S-f.apm‘land‘ Ol :Deve‘ei:moyd'. pram'

: 'I‘RAIISLATION OF OIL MISSIOI! I‘JI.M REEL NO. 101,
Ft.3, Fr.10 to Ft.4, Fr.3
Germa.n Ttem No. 21559

Report on Rosoarch in the Flald of Medium
og88ure thesis Over Iron Catalysts.

(Kaiser-Wilhelm. inntitut for Kohlonfor -

schung 1m uhr), dated une, L C .

——

The “Subjeot Matter om’ PP 30-55 of the’
Originnl, relating to "THEORY OF FORMATION '
OF IROH CA'I‘ALYS s bas been tranelatod.

b, - Theory of Formation. :

I’c vas ehovn tha.t fox; prenaring an actﬂre iron oatalyet R 1§ nec-
essary to have a ‘proliminayy treatment of the cate.lyet with car‘bon biloyile>: SN
ide or gmames containing carbon monoxide ab temperatures of about 250 to
'350°C, end.-that furthermore. this . proceeé’ /formation must ‘be carr:led out
a‘c lower preeeu.re than the eyntheeie. BRI PR _ o

'.me reason why formation 'hi h cuz'bon menoxide - hydrogen mixturee pro=;
duces cetalyste - of ‘sambwhat . lowei: activity “then tho one with'carbon monaex<
‘1de, weo stated to 119 in that carbon monoxide and hydfogen\react wigh eack
.other: during ‘the formatiqn, to. give oompouzade which: cauea , ,fouling‘ ofi'the’ .

‘ active eurfnce of the oe.talyet 1o & var;ylng degree.A S SRR

- gen: may ~‘ne due f:iret]w to the different reduo‘cion of the “iron oxide, sec- ‘.
v 'ondly to the: looeening ‘of. the Aron’ etructure through +he- “deposition of ‘car-’
~pon’ 1 formed during the. carbon monoxide treatment, ‘and.thirdly to the: forma-»
“:tion.of carbide during?-. tho ‘action of: carb 'r"monoxide. ‘

x Imaxy ; t ormati orromagnotic
2 N It as formed'.vduring the reduction with cerbon monoxide as wol
vith hydroae end may bo o‘btained ._directly by precipitetion fz-om a mixture




s

of ferrous and ferric galts with alkalles and subsequont dehydration. It
possesses howover no oatalyb:lc properties with respect to madium-pressure
'synthesis. ) .
..-In digeussing the further action of tbe carbon monoxide, tbe oquili-
'br:lum conditions of the iron - caxbon - oxygen system should be pointed
~out.- It p.epanda upon the t tenmerature, the ges pressure, and the ratlo of
- carbon monoxide to cerbon dioxide: in the gas.. Fig.5a rofers.to atmospherio._;
pressure. It contains dete from tho investigntions by R. Schenck(la) the
~dot-desh curves were obtainsd by caloulation by U.Hoffmann end F. Ga'oll(13)
Fig,5b shows tho equilibrium conditions at’ 1/10 atm.pressure. Tho
Foo0, -F05c curve vas dotormined by taking into account tho influence of
. présswre” on the eq,uilibritmx values. The other curves were campiled on the
basis of date given by Schenck in the above ‘mentionsd paper. .

nag 'be saen from- Fig.‘)‘ that no-I’teO—is stable —at temperatures below

550 to 560°C. (Fs0 is toymod "Wilstite" by Schenck since it always contains
‘ F93°h) A%, lower ‘temperatures the reduction of resoh prooeeds without paes-
ing: through ‘the FeO phaee. : L o : _ . '

- '.I‘he matallic phaee 1g° :ln stable equilibrium on],v at temperatures a‘bove :
550 to 600°C. (this phese according to Schenck consists of oxoferrite contain-
- ing oxyeen’ and ozxocaustenite: containing oxygen. and ‘carbide).. - Thus, at: ‘lover :
—temperaturas the cevbide 18 pro‘oa'bly formod- by direct action of cerbon mon.:
~oxide on Fz0y, or via unstablo-intormedinto compounds containing less oxy-'
gen., “U,HoTfmann end 'F'.Groll, who 1nvestiga,tea. by X-ray ana].q,vsis the: do- Aj :
posi'ps reaulting i‘ron thoﬂpaesage .of: earbon ‘honoxide over. 1ron, always
~found only very smnll emounte of froo. iron, even at—below 650 C. :

4
. caxrbon monoxide mtio and on temerature, the converaione acoord- .
, o 'gram 5b - involving fomation ‘of ‘carbide or- car'bon are shifted - :
towarda carbon monoxide. by *the ‘uss. of lower. pressure.. An mcrease in pres-‘
‘sure therefore favors. formation of carbide and carbon.  In the presence of .
-8 100%-carbon monoxide, as,may be “the ca.se for instance with very fast flw
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cementite Feac .1 ] the only ‘carbido indioated in both dlagrems and no
higher carbide 1s”inoluded. Its existence was suggosted 'for the first time
in 1915 by Eilpert(1h4), F.Fischer and collsbarators pointed out many timso
the formation of highor carbides ag intermsdiate products in the gasoline
synthosis. F.Figoher and H.Bahr(15) have also desoribed such.en ivon osr-
—bido. Gluud and collaborators(16) gave the formmle FooC to, this iren car-
- bide. U.Hoffmamn and E.Groll in the above-montionod peper, roferring to
products dorived by the action of carbon monoxide on iron at temperatures.
below 400°C.,have proved tho interferences of this carbide in their X-ray
. oxaminations and found that with inoreags in temperature over 400°C. thio
~oarbido disappears at tho:expense of .inoremsed carbon formstion. It 19 ag-
sumad that the deomnpos:ltion takoe plaoe vith fomtion of comentite and

free oerbon. o .
, . v y

- P

. Little can be |a1d es yot about the equilibrmm oonﬂitione ef the car-
bide or, P¥Bhaps, of the higher cerbides. - For this_reason the existence -~
“Yoglon of this carbide gould not be showa by curves or areas in’ Fig 5. It
;appears coertain that low temperatm'ee and ‘high consentrations of carbon
‘ monoxide ars-necesshvy for its formation. - These conditions correspond to .
optimm formation conditione of the ivon synthosis.. Therefore it poams
r} likely that tho preopence of this _compound. in the catalyst. ia of deci- -
eive 1mporta.nce xor the degree of,fomation a.nd thue to the proerees of the

=~ o AL L

T "'“It..goes wit,hout saying,thnt thie carbide mnet be formed nab onl;y prior
Amthe_exnthesie by & suttable. preliminary trea.tment. but also,’ ‘the legt: eyn-

thosis” should glacken. within n ghort timo, - 4t mst- not»undergo any’ docom-
epoeltion during the eym;heeis or, if ‘it ocowrs as an’ mtemediate product,
1t mast not break fester than-it-is reformed' certain obzervation made-
, : yntheeie pointu o the same ‘conclusion.: ‘When tho t.emperaturee,_
‘are too low (for example below 220°C Yy tho Msie proceeds at & good
. té: inm ) ' ation, The rate. hcwever slowys
“down gradually and cannot b inoreased. ‘again, oven at. ‘higher temperatures.
. (for. example 230 to eho"c ) at‘. whioh it would. r;_m if the reaction bad beenj, :

T?acreaeed activity.
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are alvays euperior in tho long run to the loss extensively formed ones
may be correlated also with structural changes in the ocatalyst ocourring
during formation, SR L : . : '

As fer as formation of free carbon is ooncerned, . ong may assume that .
"1t is opoeded up catalytically by the carbide which is rich in carbon. To
vhat extent this undesired deccmposition of carbon monoxide in the presence
of hydrogen may bo preventod io_the subloot: of inveatigations now being car-
rie@ on. Cortain is howover that the formation of carbon, which ccours dur-
ing formation, may be appréolably inhibited by lowering. the pressure and in.
orpasing ths flow velooity of the oadrbon momoxide. =~ - -
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