RESEARCH (8 THi BEFAVIOR OF THON CATALYSTS WHEN M gecL vl
CREFATER VITH He-RIGH SINTHESTS GAS DI o3y 647 D

I. Introduction

¥hy ere operating temperatures belew 200°C, degirable im the middle-
preasurs synthesis? How can those temperatures bs cbiained?

{I. Tests with Fe Catalyste + 1/4 Parcent K£0q

A. Influence of Multi-Stage Operaticn

More recent experimente 1n which iron catalysts were used 4n bensine ayin-
ct2als have shown that thoas catalyats will give yields which are very nearly equal
tc those obtalned when usdng cobalt catelysts., Hydrocarbons obtzined with imom
catalyats compare favorably alsc Lo thoso obtained by codalt when ere compares their
artl-knock properties. The catalysts must be used at temperstures of around 235~
2£0°¢,, that 1o, spproxizately 45-70° higher than cobalt catalysts., Vhem careying
out the middle-presszure synthesis with cobalt catalysts, ws have mads use of am ap-
paratus which was cooled by stean, I% vas our desire Lo use the sams got-up fopr
exporiments with iron catalysts, withoul having 4o make aiy expsrimsntal changes,
It would have been adventageous therafore to be able to work at o lower oparating
temporature, This succesds when one uers 2 gas which is richer in hydrcgen than
& pormal gas used along with the iron cetalyst,

A time test with mixed gas showed that it is posgible to otart the syatie-
sig at 210°C. After 15 days of operaticn and working at 213°C., a yleid of 100 a./
¥r3 of ideal gas was still cbtainsd, and the increass in tenpsrature to assurs an
eccoomical yleld was only smmell., After operating for 180 days, the neccssary opersi-
irg temperature to sssure a feasible vield was 235°C,

On the tonth day of the synthesis, 97% of the CO gas was used up, wheress
5(% of the initial Hz constituent remained unconverted, In order to keop thn yields
up, 1t was necesmary to operate in two kiages, and the gas leaving the Tirst stags
ard entering the second siage bad to be' replenished with sufficlent CO to bring its
final composition up to its originsl walus, Bofore replerishing ths gas howswver for
othsr reasons, it was desired to sze vhat would heppes 1 the ges iesuing from stegc
one was conducted into stage twe.

It may be sesn that thue 1t was possible afser 70 cays of opsration to
cbtadn a yleld of 157 g./%s3 of ideal ges whon operating in two stages,

In order to lower the temperaturos still mors, experimente wore carrisd
out in several (4) stages. A gas of compositicn COtHy = Li4 was used,

In Tadble 1I, the resulte of such a run may be cbssrved. For the Picvst &da
tays, the second stage was operated with ea imitial ges havirg ths coxposition of
bs end gas from stage #1, including tho gasol hydrocarbons. Aftar the L4th day,
the sscoud stags wns opersted with a gas having been replonlabed with CC; howaver,
the gasol nad bsen rermoved. The third end fourth stages were oparated with &4 gas
ae wa3 cbtained from the previous stages and the gasol was lefd in.

e woro able to demonsteate that iron catalysiz may bs ussd at Sensraturos
below 200°C,, giving econcmical ylolda and producing only 1ittle CCz. Cenernlly, it
wer cbaorvad that at the lower tenperntures, more water foramsd than COp. " The CO
consunption is satislactory, and after the third sbaze, approximetely 9CF haa bees
usad yp. The fourth stags was operatad at 170°C., and after 20 days of operation,
it wae 51l not nocessary to raiso the tempsrature. Ths CO conversieon aacunted to
6"@: >
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The yiclds of stages one and two, were tabulaizd and referred to 1 Nnj of initial
gas as fed to tne first svape (==)}. It was found that alfter 4he second §Lagc
106 g. of hydro:arbons/ﬁm3 of ideal gas were ovtained, It waos fuarthermare dis-
covered that the gasol in the £as passing over the catzlyst in sta:es 3 and i was
converted into higher hydrocarbons and no longsr could be quantitatively deter-
nired as gasol.,

Average 2nalysis of exit gas from Stage 1,

COQ L -53‘,:"“’
sKiv l e
CG o

K

7.0

5.
Hp Tg §
Ho 7.0

/

On adding 11.7% CO to this fas, one obtains the
following gas:

If the sscond pas has to be compressed into a LO-liter borb up to
& pressure of 140 atmospheres, one requires:

Cop 6.3%
skw 1.6
Co 27.3
Ki 5.9
No 1250

ftheinpreussen-~Casol was available with 32% sKv and 487 Ki¥; therefore only 1.4 atm.
sK¢# had to be added., At ths same time, 3.4 atm. K7 were compressed into the bowb:
however, since 5,5 atm. X% were required; it was necessary to add an additional
2-1 atm, of Cth The mixing of the gases was easily accomplished therslowe in
this manner.

In order to refer the individual vields of the l stages to onz cubic mater of the
original starting g3s, it is permissible to work in the individual sizpes with
gases containing gasol. During thoss experiments, however_ the conditions wers
kept 25 nearly as possible to actual conditions because it arpearad undesirahlaz
from the point of view of experierce that the gasol of the enc¢-gas should be ri-
meved after each stape. The yiele determinations of ths thire and fourth stazzs

07, however, that it is possible %o obiain economic quantities of benszine whan
using iren catalysts LI%9,
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Fecycling Tixperiment

Hecycling in ;eneral pives similar resulls to those obtained viren woridn,
Therefore, & raocycling expariment was
containing; 18 reaction tubes and filled

various stages.

The activity of the catalyst was checked with a CO=rich gas at 130°¢C.
gas contalning 1C0 + .,
The conversion of CO was checked for both recycling as well as

orcration was started with a
ture was 180°C.

one single passage ithrough the tules.
liters of end-gas; and aprroximately 100 liters were circulated.
a 3 to L times hipher flow velocity was

during the recirculatior,
Lthe reaction urnace.

i
underteken with a furnace
with 180 ¢, of catalyct,

and then
The operating tempera-
The work was carried out with 2L o 30
Consequently,
obtained in

103° 188 2030
fiot. Mot tiot
2irculated circulated (Circulated circulated Circulated circulated
Contraction 267 27% 33.5% es” 31.5% 1.5
C~balance h2.5 g. /M3 32,5 gfm3 3.2 pfied 30.6 g/nd 31.2 o /13 24,7 g
CO conversion Lo L7.5% 61 607, 51,07 £27,

The preceding table shows contrections, carbon balunce,
From %his experiment the

different terparatures.
193°C. (without recirculation), and
stituents boiling at 200°C.

and G0 cenversion at thiue
A-K. benzine was removed at
a2 distillation was carried through of the cen-

The bolling point indicated approxinately normal pen
tane, normal hexane, normal keptane,

and norzal octane. & yield determination for

the experiments of the 18-tubz furnace at 193°C. end 30 liters of end=gas prer heur

showed U4l1.5 g./Mnd of ideal gas.

This yield was obtained without recyciing of the
enc=gas. No comparative vield vis obtzined in the recvelins

axnerinant because

the recycling pumy failed. to operaie after some tinme.

Flow Zxperimert

The influence of the flow velocity wes studied for the same catalyst at different

terperatures (10 g.

ol iron or 15 g,

of iron catalyst were charyed into the fur-

nace), The following table shows the endw—iae quantities, tho total gas acuantity
converted, and the coaverted CO rer hour at various temperatures,
Converted CO  Percent
liters Percont Liters £iis o= Co
end~gas con= fisGa quantity wverted con-
Temreraturs rer hr. traction per kr, per hr. per hr. varted
2 37 3.2C 1,251 o,L55 1 8o
1800 L 20 £.C0 1,000 0,3v01 L
) B 17 2:65  1,5501  0,6501 39
2 28 2.78 0,720 1 o301 49
190 L 2l n.24 11,2001 ¢34y 1 gE
8. 1 7:30 1,300 1 0,503 1 33
2 35 3-:08 10801 9,5311 90
2009 L 27 .8 i,W8c 1 90,5351 51
8 20 10,00 2,0003 0,330 1 ML
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Frow the tabulation, it is observed how for evary wenrnerature th
tha 10 conversion reduced (about 507) as the cnd=-gas quantiiy ins
8 liters yer hour. Levertheless, the total quantity of gas and
of CO converted increascs steadily, so, for instanece, at 200°C,, ap
twice as much pas is corverted for 8 li‘ters of end-gas than for 2
£as. The vield at 190°C. for 8§ lirters of end-gas was 3L.b o of mye
normal cubic reter of ideal gas.
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D. The Influence of Different locdes of Catalyst
Irduction Upon the Uperation ot irrdropen=fich Sterting Gas
W4

The catalysts have been pretreated in the already well=lmowm manner. .e cither

worked with i liters of pure CO (per 10 g. of iron) for 25 hours (102 liters alto-

gother) at 325°C, and 1/10 ata,; or we cperated for 2-1/2 hours with L0 literg of
CO per hour per 10 grams of iron (100 liters altogether) at 325°C. and 1/10 atm.

In order to investigate the infiuence of different pretreatrents of the catalyst
upon operation with hydrepen-rich ras, the first thing we 4id was that we troated
a catalyst according to the earlier methods long enough with mixed gas at 220°C.-
255°C. and atmospheric pressure until it £ave a contraction of 30% under the same
conditions (kL liters per 10 g. of iron rer hour}. Then we increased the pressursa
to 15 atm. and a gas of 1C0 + LH, was used at 180°C, and 2 liters rer hour of end-
gas. It was found that the yield evan after a temperature of 200°C. was reached
after € days of operaticn, was not as hiph as the yield when the catslysit was rre-
treated under reduced rressure.

Percent CO conversion, lDays of
Temperature Contraction percent  operation
after pretreatment 1017 i? 70 o T
with nixed pac 189 1?2 25 [
196 22 37 ®
200 20 sl T
199 20 46 17
200 20 32 tT
199 20 3L 20
199 17 31 21
After pretreatment 180 30 71 T
in vacuum with pure Q0 181 2L 60 g
130 24 ) 5
18¢ 21 ce.g 10
179 15.5 38.% 18
187 23 Le.g 26
190 3L 52 30
150 23 50 L2

“‘hen the two rethods oi pretrentnent are compared with each other, it may ke no-
ticed that the vacuum treatrent has the advantace. ith the catalyvst havin; becn
subjected to the vacuum treatment, the temnerature had to be raised to 150°G.
only after operating for as long as 30 days, t180, the time of orerstion, the
amount of carton monoxida converte? was higher than in the case of the catalyst
pretrzated uncer ordinary pressures, Sinae in both cases, the same catalyst was

.
ﬁ#



in vacuum and
The rgealts are

cabaliaot

Lii;
Z Con=
Temparae trac- (0 con- Yo. of Temper-~ trac- (03 cone Ta. sl
ture tioen  version days ature  tion varsion days
161 k e 1 180 £ - i
185 7 s 2 130 5 — ¢
175 6 18 3 187 5 - 5
219 10 el 5 200 g5 s 7
240 12.5 L7 10 210 7 12 5
200 15 o1 11 210 7 23 5
?L0 13 - L3 15 209 6 20 13
230 15 1o 14

——

It was not possible to obtain any arprsciavle ancunts of hydrocartons below 20Cos .
when working at 240°C. or akove, the conversions became normal. heeroxinarely thz
same rasults were oblained in both cases when a fydrogen-rich fas was us
noermal rressure and low temmeratures.

= N . . . |
Another experiment was carried out with the same catalyst. However, 1t wag

o =
treated. The operation was carried Yhrough at 1% atm. with hydro.en~rich starting
gas {1:li), The operatins temperature was kept ab 190°0. at £irsty howaver, the
CO conversion under those conditions wos only 1C7. “hen the temperature was »rajisod
Lo 235°C., the contraction incressad +o 15%, and the CO conversion went up Lo 389.

£ Influence of Operating lFressurc Semss i

The influence of operating pressure unon the middle-pressurs synshesis using iron
cavalysts was investipated ay 0, 1.5, 3.3, 7-5, 15, and 30 atms, 1he following
table shows the elfect of the various repsures.  In all cases, the catalyst used
was the same as described before, and was pretreated prior to all excerinents in a
vacuws by using pure GO,

IO 26

O atm., {see above table) 1.5 atm. 3.5 atm,
Scn. Con~ Cone- -
trac- CC zon- 1o. of trac~ C0 con= 1o. of trac= Co con= 'c. of
Temp, tion wversion davs TemE; tion wversion  daye Temp., tion  version davs
141 I o= 1 180 9 29 2 181 33 &0 e
185 7 - 2 120 17 13 T 1lo 37 21 7
195 & 18 3 180 ig 27 10 %1 20 50 10
215 10 21 5 e 20 “TE 2 130 20 57 15
240 12.% L7.5 10 50T 22 62 27 30 1k HE) 23
P2 TT R €t ol 11 196 8 23 3 30 2 L2 2
_ggg 19 LS 15 130 6 31 39 139 133 55 37
<3
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7.% ntm. 1Y stam. 0 =l
Con- Ton. TR
trace 00 con~ lo. of trac~ CO con— ‘lo- of trac= 20 con-1o. o
Temp. tion  version  days lemgc tion version days Tenp. tion vercion days
181 34 52 2 18 30 71 1 130 M40 1 z
180 . 38 82 7 101 24 60 5 130 50 100 2
180 2% 70 10 130 24 &6 8 175 33 70 i
180 30 71 15 - 180 21 58 10 7 30 uh g
181 26 &4 22 17y 17 38 18 180 25 61 L
182 32 68 32 179 19 33 2h 179 19 39 12
180 27 59 36 197 23 L8 26 180 13 39 13
180 21 52 Ly 196 34 62 30 179 20 Lz 19
180 23 50 L3 190 31 03 23
- 190 37 55 25

AV 1

133 21, L1

The experiments at O atm. 2%l 1.9 atn, are unsatisfactory at low tem-oraturcs. The
run at 3.5 atm. showed a L0 conversion of CO after a montk of operation {at 190°C.)
¥h: exyerirent at 7.5 atm. snowed the best results, after 50 days of orcraticn at
180°C., the conversion had not decreased helow 507, ard ur to this time only A slow
decrecase in activity of the catalvst was observed. The yield detersination between
the 3L4th and 33th day of operation still showed L0.% g~ of total mrdrocarbons per Mo
of ideal pas. “hen workins under 1) atm,, it was necessary to raise the tenrerature
from 180 to 190°C. after 25 days of operation. § yield determinstion between the
15th and 20th days of operation siowed 34.5 g, of total hydrozarbons rer Ml of
idecl pas. fThe 30 atm. run showed an initial activity corresronding to 1007 20
conversion. In order to avoid over-heating of the catalyst, the temserature had

to te dropred to 176°C. lowewer, it could te raiscd again to 1%0°C. on the 4th day.
Lowever, on the 20th day of operation, the tonversion had dronped to L24, and a
temperature increade to 190°PC. was unavoidable. sowever, this increase did not
help indefinitely. The yield deaterminalion between the 9th and 13th days of opera-
tion showed L5 p. of total hydrocarbons per Nm? of ideal gas. From all of Lhese
experiments, it may be observed that the most favorable rressure is 7.0 atm. when
using & hydrogen=rich gas of composition 1C0 + LY,. It is sjcculatec that %he best
CO conversion occurs somewhere around 10 atm. (seé tabulation ©)

ARVEOIONtxAé F.  Tests with 1C0 + 6Hp Gas Mixture.

In order to lower the working tencerature some more, when working with iron cataw-
lysts, an experiment was carried out with an initial gas of composition 100 + &Ep
(same catalyst and same pretreatment as before). The experiment was started at
15 atm. and 157°C.

lenpersture  Contraction  CO conversion Yo, ¢f days
1500 ' 21z 701 2
159 26 62 3
155 29 62 s
160 22 or 8
160 2k 59 13
160 22 60 18 7
160 ec 55 20
1560 2¢ Ls 21

The carbon balance on the 13th to 21st days of operation showed 23 g. of condens~
able hydrocarkbons per !m3 of Fas. It was remarkabls how 1litile COp was forned.

5
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Only & proxivatel. o % of Lhe end-pas consisted of CCn-

L
Tale experiment & 2 proves that tenzine may be produced at lowar fenporabures wihen
usiny iron catalycis than the terperatures of the middle-pressure symbhesis using
copalt.

Concerning the procachs of this reaction, it may be said thad the para2flins obtainzd
were ol remarkably iight color when using a hydrogen-rich ras.  Vhen a CO=rich gas
was used, the nrodusts of the iren and riddle-pressure synthoses wera brosn. The
results have been given already on the distillation analyses of’the fractions boil=
ing below 200°C. (rape é‘)"

Jne Pearcent ilkali dxperiment

An exreriment was carried out at 17 atr. and 180°C., with the catalyst containing
one rareent rotassium carbenate, The fas used consisted ol 1C0 + tho It was
found trat Lhe activity of this catalyst was considerable lower. Ve o-tained vels
low o0il withou*, solid paraffin.

II1. Tests with Iron~Copper Catalysta.

Bt s dcwbaobofort:Oporatxbonk waibhx Honos ek Sbar oo O

sarlinr cxperiments showd that small additions of coprer improved the activity of
iron catalijot:. Ia order to investigate this effect with a hydrocen~-rich pas, Fe-
Cu=Catalysts were dumpnnded, The catalysts used containad S parts of Fe and one
part of Cu. The copper was c-procipitated with the iron, After the precipita-
tion, the precipitate was made alkaline with 1/u3 of potassium carbonate.

A. Influence of gressure.mmg@&xw

The Ferri«~Cu-catalyst (5:1) was pretr-ated .in a vacuum and was used for three ex-
reriments. One experiment was run at O atm., another at 1.5 atm., and a third

at 15 atrm- pressure, using a hydroyen-rich starting gas., The following tabulation
shows the results of the experinents,

0 atm. 1.5 atnm. 15 atma
Con- Cone Conw
trac- No. of C0 con- trac= to. of (GO con- _ trac- ¥o. of CO con-
Temp. tion days version Temp. tion days version Temp, tion days version
189> 47 1 — 180° o 2 - 1750 2L 1 59
185 ¢ g 6 180 1 8 20 I8 23 6 L6
215 15 16 2L 180 13 10 2l 181 25 10 L8
216 16 19 23 150 24 13 Ls 180 26 19 56
225 22 31 20 150 27 15 62 185 Lo 22 on
193 13 29 L2 185 32 25 59

183 22 33 L8

A comparison with {he corresponding experiments carwied oub wibkh a coprer-{ree
catalyst shows that for O and 1.5 atm., no.improvermants were observed. At 15 atm.,
it appears that a small increase in catalyst activity was noticed (sec also tabue

lation 6).
7



A i HEU- P 2 P R X = e —
B . tormzl I'rissure LEperinents, et Tl L

drobror series of expariments wess run with Fe and Cu catalvsts and normal nLre
and varlous starting gases containing differeont prozortions of hwdroren Lo cs
woncxide. Roth Terris and Ferro=copper caizlysts were nsed at normal termera
and were tosted for thelr activity by using mixed fFas; then catalysts of the

comnogsition were ueed with hviropen-rich gas at cerregrondingly lower temrara
Ferri -- Cu mcgzgggééfz4z

l1:2 1 : 2 (Farallel-Tzst) -
FETCant PETCEAT
Percent CO con- Percent CO con-
mperature Contraction  version Days Temperature Contraction version Days
235° 21 - 2 235° 22 - 2
235 32 - 3 235 25 e b
229 26 80 L 233 27 — 5
229 28 70 3 231 25 e 7
230 22 . - 9 2Ls 30 - 8
231 18 oo 13
2k5 33 — 1
' 14 » ) 1:6
201 13 2L 2 200 5 - 2
201 13 (%0) 3 200 g e b
200 1 24 L 205 & e 5
205 10 27 6 207 3 o= 8
210 q o 8
Ferro = Cu *W
1:2 1 : 2 (Parallel=Test)
236 34 90 2 231 31 e 2
232 30 -— 3 228 . 30 g0 3
232 32 g0 L 227 3k - 7
229 28 90 8 - 229 30 / o0 8
231 31 - Q0 10 230 33 S0 10
238 25 - 19 230 34 — 11
l: L 1:6
201 4 - 2 205 3 —_— 2
210 12 30 3 209 10 28 3
213 11 59 7 210 13 Lo i
215 i3 e 10 210 12 L3 g
215 17 70 10

The higher activity of tho Ferro-Coppor catalysts is esrecially arparent when

serating with mixed ras at temperatures of above 230°C. fub when working with
vhe hvdrogensrich gasss at around 200=-215°C,, this higher activity is scarcely
noticeable.

when the experiments are compared with those employing a copper—{ree not rre=
treated catalyst; no Important improvement can be noticed over a copror-containing
catalyst for the temperature range of 200-230°0.
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