iv. GERNgN OIL. DEVELOPMENTS

Hubmenn expressed some views on the German oil position during
the war. OS.nce 1942 all efforts have been made to increase the output
of low temperature tar from brown coal. The biggest effort had been
made in the Sudeten area where the brown coal had a high tar content.

The Brfix plant, which was a Herman Goering project, was
capable of producing a million tons of low temperature tar a year. He
believed that the actual output prior to the damege from bombing was at
the rate of about 6C0,000 tons per year. The carbenisation ovens werse
designed for z through-put of 250 tons per day, but actually operated
at 250 tans. '

The production progreamme for finished products had to be
chenged to meet sltered circumstances. When the plant started operating
the primery product was gasoline. The programme was then altered teo
provice for s maxipum output of diesel oil and then s further change was
made to convert the plant to the output of high octene sviation fuel.
Juct before the war ended, plans were being mede to meke Bréix the
principal producer of jet fuel,

¥o attempt was made to bring in sny feedstocks, either tar
or crude oil, from other szreas. The low temperature tar from the
Leipzig arez was unsultsble for Brfix as the tar contsined a propert.on
of arsenic which poisoned the catzlyst.

Hubmann expressed the opinicn thet the petroleum erude oil
produced in the latter stages of the war had been extremely expensive,
the producing operations being very uneconomicel in comparison with
pre-war standards. .

V. FISCHER-TROPSCH

Small scale research on the Fischer-Tropsch process heas been
conducted at the Lurgl lsboratory east of Frankfurt, and pilot plant
resesrch has been cari_ed out in the plants of customers, particularly
Hoesch Bengin at Dartmind. This research was concentrated on the
development of middle pressure recycle operation, particularly with
iron catalysts. This type of operstion was claimed to have the follow—
-ang atiractive characteristics: ‘

1. Use of charge-gas having a ratio of hydrogen to carbon
monexide little if any above 1:}; which is essentially
water gas.

2. Easier temperature control due to high gss velocities
through catalyst bed.

3. More olefinic product.
4., Formation of less carbon on the catalyst and less methsne.
=B ’



In worldng alomg these lines Lurg! appears to have been zhead of

R hrchemle or more aggressive (or both) and developed a patent pogition
which led to a contract with Ruhrchemie giving Lurgi the exclusive

right to bulld Fischer-Tropsch plants under Ruhrchemie patent licenses

in all countries except the United States and Japen. Lurgi's favorasble
position in the field of high pressure gasification was alse a factor

in reaching this agreement. Up to the end of the war Lurgl had exercised
the rights thus acquired only i the bullding of city gas conversion
units wnder the Geilenberg plan =25 dlscussed later in this report. The
pilet plant work at Hoesch Benzir had demonstrated the merits of middie

type of operation. However these conversions had not been accomplished

because of bombings of the plants in question anc scarcity of necessery
materisls and equipment.

The Lurgi laborstory had donme consideratle work on the
development of iron catelysts. L: was stated that Ruhrchemie, Brabag,
Rheinpreussen, and 1.G. were slgo known te have worked on irom catslysts.
AL the request of gome government bureau comparstive tests on iron
cetalysts from different sources were conducted by Ruhland, but the
results were inconclusive gince different criteris of catalyet quality
were used by different companies depending en the products which they
desired to meke. Detsils of these Ruhland tests were not avzilable at
Frankfurt. The catalyst’submitted bty I.C. for these tests was believed

urenive and was inferior to some others tested. No commercial
synthesis plants using an iron catalyst have been built in Germany, but
one such plant was designed by Ruhrchemie and Lurgi for erecticon in
Italy. It was ststed that Lurgi could produce with the iron cztalyst
Hquid products cantsining at least 6 wex.

Lurgi has been perticularly interested in recycle operction
of the Fischer-Tropsch process using a canventional.externally cocled
middle pressure reactor and a relatively low recycle ratio. Thic ie to
be distinguished. from the I.C. process developed by Michsel, which
involves a very hizh recycle rstio, so that the hest of reaction is
carried awzy by ths circulating gas. Dr.Herbert ststed that this 1,G,
process hes been operated only on a pilot plant scale end in his opin-

ion the cost of such recycling on & commercial scale would be vrohibi
tive.

The Lurgi low recycle operastion was developed in 2 pilot unait
installec at Hoesch Benszin st Dertrund in 1938. This unit conc sied o1
2 single tube of the standard middle pressure reacter as built by
Gutehoffnungshutte. (See Fig.7?7, psge 15 ). The annular layer of
catelyst hed an inside dism. of 24 mm. 2nd an outcide diam. of 4 mr
with an oversll length of & meters. The tube was water-jechetesd oo

& vepour chamber comnected +¢ the top by meens of which +

< .
¥ o
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v coudd ba controlled to give the desired synthesis tewmperature.
> was apsrated under varded conditions with = Ruhrchemle
“talyst. for aboul Swo years. Single pass operaticn with this
3% gava w yield of 155-182 groms of licaid plus ?zag0l” per

» wszy and the ligaid product had the following compositilont-

Beinzin bolling below 200% ., 45%
0l boiling 200/300°%C e 25%
Wax boilinz above 3200C coe 305
{Wax bhoiling above 480%C cee 122

S hétans nuwber of the benzin was 4Q and the cetane numbsr of the
“iou belling froa 120% to 2809C was above 1 With = recycls
ol zoout 3:1 it was possible to inecrensze the throughput by 3%
crifice of yield im grams per cubic meter or to obtain a
T3 grams per cuble meter =t the same throughput. Wita
eration charging water gas instead of ideal gas the olefin
. vhe liquid was 583-30% instead of 20 as normally. The

« characterlsties of the preferrad recycle operation with =
catalyat are shomn by Figurss 1 and 2, pages 9 and 10, Figures
» %5 55 ana 6, pages 11, 12, 13 and 14 show the characteristics of
egycle oparation wlth tmo differsnt iron catalysts.

Figure 7, page 15, illustrates the conventionzai middle
presgure reactor preferred for such operations. It was statad that
six different englueering firms had collaborated in developing this
reactor. Its upper limlt of operating temperature is 230 C. and it
15 aoubtful 1if it can stand much more than the commonly used synthesis

cregpure of 20 atmos.

. Dr.Herbert stated that the best iron catalyst develoved by
iz laborstory has the following compositioms ~

103 Fe, 25 Cu, 9 Alp03, 2 Kp0 30 Si02

TQ meke this Catalyst, copper nitrate and aluminum nitrate are dis-
solved in a 1 solution of ferric nitrate in such guantitiss as will
give the 'specified ratio of metals. The solution is heated nearly to
bolling and a 1%% solution of sodiun carbonats is added repidly at
about 73°C, in the quantity rejuired to precipitate the metals as
fydroxides. The kieselguhr is then added rapidly and stirred for
about one minute. Lurgi hes used kisselguhr No.120 from the Deutsche
¥.esselguhr Co., The exact nature of thls kieselguhr is mmknown and
ne iaformation is available about the suitabllity of other grades.
The kisselguhr-hydroxide mixture is washed with hot water to a pH
of 8.0 after which it is washed with a potassium carbonate solution
ta ineorporate the specifisd quantity of K20. Herbert told Capt.
Uhsffee that it is important to remove nitratas completely in eorder
to make subsequent reduction temperature control easy and positivse,
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FIGURE 7

MICOLE PRESSURE
CATALYST cHAMBER
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The product is dried in a centrifuge sufficiently to permit its
extrusion and i3 further dried on a conveyor belt by a blast of hot
alr to facilitate cutting up the spaghetti into desired lengths. Final
drying is carried out at 1009C, :

This catalyst is preferably reduced in the synthesis unit
with hydrogen at 250 to SSOgC for 1 to 4 hours. The rate of hydrogen
flow is one cublc meter per kilogram of catalyst per hour. (The lower
the rate of hydrogen the higher the reduction temperature required).
Reduction with synthesis gas is possible. 8ynthesis is started at
about 180°C and the temperature 18 raised to 220%C in two dsys. Over
an operating period of three months the temperature should be raised
from 220°C to 230°C. Such a catalyst has not been run to exhsustion
by Lurgi but it is believed that its life would be about ome year.

The catalyst used for high benzin production as illustrated bty
Fig. 3 is made impregnating Luxmesse (as used for rough purification
of syuthesis gas) with 3% metallic copper. The Luxmasse is wet with a
solution of copper ammonium nitrate in suitable proportions to give this
final copper content. The resulting catalyst is not highly active and
requires a high operating temperature, but at this temperature gives
a relatively low bolling product with less catalyst deterioration du-
to CO cracking than would occur with a more active catalyst. In =
somewhat similar manner a more volatile product can be obtained by high
temperature operation with a cobalt catalyst containing more than the
normal proportion of kieselguhr.

It wvas stated that the most favorable financial position was
achieved by working for the maximum yleld of hard wax, which was valued
at 45 pf. per kilo. The capital cost for = new plant was stated te be
800-900 Marks per ton of liquid product per year, although a figure of
800 Marks per ton per year had been guoted recently for one new plant.
The following typical operating costs were cited for a plant using coke

for making synthesis gas: Pf.par Kg.
Produet
Coke per ton 24 Mk, Gas 14.
Steam * @ 23 Mk. Cap. & repairs 6
Poxer per Kw.Hr., 2 pf. Labor 2
Labor per hr. 1 ¥ Stean 2
24

Lurgi had the contract for the decentralization of Fischer-
Tropsch units under the Gelilenberg plan, which called for the operation
of a few synthasis ovens in conjunction wlth each of several scattered
city gas plants. It was stated that Lurgi officials protested against
this plan but could not dissuade Gellenberg., The plsn called for 12
ovens at Leipzig, and 2 or 3 sach at Dresden (Heidenau}, Goeriits,
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Gottbus, Plawen, Wuriz burg, Fusrth, Erfurd and Chamits. &31 of these
plants were to be built for atmospheric pressure operation with a cobalt
Eatalyst and most of the ovens wers to be moved from the Rheinpreussen

or Wintershall plants. The Leipzig, Dresden, and Wurtzburg installations
were 80-00% complete and ths others were l8ss than 5(F complete at the
end of the war. :

Iargi has developed a process for de-polsoning city 288, com-
prising removing the bulle of the carbon monoxide hy passsge over an iron
catalyst to meke chiefly methane with soge ineidental hydroexrbons.

This process would norm=lly be used with Lurgi high pressure cosl gasifi-
catlon units. The catalyst for ihis depaBoning treatment would have the
follawing compositions: '

100 Fe, 5-10 Cu, 941203, 120 kiagelguhr.
Single stage treatment with this catalyst at 20 atmospheres pressure and
250-280°C, i3 stated to lsavs only 5% of CO in the gas. A sacond stage
would reduce the CO content %o 1% but would probably not be economical.
The liquid production amounts to 30-40 grams per cubie meter, of which
about half is high melting paraffin, The diesel fuel fraction has a
cetane number of 65 which could be raised to 80-100 by hydrogenation.
The gasoline fraction contains SO-50f olafins and has an octane nurber
of about 70 which can be raised to about 880 by the Ruhrchenmia isomeriza-
tlon process using a non-motallic catalyst at 320°C, an experimental
plent of this type located betmeen Boehlen and Pulgar snd treating
between 1000 and 1500 cubie meters of gas per day from an adjoining
Lurgl high pressure generator was inspected by CAFT No.3 on 28 April,
1945. ' \

Lurgi has built the charcoal absorption units for nesrly all
of the Fischer-Tropsch plants in Cermany. They belisve that charceal
absorption is definitely more economical than oil sbsorption up to
10 atmos. pressure and that oll absorption is preferable sbove 15 atmos.
pressure, with the choice bstwesn 10 and 15 atmosphsres depending on
local conditions. The Lurgl build plants used I.G.charcoal which was
made from peat at Leverkusen, and is believed to be a little more active
than American charcoal. It was stated tlat there have been no new
developments in charcoal manufacture in Germany durlng the war, The
I.Geaxperts in this field are Drs. Neimann and Doeptke. '

& viecsnt advance in charcoal absorption technique has been
the design of a plant to work at ~80%C, the objective being the
Ssparation of methane. Reference was made to slmllar work by the
British Magnesium Corp. at Swansea designed to keep the CO percentege
in the gas below 5 per cent. Carbaa for the purpose should be highly
reactive (S Kohle or nut shell charcoal), Studies made in conjunction
with the Linds Co., indicated costs to bs slightly less than for
refrigeration. Reference was made to & plant in the gz2s works at
Nuremberg to produce 3000 cubie meters of methane per day {purity 85%),
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