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(a) Increased productlon of water gas,

(b) Inc ase& T, to OO ratio : in. +he gas made and
2 s

(c)“ reased amount oF carbon in the ash.

- The ash- comnrlsed to lﬂ4ge extent plBGeB of “oke cemented intc agglomsrates

with . minera} matter :that had been partly fused. The actual combustible matter
{carbon) in. tho agglomerates:was 50 to 55 percent. . The latter were not dis-
carded but werc. washed 1o remove fines and dust and were then used as charging
gtock to the slagging gas producers. With this fuel.it was not necessary %o

. introduce .additional-{recirculated). slag, although at times it was. necessary

t¢ add some 1ime to the charge. The gas made in the producer, when cperated
in this mapner, was equally as satls?actory as that made from frssh coke; how-
ever, the rate of make, or gas-making capacity, wes lowered to -340,000 cubic
feet per houwr, & decrease of 28 5.to 55 Dercent from. mﬂximum(capacity with
lump coke. . . S . .

Remarks

The value of this process of making gas under conditions in the United
States depends on a number of factors, includlng the cost of Op. The high
gas-making capacity relative to that obtained in other processes making the
seme kind of gas favors the slagging-type precess, The faet that the opera-

D tion is comtimmous also favors the latter, -Against these advantages must be

weighed the cost of the required O, cost of recirculating. slag, and differ-
ence in the cosh of generatoy fuel above that of gengrator fuel used in other
processes. The progress made thus far in Germany indicates. that screened fuel
having a minimum size of - l/a inches is required. The gasification efficiency
is nigh, ae indicated by the gas comp051tion and the fuel consvmption per 1,000
eubic feet of gas made. ' :

HEven fhcngh cperating cogts were not obtained with reference to the pro-
duction of gas in the slapging-type producar, the data. obtained indicate the
tgefulnegs and limitations of ths latter proaucer in malking synthesis. gas,
Figure 10 shﬁws the cffect of changes in the costs of oxygen and coke upcn the
total cost of 'gas-meking mgterials per 1, 000 -cubic feet of gas made; 1t also
indicates comparat tively the changes in tne cost OF. meterials uged in making

Vater gas with veriations in the coat of generator fuél On the basis oF

thesze costs (gas-making materials onﬂy), the use of oxygen at a net cost of

20 cents per 1,000 cubic feet .meking the producer gas as described, is not
-economical, compared with the ordinary watsr-gas, process, wntil the cost of
_Coke reaches $7 50- or more:por ton: However, with & net cost of oxygen at 10

Centsg per 1,000 cubic-Teet, the cost of zas-making materials ig substantially

'the same ?of both Gases {producar and water. gas) when coks costs §3. 20 per ton.

Thus, the sconomy in maklng the producer gas.with ocxygen is greater, ‘ag the
Det cost of .oxygen chreases and the cost of "oke 1ncveasas. Accurate  total
Az Opevathg costs of. maklng proaucer gag. with oxygen are nok avallable to the
Rihor, “but it seems réasonsble to assume that the benefits derived from high
gas-maclng capacities are not entirely. meutrallized by other costs charactor-
stic of this process; hence, with the prevailing cost of coke, it may be
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advantageous tc make gas in a slagging-type producer with oxygen instead of

by the standard water-gas process when the net cost of oxygen decreases tgo 10
cents or less per 1,000 cubic feet. . .

The foregoing comparison was made on the basis of the production of a
unit volume of gas withcut considération of differences in composition of i
gases made or their relative usefulness in producing .synthesis gas or hydro.
gen. The Hy to CC volumetric ratio in water gas usually is 1,25, whereas in
the producer gas this ratio is 0,41, fccordingly the extra cost of conversigy
to the desired gas must be considered before any advantage in the production
gas by the use of oxygEn in a slagging-type producer ecan be-proclaimed, Whe
hydrogen is the end product sought it will be necessary to treat all of the
latter gas whereby the 68 percent -of .carbon monoxide normally present therejn
is converted by the "shift reaction” to an equivalent amount of hydrogen,
This reaction (CO + HoO = COs + Hp) is conducted at 4000 to 450° C. in the L
presence of an iron-oxide catalyst and requires an excessive amount of steam,
1f, on the other hand, the gas sought is synthesis gas having a ratio Ho to
€O equal to 2, only a porticn of the producer gas need be treated in this AN
ner, namely, about 60 percent when allowance is made for incompleteness of the
reaction with 'such a high initial carbon monoxide content, . In each cases the
carbon dioxide formed is scrubbed out of the resulting gas,

Gost of Oxveen

Of rctent years the subject fcost of producing cxygen! has been of in- .

creasing interest to gas engineers because the natural belief exists that the
cost will'progressively‘decrease with time, which is usual for other products™
of mamufacture when demand wérrants their use, The cost of making Op has
already decreased over the past 10 years, and there is little doubt that it
will be produced in the future at a lower cost., Using nigh-priced fuels, the

- cost of Oy may be vitally important, but in gasifying low-cost fuels a greater
charge for the required Op may not be prohibitive, In other words, when one
can substitute a low-cost fuel for an expensive one in making gas, the cost

of using Oy with the former may be more than offset by the savings in the cost
of fuel, ' ‘ . _

The cost 'of Cp as made in & large plant in Germany operated in conjunction
with another plant that consumes Op, as given to ths author by the head of a -
darge construction company interested in erecting oxygen plants, is 2,3 to 2,5

f. per normal cubic meter, which is equivalent to 24,7 to 26.9 cents per
thousand ecubic feet of dry Op measured at’ 6Q° F., and 30 inches mercury pres-
Sure; this equivalence is based upon one Mark being equal to 40 cents, Elee—

tric power cost was 0.6- to Q,7-cent per ki.~hr. . On this basis, and taking 18
kw,~hr, as the. power consumption per 1,000 cubic feet of 0o preduced, the cost
of the electric current © 12,6 cents per 1,000

required was equivalent to 10,8 t
cubiec feet of Q2. of Co would be reduced by about 3.4

‘ Ubviously, the cost
cents per 1,000 cubic feet if the cost of powsr were reduced to 0,4 cent per
cents, To verify this cost estimate,

kw,-hr,, miking the over-all cost 21.1 ;
data were_obtainedrfrom a-large chemical plant operating a large linde~Frankl .
02 plant as a part of the whole works, 1In this case the cost of O, was said
to be 1 Pf, per normal cubie meter (19,3 cents per 1,000 cubic fee%) when
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electric power cost was 0.4 cent per kw.-hr. Although this 1s & réasonably
accurate egtimatl e, it was stated by an operator at the chemical plant that the
coest of Op could be divided es :.olloWs.

Percent of
, total cost
Electric "301\"@'!.‘.. o o
v 4= e K o+ D U . 30
OLher COBTEr i rmrrstonstnsavisoetiocancaasonennnnasaane - _lc
' 100
If thig "br=ak up" of cost is correct £, and Op coste 19.3 cents pér 1,000 cubic
feet,- the cost C‘-I power - would e __@9 % 19.5, or 11, 58 zents, and_.the gmeunt of
180 . '
power used accordingly would be __.58 < 0.4 = 28.95 kw.-hr. per 1,000 cubic
feet of Op produced. This is at variance with the above egtimate., Other
checks con the cost of Op lead to the conclusion that whereas the cost in pre-
vicus years in Gewgﬂn: was stated to heve been L to 5 P, per normal cubic
meTer (L; to 53.6 cents per 1,000 cubic fest), improvements made in the proc-
ceges of rr.,ccvpnng 02 from alr have lowsred the cost materially, so that in
the combination of an oxygen plent with a manufacturing plant consuming 0, the
ceost is in the anprox"mate rabge 15 'to 211 cente per 1,000 cubic feet. The
mrospects are that the cost will be *owered_ Turther when apphcauon is made
.to industry in the United States.

In all gas-making rrocesses 111 wl"lch Oz is substituted for air as a. gas-
generating finid, the cost of the Co consmd migt at least, be. egualied by
sconcmiesa that mlght be wadc by virius of such m‘batltut:.cn. In other words,
the cost of the fuel used, labor, or-other items contributing to the tetal
toet of gas must decrezse when air is replaced by Op. Figure 11 indicates
'what this ecopomy must be; the figure shows the dost of Op per 1,000 cubic feet
¥ gas made for variously priced €, and For vaerying. Og reqmr“mcnfs, The
hlghev- the cost per 1,000 cubic Tect of Oo tba grca*‘er st be the sconomies
cutralizing this r‘ost

SUMMARY AND CONCLUSIONS
1., Three gas-making processes have been ai S"'U.DSL.;C}.; sach. of. which emplo,{s
reo oxygen as & gas-making fluid; they differ from thosc, in common use in this
Couvntry. |

2. Two of those, the Winkler and the Lwrgi Pressurs gaalfwatlon precess,
Sre unique, in thet they use generator fucl in a finely divided. state. They
Dpavently have beon developed as a means of gas.Lf:,r';ng certain. solid fucls ‘
%adily available in parts of Sermany where othor gas- making fuels wers scarca,
e conditions for gasificaticn have been diacussed. The ugs.cof exygen in
Hese two processas has made practicabls the Egcusifluatlcn of gclid fucl that
fhnot be ubilized in ordinary gas generators. It is belicved that the Winkler
Occss as nov develcped and the Luwrgl process with zome improvement or in a
AOLIficd Torn may bo used effectively under certaih condlticns and with partic-
r fuels in this country; this is especially true when the costs of fuel and
Lgen are very low. '
-39 -
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»3, The other procéss referrsd to above employs the slagging-type”gasa
producer: principles,. The gas thus made differs from ordinary producsr gas;,
its calorific value is higher, and its compesition is different from that of
the latier gas. Milxtures of oxygen and steam are used ag gas~-making fluids,
and they are gd/ provortioned that a temperature suitable for slagging the ash
ip malntained in the fuel bed. Slag is withdrawn at intervals of 20 minutes,
Normally the fuel used was furnace, coke. freed. from Tines a2nd sized by screen-
ing 1-1/2 inch and larger.. harged, and regquired

lag wag recirculated),
e used amounised to % percent of the Fuel charged’,
whereas the amount of slag recirculated was 2hout 20 percent of the total fuel,
coharged,, o o e o i g R e

L. Some opersting data relative to ihe three processes are presented'aﬁdﬁ
aiscussed; they are: summarized. in tadle b for the purpose of comparisgn, as
followss. .. ... o : C .. .

"o TABLE L. - Operating date for Winkler, Lurgi, and
ot S slagzing-iype gas generators.

Ay T . b Winkler | - luwgl -1 "Slagging”
- : - continuous (20 atmospheres E producer-
‘water-gas (pressure} water-.  ges .
rrocess - gas process®/. | process .
Fusl Used. s sussuuvncerasirerssnana. | Carbonized | Partly dried
T as Tr o . “prown;goal- |, brown coal
- 0 1
I

I

: -{22% water) - iFurnice coke
G.12:t0 C.40 [1:1/2 and .
L oo larger

$iZe of Fuel used,:.....i....inckos 0.12 16-0.h0 |

‘Fuel used in gonerator, pounds: B R S R
"Per M. cw. 4.1/ of raw gas.,. ... br.ok 67.8 . 7
Per M, Gu,=ft.2/ cf gag, frge of 1. - . o o

- HgS and O E i T 102,0
Per 300,000 ¢/ B.t.u. in the ges. : £9.6
Per M. cu. Ftid/ or purified gas '
{9.19 0 L ST &
Cxygen supplied to the generator,
cow.ft.r o . . o i
“Per M, cu.'ft.@/ OF Ta&W £28.0vus.s
Per M. cu.'ft.E/ of COQ—free and
EoS-free -
: Per:300,00QE7_ +t.u, in the gae,.
‘Bef‘M~.cu.;ft._/-of purified gas
S G- L 107 F T SR
. Steam supplied fo the generator,
pounds: . : T - : S
Per M. cu. ft.é/ of raw gas...... . 29:1. : SN A; .
S , H j(h?O-cu,ft-)

o ‘Cf.'l
l_{:‘l o el I
DI s 1

ST _ . i
“Per Mo cu. f*.E/ cf gas free of ,
-1 HoS and 002..r...;........,..... | H |
«: Per:300,0008/ B.t.u. in the gas. . | f . ;
: "

!

Per M. cu. 1.1/ of purified gas
(9.1 CC)uvunannns
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TABLE L., - Operatins data for Wi

.

nyxlar, L ral, ‘and sla.g,gmg-—

ty¥yne gas benérators~uonbinued

[P "

inkler i

area (norizomtel croge seut¢on) per i

- W Imrgi . "Slagging”
R ‘ lcont Iqub g-‘(201atmospheres . . producer-
’ | water-gas ' pressure) wat r-. = gag
: ) process .| gas Drovessﬂif ! process
Gas mads per *quhrﬂ Ioar of. geﬁerato” i ; . :

pericd of one menth in early 1945,-
steam and zolid fuel used were eoxg
interrupticns dus to the war,
fuel and steam used mlg“u be 75 to 85

‘coal and abous 80 pounds of
gas made.
b/ Measured at 60° F ana 30 inbhes X Hg.

SEEX

heat "of coni bu=twon of 1,000 uubﬁc :ee
) 30 inches Hg.
i/ The amount of

used;

;/ The
1768

internal diameter of the genorator
i

uCﬁul ;ueaﬁ Der

heur, cu. Ft.: - s .
Raw gasé/.................:;...... 21,990 . 6,35 ce/.
Gas free of EpS and COn....i...0.0 1,320 1 6,230
Therms (100, 060 B.t. g.?.........;.ﬁ - {19, 7
Purified gas (9.1% CO5)B/ereeun.... 14k
Cemposition of raw zas, percent: : i
EES-.......;.‘.:;......u-m..l,.....; 1.6 ! -
D s el 2.1, : 3.5
TLINmInants. o vu i e T e el oo E -
C0urr s ettt et et raerereeneinih BT - 88,0
Opeuevinvn S | C.0
HE..;..;.m.¢..f..............f..;..‘} Y ] 4 28.0
CHh..:;...,...i.;,jp.,.f.:..,:...,ﬁ ks . 0.0
D AT 1.3 : 0.5
e 10C.0 ~ 106.0
Specifiic gravity of &ry gas..........| - E 0.753 i 0.735
Calorific value of dvy gas, B.t.u, = 7" - . ) f
per cubic Toobt®/ .. ..i.i....iiilll 0 285 337 i 311
Composition of purified gas Uerccntg . _
COa.................m;,,,.....,& ' “O.0 .1 0.0
Dileminants....ooioinn nveon o 0 D0 0.6 i .0
D < T 3 16.7 L T0.5
LR R D I 0.2 0.0
L S < FR 52,5 ©29.0
”uHh..........;....:;;s.:q..,.,z..1.;l 1.1 20.0 : G0
A 2,1 L1 0.5
. ST 1000 1000 ., 100.0
Specific gravity o* purified dry gas,: ©,L38 o h77 N e M (vyd
Calori“c value of 4ry pur“xiad gas, . :
Bet.w per cubic oot .. iiui. Lo 31k 4z8 G 3ee
E-/ The figures in this colum are based upon ac ing Tesults over a

Tual operatl
Tt was-atated that the amounts of
ive during thls pericd because of

Other rsported results indicete that the

pounds of -7,500: to 8,000 B.t.u.

l OHO Wwhic veet of purified

° This amit of compardison ig chogen becaunn 300,000 B.u-u. rcnresunbs the

& or watér 5as meagured ag B0 P, and

'-»

gteam uged will vary with the “ank and rﬂactlvity of the fuel
at the Levna plant an approciably swaller amount of stdam Waa

usad,

a2t the tuyercs wes 9,8l feet,
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5. In the Wiﬁk;éfﬁah& Lurgi processes; the reactivity of the fuel ep.
rloyed 1s an important facdtor, These processes- are -adepted for, use in gasi

fying fuels at temperatures below their ash-softening points, znd therefore”
& nighly reactive fuel is desired and in some cases zay be essential. :

6. In the lurgi process the methene content of the.gas.increases with
. pressure; at 20 atmospheres pressure and with 2 reactive fael, “operating at
1,0009 C. in the hot zone, the methane content of the gas 1€ substantially g
shown in tabls L. Other factors remaining the same, the use of appreciably
higher temperatures causes a reduction of {hé methans content: ' The methane
“produced in this process is formed at ierperdtiures below that prévéailing in
».the hot zone and in the upper portion of the' fiel bed.  The temperature in th
hot zone is kept below the ash-séftening tehperature. Temperatures favorable:
to the formation of methane have been discussed.  : ’ co ’

APPENDIY ° - e oL,

"+ Manufacture of City Gas in Conjunction With the Production of Synthetic
Licuid Hydrocarbene. (Plant Under Construction at Leipzig. ) .

.. At Leipzig, Germany, city gas was memufactured by standard procedures, a
both coke-oven gas ahd watér gde were produded. However; during the late stags
of -World War IZI; . plans were made for producing some synthetic liguid fuel an
wax at Lelpzig in conjunction with the manwfacture of city gas, asd the equi
~ ment for accomplishing this was about 75 percent constructed by April: 19h5,

- .. The plan was to pass & portion of each of the gases (water gas and oven’
gas) through Fischer-Tropsch ¢onverters, wherein O and H, would, react cata
“lytically to form hydrocerbonk, remove the ligquid hydrocervons thus formed,
cand blend the residue gas from the converters with- the remainder of the manu-
factured gas for-city distridutfion.- Although this plant was not, in operation
2% the time of the author's vislt, the results that wers snticipated, dased
. upon experience in the operation of such converters eleswhere in Germany, are
dindicated in table 5, L ‘ T o :
An enalysis of the data shown in table % indicates that 1,000 cubic feet
-of synthesis gas (colwm 3) would producs 500 cubic feet of residue gag (colum
k), which later would have a éalorific velue.of substentially 450 B.t.u. per
‘cnbic foot, which is an incresse of 35.6 percent. In forming this regidue,
gas hydrocarbons and water also are formed, -which do not appear in the gas
gnalysic. Calculations show that for esch 1,800 cubic fest of. synthesis gas |
converted asg ghown in table 5, L.50 pounds of carbon and 1.63 pounds of hydro-
-8en are removed from the systam'(frqm the ges) &and presumably form hydrocar-
bong and water by the Fischer-Tropsch reactions.  From these figwres, it can
be approximated that the amount of moter fuel and some higher mclecular-weight
hydrocarbons formed would.be ebout 1.85 pounds por- 1,000 cubic feet of synthe-
gls gag treated. Thus, & gas plant producing 14,694 ;000 cubic fest of combine
water gas and oven gas (as in colums 1 and 2) per’ day, with a calorific value
of 387 B.t.u. per cublc foct, would yield, according to table 5, 10,602,000
cublc feet of city gas having & calorific value of substantially 426 B.t.u. pe
cuble foot and hydrocarbon byproducts (chiefly motor Fuel and wex) amounting ©
about 39,700 pounds per day. ) U ' .
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TABLE 5. - Data relating to the production of city. gas and liquid fuel
o © "Irom oven gac and vater g88 in FisqherrTropsch'oonyg?ters.

— % 5
—Mixed goe - ‘_‘i S '
o ! - to ccnverters |- S 7
.+ ' Oven-gasVWater gee (synthesis gas) ‘Residue gas | City gas
T7om BESeieeremens e To . 2,19¢,000 ; 5,509,200
Water BES. eeenevse | R - 5,431,200 vt © 5,124,800
' : - ) 092,000

N SR

Residue g Sevesrss - -
Yolumes, &cu.ft. Lo e R o oL
Dper QBT ernveoranr é,138,000.8,556,000 8,184,000 000 . 110,602,000
_Composition of the A = :

‘gassst i

CO:‘,..-;-’..-.‘..

T
i

3

O O|o OV e 0ok

e
o

TiTuminants. .. .
Ornecsnnsrae
I
_.'Eg..........'
_‘CHh_.._'..-‘....

Foeaurddnsonrns

[
'

*

=
PO OO\,

NISH NI

QoAH =3

QO WA AR
H

-

TN
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i
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2
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Specific Rravity.
Calorific valus, ‘
B, b.u. per cu.The . - SRR : oo _‘ E .
(dvy gas)eeesenos | b Gl - 8.7 . 9 i b25.8
B.t.u. pDer cu.it. i - B - ) : :
sat, at 60° F. .. L. 5 f Bg C b bka, o 58,4

=
=
0
-

pe)

T+ appears that in the combined operations dseeribed, not only wounld the
daily cutput of g&s in cubic feet be less than the total water gas and oven
gas made, but, also, the neating value -of she total city gas produced yould te
&pproximately'79.6 percent of that of the latter gfa2s568. In other words, in
order 4o produce enriched gas and ligquii hydrocarbons COn a basis indicated by
the data pregented in table 3, 1% would be mscessary, for the daily producticn

fn unit nunber of therme in the city gas, to increass the ges-generating
capacity appreciably above -thal vequired in making a similar city gas by mixing
Jmter-gas and oven gés. The cost of this additional gas-making, equipment plus

hap of the Fischeér-Tropsch converters will occasion_an_increase:in the.cost

er therm of city zas. The process Sén bo sconcmical.when, the increased costs
Te more than compensated. by the value of the wax and the 1liguid and gAseous

ydrocarbens preduced. It would be mest sconcmical- to employ_thig_combination

rocess when the.cost of mixced water 288 and oven gas 1s low and the prices of
Motor fiel, wax, and Zas enricher ere highs '

' Descripiicn of pleat snd proposcd operating precedure

 Figure 12 shows the flovw of gases through the conversion and gas-treating

%ts of a Fischer-Tropsch plant used in meking clty gas. The guantities of

W materials to be used and the conversicns expected &re those shovm in table
& water-gae plant supplies weter gas, and coke OVenRs suprply the oven ga&s..
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The mixed gag in, the quantities Indicated is to bs~cgmgressed to SOmely
more. than three atmospheres Pressure and then passed through aqtiyatgd.car“qn
for removal of remaining trases of EnS and gum-fcrmingngomyounds and otﬁéb_“
impurities. For this purpose, 11,000 pownds of activated carben ¥will be u5
distributed equally in three purifiers, which latter are stesl vesacls T e

in diameter and & 1ittlé more then 10 feet high. These units are not to pe
operated in series; when one of .them is in use treating the gas, one will %
subdected to 2 steaming operation Tor revivification -of the carban, and +the
other will be under ireatment for cecoling the carbon. In this wanner the
operation will be conducted in 4O-minute cycles; that ig, each purifier'wlll
be nsed for tresting gas 40 minutes, steamed L0 minutes, and .cocled .for s i
period. Actually cnly ohe-third of the 13,000 pounds &f cerbon will be tpe
ing gas at eny one time. The cptimum temperatire of the carbeon while "on
streaw” (treating gas) iz said to be 75° to 85° F., whereas the maximm allgy
able temperature during rezctivation is 5550 to 355C F., the desired - tempera
ture Baing 300° to 320° F. The cociing operaticn will be accomplished by
circulating water-cocled regidual ges through the steamsd carbon bed.,

. Computations from the Toregoing show that ihe total carbon to be used, in
the purifying boxes amounte to 1,3LL pounds per millicn cubic feet of gag 0%
be tredted daily. Furthermére;” Binte only ofie oF thres chambery will be “op
stream” at any one tims, all of the 8,184,000 cubic feet of mixed -gas (synthe!
sis gas) will Pass daily through a purifier T feet in diesmeter; thatg is - .7
equivalent to & mean linear gas velocity of 0,69 foot per secend at 80° p,
and 39.5 pounds. gage pressurs, without allowing for space cccupied, by the car
bon. The true linear veloclty will approximate 1.65 feet Fer seconé, The
carbon has a bulk density of 21.8 +o 23.7 pounds par cubic foot and is made
from brown coal.” The pressiwre of the gas pazsing fh&ough'the’cafbdﬁ‘beﬂ, it
ls seid, will decrease about T+75 pounde; this pressurs drop scems to be too
high for the bed depth. ' S

As ghown in Tigure 12 the gas from the activated-carbon Durifiers will -
pass through iron-oxide catalysts for finel purification, It appearg that the
carbon does not remove all of the organic sulfur from the gaz and that, in '
crder t¢ prevent rapid detericration of the catalyst to be used in the conver-
ters, ‘additional purification is hecessary. For this pwrpose, a catalyst com-
Prising iron oxide ana sodium carbonate, confired in six steel purifiers, will
be used, These purifiers are cyiindrical, approximetely 8 feet in dlameter
apd 8 feet high, and each one has a capacity for confining 353 cubic Peet of -
the iron catalyst. - The gas supply to thess purifiers, will be Givided intds’
o streams, so that the gas will- not pass serlally through all six of the
boxes. Amy box in the gysiem can be shut off for replecement of the catalyst
without Interrupting cperévions, Mesns are providsd whereby the gas will be
8¢ prcheated before entering the purifiers that a "working temperature” in
the catalyst mass will be 4800 to 570° F. Under these conditions organic
sulfur is. converted to bydrogen sulfide. which in turn, is oxidized and Torus
sodium sulfate by roastion with th divm oratc initially present in the
catalyst. A smell amount of Op mu in the gas for the latter
reactions to oceur; it is to be 2dded in amcunts nscessary when nct alrsady
present. The leoss in pressure cccasion by the resistance .of the catalyst to
Passage of gas in traversing this pu cation system will bhe approximately
$.67 pounds. The catalyst uszed is granula:,
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After the latter pu4ifipation, frequently doblgnated "fine purlflcatlon,
the gas is to be PuSSLd directly to the Fischer-Tropsch converiers (fnactorn)
fOA “the sgnthasis of. hydrocarvons. These reactors, of which there arc 12, are
" uhC standard variety used in Gormsny and are 16 feet long, § fect hlgh, and
6 ;eeu wwdb.‘ Fach TG&CUOT has a canacity for confin ing %53 cubic zcet of
"catalyst, It was the deciared 1nuentlon o use -the. "cobalt catalyst” hﬂv1ng:
"s domsity of ahout 22 pounds pcr cubic foct. The reactors Wwere to be inter-
nally watcr-ccoled by tubes imbedded in the catalyst mass. The 12 reactors
were arranged in groups of 3, cach group having 2 common overhead steam
ascumilatcr., The commecticne for the supply of aynthosis gas werce such that

the gas would Tlow thrcugh esich of the reactors in parallel, not in sories.
The water tubocs were s0 connected In ths system that the water condonmsats From
the gae works would flow into the lower tubes, and then, by virtue of heat of
reaction cvolved in the catalyet bed, it would flow upward through the upper
tubce te the overhead accwmiator.

. In operotion of the rsactors, the purificd gas was to be supplied at
about 23.2 peunds gago pressurc, and the tempeorature in the catalyst muss was
to bo maintaincd at 565 to 362% 7 Temporature in the catalyst bed is cone
trolleod by regulating the pressure in the accumidator and cooling syetem; gago
‘Prossurcs corrogponding to 365% and 39R% F. ars approximately 149 and 211
pounds por squarc inch, The goees, upon reacticn in the catalyst bed, ars
cxpoctod to yicld epproximatoly 550 tong of reoadily condensable hydrocarbon
products por month, divided as follows: COnoe-third benzine (1light oil), cne-
‘third medium oil, and ono-third wax. The anticipatsd yield wae algo roported
ags 100 grams of condensable troducts boiling at a higher temperature than the
1Cu Lyérocarbensg per normal cubic meter of gas; this is eguivalent to 5.9
pounds per 1,000 cubic feet of dry zas measured at 60° F. and 30 Inches Hg.
‘Pressure. On this basls, the daily yield at rated capacity, as indicated in
‘table 5, weuld be &,184 x 5.92, or L8,LL9 pounde, eguivalent to 24.2245 x 30,

r 726.7 tons wer month. The latter IlpLWﬁ ig nigher than that given above

350 tons per montn), indicating operaticns would not be continuously a2t

aDacity; but it is 2iso higher than the yleld compuied by the author and given

n the forsgoing at approximately 4,85 pounds of totel hydrocarbins removed
.irom the systed per 1,000 cubic fest of eynthesis gas, which amounts to approx-
imately 59,692 pounds per day cr 555.38 tons per month., It appears rezscneble
to sxpect 2 yield of hydrocarbens hawving mors then 4 carbon atoms per molecule
mounting £o about 550 tons per month with coatlnuous operaticn of the plant.

The drep in pregeure in the gas stream, between inlet and outlet of the
cactors, will be about 9.67 pounds per sguars inch.

. Aftor the reactions have oceurred in the reactors, the hot exit ggsez will
258 into 2 common header, which leads to 2 cooling and water-scrubbing system
Gapted to cocl the strcam containing the reaction produsis by direct contact
1th water. The scrubbing system compriscs 2 packed towers 30 feet high and
bout 4 feet in dlamoter, sach confining €& separate beds of Reschig ringa
~l/2 feet thick spaced 18 inches apart, The drovp in pressure of the gas
tream whon it pesses through the scrubbers will be about .97 pound. Separa-
Ors are go arranged with refercnce to the ucrubhers that the mzajor portion of
the readily condenssable hydrocarbons will separats from the gas and be col-
'icctea thero,
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The cooled gas streant W;l1 then be- qubiected to treatment wi th activa
carbon (&bsorbent ﬁarnon}, somewhat as described for pirif lcatlon, for ren
and rescovery chiefly of . ethdne, ethylene, propans ¢, propyliene, bub vaneas, buty
ene, and pentanes. The res1due gas, E‘tl"ip?ed of these hydrocarbons, w111 £
be mixet with the excess water gas and oven gas as shown in figure 12




