Two types of

gas and producer ges.
bed with or without the sdditlon of steam.

expensive gas with = high percentage
requirss more expensive methods to sa
tion of the carbon of the fuel with steam because

nitrogen is undesirable.

3. GASIFICATICN

of nitrogen.

&7

gasification products will be discussed in this section, synthesis
Producer gas is produced by blowing air through a solid fuel
Tt results in & low-heating-velue, in-
The production of synthesis gas
tisfy the heat demsnd of the endothermic reac-
dilution of the process gas with

Oxygen may be introduced to supply the required heat In-

ternally by buwrning & portion of the fuel.

through externally heated walls of the reac
periods of hesting and gesification may he used,
The ussble constituenis of synthesis gas, for most applications, are carbon

set.

monoxide and hydrogen.

Altbough the preparation and use of cartain types of s
developments of the last few years have

fication methods {27).1

to secure the heat necessary for the process by partia
and use of high pressures have considerably altered g
together with fuel prepsration and other variationms,

types of gesification processes.
ated in Furope and have received
This work and the processes originate
described in this section of the report, and the Europea

part 1.

Representative processes end varlstions in operstion a

Szgthesis Gag

markedly increased t

Alternstively heet mey be transferred
tor, or a cyclic process with sepsarate
such ae the conventional water-gas

ynthesis gas sre not new,
he interest in new gasi-

In modern gasification processes, use of "tonnage oxygen'

Some of these gasifica

TABLE 32, - Moderm synthesis-gss processes

soification technigues.
have given rise to a number of
ticon processes were origin-
further development work in the United States.

d by orgenizetions in the United States will be
n work will be covered in

1 combustion of the sclid fuel

These,

re presented in table 32,

Size of Operating Heat supply for consumpiion by gasification process
fuel pressure Internal heating Fxternzl hesting
Preheated
With oxygen recirculating
gases Didler-Bubiag
Atmospheric Thyssern-Gsloczy Fintsch-Hillebrand | Bureau of Mires,
Coarse Leuna slagging Grand Forks,
nut . Dek,
size Frelberger
or Eleveted
briguet pressure Lurgl
Atmospheric Winkler Schmalfeldt- Rattelle process
Buresu of Mines, Wintershall
Morgentown, W.Va.
DuPont-Babcock and
Wilcox
Small Eoppers
barticle Cozl Syndicate
in Elevated Texas Co, Process
suspension| pressure Bureau of Mines,
Morgantown, W.Va.

}J Tnderlined nuchers in parentheses refer to citetions in the bibliogrephy at the
end of this section.
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Tt would be impossivle +o cover each of +the processSes in detail; however, the
following discussion presents 2 short desceription of the main types gnd pertinent
cperating data.

Fxternally Heated Annular Retord, Bureau of Mines, Grand Forks, N. Dak.

The Bureau of Mines at Grand Forks, N. Dak., has beed experimenting with &n ex-
ternally hested retort for gasification of lump 1ignite at stmospheric pressure. A
disgrem of this retort is shown in Tigure 19. This unit, which has been developed
as & comnercial-scale pilot plant, consists basically of tWo concentric gteel cylin-
ders separated:by a 3-inch gnnular space. The outer steel cylinder of 310 =lloy
composition is b4 feet 1.4., o0 feet 6 Inches long. A@proximately 17 feet of its
length is heated by 2 gyurrounding cylindrical furnmace., Ihe furnace conslists of &
combustion space 7 inches wide, with 18-1nch thickness of brick refractcry outer
wall. DBurpers are set tangentislly in this wall sround +he tube at three levels

to secure temperature contral over the length of the tube.

Lignite 1-1/2 by 3/8—inch in size is fed +o the charging dome at the top of the
retort using a rotary fesder, +o maintain the charging dome partly full. The 1lig-
nite descends slowly by gravity through the gnnpular space hetween the two gylinders,
where the gasification takes place., A& regidue congisting of ash and char 18 removed
continuously from the bottom of the retort. The lignite feed rate is coptrolled, at
a given gasification rate, by ad justing the rate of residue removel. The product
gas Tlows from the anmnulius into the center of the inner tyube through the ges offteke.
This offteke is located, depending upon the type of inmer tupe in use, at either the
bottom of the gnnuiug or gt 8 point approximately one-third of the tube length from
+he bottom. The gas leaves at the Top of the retort and enters the serubbing system.
Using the £11-length annulus deslgn, where the gas offtake is near the bottom,
steam 18 admitted only with the lignite Feed, With the divided annulus arrangement,
steam is sdded both to the upper and lower reaction zones. In the full-length
annulus design, ggtursted steam is introduced gt the top of +he annular space
through & Jacket surrounding the ga8 offtake pipe. The lignite 1s dried in the
upper portion of the unit by heat frac the outer wall, and the additional steam gen-
erated also enters into the process. Az the temperature of the lignite incresses,
tars and light oils distill. These are cracked and undergo reaction with the steanm
at lower levels. Gas formed by this reaction and by the reaction of the steam with
the solid carbon of the lignite is withdrawn through the inner gteel cylinder. A
portion of the sensible heat of the gas is transferred +o the lignite, especially at
the higher levels, through the inner cylinder wall.

In the experimental work a portion of the product gas i used for hesting the
retort. AL, preheated In & hest exchenger, 18 mixed with the gas at the flame noZ-
zle, and sSome of the products of combustion are recycled witnh this air to reduce the
flame temperature, jengthen the £lame travel, and provide & greeter bulk of gsses.

The 310 alley steel tube has glven satisfactory service, and only negligible
carrosion and minor deformation of the tube have resulted from i, 7h0 hours at high
temperature. Flsnt operation nas been stable with no mejor difficulties. Runs
normally were made continuously for 1 month and terminated only because the program
of the tests had been completed.
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Date from the operation of the pilot plant are presented in table 33. Addi-
tional informetion on thils plant is evailable iIn several publicatiocns (1, §, il, 12,
23, 2k, 25). It will be noted thet the capecity of the generator is incressed when
steam-dried lignite is used, This is the result of reducing the length of the amnu-
lar space reguired for drying the fuel and consequent increase in the heat available
for gasification. Although a variety of gas ratios may be made in this unit, the
most practical operstion is secured at the Ep:CO ratio of 2.0, the lowest ratio
readily obtainable.

TARLE 33. - Typical results with externally heated reiort,
Bureau of Mines, Grend Forks, N, Dek.

Natural | Natural |Steam-dried
Daxzota Dakota Dakotsa
Lignite gasified Star Star Star
Run and period...cceeenans Cearanmeeserarann e 11-M il-A 12-D
Combustion Space temp. . eeeeesessavens werrsran O,
1 ot emraseaeaarasaan Cereranas 1,730 1,926 1,926
P eietatsraar e Cheesenraerarearaannn veee 1,802 1,853 1,850
P eetevaeraaanrnran Cevreenatrsanaas 1,379 1,758 1,690
b ireeenannes b ananeeera s Crreeanas 1,L61 1,600 1,597
Lignlte feed rate..... febrrreraaeeiaaas .. 1b./hr, 343 ekl Lgg
Moisture and ash free lignlite,..civiiiivaesanas do. 197 390 392
Steam addition:
A. Availsble from lignite moisture + Hg0 of
FOTTEATLON . v v e v v arnearsnassnnrens 1b. /ar, 1653 310 158
B, Fed to top of annular reaction space
eetnrteareereeneann feriiaereans 1n./hr. 309 58 257
C. ¥ed to bottom of annular reactlon space
..... G 1 < 0 -3 <8 308 210 198
D, Total steam available:
Ib./Are.ceeeean.. et aeteieraraaeaas . 782 588 613
Ib./1b. MAF lignite........ e 3.97 1.56 1.56
Undecomposed steam..... Ceeeierrearaaanas .1b./ar., 342 281 208
Decomposed steam:
Ib./hr..... v er e e rearsarreaeens 440 307 Lo%
Percent of total steam available..... Cieeares 56.7 52.2 66.0
Product gas:
M ostd. e, FH./ BT v ecinecnecsnannes Cearenas 16.6 12,6 6.k
Std. cu. £t./1b. MAF lignite.......eeveenss .. 53.8 32.4 41,7
Froduct (Ho + CO):
M std. cu. Pt./Aree..... e rrareeereaan 7.7 9.7 13.4
Std. cu. Tt./1b., MAF 1ignite.....evevenrnrons 39.1 24.9 3h.2
Carbon gasified., .. vverenn- e ire e rerianan percent 86.6 57.3 76.0
Heat used....... net B.b.u./eu. ft. of product gas 113 122 98
Product gas for heating....... .percent of ges made 53.8 18,3 37.9
Product gas compositicn, percent:
CODuessssrnanannanns e o1 18.3 k.6
Tiluminants . .evereveeannan er s asei e 0.1 0.2 0.0
COvnnnnn . Crsaenane 11.0 19.0 2,9
Hovvreansnanns ettt eresereserea s e 61.7 57.9 57.0
CHY vaevrorussasacnes Cereeaerr e 2.3 3.8 2.9
OO s envuvannnssnssnanennnnen et ara e anan C.3 0.3 c.1
N e e wseneessnannnnsonsenennennnns P 0.5 0.5 0.5
Eo/CO T8ti0u.eiurererarasnsncnennes veevieaaay 5.59 3.0k 2.29




T1
meble 3 {]) presents data covering heet transfer through the metsl wall of the
retort.

TARLE 3k. - Heat-transfer and operating data, externslly heated retort,
Burceu of Mines, Grand Forks, N. Dak.

Overall heat trensfer through retort tubel/
Range Low | Medium mighZ/
Run end PeTiof..eesesserenaes | 11-G) LK 11-L| 11-c!| 11-Mj 13-M| 12-a| 12-C) 12-D
Heot transfer..ceceaaosennsncs

R ,.B.t.u./sq.ft./or, |2,100;2,3C0 2,3001(3,200(3,300(3,20C L,5001k,3007%,200
E,/CO ratic of &8S.cewivvees ian| 3.s7| 3.991 2.75| 5.59] 3.77| 1.85| 2.30) 2.29
Lignite feed rete.....1o./hr. 38¢t  359| hok| 500 3h3| L5l BBrl A5 L&
Carbon gasified,..... percent 75.0| 68.h) 67.2 654 866} TT.5 65.3| 76.1| 76.0
Product gas.....M cu. £t./hr, § 10.2 8.5] g.2| 11.7§ 10.6| 11.7; 1k.0 14,6] 6.4

I/ Files: Bureau of Mipes, Grand Forks, N. Dek.
7/ Experiments made With stesm-dried lignite,

Representative analyses of Iekota Star lignite charged to gasifier

Natural lignite Steam-dried lignite

Analysis, percent As received Moisture free As received Moisture free
Proximate:

Moisture 3.2 13.3

Volaetile matter 8.5 43.3 38.3 ki 2

Fixed carbon 30.5 4.3 41.3 br.o7

Ash 6.8 0.4 7.1 8.1
Ultimate:

Hydrogen 5.7 4,3 5.8 .3

Carbon L2.8 £4 .8 6.7 65.7

Witrogen N .9 .7 .9

Oxyzen ho.h 18.3 28.6 19.6

Sulfur .9 1.3 1.2 1.k

Ash 6.8 0.k 7.0 8.1
B.t.u./1b. 7,160 10,880 9,570 11,030

Externally Heated Retort for Pulverized Coml,
Battelle Memorial Institute

Hdzperimental work utilizing external heating with pulverized lignite has been
completed at the Battelle Memorisl Inmstitute at Columbus, Ohio (;é).

In this process, gasification was carried out in s vertical steel resction tube,
which was hested over the greater part of its length by a surrounding gag-heated
furnace. The pulverized coel was fed st the top of this reaction tube, end the
products of gasificatlon were withdrewn from the bobtom. Two resctor tubes were
uEed at dlfferent times during the experiments - one 2 5-inch-i.4. tube of 25-12
chromium-nickel slloy, end the other a 8.25-inch-1.d. tube of 25-12 chromiim-nickel
alloy. Both tubes were 11 feet long and Were heated over a length of approximately
9 feet, Pulverized cosl was fed from a rotary tsble feeder through sn sdapter in-
corporating a venturi section, steam being admitted at the venturl throat.
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Gasificetion cccurred along the tube length,
gtream wWere removed by B28

scrubbed.

utilized in the tests wa
was shtated that the g2
drying methods.

The lignite
the article (16} it
appreciably by the
mined in terms of = calculate
for lignite dried in air at 100° F., or for
Detas covering the analysis of the fue

are presented in teble 35 (16) -

TARLE 35. - Qperatjgg askta for the Battelle externally heated gesifier
Run HO.sessomrnsoensss P 39 5 49
Tube diameter.cecsssvrnr? e S i A 0407 0.687 0.687
Tube Lemperatlure . aessresrest """ U 2,098 2,047 2,025
Lignite feed TELE..aveeessrerssttt""" . 1b./br. 16.0 21.8 Lo L
Steam rabBeecaenens shenare . heanesunnnn do 21.6 26.0 50.2
Froess SLe8m..saearees R percent 58 39 18
Gas produced...... e mmaasn I LA
) ievasees CUL £4./nr. at standard conditions 352 793 1,26k
Gas composition, percent:
N U 9.k 7.8 10.8
PP I 1.5 LT T
CO.eennn PP [ 31.5 33.8 29.3
Gl o eaneenmasnmnnmsmnsetsner s m et e 3.2 3.7 5.0
Hygoereosremmrrsnes” [ A . 50.2 Lg.6 48,9
UL g oy 5.2 L.b e
Gross heating valuE..sessrerece” o4, feudh. 7 308 308
Gee temperature at tuee exit................o?. - - 1,602
Presured to be present because of alr leak 1n appaTatus.

ite analysis: pir-dried st

Proximate snalysis, percent:
Moisture 11.5
Valstile matber 38.0
Fixed carbcn 43.8
Ash 6.7
Total 100.0

Heatinz velue, B.t.u./lb. 9,540

The heat trensfer of the Battelle exte
from the data presented in table 35.
tained with the Battelle gasifier er
and & minimum of

arend Forks externally heated retort.

baffles in the ash

g pubjected to some

sification characte
Activity of iignite dried et 220° F.,
a gasification constant,

1 used and the results

220 F. to 1l.

Ram%thtﬂemﬂmmm
e ccmperable, with s maximm of
3,200 B.t.u. per sguare foot per hour, t

and the solids entrained in the gas
receiver. The gages then wWere

type of drying, and in
ristics were affected
as deter-
wag over 23 percent 1less than

atean-dried lignite.

of the gasification

Tltimate analysis; percent:
Carbon 37 .2
Hydrogen 5.1
Oxygen 29.7
Hitrogen .9
Sulfur M
Ash &.7
Total 100.0

roglly heated unlt has heen calculated

rer rates at-
¥,500 B.t.d.
o those attained with the
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Tor transletion of this process to a2 commercial scale, 1% was proposed thet a
number of tubes of aspproximately the same dlemeter and 27 feet long be placed In s
common furnace heated by pulverized fuel. However, the calculstions made regarding
the practicebility of the process resulted in the conclusion thet the investment
cost would be unfaverable, and no further studies were nmade.

Koppers Pulverized-Fuel Process

The Xoppers pulverized-fuel process was originated in Germsny on the pilot-
plant scale but had not been used commercially befere the end of World War IZI.

A diagram of a typicel Koppers unit is shown in figure 20 {z21).

Besically, the unit consists of two facing nozzles set at opposite ends of a
generator. Oxygen and fyel are fed through the nozzles, and superhested steam
enters arcund each nozzle. The two nozzle streams upen meeting cause turbulence,
and fuel-Og—steam reaction 1s remsonably complete in the ares between the nozzles,
e remainder of the reection occurs in the vertical cylinder leading to the gas
outlet ebove the unit. The larger ash particles, not cerried off by the ges stream,
811 into esh collectors st the bottom of the reasctor.

A unit built for experimental work at Louisiana, Mo., (3, 4) has & generator
space 6-1/2 feet i.d. snd 9 feet long. Considersble mechenical difficulty has been
encountered in operatlng this particuler unit, as well as difficulty in reaching
the anticipated operating efflciency. Although the unit was not cperated on lig-
nite, some data sre presented in teble 36 (19) on a low-renk coal ITom Rock Springs,
Wyo. ’

Bureau of Mines Atmospheric-Pressure Gasifier, Morgentown, W. Va.

The atmospheric-pressure gasifler at Morgentown, designed and built Iin coopera-
tien with the Bsbcock & Wilcex Co., was completed in 1951, Information regarding
tnis unit is availsble in several Buresu of Mines reports (5, &, 29). Several changes
in design have been made in the course of experimental work. The most recent ar-
rangement is shown in figure 21. The gesifier is a vertical, cylindrical column
lined with refractory materials. It is divided by restricting refractory material
into two zones, with the primery resction zone st the bottom and the secondary re-
sction zone sbove, The refractory lining in the primery zome 18 protected by
cooling ccils, which also are used to support the upper brickwork st the point of
restriction. Pulverized coal, preheated fo sbout 325° F. in a stesm-coil heater,
ig intimetely mixzed with oxygen gnd steam in a reasctant injection nozzle to secure
turbulence. These nozzles are glaced to direct the coel, oxygen, snd steam into the
resction chamber st an angle 32° from the vertical and tengentisl to a clrcle of iz
inches dismeter. A small percentege of the gas mede 10 to 15 percent passes down-
ward through the slag threat snd insures a flow of slag. Approximately 40 percent
of the coal ash is removed as slag and contains little or no carbon.

The major portion of the product gas 1s removed at the top, after passing
through the secondary reaction and gas-cocling zones. The remainder of the ash is
entrained with this gas ss a finely divided residue conteining spproximstely 60 per-
cent carbon. Although this unit has been deseribed ss a slagging type; 1t also hes
been operated satisfactorily under nonsleagging conditions. The carbon sccompanying
the ash has not caused difficulty, and no deposits formed on the cocling surfaces.
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TARLE 36. ~ Typlcal performance data for Koppers gasifler,
Puresu of Mines, Louisiasna, Mo,

Rock Springs, Wyo., cosl (typical anslysls given below)

Steam temperature.........................................OF. 1,7C0
Gesification temperature....... U 2,k80

Feed rates:

REW COBL,snveensavasssnstssassssnnasrarssennrnss lb./hr. 2,297
Oxygen - 95 DUTB.ciesseresrrsaneaneens std. cu. ft./hr. 21,600
ELEED L + v s e s sesnerassossonsnasenavanssastssnasen 1b. /hr. 1,800
Oxygen (100%) to dry coel ratio,....... std, cu. £t./lb. 9.0
Steam to ATY COBL TATI0..susa-essssaasaseccvenss 1b./1b. 0.8
Steam AGCOTDOSEA. casrnasrsasvsraarcssanstanaaies percent 1%
Products:
TOLAL EBSw.avesvansenssransnrssarsonsss std. cu. £t./hr, 72,500
(Ho + CO}uuennn O LR L L TLLETTEREEL T do. 59,240
DIy COBLanesseneeeesssnses 10u/M std, cu, £5. of {Ep+C0) 38.8
OXTEED v sannranas 554, CUL £t./M std. cu. £t. of (Ex+CO) 349
SEBa i vvananssenenesss 10./M std, cu, Tt of (H5+C0) 30.h4
Carbon gaSified..cueasarssrrareaserarosronnennss percent 83.k
Typicsl analysis of Rock Springs, Wyo., coal (moisture-free basis)
Proximste, percent Ultimete, percent
Volatile
matter Fixed carbon| Ash |Hydrogen Cerbon | Nitrogen | Oxygen Suilfur B.t.u.
11.6 51.8 6.6 | k.8 72,8 1.5 | 13.2 1.1 | 12,960

Approximate molsture of raw coal, 10 to 1k welght-percent.

Recent datea on operation of the Morgantown, W. Va., atmospheric gesifiler charg-
ing a subbituminous C cosl from Lake De Smet, Wyo., ere shown in table 37, This
coal iz the lowest-rank conl gasified to date in the Morgantown unit and is only
glightly higher in rank than lignite.

Recent srnouncements (;g, gg) have reported that the Tu Pant Corp., 1ln coopera-
£ion with Babeock & Wilcox, has developed a very large pilot plant for the produc-
tion of synthesis gas abt their Belle, W. Va,., works. It appears, from the inferms-
ticn released, that many of its features perallel the design of the Morgantown,

W. Va., stmospheric gasifier.
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Bureau of Mines Pressure Gasifier, Morgantown, W, Ve,

A pressure gasifiler operating on powdersd coal st 30 stmcepheres pressure has
been developed at the Morgantown, W. Va., station of the Bureau of Mines. A sketch
of the gasification umit is shown in figure 22. In this process coal is pulverized
to 70 percent through a 200-mesh screen, It 1s conveyed by a fluldized coal feeder
to the gasifier., The gasifier has an coverall length of 12 feet and 1s 30 inches
1.4, A water coil 1s used to cool the outside metal walls of the pressure vessel
over most of the length of the gasifier. The gaslficastlon section, which occcuples
the upper 3 feet 10 inches of the vertlcal cylinder, 1z refractory lined., This
section 1s 8 inches 1.4, Below the gasification eection a spray ring is installed
through which pass the products of gasification, and the bottom of the unit forms a
water-filied slag pot. Steam for the unit is heated to 1,000° F, before heing in-
Jected, but the ozygen is not preheated. Coal, steam, end oxygen are mixed in a
speciel burner, which creates a high degree of turbulence in the entering reactants,
This nozzle 1s set azially at the top of the gasifier tube. The gasificatlon prod-
ucts end the slag formed flow down out of the gasification section and pass through
the water spray ring. Gas 1s wlthdrawn Just below this ring, and the slag, broken
into fragments by water quenching, falls Into the slag pot.

Development on this unlt has been described Iin varlous publicaticns (1, 5, é,
1s, 39). After certain opersting difficultles In the originel equipment have been
solved, the general operation has proceeded smoothly. In & recent report (30) 1t
was stated thet the expected heat loes through the gasifier wall will bte low in
commercisl-scale models because of the reduced surface-to-volume ratio in lsrger
units, Thus it mlight be possible %o use water-cooled refractory walls or possibly
bare water-cooled Intericr welis, Such & procedure would be attractive eccnomically
with respect to cost of malntensnce of these surfaces.

In tsbile 38 operating datas are presented for the Morgantown, W. Va,, pressure
gasifier in comparison with the stmespheric-pressure gasifier et the same stetion,
The effect of pressure on the gasificetion process within the range 100-450 p.s.i.g.

is shown.

Lurgl Pressure-Gaslfication Process

In the Lurgl process, the use of high pressure and oxXygen are combined with a
fixed bed of lump fuel and dry removal of the ash, This is one of the oldest satis-
factory synthesis-gas producers in operation today, Commerciel-size units have been
ingtalled in Germany since 1936.

The standard Lurgl generator, &s installed in Germany, was approximetely 22.3
feet tall, 10 feet o.d., and § feet 1.d. Sketch of a typlcal Lurgi unilt is pre-
sented in figure 23 (21). The ocuter shell was water cocled with a water Jacket, and
the inside wall was protected by & brick lining down to within 3 feet of the rotat-
ing grate, which supports the fuel bed. The lining wes installed primarily to pre-
vent generatlon of excessive amounts of esteam 1n the Jacket. The generator was
opersted at approzimstely 20 mtmospheres pressure. Fuel was fed perlodiceliy to a
coal lock hopper device frem which the generator could be fed corntinucusly. A gas
disengaging space at the top of the generator was kept free of fuel with a skirt,
which provided = base for a mechanicel scraper o remove accumulstloens of pitch and

carbon.
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Figure 22. - Bureau of Mines pulverized pressure
gasifier, Morgantown, W. Va.
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A roteting grate with attached plows wes used tc remove the ash from the fuel
hed continuously and discharge 1t %o an ash recelver below. GSteam and oxygen were
sdmitted through the hollow grate shaft into the reaction zZons. Since the assh was
removed dry, 1t was necessary to mesintaln s temperature nelow the ash-fuslon temper-
ature ir the fuel bed. In the German plants the practlce was to maintaln the bed
temperature below 2,1000 T, The German brown cosl being used had an ash-softening
temperature of 2,400° to 2,700° F. (21).

Several things sbout the Lurgl unit are distinctive to the process. It 1s cne
of the few pressure units in which lump cosl is utilized as = feed. In addition,
the gas produced contains = reasongbly large percentage of methene. This is nct
always an adventage; methane may be worthwhile to increase the gas heating value
hut is not desirsble for most syrthesls reguirements; however, it is a definite ad-
vantage if high-B.t.u. gas is desired for wtillty distrlbution.

The Bureau of Mines has cerried oub some work at Pittsburgh on gaesification of
char fromw higher renk cosls in a small experimental Lurgl generator, 13.5 inch i.d.
(;1). High gasmeking capacities were cbtained In this wnit, up to 7,250 cubic feet
per square foot of grate area per hour, compared to rates in the range of 2,000
cubic feet per square fool per hour in conventional Germasn practice, Methene con-
tent of the product gas was lower than in conventional Germsn practice. It ig
suggested that methane content could be increased, if desired, by increasing bed
height., The total height of the experimental generstor was only 5,5 feet, versus
22,3 feet total height for the conventional Lurgi unit.

Typical operating data for gasification of cher in the Bureau of Mines experl-
mentel unit are presented in table 39 {13).

Texaco Pressure-Gasification Process

In the Texas Co, coal-gesification pllet plant at Montebello, Callf., wark has
been in progress using & pulverized coal slurry for the base feed, oxygen for in-
ternal hesting, and pressure {15). A process Plowsheet 1s shown in Tigure 2L,

The fuel is prepared by grinding it in & wet mill and mixzing it wlth water In
a conventional thickener to a ratioc of 40 to 60 percent cosl. This ratlo depends
on the particie size end density of the coal. From the thickenmer, the slurry i=
pumped through a heater under several hundred pounds pressure and raised to approx-
imately 1,000° F. The heated mixture of steam and coal enters the top of the re-
action chamber either axially or &t & tengential angle near the top of the chamber.
Oxygen, which may or may not be heated, enters the chamber near the feed nozzle but
in such & menner as not to Impinge upon the side of the Teaction vessel, The amount
of steam entering the process 1s rsgulated by installing & cyclone seperator or
settling drum efter the prehester and withdrawing eny excess. The temperature
within the vertical cylindrical reactor is sufficient to llguefy the ash. The melten
ash Plows through a restricted opening below the reactor and falls into & reservaoir
of cold water. The resultant thermal shock disintegretes the particles, and they
ere removed as a finely divided solid suspended in the water, The gas is run
through s waste-heat boiler to recover the sensible hest, It is reported that the
complete range of coals from lignite to anthracite has heen used, with = percentage
gasificetion up to 95 percent. However, up to the present, detailed data on opera-
tion of this pliot plant heve not been published.
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General Discussion of Opersting Features

Before the individual gasification Irocesszes are simmarized, it may be worth-
while to peint out that there are general advantages and disedvantages, which are
true of the majority of the processes wtilizing varicus operstion degign festures.
The following pages summarize the main adventages snd disadvantages of these fes-
tures without distinction as to any individusl gasificaticn process. It should be
kept In mind that any specific advantage or disadvantage may not apply to a partic-
ular process that falls In a group but generally 1s true of the group a3 a whole,

Pulverized Coal

1. Versatllity. Gasificaticn of pulverized coal, where the fuel is gasified
while susperded, Is more readily adaptable to both caking and noncsking cosls than
is gesification of lump fuel in fixed beds.

2. Contact time. The contact time required in pulverized operation i1s nor-
mally very short because of a large surface area aveilable for reaction.

3. Blurry operation., Pulverized coal in slurry has the distinet advantage of
simplifying the charging of the coal toc the gesifier cont inueusly while under higher
pressures. Charging lump fuel against high pressure is more difficult.

Y. Cost of pulverizing. Gasification of coarse-size coals requires only the
breaking and slzing of comparatively large frections of the ccal. Gasificetion of
pulverized coal requires finely divided cosl, which adds to gasificatlon cost,

J. Ash in gas. A larger percentage of the ash is cerried by the gas gtream in
rulverized processes than in processes heving cearse fuels in Fixed beds. This com-
plicates the problem of securing clean gases. '

6. Countercurrent versus concurrent flow. In most pulverlized-coal gasifica-
tion systems the gas and@ cosl particle move concurrently, This hag the effect of
removing the particle from the reaction space after a very short contact time and,
since the two move at approximately the Same rete of speed, of reducing sny scrub-
bing action of the gas on the surface of the cosl partlecle, Since the gas leaves
the process at a high tempersture in pulverized systems, the heat economy associated
with countercurrent flow of product and resctants is net present inherently in this
type of operstien., In concurremt flow, the concentration of the reactants, carbon
and steam, decresses contlnuously toward the gas outlet. For this reason complete
conversion of the carbon mgy be difficult to achieve in wnits of economically feasi-
ble size,

7. Refraciory service., When pulverized coal is used with internsi heating,
the high heat-release retes have crested problems in maintaining the surrounding
refractory walls.

Pressure Gasificstion

1, Capaciiy. Higher pressures increase the rate of throughput per unit volume
¥while maintaining a high rate of gasification.

2. Many of the synthesis uses Lo which the product gas can be put, such as the
menufacture of synthetic fuels, require gas st elevated pressures. In this case, no
further compression of the gas is reguired (18).
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3. Scrubbing., For scme purposes, 1t is possible in pressure operation to re-
move enough of the attendant €O, and 3.8 by water scrubbing. The Tollowing table
lists gas composition before and after gcribbing at 20 stmospheres {20, . 1631),

Ges snalysis, percent
Before Af'ter
gcrubbing scrubbing

COh + ExSuinrneninnnnnnnnn.. 30.6 3.0
Tl uminants, ceven.. Ceeeennaa. 6 .5
O [ P . .1 L1
0 et e st i ei e e 16.5 22.8
Hg........................... 3k .0 48,7
CH v vvenainnannnn, 16.3 22.6
Noeriaiinnnns 1.9 2.3

L., Design. The use of pressure requires reaction vessels and piping of heavy
censtruction. This complicates the design of pressure-gasification eguipment,

Internsl and Externsl Heating

1, Heat avallability. In an internslly hested wmit, intimate contact between
the source of the heat and the reactants allows wniform and rapid assimilation of
the heast., In the externally heated wmit, the heat is supplied through a wall, which
means thet only a portiom of the reactants ars in direct contzmct with the hest
seurce at any particular moment, Therefore, higher capacities per unit volume are
Possible with internal heating.

2., Hest loss. Externslly heated units are subject to heet loss from tke com-
rarstively large exposed surfzces. In internelly heated pulverized gasificaticn,
the adventage of low external losses is offset by the high temperstures of +he
product gas, which must be utilized to rrovide gocd thermal efficiencies,

3. Heat source, External heating mskes it possible to use cheaper fuels for
heating in the form of producer gas, products of corbustion, or other similar low-
cost source of supply, since there is no contact of the heating gas and the product
ga28. In Internsl heating, a supply of reasonsbly pure oxygen is needed to eliminste
nitrogen dilution, The cost of OXygen may be a significant item in the cost of gas
produced by internal hesting methods.

4, Preheated #a2s5es or preheated steam., To gvoid using oxygen, preheated gases
and steam have been used for internal heating, This requires the use of elther
large volumes of gas or ctesm or very high tempersiures that are difficult and ex-
rensive to secure,

The figures presented in teble 40 indicate the relative ozygen and steam re-
quirements for the variocus brocesses and the relative capacitles of the umits, Not
a1l of the gasification units were operating at maximum capaclty at the time these
tests were made, However, the figures sre indicative of the order of magnitude and
are useful for comparisom.
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Many of the date presented in table 40 have been baesed on the use of higher
rank cosls because of the leck of specific Informaetion on use of lignite in these
particular proceesses. ILignite could be used in all the processes, however, and in
some instances would have a considerable edvantege., The nonccoking, low-rank coals
have a specific advantage for use In flxed-bed gasification, the process providing
maximum heat economy and lowest oxygen regquirement, For fized-bed pressure gasifi-
cation, pretreatment would be required before coals having even slight coking tepd-
ency could be used. In slagging processes, the reletively low ash fusion tempera-
ture of North Dakota lignite would lower the operating-tempersiure level requlred
to keep slag molten and reduce difficultles asttendant on high-temperature operation
Data for fine-particle gasificetion of low-rank coal, close to lignite in rank, in-
dicate that gasificatlon capacitles equal to or higher téé? those for higher rank
coals can be cbtained with comparszble oxygen requirement.

L3

Steam Requirements

As would be anticipasted, the lowest steam regulrements in pound per 1,000 cubic
feet Hp + CO are realized in the pulverized, and particularly in the pulverized-
plus-pressure gasificatlon processes where steam requirements rum fram 12 to 30
pourds, The externslly heated unlts run somewhat higher than this, at 30 to 45
pounds, arnd the highest demands are made by the Lurgl process. In the Lurgl process,
one of the main functlions of the steam is to reduce the temperasture of the fuel hed
to maintain 1t below the fusicn polnt of the ash.

Oxygen Reguirements

In oxygen requlrements, the reverse of steam consumption is true, with the
Iurgl process using considerasbly less oxygen than any of the other processes employ-
ing oxygen. Since the cost of the oxygen may be & large increment in the cosi of
the ges, this is a very important considerstion, For example, the lack of oxygen
requirements is an advantage of the externally heated retort.

Capacities

The capacity flgures list & wide range of capacities per unit of reactlon
space. These may be grouped as follows: (1) Gesifiers without oxygen and at at-
mospheric pressures, 150 to 300 cubic feet (Eg + €0) per hour per cubic foot reac-
tion space; {2} Lurgl gasifier with cosrse fuel, oxygen, and pressure, T80 to 1,000
cubic feet; and (3) Morgantown pressure gasifier with pulverized fuel, pressure,
and oxygen, 21,000 cubic feet. The capaclty of each process must be balanced
sgainst the relative heat economy and the cost of steam end oxygen required in its
cperation.

Future and Present Uses of Synthesis Gas

Synthesis gas is a mixture of hydrogen and carbon monoxide., As such i repre-
gents a midpoint from rew materlals to product in a variety of chemical synthesis
operetions. In the past, the source of thls gas has been the gasificaticn of coke
ard, of late years, natural gas (i}). However, as the supply of natural gas 1s
diminished, the use of direct gasification of the cecal supplies will become Increas-
ingly lmportant {10). A. R. Powell (é) has presented a rather complete outline of
the present and future uses of symnthesls gases by industry. In this paper the
chemical reactlons to be utlilized and beilng utiiized are breoken down to three groups:

2/ Unpublished data, Morgantown, W. Va,
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(1) The remction between hydrogen end carbon monoxide with or without the addition
of other reactants; (2) the resction between hyirogen and other reactants; and (3)
the reaction between carben monoxide and other reactants, Listed among those in
group (1) are the axygensted compounds, namely the acids, ketones, alcchols, mlde-
hydes, and esters, as well as hydrocarbons for use ms synthetic ilguid fuels, At
the present time, the largest consumer group (2) is the synthetic ammonia industiry,
The use of hydrogen for ammonis synthesis, began In 1913, has steadily ineremsed
gince, and promises to continue to grow In impertance, Also included in thig &£Toup
ars such uses egg the hydrogenation of oils and fats to produce suchk items as marga-
rire, hydrogenation of coal to produce chemicals anad fuels, hydrogeration of organic
chemicals and oils, and production of hydrochloric acig (1, 28), Group (3) is at
present less Important than the other two, However, use Las been made of carbon
monoxide alone in the metgllurgical Tleld, and the use of the eynthesis gas in thisg
mammer 1is expected to incresse.

Producer Gas
~LORUCEY Uas

Producer gas 1is obtained by incomplete combustion of solid fuel withk air,
usually accompanied by simultanecus addition and partlal reduction of steam, The
resulting gas has r high nitrogen content and a relatively low heating value.
Typical heating value is only about 150 B.t.u. per cubic Toot; however, this simple
and efficient process represents, in general, the cheapest available means for con-
verting solid fuels to & fuel-gas product.

Because of 1is laow heating value, producer ga8 1s not suitable for utiiity dis-
tribution and is normally used at or near the proint of production. The use of pro-
ducer gas reached its pesk in the United States sbout Lo years ago. 3By 1910, it
wes being used extemsively in such fields as fuel for internal-combustion engines,
in the manufacture of steel and in annealing, drying, evaporating, heating molds,
brick kilns, cement kilns, and in cre-roasting furnaces, These uses have been
steadily dimizished because of expansilon in use of competitive fuels, particulariy
natural gas and petroleum products,

Since producer gas is sti1l the cheapest fuel gas that cen be cbtalned from
sclid fuels, it retalns some immediate and long-term importance for industrial use,
In eddition to conventionel uses, conversion to producer gas may eventually prove to
be the most practicsl and economical method for utilizing coal in the gas turbine as
development proceeds ip this field (2).

There has been no recent development on gas producers ueing lignite ag fuel in
the United Stetes. Qlder date cbtained by the Buresu of Mines indicate that ligrite
can be gasifieq successfully in conventional updraft gas producers, slthough the
operating capacities echieved were relatively low (EZ)- Typical gperasting dats are
presented in table L1,

In table 42, capacity data for Germsn producers of conventionsl design, using
brown coal and brown-coal briguets, are presented for comparison {1, p. 83).

Most of the more recent development work on gasification of low-rank coals to
make producer gas hae been cerried out in Eurcpe, where producer gas is more impor-
tant economically at this time than it is In the United Stetes. Information on
these developments 1s reported in the section on European practice,
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PARTE L1, - Performance date for updraft producers using lignite

Flant No, 4 11
Proximate mnmlysis, percent:
MOLELUTE s s eanunsranannrsmecaveraaroannsnanarunmsne 29.20 27.21
Yolatile MAELET.sesunsressasssanmssaesasarassnsas 36.92 k7.55
Fixed car’bcn.v........-..-......-----.......-.-... 27.02 lT.50
P PR T T T L R AR R AL 6.86 8.21
GUIPUT  esassatanaserenssressraasnssssassnrntanses 0.58 o4
Heating value 85 Fired..c.issvsssancaanss B.t.u./lb. 7,42 7,073
Area Of BTAEE.csssanssacssanssarnrnrmaveaaes 56 ft. 9.6 8.5
TUEL 42 v e e asanesurerassnsnstanarssransennans b, /hx, L/o5 2/570
‘ FUEL. e cocarmunsssanrasesastassben 1b./(sq. £t.)(ar.) 12.8 14,8
i Approximate gaB MEAC..iisessuinarnorenenrairitrs sy
e ivveseesness o, PE /(BT ) (8. £, grate area) 400 1450
’ Depth OF DEsraeassasrasssnssassssrsarsnsenenres The 2.0 1.5
ey Typical gas analysis:
S Ccmponent, percent:
i P P R 21,0
it K -2 T RRETETRLELLACEE LA 0.h
i Ofuesanensansansaarnassurasunnecussrnnnteronyes 0.0
Bot.u,/ct. Ph. CALC. . aiscassarsnrosasennenruness JA, 155

3

1/ Charge: 500 pounds every 2 hours.
3/ Charge: 190 pounds every 20 minvtes.

TARLE L2, -~ Standard capecity for German producers

Stationary grate, Stationary grate, Rotating grate,
natursl dreft; forced draft, forced draft,
capacity, capacliy, eapaclty,
Fuel used 1b. /{sg.Ft.)(br.) | 1b./{sg.ft.}{hr.) 1b./(8gq.ft.){br.)
Brown-coal brigquetf.e.a. 10.2-12,3 12,3-16.5 16.4-22.6
Brown coal, a5 mined.... 16.4-20.5 22 .6 32.8-36.9

Note
For briquets: 1 1b. of briguets generates 41.3 std. cu. ft. of gas, molst, st 156

B.t.u./cu. Tt.

For brown coal: 1 ib. af brown coal, ag mined, generates 20,7 std. cu, £t. of gas,
molst, st 114 B.t.u./eu., ft.

Typical ultimate analysls of fuel, percent:

Carbon Hyirogen Oxygen Nitrogen Sulfur Ash
Brown-coal briquete..... 54.5 5.9 334 0.8 0.L 5.0
Browvn coal, as mined.... 28.5 8.3 €0.0 " L 2.6
Grosas heating value, Mgisture content,
B.t.u,/ib. percent
Brown-coal briguetd....esvesceiacerannnns 9,200 15.0
Brown cosl, 88 Mined,.seasessuassancssons k. 750 55.8
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