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Tl Resaarch nrejects An regard o~ tha eonversian.of
earbon monoxido and hydrogen sccording to the. Fischor—Tropzdh
- process, were inltlsted because we were anxlous to get e .. -
~ploturs - of-%his. process basged on our-own tests, - Furthermora,
we were golng to try to. develop less expensive new cabalysts
of optimum activity by hangzng syatematically tho composition
of our catalysts.;: e : _ o _

: It is wall known that up to this data ﬁhe Fischer
cabalt catalyst odnsisbing of cdbalt ‘and- kieselgur ina i1 :;,
‘patio with 18% of thorium oxide, based on the metallie cobalt,

uiswinmcammarcialmusehfor,ths~praasureleas &and. medinm»praasure
~synthesis, Nowadays, & part of the thorium oxlde (about half
of .v.t) is baing mplacod by magnesitm oxide. I .

P WLile we studied these contaata, it»becama more and
fmere important ‘to- direot the. reaction in -guch- 8 way “that as
- the main product, a: pararfin suitable ror the pﬂraffin exidation,
would ba formad. }M S T [ERSTMRI g
- %hsn tha war began we. had sucoeeded 1n developlng a
enbalt catalyst which ylelded sbout 70% of the primary product
An the form of straight~ahained ‘paraffin with & boiling: point
-of 3209, that 1s, with a chain length of more then Cip (in the
1aboratory et modlum pressure, 12 atm). This cobalf parsffin
-—ts&ncw—whi%e*—it—eeﬁtaiﬁs~en%y—s&$ght*quantit&es—e£~clef1na
mand alcohols, sbout 3-5%.;,J- : | e
R . when the war started, the use Of odbalt turnad out to
ba N verv'ddbicus proposition. ‘How We were onece nore. confronted-
by’ ghe same task° to find L new catalyat, tbia tims on an 1ron K
'baa Se - L S L - , R, R ,f

~ Tha actual 1iterature, 1ncluding ths patenta, 18 mcst
-;exiguous, ‘although the matter: of tobalt repl sements bacame “.;c
-~ @ver more urgent in the courss’ of the wer,  %hat tende to- shav e
_that, after all, we met with greater dirficulties in developing
4ron catalysts then.we had an icipated, ‘The new iron catalyst

. wes supposed to be. gimple . to prepare,_easy-to reproduce, to - 4~-3
;ﬁyield the samz produots at th@ ‘same ratiofas the cdbalt catalyata;



;This 1ron catalyat ought b be forthwith useable, that 18, if”

poasible without requiring farther reeching .adapbationa of -
‘the actual plent. units; thet means, it. ought .to. operate witn»;
in ‘the temperature range cf the rsactors, ,,;:,“ s

hifgf 'uhat diffioulties are raised by theae damands?

f%4**‘f'» "1 ) First, 1ron oontacts aaow a8’ differant reacticn
‘scheme, - It .18 'well known-that the carbon’ monoxide hydro- e
fganation can take plaao in two dirégtiona-a~f o ._;.a.~

e b “";v"- 5.”‘?::‘032 . HBQ #04 B‘“‘ 5 » coz

{Fow, odbalt catalyst eonversions rollow exclusively the formar
equation, ‘EHith iren ‘catalysts, howsver, the conversion takes
‘plece according to the latter equation, . At least, that is- -
-what' the literature says. Aceording to our experisrices,. how~.¢
_evar, the actual. behavior“in practice follows the a&ded up
vequationnofaoazh #lwsnd #2-~‘»~ T :

360 ¢ 5Hg me—mmn

2332 3 Eaa Og

: mcra recant obaarvatiops apd oonaidsrations let 1tt

—av&n—&ppear feasgible’ that .iron catalysts, tod, stsrt by rew

‘acting the feed-stoclk constituonts accordlng to eguation #1"5;
‘bat later on, 8 partiel conversion will go on st the iron 'j*
;untalysts at a: comparatively low- synthesia tomperstures. L
G0'¢ HgO ~w—=d G054 Hp, 80 that as the total reaction the cenif
gversion raaction 3. resulta from the two eanvareion equations.,1

- = ?hat conclusiona may be drawn from this,nnorthodox  5f
rbehaviar of the iron oatalysts? E R S

R They require 8 fbed stocm of quite (3 different com* -Eﬁ
gposition than the cobalt eatulysts. do.¢ ‘Whereas these catal t$;=
requlre & stock consisting of Co.Hg - 1:1. the iron catélya :
1.requirea one having ﬁhe ratio B 1 o L b

L Fnrthermcre, in the preaence of the eobalt catalyst
;ioomparatively easily condensable products are formed, whersas -

" 45 the prescnoe of iron catelysts the exit gas will contain
“larger quuntities of omrbon dioxids, . For Anstance,’ pursuant -
~to equaiion #35 at an 804 conversion rate-the exit gas contains |

. 40% of CO0p, - In order to mainbain econstant.hipgh GO and Hg ,
“partial pressures at & rultipleo~steps opération scheme, under
certain: cirﬁumstances, 2 eaﬁbon dioxide waah may ba00ms fﬁ,; :

,nacassary. *‘T,,,,__ S . N , , -

o T ;,%hile tne first tyne gf diffianlties 13 originating ,
‘gfrom the different. reaction sclieme, -the second tyoe 18 origtﬁa-r
. ting from the very d*sparity tg the gottvitiea ef\tha two ‘
eatalyst’ metals. o



Fra!h edbalt catalysts operate, 1n goneral, atarting 3
with' 160 s at 8 once-through passage with: the te¢hn1cally ususl -
~gharge 0f one 1 of stoek per:.one g of - cobalgogatal, fhey echieve
.'a ‘sonversion rate of approximately at 1 In the course:
=of'eonttnn9us operstion this. ‘tempereture ‘mist slowly be raised -

to 2059, . These experienves were available when the converters
were eracted,. The reaction is well known to be of & strongly
‘exothern character. 'A large quantity of reaction heat is o
devsloped. and mast be removed as quiockly as passible, in. order
to: prevent the catalyst from gething. overhsated, . If we fail.

to do 8¢, overheated areas develop. on the - catalyat which gensrata '
sxcessive methene formstion, that- romote—pather— the-
hydrogeration of the methane radical than 4ts polymerizetion. to
long-chained. hydrocarbona. ‘For. the puwrpose of carrying off the X
reagtion heat, the converter has bsen: developed 2§ a2 tubular
fyvrhace, in- which the ‘eatalyst is cooled by ‘means. of- ba*ling
*water.,,;eehnically 2 maximum.watar Vapor Dressurs of 25 atmg .

{s sllowable, that is, a catalyst tenperature of. 2289, Now,,ﬁ. 
these facts mean that it was ‘easy ‘Lo reech the. maxirum tempera- -
ture of sboubt 200° required for cobslt eatalysts. ‘But the. 1ron
catalysts davaloped by ‘the verious plants up to this time, ~do
not: parnit such. - tempsratures,ieven when operated with a sﬁb-;;;;
stantially lesser charge per gram of ‘metal (0.4 1/g Pe),  Under
‘favorabls conditions we way just succeed in sttaining 2200; .
:thns, there . is no tanperature reserve for more prolonged Opora-#
)tion perioda. L R ‘. ; .

'--401' L. _~

5' ; Thau is rore or. 1ess the praaent situation in regard
o the task of replaexng cobal* by 1ron in ouwr actualeuel ,
»plants. sf[f‘w: S L . notor ' ',_,_

e In rngard to our own research studies the situation w0
iwas insofar diffzrent as we have glways belleved that new. hy@ro-i,
‘genztion unite will heve to pe erected for. the . preduction of-
paraffing. “For this p:rposs reactors would be required, which
would stand & ‘higher water.vapor pressure. . For this reason,
Tigher: reaction temperature- aid not-scere -us, Of courss, w S
were 2lso ‘anxjous - to. attain the lowest reaction temperatures
. possible, as long as they" would not: prejudice the paraffin
‘production, At present, of course., wa ghall follow: wpall o T
experienees which are-polrting towards the possibility’ of. 1ower.;_
synthesis temyeraturea.. It is & luoky . coincidence—that Dr. .
jKaertkemeyar is running some very prcmiaing tests by means of

: We shall discuss—our—experimﬁnts—in*sonswhat greater ~~~~~
gdetails and point out . problems and. observations which mlght be ;
v~of ‘wore, general 1nteresto : ‘
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Pressure .- Ever sinee our cobalt studiez, wo' pe- ted at
‘a8 superatmospheiic pressure of 12 ats, . The trenspiration .
.manometer developed by Dr. Kotzachxar»proved to be.very: uzeful
for small scale tésts, It ensbles us to measure sven. the ‘
‘snalleeq_quantities of a ‘single gas: under pressurs, Fon the
-measurement of larger gas quantities we have dry-gas neters”
built=in into pressure ‘containers according to the Leuns wodol.
‘They are not yst quite satiafactory,; For owr oomrerc*al expari-
-rents a well developod equipment 13 available.;.~ S o

:Gas ixture In tbe 1aboratory*we ara“nsing a synthetie mixturaf?
i 4 ‘ ~inerts and no.CO In the p&lot plant wax.
lare using tno axit gaaes of the tanol-p ant.;_t,A S

gConvertar. For our: emall-scale tests, we are using pressure

tibes of e 1er9th of ‘5 m, and’of en interior. dlametsr of .25 mm,
‘which are placed Anto &n oil bath working &8 a- heating agqnt

.and which can ba: copnected in- steps one - “behind ths other. In

the pilot plant -is a 1 m% converter, supplied by Huhrchemié,
Because of ‘its welded-in displacement tubes, it caused’ much
“trowle, Racently it hes been ‘displaced by ebovt 700 s nglejvf -
;tubes of & length of about 4 m apd of an interior diameter of

f15 mm. They have no displacsrent tubes.gy '1;f?; RUE IR S
nReduct1on~“ The bu11t~1n iron catalysts ara reduced with hydrogen
'approiiﬁﬁtely at the Bynthoasis terperature, fhat 18, at 2259 for -
24 Hourg with a. volume’ charge. of 100071, :
“the: reactors is about 120 em/see,” They ean be reducsd wzthi}
‘syhtheais stock, too, partioularlv on-selscting a very: high - ~
volume charge, Therefore, &. 'separate reduction operat*an may be:;
-omitted, and, the converter mby be started. directly for the S
_syntheeis operation.ﬁ Recently, nowevar, ne teate of such a tvpe;‘
_were mada,r,ﬂ., o ‘__ . L , .

]Catalzots' Three typas of catalyst were studied |
"'['*ai)‘ﬁFused eatalgsta‘ reaction favors clefins % alcohols
ST B , ‘ : 3 ow*boiltng‘aieohols:ii
=ﬁ>j5je;yﬁjPreeﬁg{%nted catalig%s- pard?fin.-uivvw S

, ””-since I am going to limit my rsport to tko prealems
Tfoonnectad with: the paraffin produotion, I Bhbll discuss only
_‘:Q.pz-acJ_pita’ced catalysts. P L S LA

77two have gained‘special distinction.v~\

—n

1 )“An alkalinizédmiron-copper-aluminum OdeQ catalyst.w~

r,nve ) An alkali 1ron—copper~magnesiumgox*de kieselgur catalyét

IR Eaeh one of these catalgsts Bhows advantages and
.‘disadVantagea.;; co



5 ’,“i5"’.} L A

. The aluminum catalyst ahowa the following disadvant;;
agea* precipitation 1s ' eurbarsome, taking thrse days-iﬁﬂrd:, '
ftb Wash out' no deOanting possible.  5_;_ e e

ROURIR S

Its advantages-;ff“ o

Co The peraffin 13 practically identloal—with tha‘b\w
.forred 1n presence of the cobalt catalyst in. rggard to .its .
quality.  Yields about B50% of the primsry product,. Straight—
.chained” 02954, Tow ‘&ynthesls. temperature, about 15° below.
the. temperature required 1n the presencs of tne magnesium
;cxide cataly t o o

ot Lmeen ey e . SRS

: e fho *agﬂéﬁiﬁﬁ‘oxi&a cqtelyst shaws the rollowing
gadvantdQAsx ' '. T o . e

ST :

R

ok It cwp be uuicflv and simply prepared.“ Itiié;§@5y  
ﬁtg produce. hip ‘naraffin vields of 65-75% S

Its disadvantarv

: e mba paraffin is not cuite as stﬂaight-chained as ”,
_thet Produced in the'pressnce of the cobalt catalvst depend—_,
“dng -pon-the’ charging, - On the basls of a 120 1 charge, for .-
"instunce 80-88’ straivht-cn»i ned pereffin:is obtained in the -
“four-steps procegs. The nrod“ct contains m&ny olefins, some
;aloOﬂols;—4~~';h; ,?. L L : : . ER

, ’ »! "f*ocduse of its vielding o 1arger p,raffin portion fﬂv
fwe edopued the naﬁneviuw ‘oxide cetdlyst-for our: further»studies.
':mor uﬂis ros son we are. c411ing it our; "standard catalyst.~.~g,;,'
It is preparea iw +he novval way by precipitating the
, rate'"Lhtura “1th potassium ‘carbonate. by adjusting the .= =
_.&lnﬂli contents .*n,bbe'*otner 1iquor by reans’ of dac: nting, At
“is prossed, predr*od on a L£roove drumweonstructed by’ r.,*inenia,
3:and flLally uried BL 400.t bOob 1n the vacuum dry*ng chamber. 

AT One addltional remark must be made concerninq the f?,”
- - Cogner. : nlready about 12 vsars ago Fischer added g
:vsowe copper o nis iron cat: lyst for the puvrpose. .of Dromoting';
“ite reduction, - X~ray studies rere: begun by Or,. Helle end werewh
~ continusd by Tr. Yerbst, . They showed that cdpper. does not :

~only protiote the reduction LUL trat it hES & g 3

ant role in the. synthesis..  In the.synthesis & netngonal car—(
“bide FegC. is. pererated w¥icn has rot been yet describad,in o
?literuture.: e
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e We consider 1t to be neceesary ror the good activity
-;or the catalyat, “In-the-coéurse of- tirewipartieular1y~at highar““
=temperatures ‘this novel hexesgonsl. earbide, which.Dr. Herbst =
.Hed: founa, turna into the well known Heegg éarbide Fepl. Thia o
transtorwation 18 ponsiderably  checked by the ecoppar addition,. .
_nn;jhax_ﬂa_nan_zagﬂndﬁitv&a_a_axnhillzer_ot_anﬂinto2med1a$e-vv—~
~ph2se of the eatalyﬁt, uhich develops oply during. the: synthesis.,

For instance, on-2dding 2% of copper the FbgC transformataon
vtewperature lies 50° highar. e : - _ .

S Kiesal*ar' - Kiesslgur has prﬁvad to ba a rather ﬁ**i*"
deairable earrier, Eut_beeause pf ‘the heterogensity occurring
‘even wiih the very sume broends, 1t Les caused us much trouble,
e are. us?l ng & windnsifted Brend 48, which we ignite for 2-3 honrs

‘at 60093 we &pe vary sa+1sr1ed.j3¢h this method.  Narrowly porous

"Kiesalgel A hss 7 : ly—desimﬂleTAin~Q¥d§2—t9—§¥&
;ré&ct*ons with fho metal oAid&s, 1t wust be ignite& too, at
,800-1000 L S ; .

K

fCatalyst Charges

‘. L ﬂncause of tna v rying densities oP tha 1ron catznysts,
iit la expedlent to base the chepge on’ the: volume.  For cstelyst
tests we used a chirge of 720:1/hr, with a heaping weight of -
0,45 and-an aversrs: iron~ ccﬁtert*cf*txe catatystsof about™ 25’*‘
~thot is abont 6,5 1xr/1 g of iron ratal, = We think that with
~such @ high" charge we. are in a. oetter position for dbserving any
 differencea fh 'ﬂoy occ*r.; S . O LA ,

fsxntbeai

T T e e A T

SR Tha ratu of the convareion of carbon monoxide 1nto the
-desirable hydroovaons depends to a lorge extent upon tho tewpera-
ture prsvailing. e ébserved thet initfelly the catalysts would:
“prorote rithsr the forwpt*@n oi water, The lonmer they ere in
~seprviee the nore the. forration of: carbon dioxide will: prevail.-:»
The scp ‘tation of the oroducts- tekes: glace usvally in stepst at
1200 (paraffin) - 20° (oil) - p° ~.70 (gasoline, dissolved e
gasol)e o o o T ” L

D

‘Yialus»5ffﬁff5:qui]yfj;a:€ [§f§;;f{:7”’ e

A It‘would be suvﬂvfluous to vention the figures for snall
: Cul@ tests.-'ﬁnﬁ I -sh&ll pgive the: figures for a four-steps~ . = -
=prnliﬂ\ “ry tast, wrfui Js_utﬂll roang on.at the nreaent tiwe.v‘-

~

o f.“&*:é totai aharge of 120: 1 Hithout rewovlng 002 at
”«300 we. obtaln vields of 150 g/ ¥ mﬁ‘vith a GO consuﬂntion of
-84% ’ Wle prcpovi*cn of LOQ.BQO .. 13 L, e A
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_i,ahcohols ﬂtraight—ckained
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L Thﬁ spaca volume vields are O 45 kg/l eonta¢t :
;ﬁchamner/ﬁay,; In tha course of several weeka the yields decrsase

CURTR R Thgse figurea slow thgt we. s:ccaaded to a8’ cerﬁ&in s
© extent, in devaloping sn iron estalyst which rorms ‘about the. - i
same ‘quentity of pepaffin-ss-the cobslt catalyst But the
. quelity of its producst is rot qvita es desirabls becuuse 1t 13:
hotquite so straight chained, The olefin contents would not’:
“bother us; on tie contrary, wa - are ‘anxious bo. prep&re & pro-h<
duet having wueh higher olefin contents, We could usas its. .

. ziddle-oil fruction for the. Oxowreaction and the paraffin =
'Tgraction, aftpp 1gs bping hydrogenated ior the paraffin oxidation.’
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