CONFIDENTIAL
REPORT II. THE FISCHER TROPSCH PROCESS WITH SPECIAL
CONSIDERATION OF THE LUYTZKENDORF PLANT OF THE WINTERSHALL
CO. BY PRISONER OF WAR ERNST NAGELSTEIN.
TRANSLATED ‘BY LIEUT.R.C.ALDRICH, USNR.

Introduction : The Choice of Feedstock.

Since Germany has never had a sufficiency of natural,
coke-oven or cracking gas, the gasification of Braunkohle
becomes the cheapest and almost inexhaustible source of supply
for its synthesis feed gas. Neglecting the economic side of
the question, it becomes the most important source of raw
material for synthesis work. ’

Main Report : Fischer-Tropsch Process.

A: Selecting the site for a Fischer-Tropsch plant.

Three factors must be considered before constructing a
new synthesis plant. The first two are concerned with the
feedstock and the third with the water supplye. Should the
site be chosen near the Braunkohle fields or near an insured
water supply of good quality where used water can also be
discharged? It is much easier to transport coal (by rail-
road) than waier. Tnis fact can be proven by the poor
operation and failure to meet expected ylelds of the Lfitzken-
dorf plant of the Wintershall Co. The Leuna plant of I.G.
Farben, on the other hand, has a good water supply and
operates well despite the fact that it is some distance from
the cosl fields. The quality of the water is also important,
as hard water clogs up Raschig ring packing, either completely
or almost s0. ; : , - o

‘B: Technical description of the Process.
I. Braunkohle - coal drying - gasification.

An exact knowledge of the possible variations of coal
composition muet be known. If large variations are expected,
the coal of lowest guality must be used as the basis for
selecting the gasification and purification systems to be
usede. The Litzkendorf plant is a good example of extremely
faulty planning. Only twenty tons of the coal intended for
use was run (and that through another plant) as a basis for
the designe. It was discovered too late that the content of
sulfur, sand and other impurities were rmuch higher than that
anticipated. (Sulfur up to 6/, sand up to U e It is
therefore not strange that 3 years after the plant was put
into operation, the yield of liquid products was below 100
grams per cu.meter of feed gas, while that of neighbouring
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plants, running out on the same coal, was as much as 160
grams per cu.ft. of g8s feed.

- Qther jmportant questions in the gasification process
are the yield of benzol and the relative weights of heavy
metals required. These will be peferred to later.

Two methods of gasification are today in use:
1. The SchmalfelthWintershall Processe
2, The winkler Processs

Both operate on aifferent principles from one anotheTs.
Their relative advantages andvdisadvantages will bpe briefly
- described. The method of coal drying will be jncluded
with the gasificazion. S e

gchmalfeidts cornines gasification and 4rying, jn which the
' " necessary cooling of the newly produced
synthesis g&s is accomplished by passing through the raw
coale - In tnis way the damp coal 18 both dried and partly
gasified. Howevery this ingenlous 4dea cannot ve tech-
nieally carried out at this time without difficulty.
Nevertheless, there is no Joubt that the gchmalfeldt
Process Ca8n aitimetely accomplish this and becone econom-
1cally competisive (with yinkler).

The flow pisn of the Schmelfeldt is a8 follows *
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Heizges - Hot gas

Erhitzer - Pre-heater

Vergaser - Gasifier
Trockenrohr - DTY pipe
Staub-Abscheider - Dusi catcher

Geblase - Blowers
tiascher - Scrubber
3ygus - Syntiesis feed ges

Umwalzgés - Pre-circulated gas
Rohkohle - Raw coal

Cosl dust. is gasified in the dovn flowing stream.
The amount of gasification must be kept down to 50% here,
as higher gasification will produce an ash melting, and
resulting operating difficulties. The operating temp-
erature at the top of the dome of the first gasifier is
approximately 1450°C.  The continuity of gasification
is maintained by & re-cycling processS. Part of the
synthesis gas produced is re-cycled and part withdrawn.
The circulating gas 1is brought up *o temperature in two
heaters, operating alternately in cycles of 11 minutes
each. For four gasification units, each producing .
approx. 20,000 cu. meters per hour, 5 hot gas heaters are
required of almost the same capacity. To the gas Pro-
duced in these, is added the tail gas of the synthesis .
PTOCESS. The subsequent increase in gas production (vy
raising the oxygen content in the first gas producer) en-
tails an increase in gas velocity (normally L m/sec.).
The time given to the gas in the gas chember was conse-
quently ipsufficient and resulted in the fallure to
obtain the exact Eo/CO ratio required. As a solution
to this aifficulty, a second gas producer was inserted -
a simple pipe lined with firebrick and having a vertical
baffle. After producer 1I, the gas with a temperature
of sbout 12OOOG.€I 1000C) enters the drying pipe. Here
it is cooled to about 8500C. This item has caused
considerable discussion among the technical economists
(as for example the Koppers Co.), as it 1is the reason
for mang disadvantagess These people feel that the ges
at 120G°C. should be passed through an exchanger, thereby
produc ing high pressure steam by giving up itd heat to
water. From the point of view of heat technique, it is
impossitle to draw a fair comparison between the dry pipe
and the exchanger. Considerable corresion in the -
excuanger entails considerable material costs spnich is
not the case with &he dry pipe. As opposed 0 that,
there is another serious disadvantage to the &ry pipe;
nemely, that ihe purity of the gas is definitely reduced.
Especially is tne content of organic sulfur compounds

2

raised, which are difficult to remove.
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2 The dust gasification at loweY rates, from this
author's viewpoint, results in & very important phenomenon
- namely, that under certain conditions, the synthesis gas
containg large quentities of benzol (up to 5:4 of the final
gasoline). 1t appears to be the result of & catalytic
formation of benzol from acetylene when in contact with
hot iron~-c&rbon particles. 1t is also to be noted that
the formation of thiophthenes £rom HoS and acetylene can
e prevented sccordinglye.

The gas passSes into the dust premover after jeaving the
dry pipe-. The dust falls into & collector and then to
bunkers before re-entry into the ges cycle. The gas is
next passed through & two-stage washeTs. This washer 18
pecked with giezsd Raschig rings, as the use of unglazed
.Raschig Tring 1zeds tO severe operating difficulties ag the
result of 8LCTDESEE. e

=

After wesniTis the gas stream is divided, part being
re-circulateé, =nid part lesving as synthesls feed stock in
separate Dblowers.

The coal @nsi which 4rops out in the ary pipe (as
opposed o that wzich Grops out in the dust remover) is of
po further use in the gasification process a8 it requires
very large dryiz=z towers with.inordinate quantities of hesat.

At the s&ze =ine exXcess coel dust must be obtained from
other plants, sc=nse the synthesis only produces & fraction
of the required n=ating meterialse. Finally, the coal con-~
sumption of the =mergy (stesm, etcs) requirementS»is over
half of the toszl coal reqpirements.

he following are the conclusions about the Wintershail-
Schmalfeldt Prcgess ¢

a) The dry piz¢ snould in the future be placed in the hot
gas prodacer 88 1t will reduce the contamination

of the Z&S»

'b) 1re cooling of tne freshly produced synthesis gas can
sccomplished in an exchangere.

c) The yield of penzol should be raised as high as
possivlie. 1t will not be reduced by fhe elimin-
stion of the 4ry pipe- ’

d) The oxyzs2 24 into the gas producer (producer 1) ghould

not t€ exaggerated. control equipment to maintain
the proper amount must be installed. '

The process used by the 1.G.Farben, the Winkler Process,
in Leuna end Brueggs, operates on & different principle. The

- 11 -



Winkler gas production is by oxygen under pressurec. The
gas production per unit is much smaller than with the
Schmalfeldt process; hence more units are required. This
has one great and generally unnoticed advantage:

With the Schmalfeldt process, the analysis of the
collected gas is never constant as it varies from the
start to the finish of the 11 minute period. By using
many small units, this variation is eliminated. 1t is
definitely known that catalytic processes in general work
mach better with constant analysis of feed stock and
operating conditions. The maintaining of constant feed
stock analysis is particularly,important with the Fischer
Tropsch Process.

The rate of gasification of the Winkler Process-1s
mainteined so high that the ashes fuze. The gasification
occurs in the upflowing siream; hence the length of
contact time with the incandescent coal is increased. Hence
the ash particles bring about the desired H,/CO ratioe. The
resulting gas is also leaner in organic sulTur compounds
(than the Schmalfeldt process), which are so difficult to
pemove. It is, however, richer in CO2 than the latter.

The higher COz content (up to 28% CO,) acts only as
an inert ballast, which though it raises the total gas
quantity lo% has no effect on the synthesis process or
the yield of gasoline.

In conclusion, the Winkler Process is a well worked
out gas producing process which is definitely superior
to the Schmalfeldt Process from the point of view of"
technical completeness. A properly designed Schmalfeldt
unit would definitely be guperior to the Winkler from an
economic point of view. Up to now, the Winkler Process
is superior from the standpoint of gas purity and oper-
ating security. ’ -

II. Gas Purification - Benzol Recoverye.

The synthesis gas upon leaving the producer, has
the following composition :

Hy we

co 23
CO2 21
CHy, - UNSATS. 6
Ho8 1
02 must be less than 0.3
No remainder
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Organic gulfur Compourn 300 25/100 litres
(soc, Thiophthen, etc.) 300 g/m> sy-gas
HoS about 1000 mg/100 litres

The purpose of the gas purification step is to

remove the orgenic and inorganic sulfur compounds which

go easily poison the cobalt catalyst.e ... ..

The use of an oil wash to remove orgenic sulfur

compounds produces the unexpected result of increasing
the yleld of benzol, which in applying a definite gasi-
fication process remains apparently constant.

The synthesis gas passeés next into the circulating

scrubber in which the dust is completely removed. The
exact quantity of the dust is an extremely difficult
problem in the anslysis. '

‘i£;§éiigws shen into the alkazid unit where the

largest part cof the HpS (85%) is removed.

The Hgs iz next stripped out of the alkazid caustic

snd converied into elemental sulfur by & Claus unite..
{Reaction between SO02, burning HZS and Hydrogen Sulphlde.

The removal of organic sulfur compounds 1s accom-

plished 1n seversl units.

(a) The cosrse purification occurs in 3 channeled
- pote, each having 12 gangs of 50 cu.m.
surfece, with iron-oxide (Lauta-material).
Here as in {c) the fine purification, the
organic sulfur is burnt to 802 (with a small
quantity of oxygen) then tc be converted to
besic iron Oxide.

(b) The oil washe. This unit has been recently
eniarged and will now operate as the corres-
ponding unit on the coke oven. By this
benzol is recovered and thiophthenes removed.
The wash oil is a low viscosity oil with
nonemulsifying properties.

(c) The fine purification unit. Here the last traces
of organic sulfur are removed. The unit
orerstes as the coarse purification unit

Y

(eixaiized iron oxide), between 240 - 280°C.

(d) Of lais, the synthesis gas has also been purified
by activated charcoal, hence passing through
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another "finest purification™. This is done

in order to use the hot dry gas as a drying

agent to remove the steam used in stripping the
primary product of the synthesis step flst stage).

The sulfur deposited on the charcoal by the gasoline .
is very much lower than the alloweble upper limit of sulfur
content in the gas.

III. Synthesis - Catalyst.

If the previous purification step is accomplished
well, then the proper synthesis will occur without 4iffi-
culty. It hes been possible in a modern synthesis plant
to produce 168 gm. of primary product per cu.m. of synthesis
gas, and also to obtain approximately 94% of the theoretical
yield (180 gms.) - : .

At LUtzkendorf, & constant purity of synthesis gas
was not obtained. Often traces of HoS would reach the
catalyst chambers and instead of the 2mg. of allowable
organic sulfur, the quantity would exceed 10 or more gms/
100 liters of synthesis gas. Frequently, the organic
gulfur would reach the activated charcoal.

As a result, the catalyst and activated charcoal had
e much shorter life cycle. A synthesis catalyst should
reach 200 hours but often fell far below this figure.
Other synthesis plants have given 8 times this life.

The syntihesis occurs at 160°C. The temperature of the
resction is controlled by the steam pressure (within the
. exchanger) » Local overheating is not uncommon and spent
catalyst often gives proof (through carbon esters) of
poor operation. : o

The synthesis usually takes place in 2 stages. In
the first, over old catalyst, a contraction of only ‘
15-33% is usual at Lutzkendorf. This is increased in
the second step, over new catalyst, up to 50%. The
total contraction ranges from 65=-T05%.

The catalyst is quickly covered with a coating of
hard wax, which often requires an extraction, generally
with gas .0il, lately with gas o0il and gasoline, though
this latter without good results. The removal of wax,
however, is not as difficult as problem as the poisoning
of sulfur bearing compounds. ,

] The rebuilding of large synthesis plants and the
difficulty of obtaining cobalt for the catalyst were the
mein causes for the researches undertaken to discover
other easily obtainable metals for catalyst. The use
of iron was unsuccessful because of the fact that tuis
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metal only becomes active at higher pressures - at least
5 atmospheres. Among all of the synthesls units, many
had to be converted as they opersated at low pressure.

An sttempt was also made to reduce the cobalt content
in the catalyst. This was successful in a reduction of
from 36 to 30%. But since the regeneration loss ‘did not
drop to 20# at the same time this saving was not of great
value. In general the standard catalyst was used. It
is made by a substitution reaction in thorium nitrate,
magnesium nitrate and cobalt nitrate in a bolling solution
of sodium carbonate. Great care must be tesken during
the cocking and washing step (as with all catalysts). The
completed catalyst contains approximately 36% cobalt, 2%

+horium, L% magnesium and the rest sintered kieselguhr.

.

The reduciicn of the catalyst must take place at from
Loo-4700°C. +2 hydrogen used for this must be absolutely
Ay Trecss of moisture are removed by passing the.

magnesium nitride. After hydrogenation,
= displaced by CO, in order to prevent
%yst size is somewhat

the hydrogz
contact with oxygen. The cata
smaller than "peas”.

IV. Acitivsted charcosl unit.

The residusl gas from the catalyst chambers is passed
over sctiveteZ sharcosl in an adsorber - Lurgi type - for
removal from cihsr products. This adsorption, stripping
by low pressurs stesem, and drying occur in sequence. The

‘time required Zcr one complete cycle is between 20 and LO
minutes, determined by operating tests. :

Through use and poisoning, the activated charcosal
becomes used vr or made inactive, and must be rapidly
washed or a% l==zst dried with high pressure steam. The

c=21 unit must therefore mnot be made too

s sctivated charcoal unit, the tall gas
enters the deso cooling unit to recover the gas oil.

V. Purther Processing.

Complete sepsration of the final products is important.
Sulfur removal is not necessarye. In a special stabilizing
unit the desired vapor pressure can be obtained, by inject-
ing a definite guantity of gas oil.

The oc=anes number is obtained by the customary puri-
fication tesi, either by the USA Standard Method or the
I.G. Motor method.
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The 1liquid, boiling above the gasoline range, 1s
taken to the high pressure hydrogenation unit and to the
lubricating oil plant, in which it is converted to
valuable lubes by either propane dewaxing or phenol
~extraction after the customary Americen practice. Con-
currently, the same liquid is often taken to the . NMNeuhagen
Petroleum Distillation Refinery for other processinge.

C: Possible Developments for the Process.
Fischer Tropsch Synthesis
Iso-Synthesis
Oxo-Synthesis

_ .. The first phase of developments in the synthesis,
was slways toward higher yields of gasoline. . This was
most important for war prosecution. With these improved
yields, which are now only slightly below the theoretical,
this solution has had a satisfactory solution.

The second problem has been to find catalysts for the
Fischer Tropsch low pressure process which are not of
cobalt. - In this respect, no good solution has been found,
to dete.

) For the last four years san entirely new phase of
synthesis research has been under waye. In this respect
it haes not concerned itself with ‘the purely practical or
yeild viewpoint, but with a much bigger' problem - namely -
that "by-products" have jmpressed economists with the
possibility of producing materials of much greater value
through a total synthesis. This development is still
under waye .

Por example, the following combinations are possible:

Through a simple, one-stage synthesis, produce .
gasoline. -~ Then spply the synthesis to use iron catalyst
at medium pressurce. This stage can be used with circul-
ation, resulting in both saturasted and olefine compounds.
The iatter can be used in the oxo-synthesise Ruhrchemie
hes been developing the work of D.F. Smith (J.Amer.Chem.
Soc., 52.322 (1930) and also of Roelen. This work
consicts in combining olefines, hydrogen and carbon mon-
oxide to form oxo-productis, (aldehydes, ketones, etc.)
which can later be transformed into fatty alcohols by
hydrcozenation. If the olefines are not used for oxo-
synti:esis, there are many applications for their uses in
producting paraffines. These are both cracking pro-

cesses anu catalytic processes.
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To increase the production of fuels, the direct
synthesis of veluable materials must be usede Till now
the use of subseguent jsomerization has been of value to
increase octane rating. New processes of Fischer,
Pichler and Ziesecke, developed since 1941, have produced
by direct synthesis large guantities of iso-paraffines....
(branched chains). Ruthenium and cerium appear to be the
active metals used.

For & long time it has been known that small quantities
of fatty acids exist in the Fischer synthesls. Future
research should jndicate the mechanism by which the direct
production of fatty acids from CO and H will be possible.
This problem was investigated by the au%hor and the
sunlight Co.

henzol yields are concerned, that 18 &
agification process. Hence a truer -~ -
e yields is important.

~
=
-

problem of © by
evaluation of ia

One of the most important problems is to £ind new
catalysts which are less sensitive to sulfur. In this
respect sulfide compounds may be of value.

For the iso-synthesis much more porous catalystis
must be found which will reduce the present high pressu
and temperature requirements of this process. - S

The develorment of the Fischer Process will be
economically possible after the war end will cease to be
an "Ersatz" oprotlem. Such products as lube oils, fatty
acids, iso-gzsolilne, fatty alcohol end Diesel oils will
vecome of gresat importance.
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Dk Industrial and Scientific Concerns interested
in the development of Synthesise.

Field

Medium pressure synthesis
Iso-synthesis
Oxo-synthesis
Lubricants

Benzol yield
Olefining

Apparatus construction

Other processes

E: New books

Names

wintershall Co. (RostRG)-
Hoesch

Fischer, Pichler, Ziesecke

Natta, Roelen, Fischer
Ruhrchemie, Henkel, I.G.Far-
ben, Sunlight (Nagelstein)

Wintershall (Toemnis,
| ~ . Billig)

Wintershall (Toennis)

' Hoesch

Lurgi (general)

Koppers & pidier(gasific-
ation)

Poennis (Wintershall)

Pott

1. Maximilian MARDER: Motor fuels
Springer. 1942. 2 volse.

2 MER: Lubricants and their regearch

1942,
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SEPARATION METHODS

Deep copling

.AzeotroTie

Crysfalizaticn

Adsoggtion

1. Ethylene separated from coke

end crack..gases:
Work done %y VAN NUYS, WILKINSON and

SCHLITT for the ATR REDUCTION Co.

Work done by SAKMIN (about 8 to 10
years ago)e See: J.Compressed liguid
gases.

2,Purification of Acet%lene:
Hexan washes at about - QoC.

eperation of Formic Acid and Acetiéw

8
Acid Through -the addition,of -

Tniophthence.
(Acetic acid remains in the column)
VULCAN COPPER

Renzol purification through crystaliz-
stion
¥etnods of LINDE'S EISMASCHINEN A.G.

LURGI Programme
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