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(Introduction of thc Jirector to tiwe lecture~discussion on iron catalyshs for che nlidl
cressure cynthesis on Septemuer 10, 1540)

On ¥ay 23 of this vear, a lecture was held for the sane body of men, ant our Jr
Koch spoke on “he production of sracial anti-krock u:nzines olbtainad Ifrom Fera
At t.at time I announced the comin, leciure on iron catalysts Jor the =ildlew
pressure synthesis which nas for its rurncse te inform our body of men here abcul
the royress whizh has oecen made on this work at ths Institute.

m
piv o
o]

Hans iropsch and myself have Leen concerned for mors tran 50 raars with the pre-
duction of gascline {rom CO and iy by asing iren catalysts. At that tine, we ex-
‘amined the synthatic procucts which were obtaired c¢n alkalized iron shaviags «f
pressures of 100 atm. and atove and at relatively hirh lenperaturss screwnera In
the neiphborhood of LOOPC. Contrary to staterents in the literature, we ~ada tle
fundamental orservabion that under Lhose conditions no hydrocarbons were Tcrmec,
however, oniy oxyg2n~contairing rroducts anpeared. They consisted of alzohels,
aldehydes, ketcnes, and acids. We nave idantifisd a great number of the indi-
vidual compounds, snd we have termed *ne whele thing, Synthol. In the ccourss <&
our investirations, we have discevered that iren cstalysts have a tendiency Lo
irive more hvdrecarhons when the total -~ressure decrcased. ffter we final
able then to sevalso catzlysts Jhich woul l permit working at ordins
2
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and lower hempiratures, cince they iffered from the alkalized iron Ssias

by havin; a much higzher activity, it eoaid lamerstrated that a.meost

givelr hrirozarbons wers obfailned,  1n? L which we have recogn’

as belnp toe uwotive imeradients of the car ho eodrss of cur 3

wxere iron, nitkzl, and cobalt. 211 threc aat they could o usad
Lalt gave Lo be ;

the syntiesis.  owever, <o LG .
tre decision many v2ars latct *o investlzabs =i
between ordinary pressures and low terreraiureg and the :
synthol forms, narely over 100 atn. an® hirher tempsraturcs, the werk on
middle pressurz synthesis using cobalt catalysts was started in Pi
sion. To our .reat surtriss, we lound &t thab time Lhat with resce
rreducts nc Fradunl ohanye rrad fror Ho-asin te Synthel. Ins‘e
trat cetween L and 20 atm, re an’! at low teryiraturces using <
lysts, a mixed rizl: of sel 2ffins could be ovhainvl. st the
a maximur risld of total hyiro - rasul.ed and Lo ecatalyet had
( zum lifeti-=. fwe wanted o @0e whethar onr
painad witn ¢t k2l ang ircn, N
1.
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< rroassurs ard
are neceszary v thoe . ig peins carrie
in the Torm 27 nickel 207 La n contrast beo
usad, In tre zase o7 iron also, & hirher icld
the catalyst was ;rolonrod.  Abowb that; Dr, i1
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T4 is obviszus thzt the further develor=eont of the Xogacin synthesis has to rro-
ceed cver iron catalysts, that is, ir the same yields can be expected thanwitl
_cobalt, and if the lifetire of the iroen catalyst is comparable to that of the
cabalt catalyst.

This demard has nct only been ret, vul &
yields san be -btained as are with c:ital

catalyst: i3 a multiple cf that of the cotalt catalysts. The lifetime of a yesw
workin; at the higzhest capacliy may easily be obtained, but on acceunt of the
cHeapness, recovery, and regeneration of such catalrsts is not even nccessary
any longer. The iren catalysts work at screwhat hipher temperatures than the
cobalt catalysts which c2ll for stronger nrescure vegsels and thicker wall
thicknesses of the apparatus than is reguired Ior tue aiddle-pressure synthesis
with ccbalt. Against that, however, we have to take into account that the

steam rroducad has a higher pressurc and has greator availability. Tre starte
ing gas for ins iron catalysts has to contain mors (O than the startirg zgas for
cobalit catalysts, but such a gas as is required for iron catalysts is just as
easily produced A a 2:1 gas., The iron catalyste seem to have alaso the
ability, at least to a small degree, to rroduce higher hydrocarbons nct only

for mixtures of CC + Hp, but also for mixtures of COz + Hp.

5 been surpassed., A% least the sane
atalyste. The life=ine of tre ircxn

Approximately three years ago, I discussed the gqueation of iron catalysts
shortly, in your cir~le. Today, however, Dr, Pichler will sreak ir detail on
the whele problsm and specially will point out the progress which h's been madc
in the last three vears. Let me introduce Dr, Pichler,

lecture-Discussion
The Vidéle=Pressure uynthesis wioth iron Catalysts

Part I. ntroduction

After w2 had racognized that the middla-pressure svithesis with cobalt catalys s
had irmroved the vield of hydrocarbeons and the lifetime of the catalychs &s ¢co-
& N .
pared with tne normal rressure symthesis, the ques*ion was asked whetrer the co-
balt, which is hard to ¢ot in Germany, =&Y ne replaced by iron and if we still
may expact all the geod featurass which we obtain wizh the cobalt, Zver since
Franz Fischer developed his synthesis of bydrocarbons, »e have tried in our In:
: . »

stitute to find such catalysts which coculd do the work =s well as cobalt ami
thorium and would ke cheaper than those two metals. In 1523, Fischer and Tropoia
passed water-gas over alkalized iron shavings at pressures of around _CC atm,,

and tenperatures of 350-LECPC. They cbserved the formation of oxygen containing
organic compounds which they termed Synthol, Similar experiments of the Radis:hen-
Anilin- und Sodafatrik which date back to the year 1913, and where they used s.al-
lar pregsures and temperatures led to ine symthesiz cof methanol in “¢UT. Fiscoer
and Zerbe (L) aiso demonstrated, in 1$23, that alkaligzad iron sraving: wced as
catalysts at pressures below 100 atm. favor=d “he formation of hyirscnrbons, and
supgresseg that of oxygen sontaining compounds. '

In 1926, Fischer ard Tropsch recert in thoir first putlication on whe ne
synthesis that liquid hy rocarbons may se produced wita iron catalysts f:
€O and H, when working at temporatures of around 322°C. and above. O t
2

of those expariments, we have triad in the 2880 yoi73 sver and over to chanze o

]



corposition of the iron catalysts such as ¢ inoreas2 *he activity angd thus lo.wer
the reaction tomperature for the synthesis and “mprove the pleld of Licuid hyeres
caroons. 1In 1928, we succeeded in chtainin; 30 to LQ g. of tenzine anu cil :e
cutic meter of water-pas. The temrcrasurcs cculd be lowered to 2L0-25(°C. The
lifatime of tne catalysts, however, :as only a Jew tays.

¥ischer-and xrapschl/tried in 1927 to convert water-vas abt 10-10 atm. and at 250
280°C. The iron-cogrper catalysts were obtained by roasting the nitrates and thney
were employed as such with water~jas. The rroducts ob%ained consisted of walery
and oily substances in the ratio of 3:2 and 1:1, The authors reported at thit
time that the rssults of their pressure experiments wsre not as good as trnos? ol
the atmosrneri:z experiments. Still, in 153L, FischerZ: reports in the lechura on
the benzire synithesis, that at 4trosrher1c rressure and the use of an iren cata-
lyst, only 30=35 grams per cubic weter of mixed pas were obtained., (This cor-
respords to LC-LS grams per normal cubic mater of irert-free CO-H mmxidre‘.
Fischer added at that time, that tre above yield cited, decreased by 20 psrcant
within eight days,

Fischer and eyerd attermpted in 193k to 1936 to improve the activity of the Lrom
catalysts, and thus ralse the yields oI liquid hydroesrbens. Ty using precipizated
iron~coprer catalysts at atmospheric pressure, - 50-30 srans per cunic soter ol fas
were obtained with a meximum lifotime of the calalysht of L - 6 weeks.

Fischer and rcxernanngg/ in 1936, obtained 55 grams of liquid hydrocarbons rer

cubic reter of mixed ras when they worked with a carefully compounded precipi-
tated iron catalyst which did not contain copper. Tais yield, however, diminisic
after a few days, and in the third week was onlr 4O zrams,

At that time they used 2 synthesis pas of ccmp0a¢tloﬁ 130 + 2H,, althoueh cnz hod
recognized that iron catalysts require a2 different z2s and thalwibth iron cata-
lysts the CO conversion proceads almest eutirsly according teo

2 x (CO) +x (W) : x iy - % {C0p)

However, when & synthssis gas of 200 + 1H, is used, ihe CO is converted only partl
and a decrcase in catalyst activity occurrs quite rapidly.

Up to this time, ihe work with iron catalysts gave maximum yields only about
kalf as hirh as the yields of the cobalit tatalysts used on the techniczl scale
already, and for that r-ason an aconomic arplicati-n of thp synthesis with iron
catalysts was not pessible yet.

The task which confronted us in 1930 w:s tasrzfore to deuble the yield ¢

[ liguic
hydrocarbons and to improve the lifetime of the iron catalysts by a multiple.
Tt was furthermore desirable to {ind a way [or loweriny the reaction torparalure
and finally Lo find a possiblec way to contrel tie nature of the Troductis of “he
reaction.
"2 have succecded to compound irom cataslysbs which vill sonvert practically all
of the JO—I nixture 2t only sl‘rntly raised pregsurcs cover very lorg reriods
of time. Ueérending on workinpg con u-vlrns, varicus zounts of paraffins, Tioquid

nydrocartons, and gzsol hydrocarbons mey D2 cvteinec. Ths total yields ort ined
now in the ‘ron middlsenrossure synthesis ar2 ol the same order of maegnitude as
“nose of the cobalt middle~pregsure synthesis. Thercfore, we were Justifiad to
consider the substitution of cobalt by iron. -t tre end of 1§37, Fischer had
already rerorted, te_ . us, on the [averable couirse which our work cn tho
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jron catalveis apd the cimthesis usinF iveon c2talisis sesmed te take. #%t haal
tipe, it ét deeciced to ucquairt other intercsted partices with our new uCT'lO“

ments in the nenzine synthesis in crder for tiem to checr o resulis in tha2i-
laboratorias. JQur res='rch,u, however, hava been ~arvied on, and es; ncl*?l; 2
lot of work has neen doue in the last rear, The ezsenti

3 parts of his *”"k
were ratented under the nere wstudien und Verwers unge -Cos2lls R TR TS CP

.
“

(D f-‘
|..4

(e}

iy

[1%]

L)

-

£

s

o

Tre applizatioms going back to the year 1937 have beer made under Ruhr-Casmiz .G
At the same time a number of comranies in foreign countriss have betn usec as
vatant as:i:nees, These developnents ase responsible f{or the fact Lhat soms of
the things whizh I am going to report about today will not be ertirely new Lo you,
" “osever, since the development ol the iron catalysts is one of such grsat import-
..nce, it seoms desirable to have a discussion on the entire problem v;t% Fou.

Part II, The Catalyst

A~ Precipitation of the catalyst.

o

/@ starting material for ithe production of iren catalysis, gencrally iron=- ﬁalt
solutions wers used. The iron-salt sclutions were made by dissolving techni:s
iron in nitric acid,

Most of the time, the iron was precipitated with soda-ash or with amronia. The
precipltaua was f ltered hot, washed, perhars alkzllzod, and dried,

after having been dried properly, the catalysts a:z: ared tlack-brown or black.

It was cesired to give sufficient ripidity to the ecatalysts, ~Howewver, it was
belisved that pellieting would effect the activity. Therefore, certain rrecau-
2ions nave Lo bLe itaken during pelleting to rrevent this. Pelleting will nct e
discussed nere-

Furthermo e, I shall limit mysels to the discussicn ¢f pure iren caialystis only,
or rverhars such catalysts which contain small addisions uf alkali. These zrs

“he catalysts which have tha greatest prosract of being used on a tachnicai siale
In peneral, we have fourd that catalysis propared by precipitation of ferris irar
with sodium carboriate solutions sare surerior to those obtained by precipivaiiom
¢t ferrous iron with sodium carbenate sclution. These ferrl catalysts have been
vsed for most of t he experiments, and we called them normal irom catzlysts.

In their production two points had te te chserved carefullys Flrst, it wes noc=
assary to pre-neutralize the iron sclution in the cold, since without v

a
lv

neutralization on azplication of heat, or on standing for longer peviscs o0 5 n2

insoluble salts precipitate out ~f whe sclution, which influence =Lhe T pr iule

ibility of z rood catalyst cenciderabll.  Second, it is dmporiant Lo urins Lh

“ron precizitate to & oo*l pric to Leing filtered. This improvrss ac -

civity ani the lifetime ol tie CoElysy s

- - ea . &% Mmd gy
2. Protriserent of the Catalyot

i

The froshly pracinlietec arnd driad ir-om nrecig

as the corvarszion ol 8O and Hy 1o hgurqca*o ns is corcarmied.
ccmpacable directly to the non-radiced ceobalt cataiyst whish
ever, zovalt may be actissted by “reating it with hydrogea a

-4 -
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reducas the cobalt compounds to the metallic state and in this stote the cobalt
catalyst can form hydrocarbons at low temperatures. Heowever, an iron catalyst
may bot be activated by rretreating with hvdrogen., oo sxample, the trivalent
iron is converted into Fe3C|, whent preireated by hydregen at 300-L0O0PC, This
Feq0), 13 not in a position to catalyze the reaction botween CO and Hy. iowever,
1f"tho iron catalyst is pretreated at certain working conditions by CO, the
catalyst may be activated sufficiently to catalyst the synthesis., (Depending
on the temperature, pretreatment with €0 causes more or less tha formation of
carbides, which cause also a reduction and a loosening of the catalyst struc-
ture because carbon is deposited inside of the catalyst mass). The preireat.
ment with CO or CO~containing gases is referred to in the following as "For-
nierung” (induction),

1. Incductisr with mixtures of CO and 527during the synthesis.

It is well to distinguish here botween two different ways of carrying through ithc
inducticn. There is an induction which takes place under conditions of the syn=
thesis, and there 1s ancther induction which may take place under special condi-
tions before the synthesis is bepgun.

a. Goxperiments at atnosrheric pressure.

Once more, let us recall the workin; conditions under atmosphzric tressure. Fig.
¥o. 1 shows the variation in percent contraciion (as a measure of tne conversicn
with time when working with a hydroren-rich synthesis gas and a Co=-rich synthessis
gas, If the rrecipitated iron catzlysts are rermitted to work on mixed gas of
corposition 100 + 2H,, under atmospheric pressure, than at a tdmperature of 232°0-,
an initial pas rate of 4 liters of mixed gas per hour per 10 grams of iron, the
contraction increases tc 307 within 3 to L days. This iime during which the catz-
lyst by the action of ths synthesis gas fradually acguires its activity; corres=-
ronds to the industion time (Figure 1, curve i), For spproximately 3 to 4 wesks,
this catalyst induced in the manner just described will continue to giws 20 per-
cent of maximum zas coniraction with an averags yield of 50 grams of liguid and
solid hydrocarbons per cutic meter of synthesis zas. The CO of the nixed gas

has almost all been converted, whereas, a larre excess of hydrogen remains in

the end-zas, '

let us consider the case where we permit the iron catalyst to act on a JU~
mixture which more nearly corrcsponds to the ratic ‘n which the CO and iip
used up during the raaction. Yow are the rslationships then? Curves 2

Figure 1, show the results, It is seen from shose curves that no inmpreoy
resultg; however, that %he conversion is impsired. OCn veing a Cterich zzs

(3¢0 + 2ip) the contraction reached a value of 31 percent after overaiing Jor

thres days at 235°C. [Curve 2), when the temperzture was 2L5°C,, the contraz-

tion obtained was 33 percent after on: day cpeatisn {Jurve 3). ¥When tne
operating temperature was 253°C,, th2 rercent contracticn was on.y 33 rCzrcent
after one day of operation (Curve L). In 2ll thres cases, it wa: ervsd

[a3015}
that the conversion drooped off wory rapidly after having reached the weck
The catalyst was therefore belng damaged when it had to work witn 02
under atmospheric rressure.

L
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b. CO-rich pgas and elevated pressu=a.

Table I brin, s the result of 2 run duringy which a normal iron catalyst was per=
mitted to work for five months without interruption in the presence of CC-rich
synthesis pas (3CO + 252), The catalyst was given no previous inducticn. The'
working pressurc was 15 atmospheres. The gas veloclity was Lk liters of synthesis
gas reforred to one atmospheric pressure per 10 grams of iron catalyst.

Table I.- Induction and Syrthesis at a Prossure of 15 atm,

Con- Con--
trace trac-
Temp., tion, Temp., tion,
Days °C, percent Days °C, percent
1 2ks ! 69 268 37
L 2Lhs 10 73 280 L7
5 250 13 30 280 Lg
7 253 17 98 283 Lk
11 260 2L 106 28g I3
13 270 24 130 288 u3
1 275 37 140 292 Lh
28 280 3& 150 298 L7
60 290 50

At 245°C., and after one day of oporation, tic contraction was L%, after i days
the contraction 1C% (as compared to 30-35% for the same time of cperaticn at one
atm. rressure), The temperature was gradually raised, and the increase of the
contraction was otserved. On the eleventh day, 24% contraction was obsarved at
260°C, An increase in tamperature to 270°C. 4id not, at first, cause thz yicld
to go up- it 270PC,, 374 %as observad, and at 230°PC., 369, Only when [6(°2. was
reached, did the contrac:iion go up to S0¥, whiszh corresponded to 1 complate ccn-
version of the CC to hydrocarbons and CC,. Yext we triad whether this conversion
{507) could te maintained if the temceraturs would e lowered, At 258°2., the zon-
traction decreased to 37%. At 238CPC.; hcwever, and in the third month of opera=
tion; a better degree of conversion was obiaizned thar after one month. In tha
meantire, a slow induction of the catalyst had taken place., During the Lth and
Sth month of operation tie temperature nad “een increased again in order to wkeesp
the contractiontntweer L0 and 50%. After five months operation, it was 3CO°C.

During the third month, 82 operation was carried out at 280°C. which
3 ¢- of solid paraffins per normal cutic meter of gas, 93 g. of i.g
carbons, and 32 g, of gasol hydrocarb~ns, all referred to one cubic metar of
ideal gas.
S
A5 conpared to opcrations under atrospneric pressure, the induction of the cata~
lyst dic not rroceed so well for the runs under pressure, and if the caialys® was
indxted during the synthesis under prassure, the yield at low temreraturas was
very low. On the other nand, working under 15 atm. pressure, and usins 2 CQ-rich
symthesis gpas, the te-perature could be raiscd to 28C to 29C°2. without decreasing
the activity of the catalyst as rapidly as it would decrease if i.e pressure of
the oreration were atmospheric. For a larys-scale operation, hcrever, the temper
tures appeared to be still too high and the lifetime »f tne catal;st was stilil 1o

A}

(SRR

small,

h



2. 1Induction of thc Catalyst 7y a Separate Process Proceding the Actual Symthesis.

It was attempted to find out whather ar increase in activity could be ottalned by
carrying through the inductlon in a ster separate from the synthesis step. That,
is, for each induction an’ synthesis, tne ontimum conditions were Lo be found,

a. Induction at ordinary pressure and symthesis at hipher vressure.

Table II gives the result of an experiment which wus carried throuprh during the
inductlon period with mixed gas at atmospheric rressure and 2LS°C.

fable I1.~- Induction at 1 itm. Pressure, and Synthesis at 15 Atm.

Pressure, Temp-., Contraction,

Days Abn. oC. percent

1 1 245 15

2 1 2L5 22

3 1 2Ls 28

L 1 2hs 30

S 1 2k5 31

- 15 2L5 55

6 15 245 L8

8 15 250 53

9 15 250 L9
IR 15 252 L6
2L 15 256 51
50 15 255 51
100 15 265 5%

“hen after five days of opcratien, the contraction had reached a maximun value of
31 percent, we shifted to CO~rich synthesis zas at 15 atm, pressure. The contrscs
tion incrossed immediately from 31 to 55 parsent, In order to obtain the hisk=st
ylelds and correspondingly the highest values of coniraction {approximately 5CI;,
the terperature was raised gradually. AfterllC days of operation, a ceontraction
of 5% percent was still obtained at 265°C. :

“hen one compares the rcsultsof these experiments with the earlier ones where a
catalyst was used without having teen inducted at ordinary pressure and was used
immediately at 15 atm, for the synthesis; it is clearly shown that the preliminary
induction causes the synthesis temperaturc to be lower (approxinmately 30 to Leec.).
The increase in activity which resulted from carrying through the induction at the
low pressure of one atm. remained intact for the whole duration c¢f the cizeriment.

b. Induction at Different Pressures and Synthesis at Ordinary Pressurcr.

In order to examine what influence the inductlion nressurs has upen the syntlizsis
at atmospheric pressure; let us refer tc Table III. The inducticn was carris
through at 2359°C. for 2C_ tours with i liters of CC-rich gas (reforred L2 one &
rosphere per hour for 1C g. of iron) of composition 3C0 + 2Ep. UText we snil:

-7 -



to the synthesis itself. Four lilers rer hour of 122 + 2il, per 10 ¢. or iron
were used at ataospheric tressure for 1«1/2 hours at a terferature of 2557C.

Table III,
Influence of tie Induction ressure
Uron the Synthesis at Onc Atoosphere

Induction. Synthesis
pressure, Contraction,
- atms . nercent
, 9 5
S 3 12
1 28
0.1 30

The eiperiments show agsin thit elevated Tressures impede the process ol induction-
After induction at 9 atrs,, the contraction amountod to S rercent, after an incuc=
tion at 3 atmos., 12 rercent contraction was obtained, and after inducing ths cal -
lyct at one atm., 28 percent contraction was reached and 30 noreent contraction
rasulted from a catalyst having been inducted at 0.1 atm.

¢. Influence of ths Incduction Temperature Urcn the Fropress of the Symthesis.

After we had found out that a low rressure of induction favors the increasc of
the activity of iron catalysts, normel iron cetalysts were Inducted at 1/1C ntrsa
#ith a CO~rich pas at different tesrcratures. The induction lasted for 29 hours,
and the range of terperstures worked in wus 250-350°C. Then the catalysts wore
tested ty acting on a gas of conpositlion 3CC +2ip at 1T atm., and 235°C. (L liters

of gas per 1C g, of iror per hour ;- (x_‘._u 2‘,(#,.«_;_, a)

*hen the catalyst was irducted at 253°C., thz contraction decr=ased already ve-
low a value of 50 percert during the trird day of operation, woer ©
was inducted .t hipher terperatures, it was found that its lifetime w&

- ;
tkus. at an induction terrorature of 315°C., we could orerate for an entirz month
’ s ~ r . o . - « .
without fullin; htelow GC rercent contiractien, “hen the catalryst was Ingncted at

hizrer temreratures, the activity decrcased apain,

Figure 3 shows an analorous series of experiments cduriny which the induction was
not. carrizd throurh ®ith a CO=-ily mixture, hosever, Instead with ru-e 0.

Shen the catalyst was inducted with 20 al 1/10 atn. and 325°C., the conversion
during tha followiny synthesis remained constant Zor L months (at a tonmrerstore

>f 235°C., and a pressure of 15 atm.). ‘dence the results obtained by carrying
s*hrough tre insuction with CO are evon better than those with CC-il, mixtures.
: ‘@

Q
o
o+

y

3, The Influcnce of tps Inductlion Uron the Syntresis TVemrerature.

Figure L gives a comnretensive picuure of i inc . uents a0 the indusiion on Lhe
course of the synthesie. The abseissa reads “n wonthe of operatiorn, *he ordl-
nate is calibratad in oreorating temperatures  and tna corresponding re
sures. all experiments were carriad through with 2 £ynicasis gas °o

CO + lip in the ratis, 3:2 {4 liters per 10 g. ol lreon p2r hour,.

-
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Curve 1, refers to a catalyst which had not indergone induction but had been
usad directly for the synthesis at atmospheric rressure, In order to rcach a
maxirun degree of contraction, the texperature had to be raised o 29C°C. At
first, the contraction was L5 percent. In the course of thc two months of orera-
ting, the activity of thc catalyst improved gradually, and the contraction went
up te 50 percent, The temperature could be lowered gradually to 280°C, During
the L months of operation, however, it was necessary to raise the tenperature
again, and at the end of the fifth month, the temperature of 300°C, was requirad.

Curve 2, shows tha temperature relatlonships with an ironscopper catalyst which
was allowed to act upon a mixed gas for 3 days at one atmos., and 2LoPC. (309
contraction), then the operation was switched over to 15 atn, pressure. In order
to obtain the highast contraction of 50 to 55 percent, the temperature had to

be raised pradually in the course of S months from 2L0 to 29C°C,

Curve 3, refers to a copper-free iron catalyst which had been inducted for 5 days
at atm. prossure and 2L5°C., and was then used for the synthesis at 17 atm.
(Curve L, reports the temperature relationships for an experiment with another
coprer-free so—called normal iron catalyst which had been treated for 25 hours
with pure CO under a pressure of 1/10 atm., and 255°C, This experinont still
showed a contraction of 50 nercent after 16 months of operation 3t 26C°C.,

Curve §, refers to a catalyst which was pretreated with CO at 1/10 atm., and
32t0C, The induction at 325°C, made possible during the first month very uni-
form workins conditions at low terperatures. The contraction remained constant
for L months at 235°C, It amoun'ed to 50 to Sk percent, Then the temperature
had to be increased. .

The curves show very well the significance of the pretreatment of iron catalysis
and what influence this pretreatment has upon the reacticn temperature- This
influence of the induction remains noticeabls even after many months of operation.

a, Time of Induction.

Not only pressure and temperature ol the induction are important, however, the
velocity with which the CO passes over the zatalyst seems to be importamt too,
nieductions and carbonizing processes occur during the induction which are ra=
sponsible for the formation of CO,, Therefore, the progress of the induction
can be judged by the formation of“COp. The induction is terminated when the
COp obtained has passed through a maximum and has reached a more or less con=-
stant minimum value (Figure §), Any further formation of COp corresponds %o
the formation of free carbon, which should be avoided if possible. This car=
bon formation takes place to a lesser degree at high flow velocities of CO than
it does at low flow velocities,

To summarize the work on the induction of iron catalysts, it may be said that
the induction may he carried through at lower pressures and higher temperaturecs
than the following synthesis. TFurthermore, it is advantapgeous to work with
pure CO and at high gas velocities, During the induction process, equilibria
between the solid phases adjust themselves. They depend on the compesition of
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the gas phasc, If the CO, content in tre [aB pazse 1s Xept low, the redaction

f the iron oxide and the formation of carbides is faveoratic. Thls might be
one way to explain the advantageous low induction pressures at nigh gas vee
locities,

xpariments are in the crocess of bteln, studied dealing with the solid phase,

that is, processes which occur within the catalyst duriny the inducticn as well
as the synthesis. 7s hope that thuse experi-ents will give rzsults which will
zermit us to obtain faster methods of deilermining the activity ol the catalyst.

Part I1I. The Synthesis

A.  The Synthesis Cas.

The optimum synthesis gas composition is theoretically that which corresponds
to the ratio in whick CO and li are used up. 1% is assumed that the catalyst
has a sufficiently long lifetinme wien i* is used for such a theoretical mix-
ture. The composition of such a theorctical mixture depends chiefly on the
guantities of COp, and water which are formed during the reaction.

Figure 6, shows for O and 15 atn., the rortion of CO-oxygen which at various
synthesis pas compositions 1s converted to water and CO,. .t a content of 3C
percent of CO in the starting gas; 7 percant ol the CO=oxygen are corveried
into water at on= atmosphere pressure and 25 pmercent at 1% atmosphercc. Titn
60 rarcent of 20 in the starting gas and onc atmosphere pressure, the cocnver-
sion goes only to COp, whereas, at 17 ain. ctill L percent of the CO-oxyren
goes to water. Not only higher rressures but also higher hidrosen con=
tents in the synihesis gas favors thne {ormabtion of waber,

Figure 72 and 7 b shows the influsnce of the synthesls gas compeziticn unon

the yield of liquid and solid apd pascl hydrocarbons. The dotted strais:

lines show calculated yields on the tasic of exclusiva CQ, formation- The doie
point curves show the corrcsponding yields when water formation ‘s tzxen into
consideration., The solid curves show tho ac ually obtained yielis (L-wesk
average), Theoretically 208 . of hycdrocarions may be obtained with or without
formation of water for every ﬁormpl cubisz ”cter of synthesis ras At atmose
peric pressure, in taking into connideration the formation of <0, and ~aler,
the theoretical optimum gas composition lies near a ratio of 200°+ lib, at

15 atm. at 1.85 CO ta 1Hs.

The {undamental difference betwsen Lre srn,“,sis at one atmosphere ard 13

-~

pheres consists in that one cannot work at atwofrheric rressure with the t
a

1
o]
)]

I

H

-k

retical CC:H, mixture because il causes the activity of the cataiwrst o
too raridly. This, however, is nob the zase for the middle~pressure syn.hu
the [lgure shows that at one atmosphere oressure, a gas of composition X
gives the best resulis. For <he Tirst L weeks of opcration it give an av
of about 60 g, of solid liqui! and gasol hydrocarbons, These '*wlgb, oot
decreased rapidly durinr tile 3th and 6%h weeks of operation, At 17 stmo
pressure, however, a yield of 1t0 z. was obtained for wany month:.
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