I. INTRODUCTION

Previous interrogation of German scientific personnel by nukercus in-
vestigators and the examination of evacuated dofumerits indicated that fur-
ther information was dssirable on a miscellany of products and processes -
of interest to the Petroleum Industry. Accordingly, Dr. Pier and a large
number of other men .of ‘the I.G..Farbenindustrie, A.G. plant at Ludwigshafen/
Oppau were further interrogated in July 1G45. ' o

The information contained in this report supplements that jreviously
reported in the CICS. report of 16 August, 1945 "Report on Investigations

by Fuels and Lubricants Teams at the I. G. Farverindustrie A4.G. works at
Ludwigshafen and Oppau®, edited by Lt. Col. R. Holroyd (IFF). R

IT. SYNTHESIS OF HYDHDCARB@NS:FRO& TATER GuS MicHaEL‘PROCEss;_

' The following information concerning the synthesis of hydrocarbons. .
from water gas was obtained by the interrogation of ‘Dr. “/ilhelm Michael who
was conducting the research and development on the so-called "Michael Pro-'
cess", Two methods of operation had been studied that were cutlined brief-
1y in the earlier report on Ludwigshafen, T ' ' '

Both methods employed an iron catalyst which was stated to. have the
foellowing advantages cver the cobalt catalyst:

© & The gasoline is better. . . . °
b. A higher concentration of olefins is fomed. -
€. The process is cheaper.,

Dr. liichael had also investigated the use of iron catalysts in a tubu-

lar reactor at reduced temperatures. -

Speeial precautions are required with the iron catalyst, whieh. more
 than ths cobalt catalyst, is subject to "run-away" reacticn and the forma-~
‘tion of carbon on the catalyst. The methods investigated were designed to

prevent ‘the conditioms which lead to carbon fomation.

A Pixed-Bed Circulating-Gas Process

“In-this proeess gas is.recirculated over the catalyst aﬁd through a
cocler at such-a . rate that the temperature rise in the catalyst bed is lim-
ited toa maximum of 10%C. . The reaction is cdrried cui-at a.préssure 20
atmosTheres.” At lower pressurés the reaction velocity is too small. - The
gas recycle ratio is 100 volumes of recycle to one volume of frésh gas.’
Lontact time-in the catalyst bed is approximatsly one half %o cne second
per pass, with a gas velocity of ‘about. 1 m. per second, ' The flow sketch
(Fig.1) illustrates the process. An important limitation is’that the gas
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mst flow through the catalyst bed without turbulence, otherwise static
zones form and lead to a dangserous temgsrature rise resulting in the forma-
tion of methane and carbon.. This necessary flow condltlon has been cbtaip
sd in small-scale oxperiments {as shown in Fig. 1), using a 5 liter cat- |
alyst bed which were conducted successfully for as lorg aS 10 months. “Ex
periments of shorter duration have been- su06css¢ul in the sams bLyps of sysh
tem with a 400 lifer catalyst bed, Dr, I fchael believes this. 51ng1c—bed
design could be built to still greater dlamut¢r-'channclln5 is the Llnlta-
tion.

With l~rger scale expurlmynts (a—cublc Reter catalyst bed), space re!
strictions roqulrcd ‘the bed construction shown in Fig. 2. .The operation of
this unit was unsuccessful, because the gas updvrgoes & change of- dLrecnlon
31multaneously with a velocity change {owing to change in diameter), mhlch
results in turbulent flow and stagnant spots. develop in the catalyst bed.
This unit was shut down after 2 months of vperation becausb of the formatio
of carbon pockats A furth ;v ladrge-secals ex;urlmalt ut1113¢ng cyllnqrﬂcal
construction.was proposed but the equlpment wag not built, due to the war,
This unit was to have altﬁrnatlng snctlons of Cx talg"t and condenScrs 1n
one container, as shown in Fig. 3: o o R

Reaction Data

Gas : CO: H2 about 1; l or hs 5‘
Fressure 20 atm. ST e S
Gas purity Sulphur - under 2 mg. per cu.m., 002 free.
Gas rec¢irculation 100 times, L
Temperature change

of gas 1000
Working temperature 300-3259C, (mainly 32500 )

Catalyst . Sintered iron catalyst, Fellets:about .

o 1 cm.

002 in exit gas L0-45% _
Quiput per cu.m. of catalyst: 700-800 kg./day.

Catalyst

The best gasoline is obtained with iron catdlysts when:the-synthesis
is conducted above 300°C. Therefore it is mecessary that- the. cztzlyst be
insensitive to such temperatures and a good conductor of heat. This type
of catalyst is obteined by high~temperatury 31nner1ng of iron powdsr pasi-
ed with. about l% of alkali during the reduc tion with byurogcn. An uxample
of the catalyst. preparatlon is &s follows:. Fine iron powder prepared DY -
thermal decompositicn of jiron carbenyl is pustvd with a ooncentratad.solu-
tion of borax. (1 gram of borax per 150 grams of iron) and formed into ap«
proximately 1. cn.,cubus. In order to insure locse packing, the. cubes are
made with-slightly: irregular edge lbﬂgths. The cubes are sintered and ré- |
duced with hydrogen at 800-850°C, for 4 hours, The catalyst is cooled in a
hydrogen atmosphere, which is replzced by carbon dioxide before, charging 10

1200 2=




S#61 A rale
oddc NareHSo Men o1

TIVHIIA B0 WOAd SHHDLINS

214

QndIT
HOLDwEY

ane1r

Illlllllh

HosS ua&-zounu
|

SHAICoD

N

selelolelalele}

N

N

SN

LSATVEVYD

o Fw.rJ(...{U/

Lit1ino

IRIFIIIOD>D

Hatcod «

HBIH HE-©
a3 LSATELYD

YOLYY 3




I.C. 7376

the reactor. In place of iron powder, Fe2Q may be used in the preparation
out it yields a eatalyst which is very porous and of relatively low stabil-
ity.

Reaction:

mainly water, the iron catalyst forms predominantl yicarbon dioxide. Under
the conditions given above, 20-85% gas conversion is obtained with 40-45%

of carbon dioxide in the oxit ges. If = two-stage process is employsd, this
carbon dioxide must be removed. Condensation tokes place in 3 cooling stag~
es as follows: =~ | . o S

In ¢ontrast to the cobalt, catalyst which yields, besides hydfocarbons,

Cooling to 120° to condense the parasfin and some of the
“water; - o . - -

Cooling to 20°C to condense the gas oil, heavy naphtha
and addition:l water:

Cooling to minus 400C to condenss M ght gascline and part
of the liquiriable hydroc.rbon gases. = Prior to this stage
the gas must be intensively dried with caicium chloride or
silica gel, :

The exit gas from this third cooling stage is washed free from carbon dio-
xide with water or alkezid sclution and is further converted in o smallep
second system, whereby an overall conversion of 92 to.95% is obtainéd. The
rreducts from this sccond System are seperated in 2 manner similor to that
described above, . e ' T - '

Composition of Product.

hen’ operating with a hydrogen to carbon monoxide ratio in the chargs.
gas of 5:4, thu exit gas from the first stage is as foliows: * . o
COs - : h0-45%
H 25-30%
CHy, 5-10%
Co 15-20%

The so-called "uscful”_products,are'as-follows;

Cy ~ £, (excluding othens) . 30%

Ethylene ‘ : 8%
-, Propylene - - : 9%
. Proggne L C 3% . . '
~ Butylene : S 8 ) 371 of iso-st 2
. CNe . ‘ ° iso-structur
Butane . . : : 2% ) 3k , - ;




Gasoline (to 2000C.) 48% (7% alcohol content)
Gas oil 108 (L% i 1 )
Paraffin 1%

Alcohol (in agucous layer) 7% (mainly Co)

Only straight—chaiﬁ and alpha methyl prim.ry alcohols are produced.

ery 100 kg. of these useful froducts, 25 kg. of methane and ethane are for
From the liguefied hydrocarbon gases, sdditional gasoline can be prepare

. polymerization and alkylation.

The cruds gasoline product has an octane number of 68 to 70 (researc
method). By passing this crude product over alumina at LO0~450°C. for tig
removal of oxygen and then refining over fuller's earth at 180—20000, the
octane number is increased to 84 (research method) and to 75-78 by motor
metnod. The refining loss is about 5%. The gasoline, which has an olefin
content of about 70%, must be inhibited for storage. The gas oil has a ¢
tene mumber of 45 to 50. ) :

Oxygenated Products in the Water..

Acetaldehyde - 5%
Acetone o 10%
Ethenol 55%
Propancl : 20%
Putanol and over 107

B. The Foam Process

If the object of the operation is not to produce 2 gasolines, but paéﬁ
er chemical products, olefins of greatsr chain length, such as occur in th
gas—oil fraction, are the more desirable compourds. To increase the gas—
0il yield, the operating temperaturc must be lowered (250° or below). Ther
fore, to obtain a reaction, a more sctive catalyst then the sintered cata=-
lyst is required. The following process was developed to work with the high=
1y active catalyst in =2 iiquid phase in which the reaction gzses are only -
slightly soluble and in which the cotalyst is suspended in a finely divide
state. Fig. 4 shows the flous. ' '

Apparatus,.

The gos distribution is best effected by ceramic plates (0,15 mm. PoI
size). The finely divided catalyst is kept in suspension ir the oil in the
reactor by the ascending gas stream. The high-boiling part of the reaction
product serves as the suspending medium (250~300 kg. of iron per Cu.il of
oil)s The gas passes out overhead through a sepsrator. The liguid is slow
ly carried upward and flows overhesd into the separator. The spent gas an
the admixed vaporized product pass to the condensers, From the separutorls
only the excess liguid is removed, The recycle suspension passes into 2
cooler, and thence to a pump, which returns it to the reactar. At a cir—
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culation temperature of 250° ¢, the suspension temperature increases’ lOOC
over the perlod of 3 mlnutus 1n the reactor.

After the separation of the rroduct as described in scetion A. furth-
er conversion of the gas is possible by recirculstion (after removal of coz)
Several stages are preferred, Dln ¢ in a second stuge 85% conversion is reach-
ed and in a third, $0%.

Reacticn Data.

‘ sulphonates (detergents) with

Gas - . ..o, . CO:H, zbout 1:1 or 4:5
Pressure 20 atrms. )
Pemperature about 250°C.

Reaction duration about 3 minutes/cycle

Temperature rise - 10°¢C.

Conversion - 0% -

€0, in exit g ga5 - hOo-h5%

YlBTQ - 1 cu.m.-reaction volume

yields 350-450 ke./day.

Gatalyst

In contrast to the sintcered catalyst, the reduction of the catalyst
for the "Foam" process is ¢ffected at lower temperature (350-450°C) with a
very high hydrogen throughput. Iron oxide is obtained in the finely divid-
ed state thher by prbc1p1t -tion or by the decomposiiion of iron carbonyl.

 The oxide is sbirred into a puste’ hltk Alkali solution (K2003 or potass=-

Tum bordte) and formed into small granvles which are dried, reduced and ground
fine in a ball mill in admlaturu with gas oil.

The iron carbonyl can flso be decomposed inr the suspension oil,
which case, a smaller amouni of iron suffices.

Product
Liquefiable'gaé' (C3 and Ch) C10%
Gasoline £ 200°C LO-50% with 70% olefins,
Gas 011<_350°C 30% with 40-50% olefins.
Paraffin 20-25%, of which 2/3 boil over

L500C,

For lOO Kg. of utilisable ;rodu"t there are.5-10 kg. of CHA;

-EEilization of Product.

zre readily polymerised to lubricating oil or converted to
sulphuric acid. By reaction with CC-Hy, the
olefins may be converted into higher alcohols, aldehydes or acids,

The olefins
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ldarge~Scale Experiment.,

The largest unit, tried out was 2 11 cu.m. system (ircluding the se The
arater). It produced L50-500 kg. of product per day. After two months ketones
catalyst deposit was observed in the upper portion of the reactor. A conpoutic
stirrer was added to prevent this occurrence, it so much depesit formed
around the stirrer and then fell of £ that the feam-plate was covered, D.

The final soliution of these problems was prevented by the war, ' _ ?h

. oil-cir

C.° Iron Catalyst in Tubular Reactors. i

Dr. Michzel also.gave the following information on iron Fischer-Tropsch circule
catalysts. : ‘heat 1s

) ‘ ‘ _ “tial ev

Synthesis iron catalysts produced by yrecipitation in the same manns vgnts t
as the cobalt catalyst, is unsatisfactory because a npun-zway" reaction d
yelopes: a sudden temperature rise cgeurs, in wiich the formation of meth- Dr
ane and carbon predominates. The catalyst preparation was changsd, there~ ~ed only
fore, in order to obtein a solid catalyst with good heat conductivity and & long
high activity. In +his method the sintering was carried out before the r
duction and the reduction itself performed at as low 2 femperature as post. . T
sible while meintaining a high hydrogen veloclty. e of 260-

- L : T thesls

In order to aitain high activity, 5-25% of alkeli-earth metal in the 55:h5°
form of oxide or carbonate, (M, 0 or MgCO preferably) is incorporated into per 1i
tho cabalyst., The iron oxide or hydroxide is mixed with the alkeli carth’ used b
and 1-2% of K,003 or K3B) 0, pressed into pellets, heated to 850°C, and ith ‘
reduced with %jdrogan sftek cooling to 350-450°C. The catalyst has a very T
high activity at 240°C end lower temperatures, and excellent thermal stabil 0 g
ity in the tube reactor. The catalyst was used in a 20-1iter tube reactor .
for several months under the following conditions: ' o i

Pressurs, alm. 20 <
Temperature, °C 230-250 z
Charge—gas composition CO:l, = 4:5 to 5:ik
. Conversion 70— 5%
Under the above conditions the yield was 0.35 — O.45 kg. per liter ©
catalyst per day of the following products: 3
- forth.
Iiquefiable gas (Cy, Cy) 10% with 70% olefins :
gasoline (L2009C:) 35-50% wooqog o i
gas oil {{¢3509C:) 25-35% v L0-508% 468, .
Paraffin wax: 15-25%, (60% voiling sbove 450°C.) :
- IT1.
The oxygen content of the gonscline was 464
The oxygen contunt of tie gas cil was 3-5%
. ovens
The methane yicid was about 10 kg, per 100 ke. of the above products. per
. _ about
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