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B, Preliminary Troatment of Catalyst

Tho freohlv nrcpared -and dried 1ron vrecivitate is, Just like a
oobalt catalyst. completely 1nact1vo at firnt as optalyst for the conversion

of carbon monoxide and hydrogen. However, vhile 1n the casec of cobnlt an ex-

tenaive reduction to metal is effected by treatment with hydrogen at about 360°0
and concurrently therewith Qakea place an activaticn of the catalyst for the hy-
~oiocarbon synthosis at'low‘temperatureo, an iron cestnlyst cannot% be brought inﬁo

o suitable'condition for the synthesic at low Semperatures by a preliminary

——

treatment with hydnogen. The trivalent iron ig converte& by a ofeliminary tréat-

LA

ment with hydrogen at about 300=k00° into black 1erromagnetic Fe;Oh which dDeB not

catalyze as yet the conversions of carbon monoxide wlth,hydrogen.oBy preliminary
;treatment with carbon monoxido,-however, the 1ron catalyst may be: brought into &
highly acé*ve form for the ovnthesis as 1ong as cerfain working conditiono are -

»observe& (It 15 known that the carbon monoxide ceuses, alon# v*th a more g

:Tesq extensive reduction accoroing to the temperatura conditions. also ‘tha' forma-

*tion of carbides!and a loosaning of the iren: structure by the interposition oi

7carbon) Herein oelow, the nreliminary treatmeno wiuh carbon monoxide or with

;gases eonta*ning carbon monox1de will be desipna ea as formaﬁlon.

N

"I Pormation bv means of carbon monorida - hydrogen mixtures Guring synthesis=

-1t seems expedient to distinguivh netween a formation whzch taxes

Vplace under the conditions of the svnthes;s and 8 formation which 19 carried out

'under apecial conditions prior to tha staru of the syntheaia.-- e

"i a) Exoeriments at atmasphen{o prassure, i

[

'\

First the relationshxns in working undor atmoeoheric pressure nhould

. : f\.
_be pointed out again.* Fig.- 1 shows the increaae an& decrease of the valuov of

: ”.—1 e B - B
wcontraction (as a measur;Lof conversion) plotted against time wh n using synthesis

”gas high in hydg_ggn or hiph in carbon moooxzuo,



-
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Vhen iron catplvnta of tho oraclpitation type are etnrted upon

a gas mixture (CO.H = laa) at atmospheric rcasﬁre, the contraction riaea
2 P

H
i

at 235“0. (and at a thruout rate of 4 ltrs, of gas mix&ure per hr,‘nnd }O,ga
iron) t0v3°% within three-to—four~déys. This perlod of time. during which the
catelyst 19 gradunlly brought un to full activity by the action of the uyntheuin
gas, corresponds to the formaeion ppriod {(Fig. 1, curve 1) At atmospheric '
pressure it is nosqible to worlt for three to- four woeks at & maximum contraction‘
of about 30% with average vields of liouid ‘and ‘solid hvdrocar;ons of 30 g/m
The carbon monoxide of the gas mixture i*'hlmost used’ un. while a large excees of
hydrogen remains in the end gas.'- ) . . - c ”
1f, instead of running the iron catalyst on a gas miif’”"high—in hy~

drogen,_it ig. run on a carbon monoxide - hydrogen mixture whose composition'
corresponds better to the ratlo in wnich the components react with each cther,

| then 5o 1ncrease but a decrease in the converéian rate oceurs at atmospheric
pressure, as is shown 1n curves 2 - h U31ng 8 gas rich in carbon mcnoxide
(3 00 2 Hé) the contnaction rose to 31% at 235° within three da§é (curve 2), to .
38% st 2h5° within orie day (curve 3) and %o 33% at 955° w1thin one day (curve h,.ﬁ

LIn a11 three cases Lthe conyersion decreased rapile after reavhing these maVLmum.

W

vaIues. The effectzvenesq of the catalvst uhen—cpﬁuating pt atmosuheric pressure -

l

! was impgirod by the gas r;gh in c&rbon monoxide.:‘.“_‘ﬁ

b) Gas rich in carbon monoxiée and increased Dreqsure.'f'”

——— el
T -

Table 1 qhowq\a continnous exnerinent carried«on for 5 months vi 3 an:

..(3~0042‘H2)" .e, without nrevious formation, at a presqure of 15 atm4:_(u 1tr,x:

svnthssis gasﬁ based on 1 atn., flowed over the cabalvst per each 10 g. of iron)



-3
TABLE 1
"Pormation and Synthosioa at a Preasure of 15 Atn,

Day ' Temp., kcontr. ‘ Dy Temp. CO;tr.

C. % . _eC.

1. 265 - 4 69 268 37

4 25 10 75 280 - by

5 .250 13 .9 2s0° - M9

7 253 17 ag 283 - W4

11 260 24 . 106 285 43

13 270 2 130 ~ 288 43

1k 275 37 140 . 292 44

.28 280 36 - .~150 298 u7
60 2090 . 50 ’ S

The contraction was 4% at 2b5°c after one day end 109 after foux
days. (comnared to 30135% after the’qame time at 1 stm.). mhe temperature
"wae gradually increased and in every case the 1ncreese of contraction was 0b=

;,served for several days. 24 eontrechion was reached on the eleventh dﬁy at

e

;260°c‘_~No further increese An conversion was- reached by increasing the tempera-

el

ture to 270°G.,37% was neasur“a ab 275°C and 36% at 280°C.,50v contraction was
ireached only at 290°C., correanonding to ‘almost comnlete conrersion in the ‘

direction of formetion of hvdroeerbonq and carbon diowide. Thereafter an attempt

‘ constant efter 1owering the temperature. The contrection decreased egain to BT%

-gat 268°C.. at’ 268°6~“however. a better conversion uaslnoted in the tbird month

Ay

'Qof the exoeriment than efter the irst month ‘ lbantime e/slow formation—of the**

’,catalyst had taken place. In order to maintain -3 contraction of h0=504 in the
8

[vfourth,and fift month of the experiment the temnereture had to be increased '

\

5 again.> After completion of the experiment (after five months) it amounted to

N

.;3oooc

'”‘ﬂ;ii‘,f' A determination of the vield carried out in the third month at 280“0.,
Tshowed 3 gl‘so11d paraffin. 93 1iquid nydrocarbonq and 32 g of cjacn hyarccarbons~
g(gasol) per normal m3 of ideal gas.. 0 e ; S \;i : ﬁ

L’_.._ s

Lo

In contrest to éﬁhthesis etﬂatmOspheric pressure. the sterting up of

w o

Sy

tthe catalyst directly at elevated nressure reterds the formation procees,
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particulsrly when the ‘renction is Lnitiated at low temperatures. On the

other 'hand the temperature can be {ncreaned to 280~290°C, at-s gynthesis

pregahrvof I5 atm. when using aynthesis gan rich in carbon monoxide, without

causing rapid inactivation of the satelyst due to this increase of temperatuio
a8 would be the cege at 1 atm. For svnthesls on an industriasl ccaleLAjha tempera-

tures seem_ too high: and the 1life svan of the catalyst "sgema to be- etill %00 short

, 11, Fbrmation in a separate Drocess zrom ths synthesig,

It was 1nveqt1gatéd whether or not en incrense in the activity of
the catalvat could be accgmnliahed bv carryinp out formation and svnthesis
senarate'from eachjother.' The opt1mum_cona1tions for both prqaasses were de-

.termined

e

a) Formation at’ ordinary vressurs 9nd qvntheels at alevated presgure. -

gl Table 2 shows _resulis of "an. exnerimgnt -earried: ouc during the neriod
‘of- fovmation with gag’ mixtures at atmospheric preequre and af ?hS“C
TABLE TABLE 2 - '

Fcrmation at 1’ atn. and synthesis at 15 atm. .

~3Day ' Pressure i Tanneraturo _ Contraction

R : Atm. H_'“ C., :
S }N’i S e 2“5 e l5 _
2 : B ..‘;____,,__7-‘2)_;5 : 'I . -_.22,
3 ' e 2U5 28
L. o DR e 300
L, ;3’2h5 TR
O ‘;,hehg-—ﬂ SRS
6 CnEMS o hs
g et B3
SN '4j252;j,f Conoue

ged to 15 atm. andma svntheqis gae rich in,

 §£§efaa§§; édnéiﬁidﬁé{ﬁé:é‘ﬁ 9



carSon meno;ide was used. The contraction 1noreased at once from 31% to 55%

In order to maintain highcet yieldo and correaponding contraction values of

‘about 50% the temneratnre waa increaaed gradually. After )OO days of the ex-vh

periment a contraction of 55% was utill obtained at 265¢%C, :
-A comparison of thie series of exnerimenta with the former ‘ones in '

which operation started directly at 15 atm. without previous formation at or-

dinary temperature. ahowe that by the previoua fornnxion at atmoerheric pres- N

'sure 1t was noaeible to decreaae tha average synthesia temnerature bv 30~40°C,

The 1ncreaee 1n activitv of the cato)yst effevted bv the formation at the. low

vressure 6f 1 atm., wes maintained during the entire exneriment.

‘b) Ebrmation at. various_pressures and’ svnthesis et ordinarv pressure,v

In order to test the tnfluence of the fornation nresqure on the
reproduced in- Table 3 Fo*mation vas accomnli»hed at 255°C in 20 hours with
h liters (baaed on 1 atm., ner ‘héur: and 10 iron) of gas rich in harhon monoride

(3 CO=2 Hé) The ex*ent of . conversion in the subseuLent svnthes‘s carried out

Afwith the(gas mixture (1 0022 Hé, h 1iters/hr /10g—iron) at‘atmospheric pressura

,was meaeured 1-1/2 heuﬁg*after the awitchsover, likﬂwise at 255°C f1»3~

ERE—




«Gu

a) Intluence of tonverature of formation on the proxrosn of aynthesis.

Ordinary iron catalyatu wero formod wlth a gag rich in carbon non= .
'oxide -at 1/10 atm. and varioua tomperaturee nfter it had been found that s low
formation pressire has o benefioirl effect on the activity of the iron catalyst.
After formation for 25 hours at temperatures in the range of 250—350°0., the
activity of the catalyst tn the synthesis (CO: H =332, 15 atm, and 235%c.)
vas measured during long intervals of*time,. Fig. 2 shows the decrease in con-

'.traotion with time 2t a constant synthesis temperature of 235°O (h liters of

gas/10g iron/hr.),. - ﬂ,..,ﬁ' P i

) The coutraction drouped below 50% alreadJ on the bhirq day of the

R AL

'syntheois after a formation at 225°C ﬁith rise 1n formetion temperaturq, the

1ife of the catalvsb 1nore?sed.' With a formation temoerature of 315°0' the
contraction dropnod below 50% not until after more *han l month"s tine° The
»atability of the iron catalyst decreaeed at higher formation temooratu;os,

. Fig. 3 shows an analagoun series of experiments 1n which the forma=
»tion was cax ried out with pure carbon diovide in plnca of the mixture of car- i

-bon'.monoxide and. hydrogen.- .f}.j_{" ;filﬂj5:, :E.o T

u__._.w—,..

'/_H_

ﬁ}‘f :i'{ After formation with carbon monoxide at 1/10 Ptm.\and 325°C hog;:

‘conversion 1n the qubsequenﬁ synthesif‘reméined constant %hroughout—h—months

: a’ emnerature of 235°C. and a presel e of 15 atm,) The results are there-

fore even better than thoae for formatio' ‘I"h mittures of earbon m‘noxide and

g B

%o these temperaturea are n’otted as;oraIﬁaten-‘ All exu

gas containing carbon monoxide and‘

hyﬂrogen in fhe uronortion of 2 (ui ers /IOg 1ron/hour)



-l=
Ourve I roferu to an iron catalyst used direot].y at a preenure

ot 15 atm., \d.thout provious fornation. In ‘order to obta.j.n a meximum con—‘f
)traction. the temperature had to be raised to 290°c ' The contrection was at
firet 458, In the course of the second month of the oxperiment, the activity’
of ‘the catalyst gradually increaged and with it the contraction’ roge to sbout
50% ‘I'he temperature could de lowered to 280°G in the further courae of the
exoeriment vhile maintaining a congtant conversion rate. However, in the fourth
‘»month it alreedy had to be 1ncreased again, a.nd e.t the end of the fifth month a .

temperature of 300°C .vasg reached. o Lo . o Ce
. - N L : 5

— . ,’ S Litles ‘of Diaggams 1 thru 5

1. Exgeriments at atmosnheric pressure (decrease of contraction with

time. uOing various mixtures of CO and He)

?. Influence of, formation temperature on.the. synthesis procees (de«-

creaae in ucontraetion with time at 15 atm, and 235°C ) after forme.-n

&

tion with svnthesig gas rich 1n cerbon monoxide at 1/10 atm, :

",3‘ Influence of the forme.‘bion temperature on bhe svnthesie proce 3 'e'.f:ter,‘

& formation with carbon mono:ride at 1/10 atm., ___\, e

N

h Influence of the :t’ormation on. eyntheeis tezxmerature.
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curve IV ghowa the tempernturc changeu in an experlmcnt
v'using likewiae n coror—free catalyat e no-cal'led ordinary 1ron catalyat,
which was. trented be!‘ox’e,}and with pure carbon monoxide under at 1/10 atm,
Pressure and 255"0 for 2‘5 hoursg. 'I'h'.la exveriment nroduced a contraction

of 504 even after 16 months at 960°O

1/10 atm. and 325°G - Formation at 3?5“0 made poasible Qn unusually smooth '

[pe——

'operation at low tempereturea during the initipl montbs. The contraction

R "-———'/

Temained constant at 50—5’4% through Y monﬁhs at a temperatm-e of 235eC,
)'I’hereaftar the tenmerature had to be 1ncreaseu. \ P '

~ - 'Phe abovs curve' et the 1mnortance rxf vhe pretreatment of iron
>cata1ysts for the reaction tenmerature in the synthesis. Thia 1nf1uence of the'v

j}format:lon remains even after xnany months of opera.,im..,

: a) Formation time 77:1';___,

addition to m'easx\zre a.nd. temperafure, the velocity w:lth which the‘

;,,carbon.mononde pasqes over th 'cstalyst\ and th_e_time of‘ formation are ot‘ im- i
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- Jures but hlp,her temporatures than chn nubsequont syntbous. It 1u ox-

,_pedi.ent to work \dth nure carbon monoxlde ‘and’ high &ns velocitios, . During :

the formntion proceus. certain states of eoullibrium are reached in the solid
vhage, They are denendent on the composition of thoe gaseoua phase. The-n

~~lower the carbon dioxide concentration 1n this uhase. thc more favorm)le u:

. is for the reduction of 1ron oxide‘ and the uroduct* on of carbidea. The-——.

beneficinal effect-of 8 low forme.tion pressure aid high” gaa velocities may beA

ey

thus explained. -

it ay

Inventigations Qf procesqes occurring 1n the solid phpse, that ig -

1n the catalvat durlng formation and evnthesis, are in nro.rzress. . We hone that

'they will furnish a valua'ble contri“bution to the uractical asnects of the

3ynthesis,' espociﬁlnr for a mo“e rapid determination of the a“f.‘tvrfy of the

: catal yst
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