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RESEARCH ON THE BEHAVIOR OF IRON CATALYSTS WHEN
OPERATED WITH Ho-RICH SYNTHESIS CAS

I. Introduction

Why are operating temperatures below 200°C. deeirable in the middle-
preasure gynthesis? How can those temperatures be obtained?

II. Tests with Fe Catalysts + 1/4 Parcent K0y
A. Influsnce of Multi~Stage Operation

cheals have shown that those catalysts will give ylelds which are very nearly equal
to those obtsined when using cobalt catalysts, Hydrocarbons obtained with i~vn
catalysts campare favorably also to those obtained by cobalt when one comparas their
anti-knock properties, The catalysts mrst be used at tomperatures of around 235~
260°C,, that 1s, approximately 45-70° higher than cobalt catalysts. When carrying
out the middle-pressure synthesis with cobalt catalysts, we have made use of an ap-
paratus which was cooled by steam. It was our desire to use the sam® set-up for
experiments with iron catalysts, without having to make any experimental changes,
It would have been advantageous therefore to be able to work at a lower oparating
tempersture. This mmdgwhmomuseaagaawﬁchiudchormtvdregenthan

& normal gas used along with the iron catalyst.

A time tost with mixed gas showed that it is poasible to start the smtle-
at 210°C, After 15 days of operaticn and working at A3°C., a yleld of 190 z./
otidaalgasuastﬂlobtaimd,andtheimmintmmmmtoassmm
economical yield was only amall. After operating for 180 days, the necesasary opernt-
irg temperature to assure a feasible ¥ield was 235°C,

Qn the tenth day of the synthesis, 9% of the CO gas was used up, whoress
50% of the initial Hz constituent remained unconverted. In order to keep the yislds
up, it was necessary to operate in two es, and the gas leaving the ITirst stage
and entering the second astage had to be replenished with sufficient CO to bring its
final campositionm up to its original value. Bafore replemishing the gas hows vz for
other reasons, it was desired to sse what would happen 1f the gas issuing f7om stage
one was conducted into stage two.

It may bo sesn that thus it was posaible after 70 days of operation to
obtain a yleld of 157 g./Ne? of ideal ges when operating in two stages, .

In order to lower the temperatures still more, experiments wors carrisd
out in several (4) stages. A gas of compositicn COtHy = Y:4 was ussd,

In Table II, the resulte of such a run may be obssrved. For ths Tirst b
days, the second stage was operated with an initial gas havirg the composition of
42 end gas from stage #1, including the gasol hydrocarbons. After the 44th day,
the second atags was ope rated with a gas having been replenished with CQj horraver,
the gasol nad bsen removed. The third and fourth stages were opsrated with s gas
as w3 obtained from the previous stages and the gasol was left in.

¥e were able to demonsteate that Sron catalysts may be used at tammeratures
below 200°C., giving econcmical yields and producing only litile COz. Gemerally, it
was obaservad that at the lower temperatures, more water formed than CO2. " The CO
consunption is satisfactory, and after the third stage, appreximately 90% has been
uzed up, The fourth stags was operated at 170°C., and after 20 days of operatdon,
it wms still nct necessary to raise the texporature. The CO conversion amounted o
4%,
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mined as gasol,

The ylelds of stages one and two, were tabulated and referred to 1l Nm3 of initial
gas as fed to the first stage (=), It was foung that after the second stage,
106 g. of hydrocarbons/Ng3 of ideal €33 were obtained, It was furthermore dise
covered that tho gasol in the £as passing over the catalyst in stages 3 and |, was
converted into higher hydrocarbons and no longar could be qQuantitatively deter=

average analysis of exit gas from Stage 1,

COs L,3g
SKhW 1.1
co 7.k
KW 3.8
No 7.0 /

On adding 11.7¢ CO to this £a3, one obtains the
following gas:

sKV. 1.0
Cco 17.1
Ho 68.4
K& 3.4
No 6.2

If the second pas has to Le compressed into a LOo<liter borb up to
a pressure of 160 atmospheres, one requires:

Cop 6.3%
sk 1.6
co 27.3
Ho  109.3
K 5.5
No 1C.0

ftheinpreussen-Casol was available with 32% sKW and 58 K45 therefore oniy 1.4 ainm.
SKW¥ had to be added, At the same time, 3.4 atm. X were compressed into the bomb-
however, since 5.5 atm, K% were required, it was necessary tc add an additional
2-1 atm. of Cﬂhq The mixing of the gases was easily accomplished thererove in
this manner,

In order to refer the individual yields of the 4 stages to one cubic meter of She
original starting gas, it is permissible to work in the individual siages with
gases containing gasol. During those experiments, however, the conditiocns wers
kept as nearly as possible to actual conditions because it apreared undesirabl:
from the point of view of experierce that the zasol of the ent-gas should ke r:-
moved after each stage. The yizld determinations of the third ar2 fourvh stazzs

0w, however, that it is cossible to obtain economic quantities of benzine whap
using iron catalysts Lz¥,
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B, Decycling “xperiment

Hecycling in ; eneral gives similar results to those obtained wkren working in
various stages. Therefore, a recycling experimont was undertsken with a furnace
containing: 18 reaction tubes and filled with 180 ¢. of catalyst,

The activity of the catalyst was checked with a CO=rich gas at 130°C., and then
orcration was started with a gas containing 1CO + Llp. The operating tenpera~
ture was 180°C., The conversion of 0 was checked for both recycling as well as
one single passage through the tubes. The work was carried out with 24 %0 30
litars of end~gas, and aprroximately 100 liters were circulated, Consequently,
during the recirculation, a 3 to L times higher flow velocity was obtained in
the reaction. rurnace.

183¢ 1880 203°
Lot Mot TTot
Jirculated circulated Circulated circulated Circulated circulated
Contriction 267 27% 33.5% 287 3.0 21.57
C-balance h2.5 g-/%3 .5 gfmd 2gM3 30,6 ghnd 310 g:/Mm3 24,7 ghwl
CO conversion Ly L7.5% 614 607, 51,57 527

The preceding table shows contrections, carbon balance, and CC conversion at thres
different teriperatures. From this exceriment, the A.K. benzine was reroved at
193°C. (without recirculation), and a distillation was carried through of the ccne
stituents boiling at 200°C. The beiling point indicateg approxirately normal pen-
tane, normal hexane, normal keptane, and normal octane. 4 yield determination for
the experiments of the 18-tube furnace at 193°C, and 30 liters of end-gas rer hcur
showed 4l.5 g./¥n3 of id=al Bas-. This yield was obtained without recyciing of the
enc-ras, Ko comparative vield w.s chtzined in the recvelins exveriment because
the recycling pumr failed to operate after some time.

. Flow Experimert

The influence of the flow velocity w:s studied for the same catalyst at different
terwperatures (10 g, of iron or 15 g> of iron catalyst were charyed into the fur-
nacel. The following fable shows the end-jas quantities, tho total gas Tuantity
converted, and the converted CO cer hour at various temperatures,

' Converted Co Percont
Liters Perecent Liters gis con- cc

end-gas con= A0, quantity wverted sop-

Temrcrature - rer hr. traction per hr, per hr. per hr. varted
2 37 3.2C 4,221 2,351 s8c
1300 L 20 5.C0 1,003 1 o,3501 Ly
: 8 17 9.45 1,560 1 2,852 1 129
2 28 2.78 S,7901 0 o,h301 73
19 L 2L 5.25 1,280 1 ¢,shh 1 ¢f
8. ) 2:30 1,300 1 o400 1 33
2 35 3-98 1,001 35,7511 v0

2000 L 27 £l L% 1 0,535 1 5

8 20 10.00 2,000 1 09,3301 iy

P
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Fron tha tabulation, it is observed how rar gvary tempoerature the coniraction and
the 70 conversion reduced (adout 507) as the end-pas quArtity increases fro= 2 to
8 liters rer hour. Levertheless, the total quantity of gas and the total quantity
of CO converted incroascs steadily, so, for insiamee, at 200°C., approxirately
twice as much ras is converted for 8 liters of end-gas than for 2 liters of end-
£as. The vield at 190°C. for 8 lirters of end-¢as was 3L.4 ¢. of hydrocartons rer
normal cutic reter of ideal gas. :

The Influence of Different Jodes of Catalyst
Irduction Upecn the Operation I%'ropen ic arting Gas

The catalysts have been pretreated in the already well=knowm nanner. ..e cither
worked with 4 liters of pure CO (per 10 €< of iron) for 29 hours (100 liters altow

‘gether) at 325°C, and 1/10 ata,; or we operated for 2-1/2 hours with L0 lite=s of
CO per hour per 10 grams of iron (100 liters altcgether) at 325°C, ard 1/1J atm.

In order to investigate the influence of different pretreatrents of the catalyst
upon operation with hydiropen-rich €as, the first thing we did was that wo troated
4 catalyst according to the earlier methods long enough with mixed gas at 220PC.-
255°C. and atmospheric pressure until it gave a contraction of 307 urder ths sane
conditions (L iiters per 10 g. of iron cer hour), Then we increased the rressure
to 15 atm. and a gas of 1CO + LK, was used at, 180°C. and 2 liters Per hour of end-
€as. It was found that the yield even after a temperature of 200°C, was reached
after 6 days of operaticn, was not as high as the yield when the catalyvs: was T
treated under reduced pressure.

Percent CO conversion, - DLays of
Temperature Contraction rercent operation
after prretreatment 1819 iZ po] 1
with mixed pas 189 12 25 5
196 22 37 s
2C0 20 W 7
59 20 16 1
200 20 32 T
199 20 34 20
199 17 31 el
After pretreatment 480 30 71 1
in vacuum with pure cO 181 24 60 g
180 A €6 8
180 21 52.5 10
179 16.5 38.5 18
187 23 La.s 26
190 34 52 3C
150 23 50 2
‘’nen the two rethods of pretrentment are compared with each otkher, it may te no-
ticed that the vacuum treatment has the adventage. :.ith the catalyst havin;- bern

subjected to the vacuum treatrment, the temzerature had to Le raised to 1507,
only after operating for as long as 30 days., +1s0, the time of crerzition, whe
amount of carton monoxide converte? was aigher than in the case of tho catalyst
rretr:ated uncer ordinary Eressures, Sinse in Lotk cascs, ihe same catalys~ was

S5
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used (783, it is oub 2f e GuesLien Lhat Liw fiiTarences <n Tleids could be ex=-
nlained with a loss of activity of %2 catalrst. in zxperinent was car-ricd out
with a catalyst preireated in vacuum and orerated under nommal nressurz with a
hydrogenerich pas (I:h)- The results are tabulated in +the naxt zabls 2nd conpare.
to those of the normal rrotreated catalyst of the same constituenis.

retrzated 1:4 Jot rmrotraated
Con- Con=
Temparae- trac- CO con=- Yoo of Temper- trac- C9 con- 2, of
ture tion version days ature tion version days
181 L — 1 120 £ - :
185 | — 2 180 g - 7
135 6 i3 3 187 5 — 5
215 10 - 21 s 200 5 — 7
2o 12.5 L7 1 210 7 12 g
15 51 11 210 7 23 5
Lo 13 - L5 15 209 6 20 13
20 1 o i

It was not vossibls to obtain any arpreciable amounts of hycrocarbons below 2CCOG .
when working at 240°C. or atove, the conversions became normal. Arcroximarely tho
same results were oblained in both cases when a hydrosen-rich gas was uysed under
normal rressure and low temrmeratures.

Another experiment was carried out with the same catalysi, lowever, i t
trsated. The operation was carried *hrough at 1% atm. with hydro.en~-rich starting
gas (1:l4), The operating Ltemperature was kept at 190°C. at fir %; howaver, the

CO conversion under those conditions wos only 1C. 7Zhen the temperature was saig-<
to 235°C,, the contraction increased to 157, and the 20 conversion went up to 389,

& Influence of Operating Pressure Sembes -

The influence of operating pressure uvon the middle-rressure synihesis using iron
catalysts was investigated at 0, 1.5, 3.5, 7-5, 1%, and 32 atms, The fellowing
table shows the effect of ths various rressuras, In all cases, “he catalyst used
was the same as described before, and was pretreated arior to all exzerirents in a
vacuum by using pure CO.

Q atm. (see above table) 1.5 atn. 3.5 atm,
Con., Con-= Jone
trac-= CC con=- 9. of trac= C0 con= ro. orf trac= Co con= 2. o
Tenp, zion version days Temp. tion version days Tamp, tion varsicn CEITR
121 L -— 1 180 9 29 2 181 33 50 2
135 7 -— 2 10 17 L3 7 130 37 21 7
195 & 13 3 180 13 Z7 10 131 20 50 1¢
15 o) 21 5 189 5 8 e 13 20 g7 15
20 12.¢ 7.5 10 155° 22 g2 27 130 14 48 23
T2he 3 cl 11 150 3 23 37 20 23 L2 32
2L0 1y Ls %5 130 é 31 39 139 3L 35 37
T 26 c§ 47
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B. Normal Pressure Experiments

Another series of experiments was run with Fe and Cu catalysts and normal
pressures and various starting gases containing different proportions of
hydrogen and carbon monoxide. Both

Ferri- and Ferro-copper catalysts were used at normal temperature, and
were tested for their activity by using mixed gas;at correspondingly lower
temperatures.

Ferri - Cu Catalyst

1: 2 i : 2 (Parallel Test)
Percent Percent
Percent CO con- Percent CO con-
Temperature Contraction version Days Temperature Contraction version Days
235° 21 -- 2 235¢ 22 -- 2
236 32 -- 3 235 25 -- 4
229 26 80 4 233 27 -- 5
229 28 70 8 231 25 -- 7
230 22 -- 9 245 30 -- 8
231 18 - 13
245 33 -- 14
1 : 4 l1: 6
201 13 24 2 200 6 - 2
201 bY:) (%0) 3 200 5 -- 4
200 14 24 4 205 6 -- 5
205 i0 27 6 207 3 -- 8
210 9 -- 8
Ferro - Cu Catalyst
1: 2 1l : 2 (Parallel Test)
236 34 90 2 231 31 -- 2
232 o -- 3 228 30 90 3
232 32 S0 4 227 34 -- 7
229 28 90 8 229 30 30 8
231 31 90 10 230 33 90 10
238 25 -- 19 230 34 - 11
l: 4 1: 6
201 4 -- 2 205 3 - 2
210 12 30 3 209 10 28 3
213 11 59 7 210 13 40 4
215 13 -- 10 210 13 43 8
215 17 70 10

The higher activity of the Ferro-Copper catalysts is especially apparent
when operating with gas at temperatures of above 230°C. But when working

with the hydrogen rich gases at around 215°C., this higher activity is
scarcely noticeable.

When the experiments are compared with those employing a copper-free not
pPretreated catalyst, no important improvement can be noticed over a copper

containing catalyst for the temperature range of 200-210°.



Only approximately xunreadablex of the end gas consisted of CO,.

This experiment a Proves that benzine may be produced at lower temperatures
when using iron catalysts than the temperatures of the middle-pressure synthesis
using cobalt.

Concerning the products of this reaction, it may be said that the paraffins
obtained were of remarkably light color when using a hydrogen-rich gas. When a
CO-rich gas was used, the products of the iron and middle-pressure synthesis
were brown. The results have been given already on the distillation analyses of
the fractions boiling below 200°C. (page 3).

One Percent Alkali Experiment

An experiment was carried out at 15 atm. And 180°C., with the catalyst containing
one percent potassium carbonate. The gas used consisted of 1CO = 4H,. It was
found that the activity of this catalyst was considerable lower. Fe obtained
yellow oil without solid paraffin.

IIT. Tests with Iron-Copper Catalysts.

Earlier experiments show that small additions of copper improved the activity of
iron catalysts. In order to investigate this effect with a hydrogen-rich gas,
Fe-Cu Catalysts were compounded. The catalysts used contained 5 parts of Fe and
one part of Cu. The copper was co-precipitated with the iron. After the
Precipitation, the precipitate was made alkaline with %% of potassium carbonate.

A. Influence of Pressure.

The Ferri-Cu Catalyst (5:1) was pretreated in a vacuum and was used for three
experiments. One experiment was run at 0 atm., another at 1.5 atm., and a third
at 15 atm. Pressure, using a hydrogen-rich starting gas. The fellowing
tabulation shows the results of the experiments.

0 atm. 1.5 atm. 15 atm.
Con- Con- Con-

trac- No. of CO con- trac- No. of C0 con- trac- No. of CO con-

Temp tion days version Temp tion days version Temp tion days version
189° 6% 1 -- 180° -- 2 -- 176° 24% 1 59%
185 5 5 6 180 14 8 20 182 23 6 46
215 25 16 24 180 13 10 24 181 25 10 48
21s 16 19 23 130 24 13 45 180 26 19 56
225 22 31 20 150 27 16 52 185 40 22 64
193 13 29 42 185 32 25 59
188 22 33 48

A comparison with the corresponding experiments carried out with a copper-free
catalyst shows that for 0 and 1.5 atm., no improvements were observed. At 15
atm., it appears that a small increase in catalyst activity was noticed (see
also tabulation 6).
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