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INTRODUCTION

. Why are o?erating temperatures below 200°C, dasiraﬁlg in the middle-
pressure synthesis? How can those temperatures be obtained? :

TESTS WITH TRON CATALYSTS CONTAINING 1/h PERCENT EpCOs,
USING Hp-RICH GAS ~ ° i

© Influence of uuitii;t’ags Operation.

: More recent experiments in which 'iron catalysts were used dn the
bengine synthesis have_shown that those catalysts will give yields nearly
eaqual to those obtained with cobalt catalysis.. Hydrocarbons obtained with
iron catalysts compars favorably in their antiknock properties with those

. obtained from cobalt. The catalysts must be used at. temperatures of c
around 235° 4o 260°C., that is, approximately L4 t0~70° higher than cobalt
catalysts. When carrying out the middle-pressure synthesis  with cobalt :
catalysts, we used an apparatus cooled by steam, It mas our desire to use

- the same equipment for experimeats with iron catalysts. It would. have been

- advantagsous, tharafore, to be able to.work at a lower operating tempera-
ture. This is possible when one used & synthesis gas richer in hydrogen
‘than a normal gas used with the iren catalysts. - IR

S A dursbility test with mixed gas ‘ahowed that it ds possible to

- sbart the synthesis at 210°C.  After 15 @ays. of operation at 213°C., a

'yi51d of 100 grams per normal cubic meter of: ideal ges was still obtained; -
and the increase in temperature to agsure an ‘¢congnical yield was. . .

small,—" After operating for 180 days, the necessary operating te'mperai;uxé
to essure 2 good yield was 235°C." ST : ‘ L

. On the tenth day of the synthesis, 97 percent of the CO yas was _
. used up, whereas 50 percent of the imitial Hy censtilvent remained un-' -
“converted. ' To maintain ylelds, it was necesgary to operate. in two stages,
and the gas leaving the first stage and entering the second stage was re-
plenished with sufficient CO to bring its final composition up to dits. -

‘ original value, Before replenishing the gas ». however, for other reasons,
it wes desired to determine the effect if the gas issuing froa stege: 1 .
was conducted into stags 2, ST R S

It may ba seen that thus it was possible after 70 days of opera-
“tion to obtain & yield of 157 grams per normal ‘cubic meter of ideal gas
- when operating in two stages, . L. oot NG e T

' m order to lewer the temperaturss farther, experiments wers
carried out-in four stages. A gas of composition COsHy = 13l was used,: -

‘4 run was' made in which the following conditions prevailed, For the first .

Ll days, the setond sbage was operated with the gas' istuing from sbage 1; -
excluding the gasol hydrocarbons. T B& third and Ffourth stages were oper-
ated with a gas obteined from the ‘px:e_vi_t_msv_‘stagaszp.:andg;:tpe"_gqsol was res-

v
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We demonstrated that iron catalysts at temperatures bolow 200°C,
can give economical yields and produce little COp. Generally, it was ob- .
-gerved that 4t the lower temperatwtes, more water formed tham COp. The CO.
consumption was satisfactory, and after the third stage, approximately 90
percent hafl: been used up, The fourth stage was operated at 170°C., and
after 20 days of operations, it was still not necessary to raise the tem-
pez'a'l'.urtao The CO conversion amounted to 6h percento

: 'rhe yields of stages 1 and 2 were tabulated and referred to 1
normal cubic meter of initial gas as fed to the first stage. It was found
that after the second stage, 106 grems of hydrocarbons: per normal cubic
meter of ideal gas were obtained., It was, furthermore;, discovered that
the gasol in the gas passing over the catalyst in stages 3 and b was con-
"vorted into higher hydroca.rbons and no longer could be quantitatively’
detarm:lnad ag gasol,. -

Average analysis of e:d.t gaa from stggp percent.

e
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On adding 11,7 percent GO to this gas P
-onasobtains the’ followling: gasg percexrbz
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Ii‘ the second gas is compresaad into a hGoliter bomb up at
a praasure ‘of . 180 atmoap]geres »- one requires (in percent)c
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Rheinpreussen Gasol was available wi’oh 32 percent olefins and 68
percent hydrocarbonss. therefore, only 1.6’ atmospheres ‘of ‘olefins had to-be
added.’ At ‘the same time, aoh atmospheres of: hydrocarbons wers’ compreased
into the bomb, ‘howsver," sinca 5.5 atmospherea ‘of hydrccarbons were requirsd
it was necessary to‘add:an’ adaiticmal 2:1 atmospheres of CHyo” The: mixing

_of the gases was: easilgr accomnlished, therefore ', in this manmner, -




. In order to refor the individual yields of the four stapes to 1
cubic meter of the original starting gas, it is permissible to work in the
individual stages with gases containing gasol, ' During those oxperiments,
‘however, the conditions were kept as nearly as possible to actual condi-
tions because it appeared undesireble from the point of view of experience
to remove the gasol from the end ges after each stage, The yleld deter-
minations of the third and fourth stages show that it is possible to ob-
tain high yielda of gaaolino whon iron catalyste are used.

- Racycling Exporiment,

Recycling 1n goneral givea results similar to thoae obtai.ned
when in miltistage operation. . Thsrefors, a recycling experiment was
undartaken with a furnace containing 18 reaction tubes and filled with 180
grams of catalyst, . ) - , _ _

The autivity of the catalyst waa checked with a co-rich gas at
180’0.,, and then operation.was gtarted with 2 gas containing -1CO + hﬂs
The operating temperature was 180°C. The conversion of CO was checke for
multi- as well as single=pessage-through the tubes., The work. was carried
out with 2k to 30 litars of énd gas, and approximately 100 liters were
circulated. Conssquently, -during the recirculation, a three to four times .
higher’ flow velocity wasg obtained in tha- reaction furnece,, ks
183° - - 188° . L 23"
’ ot ' Tot

o O v
_Circu~ circue- Circu=' circu= Circu- circu=
Jdated lated lated = lated Jated  lated

. b}

_Gom;raction, percent : : ‘26' et 3305 28 ~—m31°5 E 20k
‘C~balance, grams per = - ‘ oy

» nomal ct,xbic metor S h2 5 32 5 31° B 3°°6 31“2 2&'»"\? »
'co. convarsxon, percant L ,119 h7°5 6 - “», : 6 _61¢5 g2. .

: L ') e

v The px'ecading table showa contractions IS carbon balance 5 and GO
conversion &t three different temperatureab “Fron this: exper:iment ‘the A.Xa
bensine was removed at 193°C. (without reoirculation), and a distillation
was carried through of the constitusnts. boﬂ.ling 8t 200PC. Boiling point ;.
deteminations indicatsd the presencs; “ef o normal pentane, normal
hexane, hormal hepiane, and niormal’ ocotane, A yield dotermination for the .
~experiments of the 18=:tube furnace at 193°C. and 30 liters of end ges per-
hour showed L1.5 grsms per normal.cubic meter of idesl gas. This yisld
was obtained without recycling of the. end: gas. '~ No comparative vield wag.
obt.ainad “in the rscylc:’mg exper.lment bacausa the. recycling pmnp faiisd

during operationo o

§ lél ;“



Flow Experimenu.

The influence of space velocity was studied for the same catalyst -
at different temperatures (10 grams of iron or 16 grams of iron catalyst were -
charged into the furnace). The following table shows the end-gas quantitles,
the total gas quantity converted, and the converted CO per hour at various

temperatures, N e o
' N o ' Quantity )
‘of: conm €O - -
< : ‘ ' verted  con- co
End-gag Con- In-gas gas = verted  con-

R Adtdrs;, traction, 1itsrs, 1itsra . Aitors. . verted,_
Temperature, ©C, Pper-he, percent pesr brs ~ per hrs _peri‘hr,  percent

L 2 37 3,20 . 1,200  O.u56 80. -
180 L ‘20 5,00 1,000 0,390 Lk
o 8 17 9.65  1.650 0,650 39
2 28 2.78 0,780 © 0.h30 .69
190 b 2h 5,26 1,260 0.5k 56
: 8 L1y 9,30 1,300 0,600 ¢ 33
e 2 35 3,08 1,080 0.9 90
200" b 27 S48 L8O 0,635 .61
o .8 20+ 110,00 - 2,000 ©.830 Lk

..*_ From the tabulation; it is cbserved how for every temperaturs. the
.contraction and the CO comversion reduced (azbout 5C percent) as the end-gas
“quantity incresses from 2 to 8 liters pey houra’ Heveriheless, the totsl: =
quantity of. ges and the total quantity of G0 converted increases sheadily;
for instance, 2t 200°C,, approximately twice as much gas is converted for
8 liters of end gas as for 2 liters.of eng gas: The yield 83.190°C. for 8

‘liters of and gas/3k.l grams of hydrocarbons. per normil cubic meter of
ideal gas.  was. .. o R T .

. Influemce of Different Modes of Catalyst :
.- Indudtion Upon Operation Wiuk hycrogen=Hich Starting Gag -

o The ,caﬁ_alﬁsﬁé wefé pratz‘eate;_d with L liters of pureCG(per 10
‘grams of iron) for 25 hours (100 liters total) at 325°C. and 1/10 atmos-
phere _or with L0 liters of CO per hour per 10 grams ‘of iron for 2-1/2

hour's - (100 ‘liters total) at 325°C,. and \‘71/10_ atmosphers, .

... in order %o inyestigate the influence of @ifferent methods)of
pretreatment -of the catalyst upon operatiofi with hydrogen=rich gas, ¥e.

“treatsd a catalyst, according to the earlier methods, with mixed gas at 220°C,
"t0.255°C. and atmospheric prassure long enough to give a contraction of 30
percent undsr the seme, conditions (4 liters psr 10 grams of iron psr hour)s—
Then we increased the pressurs to 1% atmospheres; the gas was a mixture of -
. 1Co+ hil; et 1B0°C. at’'a rate of 2 liters per. hour of end gas, ..It was. found
“hat thé yield, even after a tempsrature of 200°C, was reached after 6 days
' of operation, Was not. as. high &s the ‘yield obtainsd when the catalyst wag
pretreated under reduced pressure,. Rl s '
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co
. Temperature, . COntraction, convarsion, Operation,

o R °C, ... . " percont’ ‘percent days”
After pretreatment with 181 12 B |
' mixed gas. 189 12 . 25 5
S 196 2 37 6
200 . 20 ' Ik 7
39 20 L6 1
—200 . 20 32 17
199 20 3k 20
o EE 199 17 - 31 21
'After pretrsatment in 180 < 30 0N 1
‘vacuo with pure CO. . - 161 : 2k - 60 5
' o © 180 .24 66 8
- . .- 180 21 " '5B.5. 10
) : ©TI79 36,5 38.5 18
, A - 187 . .83 L8.5 26 -
190 . i3 s—g2 T o 30 -
TI90 .23 - 50 b3

’ When the two methods of nretreaunent are compared with. each othe:z'9
it is obvious that,the reduced pressure treatment is bettsr..  Then the cata—-
lyst has been subjected to the vacuum treatment ths temperature had to be.
raised $o 190°C. after operating. 30 days. Also 5 the amount of carbon me~ -
‘noxide converted was higher then in the case of the catalyst pretreated
‘under ord:.nary pressures.  Since. in. both cages, the same catalyst was used .
(28); it -is obvious that the differ ences in yislds could be attribuied to .
a loss of activity of the catalyst.. -An’ expariment was carried oub. with a-
catalyst’ pretreated in vacuo and operated under mnormal pregeure with'a
hydrogen-rich gas (l:l). The results are tabulated in the next table and -
compared with tho e of the normal pretreatsd cata!yst. of ths same: composi=
uonc S . : o S

YRFSEN LT cog o ‘ '
Pro‘-"mn"’eﬁ RS l:h C Ilot Dretreated
S B Con=» g ' Y Gone
‘ Temperc Cco con= _ trace Ope":'a= L .;;emparg_f C(Lcon-= “trace. . Opera-
~ature, versiom, ° tion, ation, - aturas, version, .tion,  ation,
0o . . psrcem‘, pex'cent days 20 ' percent  percent  days_..
181 e I TR | 180 i == S N
CA85 w2 87 T SN
195 ... 18 6 o3 BT 5.
219 v 2l o A0 Ly 200 N
20 - N7 128 100 - o IR, 7 X ’ 8
2B BTl 0 1l o 210 6 S
2uo .. .hst 1900 A5 . 2090 - a3
L T NS S 230 ' 15 -

D

‘ LA It was not’ posaible to’ obtain axxy appz-eclable amaunts of lwdrocar-=
. 'bons -below 20(PCs - At 2l0°C, or_absve—,ihgwconversions,became aormals - -Ap=
: pro;d.mately the sams resulta were obtalned in both cases when 2 h;ydrogen-»
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. Another experiment was carried out with the same catalyst, However,
it was pretrested. The operation was carried out at’ 15 atmosphercs with Hp-
rioh starting gas (1sh). The operating temperaturs was kept at 190°C, at
‘firat; howeyer, the CO conversion under those conditions was only 10 percent.’
When the temperature was raised to 235°C., the contraction increased to 15
percent, and the CO conversion to 38 percent,

Influoncs of OyératiggLPreaaure‘° -

, The influence of operating pressurs upon the middle=pressure syn-—
thesis using iron catalysts was inveatigated at X, 1.5, 3.5, 7.5, 15, and 30
atmospherss. The following table shows the effect of the variocus pressures.
In all cases, the catalyst used was the same as described before and was
pretreatsd before zll experiments in vacuo with pure CO. - .

} ' atmosphers g _ o
(s=a above. table) ‘1.5 atmospheres -~ . . 3.5 atmospheres
~ Gon=_ GO con- — Con— GO conw - Con- CO con- ‘
“ trace- - wer- Operae " $race VvVOre - Gperas . trac- ver- Opsre=

Temp. , - tion, sicn, tiom, Tempo',‘:tiOnpl_,:__.,.aivon,‘ tien, Teup., tion,\ gion, ' tion,
90, percent percent days ©G, percent percent days ©¢, percent percsnt days -

B 152 GO 'S I | 180 -9 .29 -2 .- 1B 33 . 60 2
185 7 o e= - 2 180, -17 W3 7. 180.._.37 91 7 .
195 6 18 -3 7180 15 - 27 10 - 181 20 60 10

219 10 ‘g1 - % 189 =26 S8 .24y 1O 20 . 57 26 .
2h0 12.5 h7.5 20 166 22 . s2° 27 ~.180 1 LB - 23
L0 15 11 190 8 23 137 180 23 k2 32

‘40 39 k5o 15 0. -6 31 3% 189 — 31 S5 3T

o S S L s '\126_'-58 bz

. 7.5 atmospheres - - . _ 15 atmospheres .. - 30 atmospheres
181 3h 0 g2 2 80 30 7L 1 180 - 60 100, 2.
180 .38 + . B2 -7 .18 - e 60 . 5, 180 .50.°200°0. 3
180 25 - 70 " ‘10 1o 24 66 B 115 . 33 1S - 4o
180 30 .7 18 - i8-- 22 - S8 10 o IW - 30 " %6 5.
181 26 . 64 22 3119 a7 38 18- 180 25 61 . 6 -
B2 3. 68 32 ) 179 39 - 33 -el——i79eno 19 39 10 .
180 27 .. -8 . 36 187 23 W8 2 10 18 .39 13
180 22 . .52 -k X 3k .. 62 ° 30 179 20 b2 19
S N W 0356 23 -50 b3 | 190 31 53 23

ST omod %

Ut . The experiments ab % atmosphere and ‘L,’S'a’ambsphex(;siare unsatisfactory
4% low temperatures. The rum at 3.5 atmospheres showed 2 L0 percent conversicn,. '
"of CO after a month of operation (at 180PC.). - The experiment at 7.5 atmosphsres’
‘showed the bsst results. After 50 days of operation 2t 180°C., the conversion
had not dropped below 50 percent, and only a slow decrease in activity was ob~
‘served.  The yield bztween the 3hth and 38th day of operation was still 405 -
grams of totsl hydrocarbons -per mormal cubic meter of ideal gas, A% 15 atmos--
pheres; it was necessary o raise the temperature from 180° to 190°C. after .
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25 days of operation. Tha vield between the 16th and . 20th days of 'operation
was 3?5 grams of totul hydrocarbons per normul ocubic meter of ideal’ ‘ges,
The 30-atmosphers run showed an initial activity corresponding to 100 per-
€ent CO conversion. To avoid overheating of the catalyst, the temperature
had to be dropped to 175°C. However, it could be raised again to 180°C.
.on the 6th day. On the 20th day of operation, the conversion had droppead
to L2 percent, and a temperature increase to 190°C,. was unavoidable. How-
.ever, this increasa did not help indefinitely, The yield batween the 9th
and 13th days of operation wag LS grams of total hydrocarbons per normal
cublc meter of ideal gas. From all of these experiments, it may ba cbe
sarved that the most desirable pressure is 7.5 atmospheres when wsing &
hydrogsn-rich gas of. composition 1CO + tha . It is speculated that the
best €O converaion occurs scmswhara at about: 10 atmospheraao

Tests ﬁith 100 + 639 Gas uixtureo .

In order to lcmar the opera.tmg temperature iurther, whan working
with iron catalysts; an experiment was carried out with an initizl gas . of
composition 1CO + 6H (asme catalyst and szms pretreatmant as l'msfo:'e)° The
experiment was started at 15 atmospheras and 160°c° L :

co Opera-

. Tempo, Gonc.nactig“, conversion, -tion,
" 90, . percent parcent = . days
60 31 Lo 70T T e
i59. o~ .. 26 o623 o
BT T e L
2600 22 0 Ugg eesg
0 o 2h o850 113
2260 . ocodg2. g0 - 187
160 .. 20 g5 - . 20
160 20 ‘_ Sobs e "21_'

: ; The carbon balance on. the 13’ch ‘00 213{: days of operatlon showed the,.
presence ot 23 grems of condeneable hydrocarbons per- nomal cubic ‘meter of .
gaao It was remarkable how little 002 was formed., , i SN

Gnly approximately Oo? barcant of the end gaa consisted of c02° i

T This experiment also proves that ‘gasoline may be produced vrith 1ron
catalysta at’ temperaturas 1mr than those used mth cobalt in the middle-» )
pz'essure synthesis? i . . : S

COncerning the producta of thls reaction, the; parai“‘zns obtained i
mre of remarkably light color ‘when & Wdrogen-snch gas was usedo‘ ‘When a
Co—rich gas was ussd; the products of the™iron and middleopressura syntheses
_were brown. The results have been given . alreaﬂy on the distillation analyaes
~of the fractions boiling below 200°C, (po 161)s ‘

OnenParcent AII:éli Ezq:arimsnt., _L ﬂ P

: /An experment wag" car:-ied ouﬁ aﬁ 15 atmospherea and 180°G°, with :
the catslyst containing 1 percent potasalum carbonate.. The gas used con-
‘sisted of 1CO + LHp. It was found that the activity of this catalyst was
considarably lower, ¥e obtained y*allcm oil without solid paraffin, '

‘ _,165 ="



TESTS WITH IRON~COFPER CA‘I‘AIISTS.

Earlier expersments showed 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 compoundsd containing S parts of Fo
and 1 of Cu. The copper was coprecipitated with the iron, After the pre-
_cipitaticn, l/h percant of potassium carbonate was added, .

Influence oi’ Proanurac

. The ferric=-Cu catalyst (9:1) after pretreatment in vacuo was used
for three experiments, One was run at X atmosphere, another at 1.5 atmos-
pheres, and e third at 15 atmospheres pressure, using a hydrogen<rich start-
ing ga22. The. following tabulation shows the results of the oxperimantsu

1 atmosphere : 1.5 atmospheres : e 15 atmoapheres L
Cot= - - S Goni= ' ' Lon- ,

' trac-C0 con= trac= CO con= trace- CO cone

tion, vere- --Opera= o _tion, vwer- - Opera=- " tion, wer= (Qpera-

Temp., per-~ &ion, - tion**m'lbmpo, per sion, tion, Tomp., per~- slon, tionm,
00, cent percent days. = “C, cent. perfcent days _°C, cent percent days

189 6 = 1 180 == = 2. 176 24 59 . 1
i85, 5 . 6 - F---380 Wb 20 -8 T 23 L6 6.
215 15 2 16 180 13 2k~ 10 181 25 - L8 0
216 16 .23 19 . 190.2h b5 13 180 26 . 6 19
225 22 20 .31 19027 52 .16 1B Lo o-BL 0 22
e .7 193.13 k2 29 185 32 . 59 25
RN AR o188 .22 - W8 . 33

b

P A éom;)arison vu.th the corresponding experments with a copper—free
_ catalyst shows that for i and 1.5 atmospheres, no improvement was obssrvad,”
At 15 atmospheres, a slight mcreaae “in catalyst activity wag noticeda :

"7

Normal Presaure Exper:’.me*xtso '

: Anothsr series of experimen'cs was run’ uith iron axzd copper cata«
- lyste ab_normal pressures With starting gases containing different propore
tions of hydrogen and carbon monoxids. Both ferric and ferrous copper
catalysts were used at nomal temperature, with mixed £as;. ‘then catalysts -
“of the same composn.ion wsra used with hydrogen-rich gas at correapondingly
’lmr tsmperatureso > , _ . , : :

o e highar activ::.ty of ths farre : par ca‘calyste ia especial]y
&pparent \"ith ‘mixed pas &t tamperatures above 230°C., but with the. hydrogen-
.rich ga.,es at a.rour'd 200" to 215°C~ 9 ths activi.isx 15 not highara Lo ,

ﬂhen these experiments ars compared with ‘bho°e emp\loymg a- copper-
fraa, nnpretreated catalyst no important@nrovemm ¢ould be. noticed for
the. temperature ranga of 200° to 210°Go' ST
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Opera- , CO con=- bpera—' ‘ . CO con=
‘tion, Temp,, Contraction, version, tiou, Temp., Contraction, version,
_days - SC. percent percent  deys- °C. . . percent percent

‘ F@rric copper catalyst
TO, » 132 ‘ = '”"“'WM‘& test)
235 . 21 ! 235
. 236 32 235 25’ .
229 26 233 271
229 ° . 28 231 ,
2k 30

.230 22
2z B | R
- 2LS 27 33 . v L
CQ:Ha- = 1sh . : : o k6 .
20 13 2L 2 200 6
201 : o L 200 __ 5
- 200 21k o . 5- 209 - )
10 m - 8 3
9
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F11381t}
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210
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