Additiopal Information Gongerning the

¥ischer~Tropsch Process end its Froducts

Introduction,

In Merch, April and May of 1945 the Fischer~Iropsch plents
and research institutions were investigsted by Joint DBritish-
American teams sponsored by the Ministry of Fuel and Power and
the U.S. Technical and Industrial Intelligenoe Coummittee, In
the ccurse of these investigations a very lerge mumber of
documents relating to the Fischer~Tropsch mrocess were collected
end brought bazock to London for detailed study. 4s a result of

this study end frow a&n eramination of the Field Team Reparts
of the original and mbsequent investigatlons, it was found that
there still existed n number of gaps in ocur informetion concern=-
ing the operation and development of this proceas in Cermany.
There was a lack of detailed cost informetion for the operation
of the process at the more efficient plants, and many of ths
impor tant detaile of plant operation eand of the research work
on iron catalysts were either missing or inadequately reporteds
Further information was required oonmcerning the refining and
roperties of the wexes produced in the process and on certain
aspects of the production of synthetic fatty acids and
detergerts from the priwmary products,.

The information reported herein was obteined as a result
of investigetions cerried out with the object of waking good
these dsficiencies.

In many cases informetiocn on the same point was sought
from several torgets, btut as ell the targets have bsen
previoasty assessed and there is not therefors any interest in
the taergets per se, this Report has been written on a subject
basia,

Documents which were obtained in the oopurse of the in-
vestigations are listed and described at the end of this Repord.
‘e smnll ruombers in the test refer to thess documenis,
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Producticn of Syrnthesis Ces
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Un beirg asked shout the verions processes
use, or wropcasd, for the produetion of cynthes
Rehrohiemie sald that they could give ro better

than that already published by A. Thes in el ar
. FHEI-TESR, Thig has to do with the technical ng; :
cestes of preparing syothesis gis by theze proceszes cos
coarared in Brickner's 'Hsndhuch der Casindustrie! iol, o7
rart I1 p. EBo (19@0), the dats being takern from .

W Schultes, Glchauf, 29356, 72, 273 and X Sargin,
Pabrik, 1939, 32, 233

All the gynthesis plonts ir Western Germany obtained the
synthesls gas by mixing water-gas with & gas richer in hydrog
ottained elther by cracking coke-oven gas or by sublecting 1
gus to the wotarepas shift reachion 4o give the so-oall
corverted water-grne,  Jore deteils on these processos
therefore availeble,

P

vy

Water~Gos Generation,

The vater-gas plant of Ruhrchenie was the first plant
constructed by Densg and it gave o groat deal of trouble on
eccount of corrogion in the siack, which was unlined,  This
wes pot Limited to Ruhrchemis, YDeceuse the Feppers waber-gaa
plant Wit for Bheinmeussen worked so badly that a new plant
had to be installed free of charge  ihe melers under fha
terms of the guarantee, Jgain the trouble was due to corrosion
in the stsck which had to be lin=3 in the newer peneratorze
4t the mowent Hneinprewssen consider the Desag pencrabors are
better than their own Koppers gensrators.

[ als

B

Bven when the water-gas plant is rubning well, it is
ecsentinl to have & uniforn supply ol coke if a constant
supply o gas of constant compwaition’ is to be cbizined,
Rubrchemie were particulerly badly placed in this respsct ss
they obtained their coke from five dilferent firms.,  Esserer
Steipkohle, on the othoer hand, were idsally plzsed, beceuse
the wine, the coke-ovens and the symthesis plant were on the
seme site and under the same nanagenent, The synthesis plant
was, in fact, specially Wilt to absord ths coke mroduced e
it was not very sultsble for metallurgicsl purposes,

neretor Tlant im

The cfficient workirg of tre ge the mess
ipertart step in the whole synthesis yprocess frew the point of
vied o thermal efliciency, end the roch better therual

erficlercy ot waserner Steinkohle as aompered with Fuhrchemie is

Lorgely Gus v ! Stk Thus, e exemvle, Rubrehienio

repairs on the pensrator plens
Ticrant

P Ve m s
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woricing adequate reserve is necessary, and although Zasensar
Steinkohle had eleven generators, ten in use and one in reserve,
they would have preferred twelve, ten in use, one in reserve
and one being repaired,

The stean consumption by the water-gas plant is by no means
oonstant, and in the case of Essener Stcinkohle, this accounts
for the item in the cost statement in Table 26, showing steam
taken from the colliery, although there are itews in the same
statement for steam sold to the colliery,

The detailed costs for the production of water-gas by
Ruhrohemie in 1943-4 are given in Table 1, and a comparison of
the data given there with the corresponding English costs
should be useful in converting other Germen synthesis costs
for the same period, as given in this report, into present-day
Engliash costs. The teble does not include capital charges, buf
these can be estimsted from the capital costs of the varisus
items of the plant comcerned which are as follows:-

Tl
Bast Generator Plant 3,067,946
Machine Shop for Water-ges Plant 427,087
West Generator Flant L,147,211
Ash Disposal Plant 134,701
Water-gas Holder, 20,000 cu.m, 358,300
Settling Pools - 98,587

Cooling Plent 264,909
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The Production of Uracked Coke~Ovan Gas,

Bheinpreussen prepared their synthesis gas both by adding
cracked coke-oven gas to water-gas, and by making the adjustment
in composition with converted water-gas, They say thei{ the
former method is the better one, .ON economlo graunds, ey
also say that in general it is better to perforwm the cracking
in a separate unit and not in the generator, for two reasons.
Firstly, because the tempsrature in the generator is mot high
enough to cause complete cracking of the methane. Thus only
gome €075 of the methane is crocked at 1200°C. and a temperature
of 1300°C. is necessary to crack 95  If the generator is
worked at a rather higher temperature then normal so as to gob
sufficient cracking of the methave, the costs inorease as the
lining of the generator disintegrates quicker and re-lining has
to be done more freguently. The second reason is that
undesirable resin-forming constituents of the coke-oven gas
will pass through the generator at 1200°C. unchanged, while
they are completely destroyed at 1300°C, in an external crack-
ing unit. Yor these reasons Rheinpreussen changed over from
internal to externmal crackinge. :

Conditions st the Easener Steirkohle plant were rather
exceptional, o9 a result of which that company found it better
to crack in the generator at 1100 - 1200°C. in spite of the
above considerations. Being o new plant of good design, their
coke-oven installation save a gas containing en abnormally
high proportion of hydrogen (see Talle 14) so that a very
complete cracking of the methane is unnecessary and in yractice

only some 40 ~ 504 of it was cracke iorecver, they prefer %o
leave some methane as diluent in the synthesis gas, becauss

then the residual gas fron the synthesis can be s0ld very
profitably as town's gas on ascount of its high methane content
(see credit items ir Tehle 26).  4s far &s they know, this
nethane has no effecty on the synthesis,

For ocosts of meking syntheslis gas from water-gas and
cracked coke-oven gas, ses Table 26,

Hater-Gas Convarsion.

Ruhrehemie prepared their synthesis gas from water-gas in
this way, and the following ir "ormation was supplied by them
about the process, Thay originally thought that their process
for the purirication of the gas from organic sulphur compounds
would be unfavourably alfTected by gas rich in cardon monoxide,
and they mixed the comverted water-gas with the wmain strean of
water-gas before passage through the above mentioned parification
system, This was Tound $o be unsetizfactory, however, as there
vias incomplete mixing of the converted gas and the water-gas, the
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two pesaing dovn a wide ripeline 1n o aeperate strzama,

Thus one or other of ths paritbicstion unlts 2ould be exposed o
converted gas only and es this containad no oxygen - the

oxygen origirally added beiry usel up in the conversior slep -
the jurification wao unsatisfachory.

A8 s result, thoy re~exzmined the wshole position, faund
that the muwification system for the rempwval of orgsnic sulphar
o ounds worked perfectiy well with water-gas, and hence they
passed all the watcr-gas throvga it before b:a.nching, ol &
fraction for couversion by ths water-zas ehilt resction,

Various catulysts were usel for the conversion ut the
wrovm oxide catalyst supplied by the 1.G. Farben conzisting of
a mixture ol iron oxide end chrombum oxide, Was the nsael one,
The cataiyst was arranged in a reector of 3.2 m, diageter, 1in
four layers, esh 750 mm. higha The reactor contained 26 -

26 t. catalyst. 4 heat exchanger with 1400 sg.m. surface

wos tuilt bensath the resctor and the height ¢f the combired
unit waz .5 m, The water-gas was first saturzted at

7073, in a tower WO m, dleaeter and Z7 wm high, using

water from the cooler placed after the reactor. 4 stsam
injector, using steen at 9 atz,, was used to supply tns
requisite water vapour for the reaction und fo pass the gas
Forward into the heat exchanger. e converted gas, on leaving
the reactor, was rassed tirc‘gug;’r* 8 coocler, of 3. 10 w, Glameter,

27 m, high, filted with five layers o7 Rescnlg rings, and
finzlly passed out of the plani at 25 ~ 30%C,  Both in ths
ocooler and in the saturation towsr hydrogen s:lphide is liable
to be formed by the action of bmoteria on caleiuam sul hate in
the water, and since the converteld vater-gas doea not pass through
any gu*lnczﬂ'lo,: plant before reachiing the synthesis catalysi,
thia forwation of hydrogen sulphide must be suppressed, Eh},s
was Gone by kecping the water free Iroa sulphete by recircuiat-
ing it through & ssparate cooling tower. If for eny roason
this recirculation was incerrupted, the bacteria vere controlled
by adding s little zinc chloride to the water,

]

Yor the cetalyst eaployed, the water-gas shiil reaciich
sterts at 37090, Tut the feapoerature actuslly used was from
L20 to LG5S, afier the second loyer of catalyst, copdennats

water, Iree from residues, was sprayed in te control the
temperziure, the renction baing exothermic, &nd to save sioan,
Tae necossary excess of sbemm incrouses with the tenneratir gy

if no spraying were done nt thisatege and U the inoCuiing
water—gas were rot saturated with weter vapour, thie atean
gonsunption was U ~ 1,0 xg;,fc* (. Water-gas, wiereas by
working the process ag desoribed this was vainzed to 0 6 =
Co 7 K&, /Cile i The spraying nwst rot be done, however, if



e . o & Mt a 4.
cordeansate vater conteining less then 2 - 5 mg, Aitre is not
available, bacauze othc:wlve the catalest repidly becomes
choked 'with geale fronm the wator.

“hen a new charge of cat:.'j, 3t s brought Into use, 1t is
Tiret heated to 370 - 400%C, with ot £1us gasas ard then the
W 1t~r—gas azad steam admlittoad, Reluetion cocurs end afuer
& few hours the oat talvast woriis norsalls, If the rescitlon on

thix catalﬂst had to be interrupted for any lorngth of time it

was Tound best to oxidize it with 2 mixture of nitrogan anl

oy, or if this weve not available, steom amd adr, beforo
resiariling, Parinz use the the catolyst alowly disintsprated ard
after two years hal to be bwien out and sicved, After
recharging 1t lasted another 1 - 2 yunrs,

Zech uailt, as descrived, converts 6,000 N,cu,m, water-gas/
hour, and RLhI‘C’AGJ‘T;_:Q bad five such ren (,'E.ur‘:, £y "r'ul.ﬂ"&w.t_n
tofrm.,, ard three coolers (2 ia wse, 1 in resorve), The plant
%is budlt by Barag-iegain A.G., Berlin, Its parforrancs can be
Jwigrd by the following dute for the yoar 19434 -

The water-gas plant nroduvesd 59,000 ewm /. ewd aftsr
pusifteation 16,000 cu,m,/h. of tals gos wes taken out of the
psin wrsan eed passedl through the water-ran converaion plant,

which yielded 21,100 cu.i. /h, copvertes Hat, Fart of thin sos
3

H
corpressed, passsd throurh o plardt for washing out carbon dioxide,
syl mived v,lth comprazsed vurified witer~gas to give synthasis "as
Tov the modlun presswre oynthesis, The remirder was wixed wit,
the uneorweried water-gas to give sjnthesis pasz for ths

atmospheric pressure synthesis, Anadwvsss at the voarious stepa
mro shown irn Tehle 2,

Tho o

0zt of the water-gas cowrersivn was 3,20 Hpfg.,/cu.m,
aynthesis ga

7, exclusive of capltal clzrges,
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9.

Production of 3ynthesis Ges Directly from Brown Coal.

Brabag had ons Didier plant of capacity 35,000 cu,m./h.
and seven Koppers plants, each of capacity 30,000 cu.m, /h, Both
gasified brown coal briqusttes, but in addition to this fuel,
coke was also required to make producer gas for unierfiring the
Koppers plant,

The Didier plant was not very satisfactory becauss the
brick chambers always tended to leaik, but 1t served as a good
standby whern the Noppers plant vas out of order, The gas
produced in it was more expensive than the Koppers gas and
contzinel four times as much condensate,

The Koprners nlant was the wain source of gas, which 1t
proiuced at about 0,7 - 0.8 Rpfg./cu,m The chief trouble was
that the browvn coal briguettes diasintegrated in the generator
if they contained too mch molsture, and so formed dust waich
blocked the slots through which the gas left the generator, in
this way stopping the gas production from that gererator
completely, This eould be avoided by altering the position of
these slots and increasing thoe size of ths top of the generator,
but it wes too expensive to alter the existing generators in
this way. In the mildle of 1943 Brabag specifiled that the
brow: coal should only contain 5 = 157 moisture before
briguetting and in this way the dust trouble was avoided, but
the price of the briquettes was increased from 9 to 12 RM/t,

Lurgi Pressure Gasificatlion,

The production of synthesls gas from brown coal by this
process has already been described in detail elsewhere and the
orly new fact brought to light was that 1little progress had been
made during the war yvears with the newer method in which the ash
is withirawn in the 1iquid =state,

A statement by Turgl of much greater interest from an
English point of view was that they had preparsd synthesls gas
directly from bituminous coal and anthraclite by their process,
full scale trials lasting several wweks having been carried
out, The dats given in Table 3 are based on the trials with
bituninous coal, and the calculations wors made for a pleat to
produce 132,000 N,cou.m. synthesis gas/hour, which would be
required for a synthesis plant to produce 150,000 t,
prolucts/year,

Tn considerine the results given, the figure of 4 given
for the methane in the gas 1s too low, and for large works
practice it might well be G - 75, because the control of the



irdividual generators would then bte lers accurate,
methane is really no disadvantege as

1G.

This axtra

pekes the residual ges

from the synthesis more valuable as town's gas (see p., 5).

If it is desired, the methane can be cracked in the generutor
by working at e rather higher temperature, but then &s much
oxygen is needed as for the Jinkler generator,

Tahle 3,

it i e rr—

Synthesis Gas from Bituminous Goal by the Lurgi Frocess,

I. Technileal Dota,

1.

2,

3.

Composition of ths Coal:

Composition of the Synthesls Gaa:

Sigs

Tar

Ash

Volatile Matier

Gross Calorific Value

co
6,°

Iatal
f)

H..
EA
CH
w
-0

“
Tnert~free Gas

Groas Calorific Value

2 = 30 mm,
143
45
105
8100 kg, ~crl. kg,
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Production Data and Materials Us=d:

a)

\
b

Gas Produstion

Coal uced

Oryren used

Atenm
for Gesification
for Heating

132,000 ¥, cv,m, /b

520,000, /year
= 62,0 t./n.

9 N.cu.m, pure C
i. cu.m, synthesis fas
5,100 ¥,cu, m, /h.

1.1 kgoMocu.m, synthesis
145 t,/h, 3.5
-io n

i

1 5:'} L]
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e} FEnergy for

Gas Production 230 ko,
Charging the coal oo "
Cooling weter pumps 370 0%
Alr compressors 10,306 "
Oxyzen Cogprssaion 2,940 ™
tigh Pressure 4ir

Corpress ion 1,300 "
Armonis compresslon 120 "
Cooling-weter pumps FEE R
Other mschines, and

lighting 180 =
Pressure wuter pumps 8,500 "

{(in ths event of
feilure of a

weter turbine) 3,600 ™
SU[Jply of air 890 [
f)  Cocling Water
Cooled weter for E85 cooling 2 £00 Cu.m.fh,
¥resh weter 150 "
g) Effluent water 56 .

Awvcirt of Plant:

a; Oxygen Tlant

Alr turbo-compressors 3 in use

1 in rezerve
Cxygen turko-conpressors 3 in use

1 in reserve
Soparating Plant 7 in use

T in reserve

b] Gesification

Gas Genermters 22 in uzs
2 in reserve
Cooler 12 In use
Sunt:rheaters 4 in use
¢) FPressure Yater lashers
Preasure ashing Towers 200 An use
funps 4 in ume
Turbirnes 4 in ouse
Aeratlon Towers 4 im use
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. Fegonneld;
AarEger 1
Unpineers 2
rLLETED 3
Laboretary Anatstniis i
Plbtars
Caaifiontion Tlant
Crypon "lany
Prasasmee fatar Sashor
wabouTans
Oeaffimebion Plant
Urygen Hlant
Froswsure Watar -Gnabsr
Ganaron,
&, Frice of Pew Feterisia:
fowl [ in the Wrmsers)
Freach Werpar
mpeittestion of Bf{Tuent
oy
Jithows
gahing
Tleat, N0 atm, s Rl.ri_./t .
Tlertric Power  F Rpfm. Jeeb,
7. Fagez and NeleTize: Tk
Maregomant {a pra- 25,000
porbiom] amcviis
Engiusern H 10,000
Lalavatory
cssistunts " o0
Hitdors 12,000
Tonouren 16, 3oc

Cosl of ConaitTuchlon of thz Whole FPlant.

16,852,000

“'1-:':2:.5
a4 x4 =160
R R
‘.‘r-.c 12 = ‘{.IF'
x4+ o 18
4-;‘[ 1 = ']':':
4 a2 k=23
14 BMAL.

6 Rpfg./au.m,

0, B0 BMLm.

by
Witk Tressure
Uater ¥ashing

s T
2 apfa. Ao

&0, 158,000
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IT1. ¥orkinz Costa.
a) Coal
520,000 t.
by  Cooling-Water
180 x 8,400 cu,m,
¢) Purificetion of Effluent
96 x 6,400 cu.m,
d} lkaterimlas and Repairs,
without wages,
3,55 of capitel cost
&) Wages and Salaries
£) Capitsl Charges
Amortisation,
5. of capitsl cost
Interest, 5
of capital cost
g) Steam
155 x 6,400 ¢,
h) Electric Pwrer
2,380 x 8,400 kwh,
13,180 x 8,400 kwh,
Credit for lethans
IV, Gas Production Costs,

A)  ¥Without Crecking Residual Gas,

BN RM
7,280,000 7,280,000
31,000 31,000
403,000 403,000
590,000 590,000
334,000 604,000
1,520,000 1,816,000
845,000 1,010,000
2,600,000 2,600,000

400,000

2,215,000
14,063,000 16,525,000
835,000 836,000
13,227,000 15,689,000

y—

i e
e

a) Production costs for 1 N.ou.m. synthesis gas,
conpresaed to 9 atm., but without the cogt of

removal of GOE:

1.2 Rpfg. MN.cu.m,



¥With

As sbove, but including the G0,
1,41 Rpfg. Al cu.m.

As above, but with ths coupression costs of
0,25 Rpfg./N.ocu.m. deducted:
1.16 Rpfg, /il cu.m,

Cracking of Resldunl Gas.

a)

Without remcval of CO_: RY
Working Costs for Crafilng 816,000
Corpression of Cracked Gas 856,000
dorking costs for Gasifleation

Flant 14,063,000

A g e sl o U

15,745,000
Production Costs for
3ynthesis Gas compressed to 9 atm,

1. 08 Rofe, N, cu.m,

‘¥ith removal of CO_:
Werking Costs for Craclking 816,000
Compresslon of Cracked Gas 856,000
Working Cests for Gasification 16,525,000

Plant

[

18,207,000

Production Costs fox
Synthesls Gas compreased to 9 atm,
1.25 Rpfa, /N, cu.nm,

Producticn Costs for
Synthesis Gas, without cumpresaion:
1,00 Eofg. /N, cu.m.




