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Introduction

I% is hardly necessary for me %o explain to my'aud;—

‘ence the importance of thls topic, nor the intensive work and

the great 1lnterest which has been created since the gasoline
synthesis by Franz Flscher anG nans Tfoysch haa‘nesuited ina
suacessiul industrial appllcétlcn. The excesslively rapid sclen-
tific and industrial development of tae cobalt cutalyst has not

made us forged that the use of cobalt as a catulyst makes us

‘Qependend on 1ts lmportation from abroad or the colonies, and

is unecofomical. I @dn't know wheiher the 10% loss of cobalt
used as a catalyst in a single clréuit is covered by the Gernan
production, butlit i1s certain that the total derman cobalt re-
quirements g¢ ‘principally in the steel industry, and are in
no*ﬁay covered oy domestlc productlion. As long us thig is the
case, dependence on cébalt 18 a handlcap ana the further develop-

ment of tne Flsgher-Tropsch synthesis, which is a key process,

and a starting polnt for an entirely new organic chemical indus-

try, tue development which we may be able to measure by the

lmmense development of the lnaustry in America based on a further
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appllcationsdr petroleun for tile production of the greatest vari-
ely of productas. A furtier danger, caused by war eonditions, con-
‘#ists in ths necesslty of centralization of the manufacture of ths
catalyst because of the high value of cobalt and of thorium, which
also will be ellmlnatad by changing %o iron. The catalyst develqpea
by us 1s silmple to prepare with slmple equ;pment and can be dons in
the future at the synthesls works. _ .

It must further be remembered that changing the catalyat
from cobalt to iron will greatly reduce the cost of the catalyst.
_Thase are not the only reasons for the trend of the deveImeent or
the gasollne syntheeia catalyst in the directlon of the appllcav »
tion of iron. The greatest attraction does not consist in the \am;f
ple subatitution of cobalt but rather in the poasslbility of - synthe-
élzing more reaaily convertible and cheaper products than can be
done with.cobalt. This applies also to the gasoline synthsalzqdf
with iron, which can be consldered as being useful as such, unlike
the cobalt gasoline. |

Tone provlem of synthesis of hydrocarbons ﬁlth iron cata~
lyst is by no means as novel as 1%t 1ls asaumed by many. Franz
Flscner himgelf has contlnuea the development of iron catulyst with
his characteristic stubbornness ever since his conception of ihe
ildesn of preparation of 01l from coal by synthesis of CO and Ha-
contalning gases. In fact he was Lirst o produce in 1925 at
atmospheric pressure the homologs of methane from carbon monoxide
and hydrogen using iron catalyst. The work with the iron catalyst
has been continued even today, in splle of the high stage of develop~
ment of the cobalt-thorium catalysts, and without regard to the
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existence of fundamental disaévantages of iron catalyst agalnst
cobalt and nickel catslyas wh;cn wers believed to exist., The
efforts were continuously started &new, because of the realiza-
tion That iren ploys in fature as well as in the arts a more
lmportant rcle as a catalyst, than cobalt and nickal. Finally,
many lndustriai catalyilec processes involving the use of cogtly.
metals have been changed over in the course of the development

to the use of 1ren. Numerous patentes of the I. G. Farbenindustrie
lead one to assume that they have worked for a long time on the

uge of iron catalyst fof the reduction of carbon monoxide and the
formation of hydrocarbons. The resultas there recorded can, how-
ever, not be experlmentally subastantlated in spite of the many
earnest efforts, nor dc they equal as far as 1s known %o the
regsults obtained by Flscher and hls students. Ve further are
famllliar with different work in Jepan which consisted in almbqt
painfully sccurate reproduction of the principal features of Fis-
cher's publlcationa, but which have brought out nothing new beyond
the results obtalnsd by XwWl. French gcientisiz have occupled them-
gelves intensively with the physical investlgation of iron catalyst.
The X-ray and thermo-magneiic methoeds used by them are Meghly ori-
ginal and very interesting, bus they wust be uged with the greatest
clrcumspectlon according ¢ the resulis of our experlmental work in
thie fleld. |

Fundamental Probleme with the Iron Catalyst

The reason for the slower development of the iron catalyst

in comparlgon %o the nickel and cobalt catalyst is found basically
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in epaciric problems and difficulties offered by iron fn coumpari-.
son with the other two metals when used as catalysts. We know
Yhat in the serles iron-cobalt-nickel, the activity inoreases
wlth respect %o reductioﬂwor CO to hydrocarbons. 6: these three
elements, when eoqeidered for the technlcal hydrocarbon syntheeia,
iron offers tne greatest attraction but aleo fundamentally pre--u
sents the greatest dlrficulties because 1t has the least actlvity.
Thls finds 1%s expresaion in the reaction temperatures with the ,
~different catalyst metals: at atmoapherlc pressure, the hvdro-_
carbon synthesis can be carrlied out at 160°C.with nlckel, at"
170-180°C with cobalt, and only at 225~250°G with the iron cata- 
lyats'knovn voday. Tha neceaslty of using hlgher temperaturea
with iren introduces a multitude of airflcultlea and problems.;'
1) The formation of gzaseous products 13 greatly favored
by rising temperatures, i.e., the 11quefaction becomea‘pdorer;"
2) The formation of secondary products, e.g., through
the .decomposition of the high molecular welght primary pararflns,\ 
1z greatly favored by rising temperatures. The typee of secone
dary producs, e.s., from the high decomposition molecular weight
primary paraffins affect very unfavorably the life of the catalyst.
3) The separatilon of carbon from the carbon monoxide, the
so-called carbon deposition, becomes greatly increased at higher
reactioh temperatures, which will threaten great technical Qqiffi-
culties, especlally in tﬁe synthesls in the middle preaaure range.
4) The synthesls equipment 1s the_moré di:ricult’to con-~
struct and 1s the more expensive, the higher the reaction tempera~

ture. were we to persist 1n leadlny away the heut of the reaction
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With water, definite technical limltations will be impoged by
the reaction Jemperatures. The empirical experience accumulated
with cobalt and nickel as catalysts, cannot be used for the solu-
ticn of these baslc problems, bscause iron catalyst differs from
the two brother elements by special conéerelon propertlies during
the reaction.
The ccbalt and nickel can cause two kinds of reduction
on carbon monoxids: R ’
1) Oxygen of the carbon monoxide may be split off as \
waler during the formatlon of hydrooarbons. (CO + 2 Hy = CH, + ﬂan.
2) The oxygen in the carbon monoxide oan be used for the
productlon of carbon dioxlds with the formation of the unwanted -
methane., (2 CO + 2 Hz = CHe + C0z) |
Iren, however, oftére a third and principal kind of re-
action, in which oxygen 1s usea in the formation of carbon dioxide, o
wlth the simullaneous formation however of hydrocarbons (2100 + Hg =
CiHa + CO3). Ve might mention here in parenthesis that Flecher and
Tropsch's staltement in their ¢ollecied work on the study of conl,
that the lron and copper catalyst alvays cause the reagtion to
proceed by way of formatlon of carbon dloxide, and without forma-
tion of waler, does not apree with owr observeations. We have Geve-
loped iron catalyat in which there wus a conslderable amount of
water formed during the carboﬁ monoxide reduétion, ﬁhlch therefore
approached qulte glagely to thevldeal case already stated by Fis-
cher and Tropsch in 1926 of the use of water :as products, using
equal parts of carbon monoxlde and water agcording to the equation
3 CO + 3 Hyg w CO3 + HaO + CHy. We do not wish to discuss this
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 any closer at the present, because our work in this direction has
not yét been completed, ’ |
’ The camposltion of the gas must always correspond to ;hei

reactlon; when water 1s formed, the proportion of CO:H, mugt be

| 1:2; 2:1 when cerbon dloxide is formed, and when both reﬁcilona‘
/ 'occu? the proporilon should be 1:1, i.e. the prOporfion'sbch_aa
 ‘ exiats in the usual wufer'gas (blue gas). Nafuréliy thé'nature s
of the hydrocarbona Tormed will be different depending on the ~‘.F

operation. When an iron catalyat is used w1nh carbo1 monoxide -

-rioh gms, with the'productlon carbon dioxide, pruducts very hlgh

1n olefines are dbtalned- when water is rormad with hydrogen—rich 51: |

gas, the products assume a more saturated character. These pOsal-;
billtles of variations dlfrerentiate iron synthesgis from the cobalt f.'
and nickel catalyst, and are in themselves exceedlingly deairable,
but require overcoming considerable difflcultles. |

After having briefly discussed the problems met during
the Gevelopment of the iron catalyst, I will proceed with COmMmURL~
cablng some results of our own work in thils field, carried out in |
Rheinpreussen with Dr. Ackermann and later with Dr, Ruechenburg
I will no% overload you with detsils of the work which has 1a3ted
for nearly four years, and will 1imit myself for the sake of brevity
principally to the communication of the resulta.

nveptigation o

The purpose of our work did not consist merely in find-
ing a substitute of lron Tor cobalt, but to develoP the hydrocarbon
ayntheale with iron to such an extent that 1t would no longer be

a mere subatltution for the synthesis with cobalt,’ but would
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represent actuasl technical and eéeonomic lmprovements. Our work

' Pegan in Hheinpreussen in ths spring of 1937, initlially in two
directions, in the continuation of the work begun at KWI at
atmospheric pressure, and connecting 1t to the "gynthol" work
of Franz Flscher done in 1922 %o 1924, using higher pressures
Tor the production of anti-knock gasoline. The resumption of
the work with iron catulyst appeared %o us very promising because
‘in the pasﬁ ten yeors of Qevolopment of synthol, oonsiderable proe-
gress had been made with iron catalyst,.which,had not yet béen used
at lncreased pressures. ' |

< At the time we started our work, the status of develop~

ment was gilven in the publications of Franz ?1schar and in the
work of K. Meyer with an iron - ooppsr catalyst oontalhlngﬁzqﬁ
copper, using e synthesis gas gontaining 28% GO and 56% Hg, and
who obtalned 65 ¢ liquid hydrocarbons/nobm during 4 - § weeks!
qpératlon;" The conversion without exceptlon proveeded by way of
carﬁén dioxide formation, the temperntures wode 222-235°C, The.
GO:H, proportion of 1;2 used in these tests was the mos% unfavor-
able imaginable for work with %his oatalyet, and the Teaotion by
vey of carbon dloxide requirea the reclproécal propertion\af'e Q0
2] l‘Ha. 88 gfobm wae the thsaretlcyl maximuie yield with the,gaQ
of 6omposition selected, CO:Hy = 1:2. No sucoeas wad oObtalined
working with carbon monoxide-richer gas, because the action of

. the calalyst dropped off very rapldly after an inltial high yield
at hormal preggures. Attempts fo conduct the atmospheric bressurea
eynthesis by way of water formatlon were also unasuceessful in the

tasts performed at the XWI.
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Our results with The atmospheric pressure gynthesie
with iron catalyst consisted at that time in atte@pts to lncrease
1%s 1iZe and accordingly also the yleld over longer perlvds, using
& oztalyst of much slmpler composition, and accordingly alsé much
cheaper. Wé were also successful in working with a gas containe.
ing more carbon monoxide,without harming the eatalyst. This suc-
cess was achieved by avolding side reactions, with the prodnctzon
of subetances which oaused a gradual polsoning of the oatalrst.
However, even in suite of the appreclably higher yiel@s we obtained
in our work a% sUmospheric pressure, it still remained much balow
the liquld produst yield of the catalyst. This atabe of db?elbp—
ment of the atmcapharlo pressure synthesis with the iron catalyst |
48 of 1litile 1ntereat to the outsilder, and I will refrain $rom giv-
ing any dstallé; The work was continued and no detallsd 1nforma~
tion was given vhsn posltive resulis were obtalned. '

we considered al the beglnning of our 1nvestigatlon}that
the iron catalyst could become of practical intereat only aftef
the ylslde could compets with the yields obtalned with cobalf cata~
lyet. This, howewer, was again possible only Af the CO:Hp raiio was
~ selected to sorrespond %G the operation of the iron catalyss, or
conversely when the work of the iron catalyst was adapted to the
bydrogen~rich synthesis gag. I.es, our taok became $o find an iron
Catalyst with which operations with carbon monoxide -~ rich gas be.
came possible, or elge Operating conditlions in whlcn the iron cata-
lyst operated like the oobalt and nickel cataulyst, i.e. by way of

water formation.
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The very first pressure experiments with oup own iron
'catalyst whioh we began in ths spring of 1937 and were admittedly
based upon Fischer's 8¥ynthol work, showed two qtriking results,
which opensd the poseibilities ef satisfying both requlirements
¥hen working upder bressurs. - With an appreciably less active
catalyst we found during these first tests that when Qperating
with water gas ( 1 CO: Ha) a surprisingly large amount or water
was Iormed at pressures of 7-9 atmg and a Yemperature of 210°
with an almoat complete utillization of the carbon monoxide. ‘The
amount of water forued was up to 40 g/ebm, and the Aarop in etfi~
oiency of the oatalyat was barely perceptible in gpite of using
water gas. The higher pressure epparently O?ercame the harmful
influsnce of higher concentration of CO and.the hope geemed- Juatzd
fied tha% water formation will be eonslderably increansed when Water
ga8 wae used under pressure. On the strength of thig experience, |
.¥& contlnued our experiments within the pressure range between 5 *
ard 100 atmg using hlgh~carbon honoxids ag well as hlghshydrogen
ganes. VWe. would obtain up to 80 & of water per cbm synthesis gas
with hydrogen-rich gases at medium pressures of 7-.15 atmospheres
#ith a formation of 85 g of liguid and solid products, almost 3Q%
of which conslgted of paraffin. Up %o 1/3 of ths conversion pro- -
cogded by way of water formation, We have got still better reshlts
using other catalysts. I would, hpqever, hot like to talk abéut it
at present, because the work hag not been completed. 5 ‘
| The work with carbon'mdnnxldévrioh gases was apprealablyf
ore successful. Ve have succeeded right from the gtart in obtaining
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Yields wnlch were whroughout equilvalent to the cobalt ylelds.
by cnanglnb over Ifrom atmospheric presgure to middle preabure
‘and using a slmple metal iren catulyat and a gas conelsting of
tharee parts GO to two garta H3e The 1life of these catdlysta
geemead . almost unlimiteq, and appedred even 1nuonveniently long
for a rayia Gevelopument. Damage to Toe catalyat by tne nlgh |

1
carbon uwonoxide content was tuerarore overeome by the use of

prespure. 'The products were waser ule¢r,~uolorea sliuhtly yellow
and, always entirely free from crystullized paraffln. Franz Fig-
¢her mude a report in December 1837 aon the miaale pressure syne
thesls wilci was the first prellminary communication on tha_ironf’ﬂ
_pafa;yst pressure synthesis and which wag in a eurprising1j good";"‘
.'agfééﬁént with our rééults. / -

' Ve dnveTQped the following ihypothesis from the unexpected
fact that the harm done by the canalyst at high carbon monoxlde
'concentrations and at atmospheric pressure dlieappears when the
pressure 1s inoreased. Tns.;ormagion of hydrocarbons on the cﬁtﬁcf
iyst metal of tine @ighth group of tas perlodlc‘system was éaused
accbruing o Frunz Fische® ¢n two oompeﬁing'roactions of eatbide
hyarogenation. 'fhe earblds formaticn at atmospherzc preaaure 1s
" apparently edsier wisin iron cuatalyats th&n the hydrogenation.

4 minimum partlel pressure of hydrogen seems to De required
for a successful operation of the synthesls in order to hydrogenate
the oarnldes forwed from carbon monoxife and to re-form sufficiently
rapldly the active centers of the catalyst throuhh the re-rormntlon
of- carbiues. 1f the absolute hydroien pressure,‘l.e., the hydrOgen

‘concentration5za below the mlnlmum, all the actlve centers of the

-
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catalyst will becohe blocked by the carbide‘tormatlcn, and the
activity will quickly drcb. The minimum pressure of hydrogen
18°0.5 atm abs when working at atmospheric pressure. When water
gas is used, wlth'GO% €0 conversion, the presSureiin the tall gas
s already too low. 4 | -
| Whlle using gas with still higher CO content the concen- -
tratlon 1s %00 low even in the synthesis gas, the catalyst becomes "~
“carbided® or carbonized, anda 1ts activify drops rﬁpidiy. 1wnéu
operatlon at higher pressure, e.g., at 10 atmg, and wlth.a 66% L
conversion af GO, the hydrogen pressure usinb water gas remains f i;‘;
3 atus abs. ahen the starting gas contalns 3 C0:2 Hp, 1 atm &bsa:
111 still be presens witia a CO converailon of 91%, or with a gas, :v
of 2 C0:1 H, 0.5 atm abs will remain with 81% conversion. hhcn""

~operating with a hydrogen pressure or about 1 atm abs, as happens ,f,'

wlih a gas which conslsts of 3 CO32 Hp at a pressure at 10 atmg, |
we may expect nol merely a high conversion, a’ high amount ot liqnee
factlion, but a2ls0 a 1cng 1ife of the catalyst. This'hypothésié
preasuppoges that the ability to form carbides doee not increase

to the eame extent at increased pressure, as the hydrogenation
abllity. Such is the case when %the iron caﬁalyst 18 reduced
(formed) at atmospheric pressure before oyerntlons at 1ncreaped
.pPEbBuPea. According to exPerience a maximun actlvlty may also be
attained under such conditlons. If the catalyst is lmmedlately
started under full midale pressure, it hardly reaches full acti-
vlty, and the carbide formation exceeus the hydrogenation. e
realize that our hypothesis is not entirely free from contradic-

tions, but 1% permitted us to explain the surprising differences
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in the behavior of the catalysts at atmogpheric and under middle
pressurés, and we owe to it manyulnstances when using 1t reéulted
in & practical success.

Hegulta
I, Catalyat S S

Qur principal work naturally conéigted in the da#eléﬁ- ‘A
ment of a sultable catalyst, of which we ha#e'bfought out7aeveraii
- types suitable-fov difrferent purposes. For the gake of brevlty
1 will report here only on the single-sgubstance catalyst with ;
which we Operated The longest. As the name 1mp11ea, ‘the catalystgl":'

contalns none of the usual aduitlons, such as cOpper, manganese, f

.alumlnum, ete, 1% consists essentlally of iron,: ana its activztr"'v

1s the result of a speclal method of preparation mhich causea the
formation of a definite modlrication of iron oxide. The diacoverv o
- of this catalyst whici excelled in simplicity and Qperatlon was the?\
result of our applicatlion of the most modern methods of catalytlc,‘

Cnemlstiry, wimleh has to our knowledge not yet been applied to the
| study of tne catalytic processes of gasoline gynthesis,
Is. wechanical Propertiecs

Purely in outward appearance the catalyst looks some-

what like the silica gzl 1n atructure, and hssg the éame,extraordl-
hary hardness and mechanical strength. ‘fhe Catalyst does not lose
this strenyth during Operations;- the iron eatalyst offers advant-
ages over tne yresent cobalt catulyst 1n 1ts mechanical properties.
Its filling welbht is exceptionally lurge, and the reactor erfl--
clency, referred to space, 1s 2 1/2-3 tlmea as 1arge with this 1ron,
single substance catulyst than with ths present cobalt catalyst.
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Ereparation

The prcParafion of our iron catalyst 1s equally surprla-
ingly simple a2 its compesition. Ve alrgaay have prepared 1%t on
& semi-technical scale in batches of 10 kg ana over and obtained
reproducible highly active catalysts for several yeara. It is
obvlous tnat wlth such cheap atartlng material and’ simple method
of preparation the catalyst costs play a very subordinate role.
Thelir importance einks still further when considering the 11re
and the ylelds obtalned with 1%. At the Very start the repro- -
ducibility of the iron catalyst offered great dlfficulties, which |
‘as far as we know have not yet been overcome in KWI for Coal studles. 
They depend on apparent accldents in tne preparation of the cata-- -
~ 1yst, which makes the work much more Gifficult and its technical |
realizatlon still questionable. Ve have realized the cauee-Bf' -
these difflcultias and eliminated them a long time ago. The repro-
ducibility of good lron catalysts is no loﬂger any problem to us.; o

Yields ¢nd Life -

Other standards-musn be used when 1nd16at1ng the yleld
and the 1ife of our iron catalyst than with the atmospheric press-
ure cobalt catalyst, because the 1ife of our iron catalyst 1e not
measured in weeks and months but in years. Referred to active gas.
ingredients the total yield in gasol, liquid and so0lld products is
Oon an average 145 g/ncbm during the first one-hslf Year. After
on® yeur's operavion Shis Sotal yisla dropped on the a?aéage
to 145 g. After one and one-half year's operation 132 g total
products were still obtalned per ncbm of actlve gas 1ngreqients.

A}
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These data refer %o a one stage process without clrculgtion and
without intermedliate regeneration; Vihen severai stagea are used,
or the gas circulated,these ylelds can be still further increased
according to our experisnce. The final 1life of our iron catalyst
cannot yet be indicated, bscauge our first catalysts have been

seriously damaged in thelr activity after 15 months of operation

by outside influence - fallure of ths temperature regulator, free-;i v,v

zing of the gas line, otc. The catalyst with the longest operating

time ie still in use although 1t also hes been damaged, and gives C
today after 19 months of operation a water clear liquid product~ B
1nc1ua1ng gasol of a total amount of 130 g/chm active 1ngredients._ i }
The ddta ::‘geak production have no meaning with the 1iron catalyst’u
 but under speclal conditlions a greater yleld up to 160 g/cbm actlvel
gas 1ngredlents can be obtalned.

Qegreg of nguefactlon

Formation of methane and GO gonvergion.

Tne carbon monoxide converslion could be malntained durlng
the first P months of cperatiocn at 22%, with a degree of lique-
Taction of 75% and methane formation of 9% of the carbon monoxide
converted., Vith increesing operating time the producta formed by
the lron catalyst are changed in the directlon of formation of
lighter bolling and gasol hydrocarbons. All theee data are.glven;ir>

for a single stage process.

Space Utlllization or Space Velocity

A space velocity of up to 270 is obtalned because of the
great density of our iron catalyst with a normal gas load, i.e.
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in one hour the gas voiume is £70 %tlmes greater than the reactor
volume. We may give for purpcse of comparlson the space veloélty
during the atmospheric pressure cobalt.e:nthesis which reaohes a
maximua of only 180 with the single astage process, 1.e, the gas
volume is 150 times that of the reactor volume. “The two gtage
process commonly used at present industrlally reduces the spaée
velocclty to only 70 if the total gas converted is referred to all
ths reactoés used. The sp“ce utllizatlion 1s 3. 5 to 3.8 times as
high with the iron catalyst as with the cobalt catalyast at atmos-
pheric presasure. This peak load 1z usually reduced in the couraeA
of cperation, and the average space velocity 1s onlj équal to
170-190. ‘

antnesia and Opgratlon Condltions

Cne great advantage of the iron catalyst in comparison wltni
the cobalt catalyst is found in that 1% need not be reduced wlth,
hydrogen, which offered very great difficulties at flrét and can
only be done today at a great expense. The starting of the iron
single substance castalyst, as well as our other iron catalyst is
dons undzx certain raadily re-pmoducible conditions with the synthe-
8ls gas %0 be used in the synthasis. Yhis "forming®, as we call
our gtarting, is very lmportant for the aétlvlty of the catalyst,

A perfectly definilte carburization condition is imporfant for the
proper operation of the iron catalyst, and it differs qulte con-
elderably from That required for the atmospheric pressure synthesis.

The recognization of the proper degree of carburiZation

ls, however, very simple. 1 will emphasize here that we are not
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forced to forming at low cresgsure with carbon monoxlde and at
high temperatures for the production of our better catalyst,
as 1s done at the K¥I.

Depending on €n§ operating conditions, the synﬁneais
temperature of the catalyst varies between 210 and 260°, the syn-
thesls pregsure between 5‘and 20 atms, normally in a much narrower
range oflbetwsen 9 and 15 atms. ‘The optimum gas composition, when
operating with the iron catalyst by way of carbon dioxide forma—
tion, 1s approximately 3 parts co:2 parts Ha. .

1 am glving here analyseas of the starting gas and tail
gas with a single substance catalyst when operating by way of

formatlon of carbon dioxide. .

Starting Talil

Gas . _Gas

COg 4,5 64.2
Hydrocarbons 0,10 3.6
Oa . 0. 0 O 'Y 0
Cco 54.6 6.2
Ha 35,4 6.5
CHa 0.6 9.7
C-number 1.0 1.78
Na 4.8 9.8

Prqpertigs of the Products

In my discussions of the products formed with the single
substance catalyst I will limit myself to such whlch are formed
in the operations by way of carbon dloxide formatlon. The data
referred to the average product of a one year operating period.
The speclfic gravity of the total Yleld of the liquid products
wag 0.710 to 0.715.

The boiling range was as follows:
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54% by welght of 1zqu1d.progucts -120°¢
i & 1] ;]

65% -150°¢C
675 * " oo . -165°C
7'3_75;5 " # H ] t -195°¢

The olefine content of the fractions vary with the de-
creasing bolling point Detwean 45 to over 70%. Up to 7% alcohol-
like substances ere found in the fractions to 150°C. The motor
propertieé, a8 expressed by the octane number of the stabilized

fractlions, are:

-120°¢G o.n. 86

-150°¢ " 7
~165°¢ " 73
«196°¢ t 66

Tnece figures show that the gasollne‘with the iron cata-
lyst may Justly be called that, unlike the cobalt gasoline the
octane number of which 1s incomparsbly lower. No cracking of - »
the hydrocarbons obtained with the iron catalyst 1is required. We
atiribute these high octane numbers to the relatively low boilingv
polnt, to ths higher iso =hydrocarbon conteﬁt, to the yrésence of,:
alcohol-like substanées and to the high olefine content. The iron
gasoiing fulfllls all requlrements on purity as well as the cobalt
gasoline. The gasoline olefines are as harmless with ﬁeference‘
to gum formation when formed with the iron catalyst as the cobald
olefines. The moter behavior is perfect, I have used the gaso-
line obtained with iron catalyst for many months. The dlesel
Tuels ehow good inflammabllity which varies depending on the boil-
ing point of the fractlon between 55 and 72 cetane number, which

corresponds to 71 to over 100 cetens.
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The gasol which comes over with the above products con-
talne over 50% of Ce hydrocarbons and ig composed of 60-75% of
olefines, |

Soulpment
The results communicated here were obtained in labora-

tory as well as on a pilot plant scale. The pilot plant tests
have been emphasized right from the very start, because the
dlfference between the 1aborétcry synthesis and large scale
ééuipment is too great, accordiﬁg to the exPerlenée with cobalt
synitheglis, to pérmix drawlng any conclusions. Our pilot plant
equipment has an hourly production of around 10 cbm gas thruput, -
and offers therefore, already, the possibllity to appreciate the
technical dlfficultlies to be experienced 1in large scale operations,
iT the constructicn of the pilot plant reactors is %o be retained
in 1industrial equipment. Thils experimental installation has now
been used wilthout 1nterrupcion for over twg.Years. The indivi-
Gual catalysts have not been used for longer than seven monthg

%e save tims. During that time the results obtained were simi-
lar to thoss obtained in the laboratory. QoreQVer, the pilot
plant tests gave us a better insight into ths course of the re-
action, 1in particular with respect to the heat effects. We have
rald particular attentlion to the reactor conétrucfion in the develop-
ment of our gynthesis, because the technlcal ripeness of the iron
catalyst gynthesls 1ls merely a question of the proper reactor con-
struction. We have already mentloned that the high reactlion teu-
perature offers one of the principal problems in the syntggg;a‘witn

N
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‘iron catalysts. Kastery of these temperatures introduces difrl—
cultles whlch are aggravated by the high gpace velocilty and the
hlgh catalyst thicknass, making éurflciently rapld elimination

cf the heat of the reactlon a very serious problem. Thils rapid
leading away of the heat of thé‘reactlon is far more important
with the iron catalyst than with the cobalt calelyst because

the dangersof carbon deposition and of the reactor plugging up

1s here muoch greater. VWere one to retain.ﬁhe usvally used re-
moval of the heat of the reaction by megns of water, pressures

of up %o 50 atms gauge are o be expected in the cooling part

of She reactors when uslng the game reactors as heretofore, which
can be overcome industrially but will greatly increase the cost
ef the reactors. On the other hand it had been suggested to sub-
stitute oll cooling for the high cooling water pressures, as has
been done by Franz Flscher in his first gasoline eynthesls reac-.
tors. Thls does not appear a satlsfactory solution %o us, bécauae
a beat exchange system cutside the reactor cannot materlally reduce
1ts costs in comparisdn %o direct water cooling at high pressures;
we were also afrald that even with high circulation velocities of
the cooling oil 1ta heat absorption prbpertles would be insuffi-
clent %o produce satisfactory and sufflclent heat removal. We
started out with the 1dea that water was the ideal dooling agent
in every respect, particularly for ths gasoline synthesis reactors,
and we have developed a reactor in which the heat of the reaction
1g taken awey only by the evaporation of water, but in which the

pressure of the synthesls reactor steam boile¥ gystem excesds
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10 atms gauge with a synthesis temperature of 210-260°. This
type of reector is et1ll 1in the process of development, and I
must therefore omit giving more detailed information on it.
Entirely 1ndepe§dently from the above we hava elso tried
another method which seems to be suitable to overcome the danger
of thé carbon deposition or reactor plugging up as well as for
the mastering of the high temperature and hlgh beats of the re-
actlon, This method tonsists in using the iron catalyst syn-
theslis in the 1liquid phase, l.e. in a sludge or emulsion of the
catalyst in the synthesis oil. Tnis process offers advantages
both with respect to Operétlons aﬁd other const;&otlon_of the
‘reactor: the intlmate contact of the cooling medium with the
catalyst with the complete elimination of the wall separating  .
the two préduces ldeal heat exchange conditions, under which ﬁhe
overheatling or the carbon deposition, as well as the slugging
are almost completely excluded. The suggestions for carrying out
gascliné.syntheals in the liquid phase made by the XWI in Muelhelm
which are known to me, appear 1ittle promising at least from tée
standpolnt of ccnstruction. We belleve to have achieved impor-
tant progress particularly in the cgnstructioh of our ligquid phase
reactor because of 1ts'exceptlonal slmpllcity. Naturally, the
synthesls 1ln the llquid phase introduces numerous new problema;,
80 lnat we cannot as yet make any definite reports on it, parti-
cularly because carrying out of these tests will requlre very much
time with the exceptlionally long life of our catalyats.- We can, -
however, already say today that we have reached practically the
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game conversion in é llquid phase synthesls in our reactors, as
in tae vapor phase synthesls.

1 have already mentioned that hydroca bon synthesis with
iron cavalysts offers a few additlonal problems in gas production,
purification, scrubbing, reintroduction of the off-gas carbon
- dloxide, etc, However, I seem to have used up too much time for
discussion of tneee problems and must therefore come to a close.

I have already emphasized that the importance of hydro-
carbon synthesis néed no lohgér be dlscussed. The rapid develop-
ment of gasoline synthesls by the Flecner-Trcpscb methoda$hg @
cially in ths direction of worklng'up of the primary product
which may produce ehortly gasoline as a by-product, deserves par- .
ticular attention with the iron catalyst, because the products
obtainea from 1t are nlgh in unsaturated compounds even in the
high bolling fractlons, whlcn offer new possibilities in their
working up in comparlson with the cobalt products. I would not

1lke to conclude my ccmmunication without acknowledging the support

of our work by Director Kost or without expressing thanks to my

collaborators, in particular to Dr. Ackermann.

/s/'KSlbel



