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it la hardl; necensary for e ta explain to my fudi-
enoe the :meortunce of tm.s tOplc, nor the 1m:ensive work and
the great 1ncereut shlcn has been creu;ed_slncg tne tfasoline
synthesis by Franz Flscner ana mang Yropsch has resulted in a ..
successful industrial applicatlon. The excessively raéld-cclen—
Tiflc and industrial developzent of tne'cobalt»CgtaIyat has not
made us forged thut the use of cobalt as & catulyst mukeé us
dependent on 1%s lmportation from abrOaaforAﬁhe colonies, and
is uneconomical. I don't know wheilher the 19% logs of cobalt
used as a catalyst 1in a single circull is covered by tne Gerdan
production, but it ls certuin ﬁm;t the total German cobalt re-
quirenments go principullylin the steel Lnduat;y, and 5re in
no ay covered oy douestic Qroductlon. As long; us this 1s the
cage, depqﬁdence_bn cobalt s a handicap ana the rurtner_develép-
ment of tae Flscher-Tropsch synthesis, w&icn is a key process,
and a startinu roint for an entirely new orpanic cnemicﬁl indus~
iy, tue oevelone1: Thich we may be able to @eagure by the
1m=ense dcveIOpment of the inaustTy 1n Anerica based on a rurther'



"2 - | : Qi’\ULTf'T | tesee

applicatzonsof petroleum for tue productlon or the greatest vari—
'ety of products. A furtner aan er caused by war condltione, con—
eieta ‘in tne necesslty of centrallzatlon of the manufacture of the;
'catalyst because or the - hibh Value of cobalt and of thorlum, whicn )
‘aleo will be ellmlnated by chunblng to 1ron. The catalyst developed
by us is- elmple to prepare wltn slmple oquiphent and can be done ln .
the ruture at the synthesis worka. ) ?. SR - S ;

-1 muet further be remembered that ehanginb the catalyat
'from cobalt to 1ron will - greatly reduce the cost of the eatalyet.
Lhese are not the only reugons for the trend o the develo;nent or
th° bueollne eyntnesle cat¢lyet in tne dlreetlon or the appllca~'
tlon of iron: The greatest uttrecflon does nov eonsiat in the slm—
plc aubecltution of cobalt but rather in the posslblllty of uynebe-
01z1n5 more reaaily convertible and cheaper products than can be .
done with.cobalt. Thls applies elno To. the gzsoline syntnesized
with iron, whlcb can be-censlderee ua_gging useful as such, unlike
the cobalt baeollne '

'Tne problea or syntiaesis of throcnrbone with iron cata-
lyst.ie by no means as novel as it s assuzed by many.“ renz
?lacher-hlmselfAhas contlinued the develapment'of iron eatulys: with
his ciharacteristic stubbornness ever since his conception of the
idea of prepa:ation of o1l :fom coal by syntheslis of CO and Hz-
eontelnlng gases. In-fact he was first %o produce in 1925 at
ataospheric presgsure the homoloys of methane from caﬁbon igonoxide
and nydrosen using iron catalyst. The work with the 1ron ca alyet
has been cOntlnued,even today in spite of the high agtayge of develcp—

zent of the cobal»ethariun catalyate, arnd without regard to the
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°x15uence of andamsntal dlsadvantabes or 1ron catalyst against
cotalt and nickel-oatalyut ‘whtch were belleved to eYlst. Tbn
 erQrts ‘were contlnuously stnrtea anew,. because or the reali
:tlon tnat 1ron playa in nature as ﬂell us 1n thv arts a nore _
i1:nortant role as a catalyst, than cobalt and nlckel ‘ Finally,'
1y lndustrlwl catalytlo procossea -involving the use of coatly

_a.d_s nave bcen changed ov;r in the course of the ue:elopmen»

to the use cr ron.' LumarOua pacents or the I u. rarbenlndustrla.
.1ead one to aeguze that they have work ed Iér & lonb tlmﬂ on' ths B
use or.;rgn’cayalyet-ror thc reauction of carbon- nonoxide and thsf'
'rof;atlonvor hyd:océébqnu, The results there recprdcd can, how-
ever, not be exgerimehtally aubstantintu& in Bpltg of the-zanj
earnest. \fforts, r do thay equal as far as is xnown to ths
“esulténobtained by Fischor and hig students. 'wo further afé
fazlllar with differont work in Japan'uhlch consleted in aluoegt
palnfully ﬁécu:a:e réproduétlon of the principal featureg of Fis-
'cnér‘s pudblicailons, but wirlch have braught outd nothing nes bexpnd
the resul®s obtalned by XWI. .French scientists have eccuplgd‘tgsm-
selves lntcnazvely_wltn the physloal invesIigation ol iron'cQtalyst.
The X-ray and therzo-zagnetic mothods used by them are hiphly ori-
ginal and very interesting, but they sust be used with the yreatost

circuagpecticn according W tho results of our experimenial work in

this flc.lQ . o : J

 Fundazental Probleza wltn the Iron Catalysst

Ths reason for the slower dGYBlopuent of the iron Catalyat

in co:pariaon To the nickel and cobals catalyst 1s found basically



. S o

-in apaczrlc problema -and dirriculties offered by iron in comparl-
:son w'th the other two matals when uaed as catalyata. WS know
ﬁthat 1n tne serles 1ron—coba1t-n1ckel the actlvlty 1ncreasea :
with reepect to reduction or CO to hydrocarbons. or theae three :
elements, when oonsidered ror the teonnical hydrocarbon eynthesla,
‘iron offers tne greatest attraction, but alao tundamentuliy pre-
senta the greatest dlfflcultles because: 1t has the 1e¢u. actlvlty.
This Iinds 1ts eXpreaalon in 'ne reaction temperaturaa with the
dlife:en» gatalygt metals: _at.atmoapher1c pres§ure,,tha hydro—
Carbon‘g&gthesin can be carried out Qt 160°C;w1tnvniékel, at’ f
170-180°C with cébalt’ and only at 226-260°C with the 1ron'catn{
blysts khownitoday. The necaaelty of uslns hlbher temperatures
with 1ron 1ntroducea a multltude of dirrlcultiea and problema.

1) The roruaclon or t;aseous products is greatly’ ravorod
by rlslnb te"peratures, l.e., the 11queraction beccues poorer.

2) Tae formation o;-secondary produota, e.g., through
the decomposition of the hlgh zolecular welght primarj paraffing,
18 greatly favored by rising touperatures. The types of secon-
dary products, e.s., from ths high dpcompoaltlon molecular weight
primary ﬁararrxna arfect very unfavorably tha 1ife of the catalyst.

3) The separation of carbon fquvthe carbon monoxide, tha
so-called carbon deposition, becomea greatlyiincreased at hignei
reaction teﬁpératures, which will threaten grent.technicalvditrl-
cultles, egpeclally in the synthesis 1n‘tné mi@dle pressure range.

4) The srntbssls equipment 1s the ore difficult ¢o con-
struct and is the more eXpenslve, ne higber the reaction %tempera-

Ture. nere we to peraist 1n leadlnb away the heut of the reaction



Sooeptio
R o T-488
'wlth water detinlte technloal limltations w111 be 1mpoaed by .
ftna reaptlon temperaturee. Tne empirzcal experlence uccumulated
wlth cobalt and nlckel ag" oacalyets. cannot be used for the’ solu—
tion .of these baslc problems, bacauae 1ron catalyut dirfers rrom'

the two. brothsr élementa by speclal converclon propertlea durlng;
ths reaction. ', o C e '

‘ ‘The ‘cobalt and nlckel can cause tro &1nda or reductlon
'on carbon - monoxlde. . R N
‘ 1) Oxyben or‘the carbon moncxide may be eplit off as
water during the fgrmatlon of hydrocarbcns. (CO + 2 Ha & CHy + H0).

. 2) The oxygen in the carbon monoxide can-be woed for. the
production of darbon'QIOX1da ®ith the foroation 6f the wnwanted
Gethane. (2 CO+ 2 Hy = CHa '+ CO2). |

~ Ironm, bowever, offers a third ana prlnclpal kind of re-

dctiﬁn, in which oxygen 1g usea in the forcation of carTion czox.dc
~1cn the simultaneous formation however or hydrocarbons (2 CO+ Hy =
CH, + C03). Ve _might mention here in parentheals tnat Figcher and
Tropsch's statewent in thelr colleoted work on the study of -coal,
that the 1ron and copper catalyst alwnye cause the rgaction o
proceed by way of rormaflon’or oarbon dioxide, and wltncu; forza-
tion of water, does nov abree with our obgervations. VWe have deve-
loped iron catalyat in wihich there was a oonalderable amount of
" water formed during the carbon monoxide reductlo1 which therefore
approached quite closely %o thg 1deal case already stated by File-
cher and Trepsch in 1926 of the use of water uas prﬁdﬁcté, using
equal purta‘of'chrhpn:ixnzids and water accofﬁing.td the equaticn
3C0+ 3y w COp + HaO + CHg. * We do not wish ta discuss this’
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any closer at the present, bacaune our work ln tnls dlreetlon has
not yet been completed. )

Tho compositlon of the 5&8 must alwaya correspond to ths

reaotlon, when water is formed tha proportlon of CO'H; must e -

1: 2 2: 1 wheq carbon dloxido 1p formed, and whsn both reuctlona
occur the prOportlon should be 1 1, L. e. the prOportlon such as.
exigts in the usual water sas (blue gas) Nnturally the naturo

of the bydrocarbonu Tormed will bo dlrrerent dependlng on ths
Operatlon. when an iron catalyst is used with carbon monoxide -

' rich baa, wlth the productlon carbon dloxldo produota very: hlgh
‘in oleflnoe are . obtalned~ when - water is Io med with hydrogen—rlch
gas, the produota auoume a wore saturated oharacter; Thege pogsl-
‘bilities of varliations dlrrorentla.o 1ron aynthnsla froo tne oobalt

ana nickel catalyat and are 1n themnolvea exceedinbly dea1rab1e,

Lo

but Auqulro overcom.nb consideradles difficuities,

~ After having brlerly digcussed the problems net during

the opment of the lron catdlyst I will proceecd with comauni-
N

_catl gome results of our own work in this rield, carried out 1in

Rheinpreussen with Dr. Ackermann and lator with Dr, Ruschenburg.

I will not overlocad you wlth detalils of the work which hao.loated
Tor nearly four yeax‘o, and will 1imit nyaelf-for't'hs(snke of brevity
principally to the communication of the results. '
Invepty ' »
The purpose of our work @&id not conslst @er ely in find-
lng a aubstxtute of iron for cobalt, but ;o dsvelop +he hydrocarbon
‘synthesis with iron to such an exteat that 1% would no longer be

‘a mere subatitution for the synthesis with cobalt, but would
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repreasnt actual taohnlcal and economlc 1mprovementa. Our work
“began 1n Hnsinpreuasan ln the eprins of 1937'—1n1t1a11y‘1n“twq»*
dLreotlona, in ths conclnuatlon of the work begun at KWI- -at .
.atmosphﬁrio prcssure, and conneotlng lt to the “aynthol“ work

of Franz Flsoher done 1n 192& co 1924 uning hléhﬂr pressuren

ror the production of antl—knock bacollne. The reaumptlon of

the work with lron catulyet appeared to us Very promiaing becauao
“An the peat ten yearc of dcv Opn“ﬁu ol syntnol, copa;aeraoxg pro-
gress had been made wlth 1ron oatEIyat whlch hed not yet bdpn used
.at 1noreaaed Drosauras. - - -

At tne tlme we started oyr wor; :he atatus of develop—

ment was 51ve1 in the publicatlone of Franz Filgcher and in the

work or K. ueyer with an iron - copper catalyst contuininb 28%
ooppor, uslno o synthesis gas oonuainlng 28, co aﬂd“ﬁﬂﬁ H,, and
who odbteined 85 5 liguid nydrocurbona/ncba during 4 - 6 ueeks’
'Operation; The oonveruion without exception proceeuea by way or
oerbon dioxide formation, the temperatures wore 22¢-03 °C, The

CO: H, proport on of 1:2 used in these tests was the most unfavor-
able lzaginadble for. rork wlcn tnla catalyst, and the reaction by
vay of carbon dloxicde requireda the reciprocal proportion of 2 CO
tol Ha. 95 glct;fa\}n'as the theoretical maximum yleld with the yas
of compositlon selected, COtH; = 1:2. No guccess was Oblalned
working with carbon npnoxldsericber gns, because ths actlon of

tha catalyst dropped off very rapldly nf;er an Lnitlal high yield
at normal presswres. Attempta’to oonduct the atmospheric preéaurea
synshesis by way of water formation were also unsuccessful in the

. Sests perforzed at the KWI.
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ou_ resulte with the atmaqpheric preaaure eynthanlu
”witn 1r6n catalyst conaiated at tnat tlma in attempta to 1ncraaae
1tn llre and accordinsly also ths yield over 1onger‘§er10da. ualng
a8 oatalyat of ‘much aimplor componition, and accordlngly algo much
oheaper : he wore alao suoceearul in working wlth a gan contaln—
;lnb more Carbon monoxlde,wlthout harmlng the catalyst. Thin nuc-
ceep was- achievod by avoldinb alde reactions, wlth ths productlon
of subatancee whlch causgsed a 5radua1 polnonlng or the catalyst.
However, aven 1n spite ol the appr eclably highsye ylelgn we obtained.
in our work at atmospheric pressure, it still roma?nad much Below
the 11quid product yield of tho catalyst. This staye of dovelop-
~ment of the atmoapnerlc preasurc synthesls with the tron catalyat
1g of little intorest to .he outsider, and I will rerraln rrom giv-
ing any detalla./ The work wag contlnucd and no detalled informa-
tion was given when positive results were. obtalned.
e consldorcd at the bebinnlnb of our 1nveutlgatlon that

ths iron ca»alyn§ could become of practical intg.eat only after '
| the ylelds could compete with the ylelds obtalned with cobalt cata-
1yet. Thia, ng&eter, ®as agaln possible only if the CO:H, ratlo was
selected to correspond to tho operation of the iron catalyst, or A
conversely when the work of the Aron cﬁtalyat was adapied to the
,hydrogen-i;ch'syntheela gas. I.e., our task becaae to £ind an iron
catalyst with whioch operations with carbon wmonoxide - rioh gas be-
caaevpoaaible,'or else operating conditions in which the iron cata-
1yst cperated like the cobalt and nlckel oatulyat, l.e. by way of

waser rornation.
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Ths very rlrst pressure experlments wlth our own iron
catalyst whloh wevbegan 1n tne spring of 1937 and wera admittedly
based upou.Fischer's synthol work showed’ two atriklng reaulta,‘
“which Opened the poaaibilltiee of satierying both requxraments
whsn worklng under presaure. wlth an appreciably 1885 active ‘
catalyst we " round durlng thesge flrat teste that whnn operating
with watar gas (1 CO Ha) a’ nunprlsinsly large amounc of water:
was formed at pressuros of 7—9 atmg and a tcmperature or 210°
with an almost complete utillzatlon of tne carbon monoxida. Tna
amount or water formed was up o 40 g/cbm and the drOp in orrz-
clency of the catalyst wus barely percsptible in spite or using
watcr .@as.  The higher preeaure apparently overcame the harmrul
influence of highar concentration of CO ana tna nope ueemad Justi-
fied that waler rormation wlll be conaiderably lncreased when vater
a8 was usqd under pregsure. On ths strength of tnls experience,
we continued our experiments yithln the pressure range between 5
. and 100 atcg uging high-carbon ménoxi&c as well as hlghéhydrogén
gares. we_would obtézn up to 80 g.of water per cﬁm synihesis gas
with hydrogen—rlchvgases'at Zediun preassures of 7-15 ataospheres
with a formation of 85 g of liquid and golid products, almost 30%
' of which consigted of paraffin. Up to 1/3 of the conversion pro-
ceeded ﬁ& way of water formatlon. e havé got still better results
ueing other catulysts. I would, however, not like to talk about 1t
at present, because Siae work has not been completed. '

The work with carbon nonnxlda-rich gases was app‘eciably
more successful. we have sucoeeded rignt rron the atar: in oblaining

14



ylelda wnlch Were throubnout equlvalent to the cobalt yielda,

by cnanbin& ove-_ rom. atAOSPherio presuureﬂzoAmiddle preasure

anu_usinb a simple metal 1ron catalyst and a gas, cogglgf&gg of
tnree pnrta uo To two parte ﬁ,. The life of Thece cntalyst; Tm
aeemen almost unlimlten, and. appaared even 1ngonvenlently lonb

~for & rayia development Damabe to Tae catalyat by the nlgh
carbon monoxioe content vas thercrore ovarcoue by tne use or
'preaaure. 'Tue prOQUGvB were “aner clear \colored sliuhtly yellow

_and, ulvays entirely free -from crystgllxzed pararrln. bran;_F;s—-
.cher mudo a repors in December 1937 on the ‘midale prebsuie syn-

: chesla vulcn WAB tne firs® preliminary communlcatlon on tha iroen
catalyat pressure synihesls and which was_in a surprisingly good
asraemen» with our results. L o

: Ve devel oped the rollowlnu nypotneslu from the unexpecced
fact that tane hara’ done hx the catalyat at hlbn Carbon monoxlde
concentratlons and at ntmospherlc preguurc dlsagpeara when the
pressurc is increased. The formation of hydrocarbons ‘on the cata-
1yet oetal of the eighth group of tae periodlc system was caused
raqcorulné té Frunz rlacher on two competiling reactions of carbide
hydarogenatlon. The carbide formatlon a% atmospheric precsure 1s
app;x-enuy easler witn iron catalyst than the hydrogenatlon.

A minizuz partial pressure of hyarogen seewms to be required
for a succescful operation of the synihesls 1n order to hydrogenate
tae carbides formed from carbon monoxids ana to re-forms suflicliently
rapiéiy the active centers of tne catalyst through the re-formation
of carbidses. 1t the gbsolute hydrogen preasure, i.e., the h:drogen'
concentrguon, i3 below the ﬁnlmm, all She active den:ers of the
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oatalyst wlll become'blocked by tha carbide formatlon,_and the
actlvlty wlll qulckly drOp.v The mlnlmum pressure ot hyuroben

is 0.5-atm. abs when working at atnospherlc pressure.ﬂ hhen,Water

gae is used, wltn 60% co oonverslon, the preuuure 1n the tall gaa

13 already too low. '~ DRI ' j ﬁ,;ﬁﬂ
' hhlle unlng gas wlth atlll hlghsr co content the concen-

tratlon is tooc low cven in the aynthsals 5&&, tne catalyst becomes
‘carbiaed“ or carboaluea, ana 1ts activity drops rnpldly. - when.
operatlon at nignar presaure, e.gs, at 10 atmg, and wlth a 60%
»converalon af vo, tha nydrogen pressure uaing water 5&8 remalns‘
-3 atma abg. when the etartlng #as contalna 3 CO'Z H;, 1l atn ubs

’l 3%111 be. present wita a CU convcraion of Ylg, or wlth a gna
o: 2'¢0:1 ﬁa, o. 5 atm abs rlll remain w*tn 814 converslon. when
‘operating wlth.a-nydrogcn pressure ‘or about 1 ata abs, as rappens -
with a gas whicn conslsta of 3 CO:2 H; at a preasure at 10 atng, .
we may expect not rerely a‘high converélon,vq;hlgh dnounf of ligue-
‘raculon but also a long iife oZf ‘ho'catalysﬁ This hypothésis
presugposes tha- the abillty %o fora carbides does not increase
to the same extent at lncreased pressure, as the hydrogenation
abllity. Such 1s the case when the 1ron catalyst 1s reduced
{formed) at atmos@hérlé pressure before operatlons at increased
pressureé. Accérdlng %0 experience a maximum activity may also be
attalned under such conditions. If the catalyst is lonedlately
started unger full midale precsure, it hardly reaches full acti-
vity, and the carbide formation exceeas he hyarogenation. we
realize that our nypdthesxé is not'ehtlrely free froa contradics

tions, but i% peraltited us 0 explain the surprising differences



1n tbe bebavior of the oatalysta at atmospharlo and under mldnla

”pressures. and we owe to 1t many 1natances when uslng 1t reaulted

'.I." talxat '. B R - ' T
- Qur prlnclpal work naturally consisted in the develOp-

ln a- practlcal succesa._,

‘ment of-a suituble catalyst of’ wnioh we have broubht out neveral-
types euitable for dlrzerent purposcs. For the aase of brevlty
I will report n~re only on the elngle—aubatanco catulyat with -
which we operat.d the lcnbcat Aa,tn. name 1mplles, the catalyst
contalns none of the. uaual adultlons. suoh as copper.»manganese,

>

aluminum, etc. It conslsts essentially ot—irou, and 1ts activity

13 the result of o epeclal method of preparutlon which causea the .
formation of a definite'modirlcatlon of 1ronv9x1de. Tne dlacOVery
of this. catulyat which excelled in sizplicity and cperatlon was the
result of our dpgllCdtlon or the moat mode*n zethods of untalycxc
cnemlstry, wnlch ‘nag to our knowledye not yet been applied ta tne
atudy of tne catalytlc processes of gasollne synthesis.

13, wechanical Progertiga

, Purel: zn outward appear&nce tne caualyst looks some-~

what like the silica gel 1in struoture, and has the sa;e extraordi-
nary hardness and mecbunical Btrenoth. tna ca;alyat doeg not lose
this atrengtia durlnb Qperatlona. ‘the 1iron catalyst offers aQVant-
ages over tae present cobalt cat;lyat-in its mechanicsl prOperties.
Its £1lling welzht is exceptionally lurge, and the reactor effi-
clenay, referred to space, 1s 2 1/2-3 $ines as large wish this iron
single substance catalyst than with the present cobalt catalyat.
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P"enax‘atlon -b
~‘Phe. preoaration or our 1ron—cata1yat 13 equally surpris-
_1ngly aimple as 1ts comoosltlon. We already’ have prepared it on
a semi-teohnlcal~sca1e 1n batohea of 10 ks and ovar and obtalned
reproduclble hlbhly actlve eatalyets for several years. It ia Sf
»obvlous tnat wlth such chenap atartlng muterlal and slmple methcd
of nreparatlon the catalyst costa play a very eubordlnate role.'
Thsir &mportance 8lnkg st11l rurtner when. conslderlng the llfe
‘_ana ths ylelds obualned with lt.‘ ‘At tne veny start the repro—».
duc 1b*11ty of -tha dron cathlyst offered great dlfflculties, whlch
| as rar ag o know have qOu 5eu been overcone in KWl for COQI Studies.
mbay depend on appa.eﬂu accldentu in the preoaratlon of the cata-
. lyst, which makes the work-much more difficult and 1ts technlcal
real'"aticu 8 ‘ll qucs onable. Yio have realized the cauae or
thege d1fficulslos anu e’lmlnated thaﬂ a 1onb tice ago. The Igpro-
duclidbllity cr sood iron ca»alysta 18 no lcwmer any problem %o us.
' x;g;dg £04 Llfe »
Otior standards cust be uged when indicating the yleld
and the life of our iron catalyst than with the atmospheric press-.
ure.cobalt catalyst, bgtauge the life of our 1£6n'catdlyat is not
Deasured in weeks months but 1n years. Referred to active gas
" ingredients the total yleld in gasol, liquid and soliﬁ products 1s
on an average 145 g/ncbm during the first one-half year. After '
one year's opsration Suls tosal 71614 &ropped o the avorags
to 143 §. After one and one-half year's operation 132 g total
products were still obtalned per nébﬁ of actlive gas ingredients.
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TThese data refer to a one stage process wlthout clroulatlon and
wlthout 1ntermed1bte regeneration. Hhen several Btageo are ueeq,
.or the gas clrculated these yielde can be- still further increased
“accordlng to our eaperlence.' The final 11fe or our lron oatalyst
cannot yet bs 1ndicated bocauae our flret caxalyste have been
eerlously damabed 1n tne;r actlvlcy arter 15 montna of operation B
by cdutside influenoe - rallure of the temperature regulator, free-
vlng 0¢'the gas llne etc.,‘The cacaljst with the 1ongest operating
tima le still in use altbough.lt aleo has been dnmaued and givea )
~voday efter 19 months of cpera %ion a water clear 11qu1d product
including gasol of a ttal amount of 130 5/cbm aotlvo ingredzents._
Ths data - = peak productlion have no meanlng ~1th the 1iron catalyot
’but under epeclal conditions a greater yield up %o 160 g/cbm active .
gaa 1ngred1ente can be obtalned. '

DPyree of Liquotaotlon

Forzation of iéethane and GO ponverulon

The carbon monoxlde‘convcreionvcould be maintained during
the first 6 months of operatlon at 92%, with a degree of lique-
faction of 7?34 and methans rormotloh of 9% ot the carbon monoxlde
converted. With 1nor Lasing Operatlng tize the products fo*mod by
tpc‘lroo cazalyat are changed in the dir eculon of foruation oI
lighter boiling and gasol hydrocarbons. -All these data are given
for a single stage process. - )

Somce Utilization or Space Velooity
A space veloolty of up to 270 is oblalned decause of the

great denslity of our iron catalyst with a normal gas load, 1.0.
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in one hou. the gas volume 13 &70 tlmes greater than the reactor
‘volume. We may give 1or nurpoae of comparlaon the Space velocity\
'durinb the atmospherlc pressdfgbcobalt avntheele whioh reaches a
maxlmum of only 150 with the slngie étage process, 1 e. the. gas
volume is 150 tlmes that of - the reactor volume. The two Btage
process commonly used atb present 1ndustr1ally reduces the apace
veloclty to only 70 1T thﬂ total gas canvcrted 1s rererred to all ,
jthe reﬂctors used. - The - anace-ut*ll:atlon is 3.5 to 3.8 tices as .
'hlph with the iron catalyet as with ‘the cobalt catalyst at atuoa-_
'pherlc preesure. Thls peak load 1a usually reduced in the course
~of. operatlo.., ::.nd tk‘m_'_;-.wemge -space veloclty 1s only equal tb '
*170-190. o ' ) S ‘

Svnthealg and Operation Conditlcqg -

One great advantage or the 1ro1 catalgat in comParlson ‘with
she cobalt catalyat 19vround in that 1% need.no~ bs reduced with
hydrogen, which offered very great difficulties at first and can
only be done today at a yreat BXpenBe.‘ Tne starst 1§g of the iron
~ single gubsgtance catalvst as wol* as our other iron catzlvst ile
dors undax cervinin readlly re-prodncible oonditionn vith tho syntho-
818 ggd 40 bs used in the synthaels. This ‘rormlng , as we call
our starting, is very important for the activity of the oatalya:_.

A perféptly definite carburlzatlon condalitlion 1s 1mpor:dnt for the.
proper operation of the iron catalyst, and 1t differs quite con<-
siderably ffom thaﬁ requifed.rcr the atzospheric pressure synthesis.

‘Tre recoénizatloa of the, proper degree of carburization
1s, bowever, very simple. I will ezphasize here that we are not
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rorced to fovmlng at’ low pressure with carbon monoxlde and at

high temperatures for the productlon of _our better catalyat

i"as ia done at the KWI. :

: Depending on the Operatlng conditlons, éhe syntheaia A
.‘temperature of tha catalyst varlea between 210 and 260°' ‘the eyn-
»thsuis preBere betueen 5 and 20 atms,,normally 1n a much narrower
’range of bﬂtwnen S and 15 atms. The optlmum gaa compositlon, when
oper ating with the iron catalyst by way of carbon dloxlde rorma-
tion,. is approxlmately S_Darta €032 parta Ha. . R

I an glving nere analysna of the "starting gas and tall
bgns thn o slnble nubst“nce catalyst wnen operatlng by wny of.

-

‘fermation of carbon dloxlde.

Starting Tall

- Gas o Gag

CO3 : " o 4.5 - 6432
Hydrocarbons: ’ 0,10 3.6
Oa o 0.0 T 0.0
co - R 54.6 6.2
__Ha . _ . i 35.4 6.0
CHe - : - 0.6 9.7
C-nuaber : ) ‘ 1.0 1.78
N3 4.8' 8.8

Proper.lee of the Produq_g

In my Aiscusslons of the products formed witn the sinygle
substance catalyst I will 1inmit myself to such which are forzed
in the operations by way of carbon dloxide forzatlon. The data
rererred To the averabe product of a one year operaiing period.
*he speczzzc g“avltx of th2 total yleld of the liguid’ producta
was 0.710 %o O. 715,

The bolllng range was as follows:
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54% y walght of liquid produots 51 ;120°0
63 _ » o

67% SRR e wo o Igel-
73-75,0 mo e e =195°C "

7-“h~ olefine content of tha fractlone vary wlth the de-
creasing bolling point between 46 to over 70%.  Up to 78 alcohol-
like subauances arc found in the fracnions to 150°C. Thﬂ’mbtdr‘

propertles, as expreased by ths ootane number of the Btabiliacd

fra otions, are-_ L : '_.‘; o E
-120°¢ - . o.n. 85
-150°¢ SR8
-=165°¢ R £
~198°%¢ - 68

Tnéso Ligudos ahdnAthat'the casollne with cne'1r6n'cdta-:
1yst may Justly be called that, unlike the cobalt gasoline the
oc»ane number of rhlcn 18 1nco~parab1y lowe‘. No cracklnbjor
-the hydroocarbonas obtalneu with the Lrom‘batalyet iz required. ‘We:.
a?:::bute theee h&bh octane nunbera to the relacively low boiling
_point, 00 the higher iso -hydrocarbon content, to the presence of
alcohol-like subatances and to tne'nxgn olefine coniegt. The iron
5duo;xne fulfi1lls all requirezents on purlty as well as the copalt
gasoline. The gasoline olefines are as hiraless with réference
%0 guz formatlon when foraed with tho iron catalyst as the cobalt
oleflnéa. The wotor behagior is perfect, I have used the gaso-
line obtalned with lron catalyst for many months. The diesel
fuels show good inflammabllity which varies depending on the boil-
ing point .of the fraction between 55 and 72 cetans number, %hicn

corresponds to 71 %o over 100 cetens.
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'"The'gaéol ﬁhich'comeé‘0vér-wlth‘thé Abbve'prbduété conyff
“tainz. over 50ﬂ of Cg hydrocarbons and’ 15 comnosed of 60-75% or -
olefiﬂ;é. TR - '
' Equipment » .

‘fj The results communlcated hare vere obtalned in’ laboru—
tory as well .ag.on a pllot plant scale. The pllot plant tasts

_have ‘been emohaal"ed rlbht'from ths very Btart because the
dif*e"enco betrecn tho laboratory synunsals and large scalo
'equipmbnu i3 too great, accordlng to the eﬁnerlence wlth cobalu
aynt“esls, to p ormlt dra“*n any conoluslons. Qur pllot plant
equipment hags an hourly p"oduotlon of around iobgbm gau tnrunut

and offers th:ro;ore,_a.re;dy, the pogsiblliuy to appreciato the
technloal difficulties %o b exporienced in large scale operazlons,
1f tho, é’&ns.ruc\.xon of the pllot plent reactors 1s to be retalned
in- 1ndustrlal cquip;ent. ‘nla eXchidcntul lnsta.latlon has now
been. uscd "-tnsut lnterrug.xon for over two years. The 1nd1vi—
'dualloatal rets have not been uscd for longer than geven months

to 5ave ‘timo. During that tize the results obtalined were sinl-

lar to tuOSG obtalned 1n the laborntcry.v sicrecver, the pilot

plant tcats gave us a belter inslght iato the course of the re-
actien, in particular with regpect ‘to the heat erfeots. We have
pald particulas attentloh to the reactor construction in the develop-
vmént of our syntnesis,vbecause the technical ripeness of the iron
catalyst synthesis is merely a question of tae proper reactor con-
siructlen. ‘We n#ve already mentloned tnat the hlgh reactlon ted-

?era:ure orfefs one of the principal vroblems in the synthesls with
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_1ron catalysts. Mastery-or these temperatures 1ntroduces diffi—
.cultles whicn are aggravated by Jha high apace va;oclty and tha -
‘high- catal}st~thioxness, making sufflclently rag_g ellmlnation '
of the’ heat of tne reactlon a very Berious problem. This rapid
lleaﬂinb %géy of ‘the hsat of the reactlon 18 far. more 1mportant
with thﬂ"lron catalyst. than with the cobelt cotelyst: because.

.thy daqgensof carbon denosltion and of the reactor plugglng up
" 1g hkere much greater.. Were one to retain tha usually us°d re-.
'mﬁval of ths heat of the eactlon by nesans of water, preanures

of up to 80 atms bauue are to be expected ln thc ccoling part

of . the rcacuo‘s when uslnb the pane reactors as heretofore, vhioh'
can be OVercome 1udustr1ally but wlll 5reatly 1ncreaao the cost
.of the reactors. on the other hand 1% had been subvested to sub-
-ctitute o1l coolin" ror the high coolins water pressures, as has
b901 daone by Frana Fiscner in nlu first 5&601 ne gynthesis reac—
to. 8. Thls does not appcar a satlafac.cr/ 5olu»10r to us, because
a heat exchange systen outslde th~ roac:or cannoc mat°r1ally reduce
its costa in comyarison to dlrect water cooling at nigh p*esaurea,
we were also afrald tha¥ even with hlgh glrculqtzon velocities of
she cooling oil 1ts heat absorptlon properties would be inauffi-
clent to produce satisfactory and sufficlent heat removal. ﬁe
started out with the idea that water was the ideal coqiiﬁg agent
in every‘respect, particularly for the gasolline eynthasis reactors,
and we have developed a reactor in which the heat of the reaction
1s taken away only by the efaporation of water, but in which the

pressure of the synthesls reactocr steaa bciler gystex exceeds
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10 atms gauge wlth a aynthesle temveratura of 210-260° 'Thié
1type or reaotor 18 etlll 1n tne orocese of develOpment and I #

Lntlrely lndepenasntly from the above we have
anotner mennod whlcn seems to be,sultable to overcome 1:h.~ dangsr
of tha carbon depoaltion or reactor plubglng up as well as for
;tne.méaterlpg of the hl&h temperuture anq hlbh heats of the re-
 acﬁ1dd._ This metnod conslsta 1n uslnb ‘the 1ron catalyst eyn—
thesis *d the 1¢qa;d p“acv,.-. . 1n a slud5e or enﬁislon or the
catalyst in the syntncals oll. ¥Tnis proceds orreru advantageu
'both lth recpﬂcu to Operatlons and othcr construct¢on of the
reactor.' the,lntlmate-con;act of ‘the coollns nedlum with ths
datalysﬁ mith tne.complcté ellminazlon of-the vall éepéiatlng,_
the ‘rb éroducos idecal he at cxchangc ccnd*tlons, undcr which the
overh~&»1nb o> the carbon deposltlon, A8 .all an thb lubc*u; Y
are alz ot cc—ple nly excluded. 'The aJSbeavlons for carrying ouf
gasoline pynthesia iﬁ;fﬁéﬂllhulh phase made by the KWI 1n tuelhei:.
ﬁhich are known to me, appear 1ittle pronising at least from the
standpoint of ccastructlon. . Werbeilevé i1e) havé'achieved impor-
tant progress particularly in the consiruction of our liquaad phaae
reactor because of 1ts except10131 sizplicity. :a.urally, the
synthesis in the 1liquld phase introduces fumerous new probleas,
g0 tnat welcannbt as yet make any definite reports on 1t, parti-
cularly because carrying out orbthese téa;a wlll require very nuch
time with the exceptlonally iong life of dur catalysts. We can,
howéver, alreaéj say today that we have reached practically the



same converslon 1n a 11qu1d pnase synthesls ln our reaotora,:éé”
in tne vapor Phase syntneais._ --j’ S v‘"?" ' -* B ‘._ ;?"
_“_,41 have a_ready mentloned thht hydrocarbon synthesls ‘with
'lron catalysus of¢ers a’ rew addiulonal nroblems In—ggs—productlon-
nuriflcatlon, acrubbing, reintroduotlon of the off-gas oarbon _
d1ox1de, etc. Hovever, I seen to bave used up too much tlme ror
diacuaslon of” th°ne proolema and must therefore come to o olose..
_ nave alreaay emphaalzed that thc 1mportance of hydro-'
ohrbon ayn*h.als need no lonaer be disousscd The rapid develope ‘
zment of asoline: ayntnesis by thc Fiacher:;;opach pethods ‘»s,v—'
clelly in ths dlrec-ion of vorklnb up of tke prlmury produot
vnicn may~prcduce ghortly 5asollne as a by-product doserves par-
ticular attention wltn the iron Catulyat bocause the products
obtainead from 1* are niun in unaaturutcd coauounda even in the
nirn bolllng rractlons, whlcu offer new poaslbllltiea in their
working up 1n_co:parlson with tiae cobalt products. I vould not
like to conclude amy comzunication v{thout hcknowledg;ng the gupport
of our work by Director Xost o; without expressing thénke %0 my

collaboratorg, in particular to Dr. Ackerwmann.

/s/ Kolbel -





