted only in a negligible change.

The oxygen requirement, which increased with increase in oxygen-to-coal
ratio when the effects of heat loss were not taken into account, showed little
change in this respect when the effect of heat loss was included. On the
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other hand, when heat loss effects were included, the coal requirement declined
more rapidly with increase in oxygen-to-coal ratio.

For the operating range investigated, the optimum gasifier capacity, which
is the CO + H, output at operating conditions that keep the overall cost of
coal and oxygen requirements at a minimum, was about 13,000 std. c.f./hr./cu.
ft. of reaction zone. Approximate operating conditions giving this optimum
capacity were coal-feed rate 460 1b./hr./cu.ft.; oxygen-to-coal ratio, 9.5
std. ¢.f./1b.; pressure, 300 p.s.i.g.; and heat loss, 415 B.t,u./1lb. of coal.
Extrapolation to a lower heat loss indicated that coal and oxygen requirements
of 36 pounds and 340 std. c.f. per M std. c.f., respectively, were reduced to
34 and 320 when the heat loss was reduced from 415 to 100 B.t.u./1b. of coal.

The temperature of the gas from the gasifier, calculated from a heat
balance over the system at optimum gasifier capacity, ranged from 2,200° F.
at an oxygen-to-coal ratio of 8.5 std. c.f./1b. of coal to 2,700° F. at an
oxygen-to-coal ratio of 10.5 std. c.f./1b. of coal. An increase in heat loss
of 1 B.t.u./1b., of coal decreased the exit-gas temperature by about 0.9° F.

This investigation showed the direction and magnitude of the changes to
be expected in the dependent variables of the pressure-gasification process
when pressure, coal-feed rate, oxygen~-to-coal ratio, steam=-to-coal ratio and
heat loss are varied. As a result, a better approach may be found to the
development of a design of an entrainment-type pressure gasifier.

INTRODUCTION

The Bureau of Mines is conducting research and development on a process
for producing synthesis gas directly from coal, steam, and oxygen. Synthesis
gas, which contains carbon monoxide and hydrogen, can be converted by well-
established processes into gasoline, oil, pipeline gas, ammonia, alcohol, and
other products. Because the pressure of the synthesis gas entering the first
step of most of these processes usually is 400 p.s.i.g. or higher, only oxygen
has to be compressed if the gas is generated at pressure; and process costs
can be significantly reduced.

As part of its research program on coal gasification, the Bureau designed
and constructed a pressure-gasification pilot plant at Morgantown, W. Va.
This pilot plant operated satisfactorily in a series of 68 experiments.4 5 6
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The footnoted publications describe the development of process equipment and
analyze the effects of variations in operating conditions on coal and oxygen
requirements, carbon gasified, and the temperature of the gas from the gasi-
fier. Only limited information was obtained, however, about one of the most
important factors in the economy of the process--the amount of heat that is
lost through the walls of the gasifier. Therefore, the effects of heat loss
on process variables could not be fully evaluated. After several runs were
made to attain smooth operation of a new and improved pilot plant at
Morgantown, additional experiments were conducted to correlate heat loss with
the other process variables. The analysis presented in this report is based
on a comparison of these experiments with the results of those published
previously.
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DESCRIPTION OF PILOT PLANT AND THE COAL-GASIFICATION PROCESS

Figure 1 is a flowsheet of the pressure-gasification process. Coal
ground to 70-percent through 200-mesh is fluidized with carbon dioxide and
nitrogen in a continuous feeder. A high-velocity mixture of preheated oxygen
and steam breaks up the stream of fluidized coal as it enters the gasifier.
Coal, steam, and oxygen react in the upper part of the gasifier. The product
gas, containing ash, slag, and unreacted carbon, is sprayed with water in the
lower section of the unit. Heavier and larger solids in the gas drop into a
pot at the bottom of the gasifier and are removed periodically. Finely
divided solids in the gas from the gasifier are removed in an unpacked water
serubber. Gas from the scrubber passes through a pressure letdown valve, a
positive displacement meter, and an orifice meter and is flared. Figure 2 is
a diagram of the gasifier, the main unit in the process.

COALS GASIFIED

Results in this report are from the gasification of Sewickley-bed, run-
of-mine high-volatile A bituminous coal. The coal was crushed in a hammer
mill and ground in a Raymond pulverizer to 70 percent through 200-mesh.
Table 1 shows a typical analysis of the coal,

SAMPLING OF GASES AND RESIDUES PRODUCED DURING GASIFICATION

Three composite samples of the product gas, for complete analysis, were
collected continuously during each data period. Spot samples were collected
and analyzed by Orsat for carbon dioxide, oxygen, and carbon monoxide every
half hour. Usually, analyses of the composite samples were used in the calcu-
lations for each period. Table 2 shows typical analyses of gases produced at
various combinations of operating conditions.




HOSSIUANOD
. 370403y
€ ON H314iSV9
IVAOW3Y
314nYS 31dWYS Vs
anaisay J/anaisay 31dnys
anais3y
3Lvd
3NgISIY NOILNBIYLSIO
% J
|, ¥3LVM @ SVD VN _ ,
e .
YILVM ||.ll<<<<.¢1m
ONIT009
Svo Luani 9109 430334
$SV79
¥ILVM AVHLS LHOIS
438GNHOS 374HVS SVD ¥ILYM
3eany ONIT000 )
a3INIVe ILYSNIANOD
¥31v3HINd
¥INuNe 0o
WyalLs
e——y3LvM Lomd \
34NYS 8VO 2 HILYM
I3 ( sYo PNIT000
>
> IVENLYN
el NIOAXO
o ® Y3INUNG
i3 . NOILD3PNI
- INV1OV3Y HIBWVHI
LNONOONY
1sna
¥6 Lu3aNl § 1v0
(Og -
Qd
14 ¥3XIW NIV
§V9 13nd |.mr%.|zo_.53nzoo
(O3 4
-
o© 1°ON
B ¥3LVIH ¢|®Izu$i
F33
- o
cm TENY
374Wvs SY9 Do
2 w NIDAXO IN3A
v 205 rv NOILSNEWOO 30 T0u1NGD
b $.00Q0Hd 5533084
)
* €

*Ssadold :O_.—Uu_*_momucv._:mmmu& 40 «mmr_m\so_u_ - ._. MN_DO_H_

¥30334

3
2
24
z
[~
Q
(=4
(7]

sSv9
LHANI

e
¥OLVHVYL3S
3NOTIAD

HATIOUANOD T3A3T
IdAL 3014IHO "HOLVIIONI MONd

3dAL LNIW3IDVYIdSID ad

3A1LISOd ‘HOLYDIANI

MoTd
AATVA T0HINOO-3HNSS3Hd
Y3NTOHLINOD GNY MIQHODIY IHNSSIMJ
HILLINSNVYL

aN3931

§3Wos |

—t—]
ol

svo

\ﬂ 183N

¥3ddOH
MIJISNVYYL

¥3AddOH
J9VHOLS

SY9 Lyan

Y¥adIvos

]

Y3I4ISSYID

¥IZIYIAING

TN

HINAYH

!

Vol



TABLE 1. - Analysis of high-volatile A bituminous coal

Ultimate analysis, percent:
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Calorific value, B.t.u.:

As received.....
Moisture and ash free..

Fusibility of ash, °F.:

Initial deformation...
Softening temperature..
Fluidityl * % 0 5890

Screen analysis, percent:

Minus 20 plus 100 mesh.
Minus 100 plus 140 mesh.,...cvveves
Minus 140 plus 200 mesh..iciveesvnnccss

Minus 200 mesh...s4s
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Quantity

OGN

1

12,750
15,180

2,090
2,240
2,460

5
9
15
71

TABLE 2. - Typical analyses of gases produced by different gasifiers at
various combinations of pressure, oxygen-to-coal ratio, and
steam-to-coal ratio
Oxygen-to-coal Steam-to-coal Composition of gas,

Gasifler Pressure, ratio, std. ratio, volume-percent
design p.s.i.g. c.f./1b. 1b./1b. cq, H, co
WC 150 8.74 0.3 10.4 34.3 50.9
RL 150 8.54 .3 10.0 34.5 50.3
WC 300 8.74 .3 9.3 34.1 50.3
RL 300 8.48 .3 9.2 35.0 49.9
WC 150 9.80 .3 10.9 32.6 52.2
WC 360 9.86 .3 10.4 32.5 51.3
WC 150 10.64 .3 11.6 31.2 53.1
RL 150 10.55 .3 11.6 32.6 52.0
wC 300 11.18 .3 12.7 30.5 51.2
RL 300 10.51 .3 11.3 32.0 51.5
RL 150 8.42 .6 14.0 37.0 44 .4
RL 150 10.74 .6 14.9 35.4 46.5
RL 300 8.55 .6 13.9 37.5 42.7
RL 300 10.77 .6 14.0 35.2 46.3

lyC--water-cooled gasifier, volume reaction space, 2 cu. ft.; RL--refractory-
lined gasifier, volume reaction space, 3 cu. ft.
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FIGURE 2. - Pressure Gasifier.

Residues from
the bottom of the
gasifier were ex-
amined as removed
but were not sam-
pled or weighed.
Residues from the
water scrubber
usually were dis-
carded without
being inspected,
weighed, or
sampled.

EXPERIMENTAL PLAN

This report
presents an anal-
ysis of data ob-
tained from a
pilot-scale pres-
sure gasifier
equipped with two
different types of
linings. Results
of operating a
gasifier equipped
with a water-cooled
lining (fig. 3)
were previously re-
ported,7 but impor-
tant operating var-
iables in the
process were cor-
related without
taking into account
the amount of heat
loss from the gas-
ifier. Data more
recently obtained
from a refractory-
lined gasifier
(fig. 4) gave an-
other level of heat
loss and permitted
a correlation that

7Work cited in
footnote 6, p. 2.
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includes the effects of
heat loss. Results from
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— the refractory-lined

o gasifier are given in
SIS REACTANT = INJECTION table 3.
7 | 7% BURNER

? In an attempt to

4 obtain a third level of

heat loss, several tests
were made with the

' V, refractory-lined gasi-

s
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—

fier modified by adding
an upper-support coil
(fig. 5). The differ-
———UPPER-SHELL COIL ence in heat loss, how-

ever, was not statis-

% NNNN

tically significant.

'_'/——COOLING COIL FOR

LINING Both gasifiers had
water-cooled shells,

so that in one seunse
both were water=-cooled.
Throughout this report,
however, the gasifier
with the water-cooled
lining (fig. 3) is
called the water-cooled
gasifier. The gasifier
lined with refractory
(figs. &4 and 5) is
called the refractory-
lined gasifier. Volume
of reaction space in the

FIGURE 3. - Gasifier With Water-Cooled Lining. water-cooled and
refractory-lined gasi-

fiers was approximately 2 and 3 cu. ft., respectively. Aside from the gasi-
fier, the rest of the equipment in the pilot plant was virtually the same as

in previous tests.
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Experiments were carried out according to a factorial design, which com-
prises a series of tests in which each of the independent variables in a proc-
ess are set at two or more values. The process is then operated with all
possible combinations of these independent variables to find the effect on
the dependent variables.

Independent variables in the pressure-gasification process were pressure,
coal-feed rate, oxygen-to-coal ratio, and steam-to-coal ratio. Major depend-
ent variables were carbon gasified, oxygen requirement, and coal requirement.
In this report, carbon gasified is expressed as the percent of carbon in the

coal that is converted to gas; oxygen requirement is given as standard cubic

feet of oxygen per thousand standard cubic feet of carbon monoxide and hydrogen




REACTANT — INJECTION (CO + Hy,) in the prod-
BURNER uct gas; coal require-
ment is expressed as
pounds of coal per
thousand standard
cubic feet of CO + H,
in the product gas.
Heat loss from the
gasifier is given in
B.t.u. per pound of

PILOT BURNER

HEAD COIL

//// coal fed to the unit.
fo of The water-cooled
SILICON CARBIDE BRICK —_ N = oN gasifier was operated
Ne| &\ at 150 and 300
QE o\ p.s.i.g., and the re-
NG o\ fractory-lined unit
UPPER~SHELL [ — L3N
coiL \\\\\\: o\ was operated at 150,
N 4 N 225, and 300 p.s.i.g.
N ” BN Coal-feed rates are
N3 0N expressed as weight-
VOLUME OF REACTION \; LN .
SPACE, 3 cu.ft. o N rate per cubic foot of
§§ E: reaction space to ac-
s S count for the differ-
: o) ence in volume of the
N kg N supporT coiL reaction space of the
; N two gasifiers. Coal-
N : feed rates varied from
KR \ 200 to 530 1b./hr./cu.
A\ -to-
: N GASIFIER SPRAY ft'_ Oxygen-to-coal
\ : ratios were about 8.5,
S% E/—LOWER—SHELL con 9,5, and 10.5 std.
\ c.f./lb. Steam-to-
N coal ratio for the

water-cooled gasifier
was approximately
constant at 0.3 1b./
1b.; steam-to-coal ratios for the refractory-lined gasifier were 0,3, 0.45,
and 0.6 1b./1b. Different levels of heat loss were obtained by means of the
different liners; the average heat loss of the refractory-lined gasifier was
about two-thirds that of the water-cooled unit. Heat loss fluctuated somewhat

owing to changes of operating variables and erosion of refractory or buildup
of slag.

FIGURE 4. - Gasifier With Refractory Lining.

METHOD OF CALCULATING RESULTS

Results of the gasification tests were correlated by fitting empirical
equations to the data. The data were processed by standard multiple regres-
sion analysis and correlated by means of a general second order equation.
Details of the calculations, including an explanation of the mathematical
treatment are given in the appendixes.
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TABLE 3. - Operating conditions and principal results, gasifier 3 with refractory lining

Requirements per M
Run Gasifier Coal Oxygen-to- Steam-to- Carbon std. ¢.f. CO + B Heat loss, Calculated
and pressure, rate, coal ratio, coal ratio, gasified, Oxygen, B.t.u. per exit-gas
period} p.s.1.g. 1b./hr. std., c.f./1b. 1b./1b. percent Coal, 1b. std. c.f. 1b. of coal temp., °F.
100D 150 772 8.78 0.311 92.5 37.1 325 446 2,785
94E 150 817 8.23 .291 81.7 40.5 333 542 2,190
92¢ 150 806 8.33 .608 79.6 39.0 325 516 1,810
1018 150 800 8.49 .601 78.4 42.7 363 565 2,384
102E 150 778 10.87 .312 94.9 36.3 395 739 2,927
93D 150 796 10.47 .299 95.9 37.0 388 863 2,675
95B 150 798 10.51 .612 92.9 35.9 378 682 2,605
99¢C 150 750 11.20 .643 92.3 37.8 425 760 2,738
93E 150 1,485 8.55 .315 83.9 38.4 328 347 2,520
102A 150 1,475 8.61 .305 88.4 38.9 335 317 2,852
95E 150 1,498 8.54 .599 76.5 43.8 374 356 2,475
100E 150 1,538 8.34 .576 81.4 42.6 356 355 2,478
99E 150 1,522 10.23 .302 9L.5 35.4 363 426 2,862
94A 150 1,495 10.64 .316 96.8 36.5 388 579 2,820
924 150 1,484 10.65 .611 86.1 38.6 412 448 2,440
101D 150 1,484 10.62 .598 94.8 35.7 379 500 2,757
92E 225 1,179 9.30 455 83.9 37.3 347 442 2,145
93C 225 1,164 9.27 455 88.8 37.4 347 472 2,480
948 225 1,155 9.68 459 92.1 35.9 348 524 2,360
95A 225 1,073 10.00 .481 91.6 36.0 360 536 2,590
96D 225 1,176 9.33 bbb 85,1 37.9 354 405 2,560
97¢C 227 1,155 9.49 442 89.5 36.4 346 445 2,435
98B 225 1,122 9.72 463 89.6 37.0 359 544 2,506
99D 225 1,140 9.76 454 90.4 35.8 349 437 2,701
1008 225 1,173 9.36 448 93.5 36.2 339 465 2,552
101c 225 1,153 9.53 442 33.9 34.6 329 476 2,603
1028 225 1,097 9.86 474 100.0 34.9 344 466 2,838
103A 225 1,054 8.78 .491 83.7 39.8 349 443 2,520
103E 225 1,171 9.16 436 90.4 36.0 330 427 2,694
104A 225 1,105 9.77 .471 92.2 36.3 354 459 2,701
95C 300 787 8.61 .305 79.0 39.6 341 445 2,270
101E, 300 805 8.35 .298 76.5 42.2 352 511 2,383
100¢ 300 785 8.55 611 80.1 40.9 349 524 2,157
93A 300 797 8.48 .624 83.9 38.8 329 583 2,060
92D 300 834 9.92 .289 89.6 40.6 403 862 2,360
98A 300 835 10.08 .291 89.1 36.2 365 760 2,378
100T 300 814 10.29 .299 91.6 39.1 403 887 2,494
998 300 756 10.87 .319 89.3 35.9 390 179 2,462
101A 300 784 10.81 .610 96.1 34.3 371 832 2,420
94D 300 812 10.38 594 97.7 34.5 358 745 2,440
100A 300 1,457 8.84 2301 91.0 36.0 318 370 2,513
92B 300 1,593 8.10 .297 70.3 44.8 363 451 1,830
94C 300 1,509 8.46 .59 8l.1 40.4 361 390 1,935
102D 300 1,456 8.70 .617 79.2 40.4 351 351 2,333
102¢C 300 1,445 10.83 .313 99.4 34.3 371 499 2,936
95D 300 1,476 10.64 .309 95.9 35.4 376 550 3,045
93B, 300 1,484 10.78 .611 97.8 36.2 390 481 2,640
99A 300 1,432 11.10 .619 94.9 34.8 386 559 2,459
93B 300 1,623 9.57 .552 92.7 36.7 351 473 2,405
97B 119 1,142 9.57 454 88.0 37.8 361 522 2,680
104E 119 1,098 9.83 466 94.0 36.2 356 408 2,958
103D 331 1,145 9.59 439 89.5 35.4 340 403 2,522
97D 330 1,156 9.40 448 89.6 37.0 348 418 2,570
96A 225 696 8.93 422 71.9 46.8 418 826 2,150
103B 225 658 9.39 .451 87.9 39.9 375 657 2,777
96C 225 1,646 9.48 443 87.9 37.3 353 341 2,565
103C 225 1,649 9.47 445 91.0 37.6 356 344 2,804
1034, 225 1,146 8.16 .439 79.0 40.8 333 320 2,428
37E 225 1,111 8.35 466 81.3 41.4 343 405 2,255
97A 225 1,121 11.24 457 96.6 36.5 410 755 2,815
104D 225 1,141 10.96 .451 97.6 34.7 380 562 3,041
104C 225 1,114 9.69 .249 91.8 34.9 338 453 2,914
96E 225 1,150 9.52 .239 87 .4 35.5 338 444 2,650
968 225 1,125 9.73 .670 87.8 37.3 363 478 2,465
1048 225 1,099 9.81 .689 91.8 35.4 348 429 2,597




