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SUMMARY

.. Wartime research by the Kaiser Wilhelm Institut fur
Kolilenforschung on the Fischer-Tropsch syathesls has been
primarily directed along the line of -iso~paraffin synthesis.
Good: ylelds of iso-paraffins have been obtalned uslng the
normal. synthesis. gas at three hundred (300) atmosphere pres-
gure: and’ four hundred twenty (420) to four hundred fifty (450)
degrees: centigrade over an alumina-thoria catalyst. Zine
oxlde~-alumina has also been used successfully. - About one
hundred: twenty (120) to one hundred thirty (130) grams per
cubic: meter of synthesis gas have been obtained as liquid
producte. of over ninety (90) percent iso-paraffins.

_Synthesis: of eromatics has been studied, using thirty
(30); atmosphere pressure snd five hundred (500) degrees centi-
grade.. However, very poor yilelds and napthene side reactionse
do: not: make: this: process look promising, Further work was
abandoned: by KWI. for the duration of the war,

Etecherafrppach_aynthoaiseuain% iron catalysts was
studied, but inferior operations resulting from this catalyst
made: 1t. only desirable as a wartims: substlitute for ecarce
chromium, = ' o

June 1945
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WARTIMF RESEARCH ON SYNTHETIC FUELS BY THE
YATSER WILHELM INSTITUT FUR XKOHLENFORSCHUNG

1. DETAILS OF RESEARCH

() Iso-Paraffin Synthesis

(1) Operating conditione for the synthesis of iso-
paraffin have been found to lle in the range of three hun-
dred (300) atmospheres pressure and four hundred twenty
(420)-to-four-hundred-fifty-(450)-degrees-contigrade. For
pressure under three undred (300) atmospheres the yleld
falls off rather sharply, although a very slow reaction will
take place at thirty 305 atmospheres or over. Hlgher pres-
sures than three hundred (300) atmospheres give increaslngly
greater percentages of oxygenated products, untll at one
thoussnd (1000) atmospheres the principal product is dime-
thyl ether. Similarly, lower operating temperatures glve
slower reaction rates, more unsaturated compounds, a very
high percentage of alcohols, and less carbon formatlon on
the catalyst, For temperatures fl ightly greater than four
hundred fifty (450) degrees centigrade, the products become
principally napthenie, and carbon depositlon becomes exces-
cive. Instantaneous reaction rates, however, are increased.

- (2) Tt has been found that the best synthesie gas
has a CO/Ho ration of 1.2 volumes of CO to one {l)”Of‘Ha.'
- Increasing the hydrogen increases methane formatlion; de-
oreasing the hydrogen lowers the overall yleld. '

(3) The best catalyst found for this synthesls hae
been an aluminathoria co-precipitated—one, although 2Zn0-
A293 appears to be nearly as good and much. cheaper. Using
either o these materials 1t was found. necessary to. burn off
the carbon deposite about every two weeks of steady operation.
‘This wes accomplished with alr at the temperature of the
Brntheﬂis.(450;&deereeagpﬁﬁtisr&dexE&Gathlgﬂt“"‘vﬁ reated. .
‘have been used continuously for over six (6) _without
-appreciable decline in actlvity. 'Their he ’
_h;@q;qdlte&goo@;wg . they have'.been held
‘ods at eight hundred (800) degrees ce

0 14 for prolonged peri-.
centigrade without damage.
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. _REBTRIOTED
1. DETAILS OF RESEARCH (A) -(eont'd).

(4). Heat. evolutien during synthesis is approxi-
mately the same as with the normal synthesis, 1.e. one~-fifth
(1/5)..0f..the heat. of combustion of the products, Since it
is possible to work in a twenty (20) to thirty (30) degroe
centigrade temperature range, this lessgns the problem of
very close temperaturs control normally encountered in thie
process. Another advantage 18 found in the faot that sul-
phur doss not seem to be nearly as deleterious as in former
syntheses, slthough the upper allowable limit has not yet

been determined.

(5) Gas veloocitiee have been fairly accurately
studied, and it was determined that twenty (20) cubic centi-
meters of a two (2) to four (4) millimeter catalyst were
necessary for each ten (10) liters of synthesis gas per
bour. Any increase above this velocity gave sharp decreases
énlyleld and alec tendsd to form increasing amounte. of alco-

ole. ‘ :

S ‘(6)‘?ro§upt;yi§1ds are as follows from a Zn0-Al507
catalyst. using a 00/Hp ratio of 1, at three hundred (300)
atmospheres and four gundrad'flfty (450) dogrees centigrade:

Total yleld of C; and higher 120 - 130 gn. /o2
0. - (90%. 1sobutane) 50 - 80 gm./m

x6g’]aud;hi§h§tilpi9r“97$,iao) 30 - .GO'gm./m3
. A comparisen of the two (2) catalyste shows

Tt ‘ £ . :

that for a thoris-slumina catalyst (1:4 by weight) the best
Iie%d's;«ora-al ar
1864, - and

obtalned. Higher gas velocities ceh be
Attle tendency to form-alcohole, - How-
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1. DETAILS OF RESEARCH A) (cont'd).

(8) On the other hand the An0O-Al,0; catalyst
(1:1 by weight) ie believed to carry more Prémise ae a cop-
mercial catalyst because’of ite ‘cheapness, It does give
slightly lees yield then the thoria type, and produces
about ten (10) percent alcohols. There is less tendency
to form carbon depoeits on the eatalyst.  The ‘same tenden-
oy holds true as with thoria oatalysts, 1.e., higher alumi-
na ocontent promotes methane formation. - However, experi--
ments have been made over a range of Al,03 oontent from 2:1 te
1:2 without mueh-change‘1n~reau1ta;w’Adgiéione'or K503
do not appear to give any advantage.

129; The thoria type catalyst was prepared by

using two.(2) liters of thorium and. aluminum-nitrates-at- -
their bolling point and in the right proportion to give a
1:4 weight ratio of thoria te alumina. - This was added

one (1) 1liter of a boiling Wa,G0, solution of proper strength
to give one hundrsd (100) grafis dr dry co-ppt., in stolieio-
metric amounts. ' Hore dilute solutions gave greater demsity
catalyete. The resultant precipitate was washed, dried,

and sized to two (2) to four (&) millimeters. =

(10) The same method was ussd for preparing the
-Zmd type oatalysts, except it was found that the additlon
of the nitrate solution to the scda solution instead of the
normal methed gave inersased 1iquid hydrocarbon yields. :

~ (11) An slternate method for preparing thoria
catalysts, angé the one which gave the pest ylelds, wae to
bake sodium@luminate and then precipitate with sulphurie
acid. TFhorium hydroxide precipitate was aleo made, -and
these two ppts., were washed separately and mixed while

wet, They were then air dried at ons hundred (100) degree

centigrade and ground to normal sie

'(B)fﬂioéﬁfidﬁsiétﬁeaiﬁ
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. 2. CONCLUSIONS .AND. RECOMMENDATTONS

" The’ deveIOpment of” thc Fischer-Tropsch process
as a producer of iso-paraffins, and thus a source of high
quality aviation and automotive fuels, opens the way for it
to become. the most versatile of all: synthetic -‘fuel processes.
It would then be capable of producing products-which- range-
all:the way from:high quality diesel:fuels -and lubricants
-to-excellent-aviation:gagsoline; - No-other-process-could-make-
such a claim, It is therefore recommended that this infor-
mation bo wade available to ,all interested agencies, and
that the work of Dr. Pichlef and Dr. Koch of KWI, which is
still continuing at the ‘Institut. be closely followed in

order to keep American teehnolcgy as well 1nformed as
'possible.

3. DERALLS OF SHIPMEWS

Snall samples of the thoria-alumina and the Zno-
catalysts ‘uged in: 1so-paraff1n synthesis‘are being fore-

‘wagdéd to Bureau: of'Ships {(Code 341) " on:Consignment: Tag No.
3655. :Under: the same’ consignment is a
1l:se f_ n-octane, I

_ tandardization_‘
proce lure.. T

v ‘being ‘hipped
onane ;. and:npdprane for use
. |mas: spectrographie analysis




