SUMMARY AND CONCLUSIONS

A

In the Cirst phases of this process-development work, major emphassis was direc-
ted toward obtaining an opersble pilot plant. Eorly problems included steady feeding gl
of puiverized coal, preheating of oxygen, steam, ard coal, securing proper flow of :
slag without excessive refractory erosion, and lowering the material requirements per
1,000 cu. ft. of carbon momoxide and hydrogen produced. Twenly-twe preliminary and
test runs have been made on strongly coking Sewlckley-bed coal st feed rates of 200
to 750 pounds of cosl per hour and at gasifier pressures of 100 to 300 p.s.i.zZ.

This investigaticon has Drogressca to the point where it hus been indicated that
surprisingly large throughputs will be secured with low materials rcecguirements per
1,000 cu, ft. of CO + Ay produced, The average results for the test runs st 100,
290, end 200 p.s.il.g. gesiller pressures and slesm-cosl ratios of 0,3 pound per
pound are given in the following tabulation:

Prcsgure-capacity relationships snd resclunt requirements for test runs et
100, 250, and 300 p.s.il.g. gasifier pressurcs

Bequirements per 1,000
Gasifier etd.c.f. of (CO + Hp)
static Coal throughput, (CO + Hp) output, produced
pressure, b./{hr.)(cu.rt. |std.c.f. ?(h Weu, Coul, Oxygen Steam,
p.s.1i.2,. gasifier volume) |ft. gasifier volume) in. std.c.f. 1b.
100 e enneannens 175 3,300 37 345 11.5
250 eanaennanns Los 11,000 39 350 11.0
3004 i sirraens 485 13,500 36 350 10.5

After eliminstion of initial difficulties, the plant hss opereted very well.
There are no indications of mechanical or operational problems that cannot be solved
by using adaptaltions of prescnt well-known pracilicves. Because of limitstions imposzed
by the capecity of the present coal-feeding snd inert-gas-compression cquipment, in-
dividual test rums have lasted 10 hours or less; however, the conditiom of the refrac-
tory ilining end the close tempersiure control pussihle nave shown that longer runs can
he msde when the above limitations are removed., No special problems in ges purifica-
tion have been encountered., Constructional details are briefly described, and the
demands peculisr to gasificetion under pressure us regurds safe operating prectices
and materials for constructing equirment are discussed,

This process is interesting <o the gas industry because it provides a rew mzte-
rial for producing synthetic pipeline gas. The heat loss through the gasifier walls
rer unit of fuel Input cen be cxpecied to be very low - ia tsct, almost negligihle -
in larger unita. This may make possible the use of weter-cooled refractory linings
or even of bare water-cocled interior walls, with g reduction in maintenance cost of
gaslfier lining refractory to a very low value.
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INTRODUCTICN

The Buresu of Mires, U, 3. Departwent of the Interior, at its Morgantowa, W. Va.,
Station, operating under a cooperative agrecmcnt with West Virginia University, is
conducting research and d®velopment on production of low-cosl synthesis gas directly
from raw coal. This synthesic gas, consisting essentislly of carbon monoxide and
hydrogen, can be converted by well-known procedures into gasoline, oll, pipelinc gas,
amnonia, alechol, ete. For all such uses, the synthesis-gas mixture is reqguired at
pregsures of 400 p.s.1_.g. or higher. The bower required to compress the synthesis-
gas mixtures to 00 p,s.i.g. is one of tue largest single cost itoems. Generation of
the gas under pressure greatly reduces this cost by cutting the gas volumes to be
compressed by two-thirds, hecause in this case only the oxygen needs to be compressed ,

The work described in this report covers some of the experimental results of
operating s pilot plant designed for gasifying pulverized coal, using oxygen and
steam, al pressures up to 430 p.s.i.g. This plant has been described in detsil in s
previous report.2/ Uhis report, giving some preliminary resulte in the Dressurc rango
100 to 300 p.s.i.g., will deal more particularly with opersiional problems and rezct-
and requirements, :

o
The material presented here was given in a paper et the May 1952 meeting of the
American Gas Assoclation Opersting Sccltion., Certain minor revisions have been made
to the text of that paper in this report.

ACENOW_EDGMENTS

This investigation was conducted by the Syrnthesis Gas Branch of the Synthetic
Liguid Fuele Branch, Bureau of Mines, Morgantown, W. Va., in cooperation with Wost
Virginia University, under the general direction of J. D. Doherty, acting chief of
the Synthetic Liguid Fuels Eranch, Bureau of Mines, Washington, D, C. The authors
wish to acknowledge the assistance and cooperstion received from P. R. Crossmen,

N. W, Eft, and J. A, Dauko of the Babcock & Wilcox Co. Under the terms of g cooper-
ative agreement, that company purticipated ir the Burcau's development program on
Pressure gasification and maintained a resident engineer to facilitate ihe callahara-
tion., The main eguipment items were designed, fabricated by, and purchased from tris
company. The operation of the plant hae proceeded well and safely owing to the cx-
cellent cooperation of all the personne! of the local branch.

THEORETICAL AND ECONOMIC CONSIDERATIONS THAT MAKE HOIGH-
FRESEURE GASIFICATION ATTRACTIVE

In the synthesis processes using miztures of CO and Hyp, or of CO, Hp, and Mo,
the catelytic equipment generally is cperated at pressures of 00 p.s.i.g, er higher.
If the gas is made st the pressures normally used in making blue gas from coke - 1 4o
? p.dg.1.g2. - the horsepower requirement and resultant compression cogt of raising the
product gus to the synthezis pressure is considerable.é/é/ This is shown by figure 1,
which relates the pressure and horsepower requirements for various processes when the
gas 1s compressed from atmospheric pressure to the process rressure, Gencrating the
gas at pressure allows the compression costs to be reduced by sbout two-thirdz., In

4/ MoGee, J, P., Schmidt, L, D., Danko, J. A., and Pears, C. D., Pressure-Gasifica-
tion Pllot Plant Desigred for Pulverized Coal and Oxggern at 30 Abmospheres:
Pres. before Am, Inst. Min, and Met. Eng., New York, N. Y., Feb. 20, 1952:
Gasificaticon and Liquelaction of Coal, Am. Insi. Min., and Met, Eng., Hew York,
1953, pp. S0-1048.

5/ See fooluote k.

é/ Betchelder, H. R., Dressler, R. G., Tenney, R. F., Skinner, L. C., end Hirst,
L. L., The Rale of Oxygen in the Production of Synthetic Liquid Fuels from
Coal: Bureau of Mines Rept, of Investigutions 4775, 1551, pp. 8-13.
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producing liguid fuels, particularly where the Fischer-Tropsch process is used,

further comprecsion of the synthesis gases would not be needed. Also, for thosc
processes using mild hydrcgenstion of cosl to produce ercmatic chemicals,i/ the

eavings in compressicon costs =sre considerable.

In the gas-utility field it ie presumed that this process will have spplication,
at some fubure date, as a source of gas to supplement or cventuaelly replazc present
pipeline supplies.ﬁ/ To evoid expensive chenges in present distribution systems, any
such gas used would be at pressures in the 300 to 500 p.s.i.z., range or possibly
higher, Although various means will be availuble for enriching this base gas, 1t is
apparent that the initial generation under pressure offers coneiderable economy.d

From the work that has been done to date, i1t is evident that the cepscities of
the high-pressure gos-msking equipnent of the type deegcribed here will be wvery high,
The prellminary tests st 300 p.s.i.g. have indiecated that, at Ls0 p.s.i.g., through-
pute of over 750 pound of coal per hour per cubic foobt of gasifier volume should be
sttained, Consequently, it 1s very probable that considersble savings may be achisved
in cvost of equipment and housing. Present-day water-gas generators, auxiliary eguip-
ment not included, for producing about 60,000,000 cubic feet of CO -+ o per day would
require sbout 28,000 cu, ft., of inside volume. Assuming 30 cu. Ct. of CO + H, yield
per pound of coal, equivalent production capacity at 300 p.s.i.g. will reguire asbout
165 cu. ft. of reactor voiume and much less at 450 p.s.i.g.

From the standpoint of the operator, another advantage iz inherent in this sap-
proach to the problem; that is, the process eppears to have zo limitations as to the
kind of coal used. No elahborate preparation of the coal 1s needed, such as may he
required by most of our coals if used in a fixed-bed high-pressure gasification
rrocegs, It is also prohable that no complicated purification equipment will be
needed, since similur geses have been succeszfully purified under pressure, This
work has booen donc et the Morgentown Brench and at the Louisiana, Mo,, Demonstration
Plent .10

Whatever the end use For the gas produced, the process appoars to have a flexi-
Lhility and en economy that should make it attractive to gas utilities, chemical com-
panies, and future producers of synthetic liquid fuels.

DESCRIPTION OF PILOT PLAWT

Since lhe original unit was constructed, changes have been made in the method of
introducing and preheating the reactants, and minor changes in the gasifier and coal-
feeding system make extended test runs possible.

The [lowsheet {(fig. 2) shows the pilot plant as it was heing operated in March
1952, The apparstus for continucus feeding of ceal under pressure is shown in detail
in Tigure 3 and described later under Cosl-Fecding Equipment.

Cpal ground so that 90 percent will pass a Z00-mesh screen {1lsrgest particle sive,
gbouit 0,01% inch) is fluidized in the coul feeder, using inert gas comsisting of COo
and Ne. The fluidized coal is Fed throusgh a l/2—inch line to a preheater, where its
temperature Is raised to about 3259 F,

I/ Callahan, J. R., Cosl-Hydrogenation Frocess Unlocks Vast Aromatics Field: Chem,
Eng., vol. 59, No. 6, June 1952, »p. 152-158,

§/ Hegs, F. 0., Wanted: Coursge and Reseavch to Live Up to the Future of Gus: Gus
Age, vol. 108, No. 11, Nov. 22, 1951, pp. 33, 60, 62, 6% and 66.

2/ Breck, O, R,, FPipeline Gas from Coal: Gas Age, vol. 109, Ne. 7, Mar. 27, 1952,
page 40,

;g/ Kastens, M, TL,, Hirst, L, L,, and Dressler, R. G., An American Fischer-Tropsch

Plunt: Ind. Eng. Chem., vol. i, No. 3, Merch 1§52, p. h55,
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The cosl stresm entering the top of the gasifier is broken up by high-velocity
Jets of the steam-oxygen mixture. The rozzle used for this is shown in figure b,

The original gasifier design is shown in figure 5, end the gasifier as it iec now
used is shown in detail iIn fipgure 6. The ehell, designed for working pressures of
900 p.e.i.g. at 650° F., is entirely protected in the hot zone by & Water-cooled coil,
Since 1t is alwaye possible in en experimental apparatus that opersting conditions
will not be wnder continuous, exsct control, the water cooling protects the sheel
shell esgainst hot spots thet might cccur if the refractory burned through,

The original design (fig, 5) used horizomtal, tengential injection of the three
reactants - stesm, cosl, and oxygen - through individuasl nozzles. Because of the
direct impingement on the refractory of the oxygen and coal, the original lining wes
vurned out in a few runs, necessitating the rearrangement shown irn figure 6. For
prehesting the gasificr (fig. 5), & natural-gas burner was inserted st the top as
indicated, The rupture disk chown is protected from dirt dby a loose £illing of
mineral wool in the pipe leading +to it.

The Tirst few runs indicsted that the cooling action of the support coil (fig. 5)
wes excessive; the slag Tormed congealed in the throst (Jjust ahove the support coil)
and closed it off. Comscquently, the four inner turne of the coil were removed {fig.
6), and slag tapping became possible.

The original lining was & Cerbofrax silicon carbide tube, 12 inches 1.d,, 1 inch
in wall thickness, backed up with Alfrex No. 2, electrically fused, aluminum oxide
insulating cement. This wes burned throush as mentioned, A new lining wes put in of
12 inches i.d., using B. & W. No, 80 firebrick 4-1/2 inches thick backed up by Alfrax
cement as before. The resctant nozzle openings were closed off, one now being used
g5 an observation port, and a new nozzle for vertical injection of all the reactants
was designcd. This nozzle (fig, k) also serves ss a preheating burner,

Owing to the hlgh heat relcase near the nozzle, the upper refraciory lining was
ercded rapidly, snd the combined molten refraciory and slaz solidified in the lower
part., The bottom opening stabiiirzed at about 5 inches dismeter, Flgure 7 shows the
shape of lhe refractory lining aefter test run P-1%. The runs msde st 100 p.8.1.g.
showed that the gasifier output at the inbtericr volume then exlsting - sbout k.3 cu.
£t. - would he too grest at the higher pressures for the capacity of the availsble
auxiliary equipment,

Consequently, a third lining was put in, reducing the volume to 1.45 cu. f%.,
with an inside diameter of & inches. This lining was made of two rows ot Carbofrex
brick, and insulating cement were not used. All test rims after F-1L, at 250 and 300
r.s.l.g,., were made with the gasifier thus relined. Figure 8 shows the ehapz of the
lining sfter run P-19, and figure 9 shows the shape after run F-22.

The volume of the refractory lined space shown in figures 8 and 9, spproximaetcly
1.4% cu. ft., was maintained with only small variations (less than 5 percent} for the
heatup and gasification periods of rums P-15 through P-22, a total of over 80 hours st
operating temperature, Most change in shape took place during the first 2 or 3 runs
and consisted in refractory erosion in the upper portion snd slag deposition in the
lower portion of the gasifier. After that time the shape remained relatively con-
stant, indicating that slag erosion could be controlled,

The product gas, ash, clag, end any unreacted carbon leave the reiractory-lined
throat and are sprayed with water., About half of the ash and part of the cerbon drop
inte the water-£illecd space in the gesifier bottom end then irto the slag pot, Peri-
odically this pot is shut off from the gesifier, and the slag and water arc blown out,

5308 _ 4




"(4owing a:.#uoa sD OS[D pasn) | ¢, ubrsap ‘a|zzou uoioa luy jupioDay - P m._:m_u_

.32, NOILI3SE

ITNIZON  LRYLIYIN NOILDZ MW
193ILEY I D MM £ - LINLNG  HIL¥M - -

o8, N2ISEQ

aang ss B

IS T i ace ¥ .°T, KOI33%

_Fmm ya-wm .I\\‘

Bl
4901 5 on hos
/
LY EESTIE T
I/// B
¥
A
Y
X — —
:
W Dt =
r—
s
- Yo -
I See el >
I
5 o - el Ml




' 4

WAL £=COOLING

GOIL OUTLET .
.

BURNER

&
1

HEAD COIL INLET
/. {HEAD COIL DUTLET MAY BE ROTATED 307

i'-g"

STEAM INLET——]

(ROTATED t80")

THERMOGOUPLES ——~

SUPPORT-COIL—-__

SPRAY-RING

SPRAY-RING INLET,\L

WALL-COOLING
COIL INLET

SUPPORT-COIL OUTLET

CLOCKWISETD THIS SAME POSITION)

COAL INLET
(ROTATED 1890*}

RUPTURE

OXYGEN INLET
(ROTATED i80*}

—— —WALL COIL

DISK

U p

s

5
I

VLAY g

EZINE

s
s

——4" PLUG VALVE

e SUPPORT-COIL INLET
rd {ROTATED 1807)

——MAKE-GAS OUTLET TO SCRUBBER
{ROTATED 85% CLOCKWISE)

NOTE:

Pressure Tested
BOO psig.

Figure 5. - Reactor for pressure gasification {as originally installed).

.

A b 5L LR T i R LM,




WALL-COOLING
COIL QUTLET

— TOQP GOIL INLET

i
3 L 4
;&\\1 . :
ﬁywx 7/ 1:’
N N
;g/ 8", %E
s : s
N
Fa N = 2
N7 N

oY 7 i RUPTURE DISK
g\/ N
N
i NN
o

/]

SUPPORT - GOIL INLET /’ =

WALL - COOLING
GOIL INLET :
SPRAY-RING INLET /

-+ Ry
T W
T 38’
|-
[
:
' X
1 I
| =
— et
]

™~ SUPPORT - GOiL OUTLET

{3
%\\— OUTLET TO SCRUBBER

NN

[+
[

2
RS

Figure 6. - Reactor for pressure gasification (os modified following run P- 14),




DETANL OF THERMOCOUPLE
WELDS

B &'W BO PRE-CAST

L

-ALFRAX BI1

/—saw 80 ARGH

BAW S0 KEYS
/’ T TO AT

Figure 7. - Cross-section view of pressure gasifier, showing refractory condition after run P-14.




N

o

—\\ . \\\\"
M\ |
WL

A\

f

CARBORUNDUM 30
CEMENT

“._  GARBORUNDUM CASTNG 4
l% x 14" 0D,

OBSERVATION

AR LA

I
23 SERIES

i
5, 9'ARCH CARROFRAX % i
i

TR L 13{7 ARCH GARBOFRAX

25 SERES

b2 " b= l"
=L — 9 KEYS ~ 4-?2SER]ES

MY ——K-20 CONGRETE MIX

- ERDSION by
WL —DEFOSIT o AY_A
7" LENGTH OF INTERVALS e

= THERMOUOUPLE LEADS
L —2 EACH DN WALL COIL

Figure 8, - Cross-section view of pressure gasifier, showing refractory condition after run P-19.

E i
)
-
:
ik
k.
i
4
I




CARBORUNDUM 30
CEMENT

OBSERVATION =] - & BAR?EFUNWM GASTING
PORT f ; I3 %K 0D
g
] 4
r"“:.l 9'ARCH CARBOFRAX
4 LI'
4 £3 SERIES

(35 ARCH CARBOFRAX

THERMOCOUPLE LEADS /
|
|

~ EROSION
. -EPOSIT
6—LENGTH OF INTERVALS

Figure 9. - Cross-section view of pressure gasifier, showing refractory condition after run P-22



A
9

GAS OUTLET*'—,ﬁ ¥ A :mﬂk—SPRAY-NOZZLE INLET

| -/l
3 \RUPTURE DISK NOZZLE
- e e OPENING

\RASOHIG RINGS

RUPTURE DISK NOZZLE
OPENING

GAS FROM REACTOR

Figure. 10, - Scrubber for pressure-gasification pilot plant.




Ii
v

3
MOTOR CONNEGTOR

OPENING

_

s

. A
/ ,/ ,/ /,
Pt A Y
B , "
- A .Y

— mallsaliig _, ,
& AN )
by RER / / // .
LSRRI 3«: s \\\
S T 7
- \&%\‘Q V72

N

S N N , N Ry
N //////,,,,//,,,,,,,,,,

VALVE STEM

PACKING

VALVE BRODY \

§

Q
=}
a
4]

3

HALF COUPLING

WATER PURGE

CROSS - SECTION

Figure 11, - High-pressure water letdown valve.




‘5dAy 104p1BajuISIp ‘18yspm sDB vastayy - 71 aunbig

137100 SV2

O

ey

_ AONV19 ONIDYd

Sanis oL
Q3100D-H31VM

HIALYM ONIGY FYdS

M0d4 NY4 T'IVAS e M

L3Nl Y2 LWM—,

LTINt SYO—+1- S ; - N

N N’

/mm._.ss ONIT002D

HOLOM N0~

80NLS-SMOY &




