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‘T'l‘he Lehavior oi‘ :’Iro COntucts Durin Ojgcrationmith l-ﬁrdrogen-rich Synthesia uas

‘¥oro: recent’ Gxporiments ' n 1 X 5. have
"ghevn that those catalysts will pive. yields sihich ‘are-very’ ncarly‘equal to those: !’
-ohtained: wwliomus:lngv -gobalt-catalystos— Hydrooarhonefobt.ained*w:lf.ndron-catalyatam
compare favorably also to‘those: obtained by cobalt whon ono compares “their antie.
knock properties. The catalysts must be used-at- ten:peratuma of -around ?35-260“0.,
_that ie, snproximately 45<70°: higher then cobalt calalysts;—hen earrying out the
“middle~pressure synthesis with: cobalt catalysts, we have made use of an arpnratus
‘which wus: cooled by stoam, - It was our desire-to’ use the same set-up for experie
t) ts, without having to make any. x_ggriment.al_cgggesq It

would have been advantageoua ‘therefore to be able to work at a lower operating:
tomperature, This eucoceds whon one uses & 'pas which s richer in hydrogen:than
>a nornal eas used alonp with the iron cata]ysta

A tima teat with mixed gas ahowed that. it is posaible to start the synthesis at .
210°C: - after 15 days.of operation and working at 213°C., a yield of 100 g. fum3
of ideal . pas was st.ill obtained ‘gnd the-increagse in temperature to cssure an
econonical yield was.only sx:mllo ‘After operating for 180 days » the nocessary
operuting temperature to assure a feasible y:lold was ?35000

On the tenth day of the synthesis 97‘7 of the €O gas was vsed up, whsreas 50;5 of
the initisl Il constituent remained unconverted, In order’to keep the yields up,
it-was neeeseary $0" o*erate in-two-stapes, ond-the-gas -leavinp the first stago:
and entoring the second stage had to te roplonished with. sufficient 20 to bring
its final composition up_to its oripinal valus, - Before replenishing the gas;
‘howevor ,for .other reasons) it was desired to see what would happen if the pas -
[issuing fron at.age one ‘was oonducted into stage tWOo

It may be seen that thus it was possible after 70 days of oporatlon to obtain a
yield of 157 g.,/l\m3 of 1dea1 gas when operat.i.'xp in tno stayeso L

In order to lo«er tho tenperatures still mora, exporiment.a wers carried out in
'_ aeveral (k) stapea, A gas of composition come 1:k was useda:

In table II, the’ resulta of such a run may be observed.,. ~For the first L days,
tho second stage was operated with an initial gus having the composition of the -
end gas from stage #1, including the gasol. !‘drocarbonso After the Lhth day, -
the-second:stage-wss-operated-with a gas-liaving.been.repleniched. with-00;-howe..
‘aver, the gasol had been removed, Tho third and fourth stapes were oparat.ed with
a gas as wag obtained from the previous stagos and tha gnsol was left in,

Yo wers able to demonstrata that iron catalyats may be- used at temperatures below
200°Cq, givinpy economical yields and producing only 1ittle- cos Generally, it
.was obsorved that: at-the J.ovrer ter; eraturoa, wore water forme than C02.' The €O~
cons! ptio is 8 itdsfactory, ! er the staga, appr aly 907 has
"been|used. 1 The fourth ata e uas operated at.| 170°c., fter 0 daya .of .

oper. t.ion, it w atill“ not n cess to lais the temporature, . GO ¢ onver-h-
sion axnoun
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covered that tho gasol-in:tho gas passing over the'ocatal
converted into higher hydrocarbons .and no longer could be

g -

qq;gntitajt.ively‘fdetery-

mined as-gasols™ T
 Average analyaia of','o;dt' _gas".:_i.“rdm’ sﬁggé 1
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Hy - 76sh
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following gas:. : '

C0n - 309% .
.8KW .. Y0

On adding 11,7% CO to this gas, one obtaing tho

co 17.1
B 68k
- KW 3.l

N2 602

If the second gas has to be compressed into a LO-liter bomb up to
a pressure of 160 atmospheres, one requiress:

€O 6:3% -

BKW ~Iob6, :
co 27’03
Ho  109.3
K .55

N2 10,0

Rheinpreussen~Gasol was available with 32% 8KV and 682 KW; therefore only 1.6 atm,
sk had to'be added, At the same time, 3.4 atm. XW were compressed into the bombj
however, since 5.5 atm. KW were required, it was necessdry to add an additional
v_gol, atm, of. CHj. The mixing of the gases was easily accomplished therefore in' -

“In order to refer: the.individual yields of ‘the 4 stages to one cubic meter of ‘the-
- original starting gas, it is permissible to work in the individual stages with -

- gases containing gasols During those oxperiments, - however, the conditions were
-kept' a8 nearly-as possible to' actual conditions because it appeared undesiiable-

" from the point of view of experience that the gasol of the endegas should be re~
‘moved-after each stage. The yiald dateﬂ;dnabions.of the third and Yourth stages’
show, however, that it is ‘pc ssibk?'t ot ainiahonomt}: q 'itiegTof benzine when
using tron atalyete. (103, .
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ral givcs similar results to: those btatned: wh
Therefore, a recycliny
action tubes and iucd wit _;18

opomtion wag: atarted with a gas containing 100 # hlb‘; . The ‘oporati
‘ture was 180°C, ' The conversion of CO Was. checked for- both v

'one- sinelo paasage t.hrouvh the tubes, ‘The: work wag carried - .t 1o’
'tors of ond»gas ‘and approzdmate]y 100.14ters- were ciroulated f:‘.consequont.ly,
during’the recirculation, ajtol t:lnes higher Llow: velccity; wag obtained in..
'EHE’Feaction furnace, .

1 R ms‘o: 2030
o OG- Tt T WoE
: "irculnted circulated circulated circulated circulatc ctrculated_
Contraction .~ =268 " ""T21F © - 33,08 .. 208 BV 2LET
Cfbalanc_e: . h2°§ 8a/“m3 32o g.,l}m3 31,2&/“:3 30,6 g,,mm3 31°2 Ep[NXﬁ °7g¢A\"n3
CO converston L9g T LT.58 . 618 60g 61057 o seg

The preceding: ‘table ghows contractions, carbon balance ancl co conve
differont tenporatures, From this exporinent, the A.K. bengine

193°C; - (without-rocirculation); anda disbination was carricd through o ®
stituonts boiling at 200°C, The boiling_point indicated anproxiﬂately normal pen-"'
tane; normal hoxare, normal heptane, and norzal octane, A yield date i_"_

the exporimonts of the 1B-tube i‘urnuce at 193°C, and 30.1iters 'of e as' per hour:
showed Ulo5-go/Mid. of idéal ‘gas, .This yield was obtairied without re yeling of the
end=pis, No- comparative vield wss obtained in the recycling experiment because
the recycling purp-failed: to: operate . at‘ter—somo timee, ‘

low Bxperiment

The 1nfluence of the £low velocity wns ‘studied for the -same catalyst.va diﬂ‘erent
'temperat.ures (10 go of iron or 16 g» of ircn catalyst were charged into’t
nace), . The following Lablo shows the.cnd-ras quantities, tho total:gas, ‘quantity
conwrted and the com:crted 00 per ‘hour st various temperatureso

. e 'convcrted CO Percent‘
Liters. . l%rco’nt'. Literc A8, - igone _

S e . end-gas " - cons . A0 - QU
-Temporature -. .- per hr. tx'action per hr,
RN 3 37 S ..3020- o ki
b 201 Bs00 L],
‘ I 8 A7 568
™ ) -2 R 28\ : 2078 -0y
b 2L o
L ¥ N TR | S
2 3% 5
b 2T BekB
e f == i ' ;
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m’the. tab ationv 1t 15 obgorved. oir/ For every tnmpurature he ontrncbs.
txe 60:convorsion. reduced (about: S0:) ns tho endegas. 0
8 utera per-hours: Noverthelesn, the otal quantit
of [C0,.converted: incrdasmstendﬂy 50,/ for.
‘twice a5 much gas 18 oonverted for 81 \d=yas. tha
"gas. T ThE yi6)d at"190°C5 for 811ty of; ond-géa"“wés"}h“”h“’
nornal oubie reter of” 1danl 8890

The Inﬂuonce\of Di!‘ferent. Hodea o Catalvet
Ir‘ductidn pon :

T been_pretro ted 1n t SXnom |
worked.with b 1iters of pure CO:(per 10 Eo of um) for 25 hOurs (100 nt.ors alto-
gother) at 325°C. and 1/10 atn.j or we operated for 2-1/2 houra with 240 Ldters of
co por hour per 1o grans or :|.ron (100 litera altoget.har) at 325°c° and 1/10 at.m

In order to :I.nvestigate the influence of dif ertnt pretreatnents of the catalyat
‘upon oporation with hydrogenerich gas, “the first thing we did was that wo troated.
a catalyst according to the earlior methods long enough with mixed gas'ab 220°C,=
255°C, and atmosphoric. prossure until it gave a contraction of:30%: under. tho aans:
conditions (l 1iters por 10 g. of .iron:per hour)s Then'we increased the’pressuro -
to 15 atn. and a gas of 1C0 + LK, was used at 180PC, and 2 Iiters.per hour of &nd=
gas, It was found that the yield even aftor a temporature ‘of 200°C, was reached
aftor 6 days of operation, was not as high as tho yield whon the catalyst viag: pre~
“treated under reduced “pressures

Percent  -CO conversion, Days of.

A Temperature contraction .. percent - operation’
After protreatment 01 12 a0 1
with mixed gas 189 2 _ 25 ' 9
A ‘ 196 - - 2 31 6
200 20 ' il 7
59 -20 6 11
200 20 -32 . i1
199 .20 .. 3k . .20
’ L 199 17 R T
Alter pretreatment . 180 30 R 2 !
in vacuum with pure €0 161 2l - 60 "5
T 180 24 66 =8
180 21 58.5 10
179 1605 8.5 i
167 23 8.5 26
150 3k 52 30
23 . " 50 - h3
when the two nathods|of p troutuant ar co"lpm'od wkth eatth other, it | _ay bolt no=
ticed that. the| vacuun trostaent has the advantageo %4th the catalyst having beon
sybjocted to the vachum tre atmentl, enporature had to be rai‘,aed tc 19o°c
orfly aftpr oparating|for ag long ‘as 30 Hayso - o\lso | the t‘L the
ariount of carbbn monsxide c\lonvert»ed wes hiyher tham in the case: ‘of the catalyst
. protreated under ordinary ;‘ireseurese- ce in both casos+ the spame c ‘dalyst\ wag

\55._‘. -



i uha_qunnj;ion_that_&hu_.dirtene ibes in ylald 'could be' ex=
‘ it A atalyst...An:oxperitont.
wi.th ‘e a]ya pret.roatcd ‘40" vacuum’ dnd' operated under normal-preas
‘hydrogensrich gas’ (1ik)o The. ‘results are tabulated in'.the next table‘and ,:comparod*
to those' of. the nomal pmtreated catalyat. oi‘ tho, pame’ uonst:l.tuents. '

T N pretmated
: - T Gonwn T e
'lemparav trac-~ co con- !\o. of Temper- - trac- ) con- _
ture ‘tion version ° days . - ature -tion version -
181 Ch* ew oL 180 6-= -
v'iagr 7 - e —I180 . 5. -
219 _10* pal 5 200 5 -
2o 12.5. .47 .10 20 ..T .12
20 15 - -BT n 20 7 23
-2ho 19 us 15 209 6. .20

It was not. possible to obt.ain any appreciable amounts of }wurocarbons 00°C;
Shen working at 240°C. or above, the cdnversions bocame normal,  Approxi
same results were obtained in both cases when d “hydrogen~rich gas was used..undexr
-normal prossure - and 1<m temperabures,

Mother expariment. wag carriced out \11th tho same catalyst. However, ibzwaz};‘:pre-
treated, ' The operation was carried through at 15 atm, with hydrogen-ric
gas (1:h)s The operating temperature was kept.at 190°C. at.first; howen
€O conversion under those conditions was only '10#. - V'hon the 'oomperature..
to 235°C., the contriction increased to 15% by and the CO convorsion went up }to .38,,. :

Pressure SBr.’ma

The influerice of operating pressure upon tho middle-prosaure synthesis usimz dron
catalysts was invostigated at 0, 1, S, 3.5, 7.5, 15, and 30 atms. -The i‘ollowing :
table shows the éffect of the various prepsuras, ‘In all cases, ths’ catalyst’ used
wag the same as described before, and was pretreatéd prior t.o g1l experiments in a
‘vaguum by’ using pure CO,

0~k (566 above: tabla) =135 64w, , 3.5 “abme
' Con, : ‘con» . - A—Eon-« TIPS
o trace coaaon- Yo. of trac=.CO con= HNo. of - - trac=.Co con- No,. of.
: Temp.—tion version- days Tempo tion version days Tonp. tion version dag_‘
1081 . b - 1 180 9 29 - 2 181 33 60 w2
0 U ) 2 180 17 b3 .7 . 180 37: R S, A
195 6 o183 180 |15 27. 1? B 20 - 60 10 .
2] AIOL 2 S 1 189 | 26 58 20. 57 16
200 12,8  b7.5..10 O | 22 52 $ , ‘ L3 23-
2 1 .190.|.8 23 3';' s R 32
2)40 19 bs - 18 190 | 6 31 39 \ 31! 59 37
’ "F‘ 2% 158 L7 -
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38 18 mo es 6L
3 "139 29039 1
A4l 2 100 18 - ﬁg ©13
6 30 1 20 A9-
80 A3 g% 3163 23.

1080 - 21 ;-‘u 35

The exper!mxmts at 0: at.mowl 1.,5 a 15 Bi0 unaatioruotory ab 1os': temvomturoa.. Tho
run at 3.5 utns showed a 40P .convoraion of CO after a month of opavation (at 180°C,).
‘Ths exporimont ab 7.5 atm, siowed tha; Last results, -After 50-days of oporation at
180°C., tho cosvorsion had not dgcreased holow 507, and up to thip: timo only a slow--.
docrease in sctivity of the catalyst was observed. . Tho yield detorsination botween
the 3hth and-38th day ol operation still showed 40,5 g. of total hydrocarbons per M—
of ideal gas. “hon workinp under 13 atm,, it was nocassary to raise the temporaturo
fron 180 to 190°C, after 25 days of operaeion,' A yield detormination kotween the
6th and 20th days of oporation showed 3LeS ge of total hydrocarbons per Nmd- of
1dead gas. The 30 atm. run shuwed an initial uctivity corrasponding to 1007 CO
convorsion.. In order to avoid over-heating of tho catalyst, tho temrorature had

to ke drorred to 175°C. Howover,-it could be raisod again ‘to 180°C, on tho 6th day.
llowaver, on the 20th day of " operation, tho conversion had dropped to 427, and a
‘tenperature increade to 190°C, was unavoidable. - liowever, ithis increase atd not
help indefinitely. Tho yield ceterninabion be waen- the 9th and 13th days of operae
tion showed 45 go of total hydrocarbons per No° of ideal.gas.  From all of these.
e:q:erimenta, 1t may be observed that tha.most -favorabls’ rrosgure is 7.5 m}lan_
using a hydrogen=rich gas of convosition 1C0 + hl12 It is spoculated that tho best
CO conversion occurs scmswhere around 10 atn. (se6 tabulation 5)

Emrimont 1:6

In order to lomr the working temperature some more,; when worldnp with iron cata=
-lyets, en.exrerivent was carried-out with en- initial: gas-of -composition-100-+-61-
(sa:ne catalyst and samo pretreatment as bofore), The exporiment vas started at -
15 atm. and 160°ca

Temperature Gontraction GO Gonversion . Mo, .of days

15 34 B 2
155 - 26 62
L& . ré
16 ~ \Eu 55 j{a
161 k2 60 8

- 160 © [0 : 56 : l\lo
| 'mw' | |
. |

‘hbh hyd qr | per Iin? of | 88, - t.waa:;romar able 1

n ah o of condo
% 11 was omad




of this roactlon, it may be said:that the. pararting obtained
‘ ly‘ ight color whon_using a hydrogensrich gas.’ he o-rich aas;
was used [ thn prod ts of “tha-iron and middle-pressure synthasuo:wer ‘ e
reaults ‘h-ve bsen'glve e)zlruady on- tha diatillat:lon analwea—of—th

!ng bolow' 200"09;_; Fage’

,.,One Percent a\lkali hxperiment.
An experimnb wap carriad out. at 1% atm. and 180°C. ), with tha’ ‘cutalyst- eonta:lning
‘ong_ yaresnt potassiun carbonate; . The ;as used consisted of 100"+ Llizs = It was'

,found that the ctivity of this cat-lyst was cons:lderablo lower, Ve "obtainad’ yelu
low oil without aolid paral‘ﬁn.

fFe-cn-contact for Oparntion with Hydroren-‘uch Starting Oass-

aarunr nxperiments showa that small additions -of coppox' mproved the activity ‘of
iron eat’mnta\ In order to investipate this offect with a hydropen-tich gas, Fe~
cu-catalysts ware: ca‘;poundqd, .The catalysts used contained S parts of e and one
“part” oL 'Cus " "The copper was cn-prcuipit.atod with the iron, ~Aftor the precipitas
tion, the procipitate was made alkaline with 1/1;% or potassium carbonate,”

Pressure Series v'ith Fe=Cu catnlyats

The Ferri-Cuscatalyst (531) was pretraated in a vaoum and was used for three oxe
poriments. One: experiment was run at 0 .atm., another at- 1.5 attia), and a third.
.at .15 atn, pressure, using a hydrogen-rich starting gas. The followinp tabulation
shows the- results of tho experinonts,

0atm, . 1,5 atm, 8 atma
Gon- - - T . Gom= ~ . Gon= :
S trage l\o, of CO con=- . . trace No., of co con- " traceNNoo of CO con=

-Temp. tlon dm version Tomp. tion days version Temp. tion -days version
~189° 6% 1  — 180° e 2 e 1760 2% 1 59%
W 5 Woeew 8w Iwem e
21515 16 2L ‘180 10 2l 181 25 1c L8
216 16 1% 23 190 .21; 13 ks 180. " 26 15 56
m N 200 W0 -27 16 s2 185 Lo 2 G
: W3- ko8 ‘32 2 '59"

| - 18 2 3B
A comrtarison with ! ha' cofrespor 1ng oxperin nts c iod out with a ¢opger fros
,catalyst sho for 0 and 1.5 atn., no prov nts wore observed. = At 15 atn.,
it ap;’ezx)-s t at a all Increags in catalyst act ty whs notjced (dea aldo tabye
Jation 6).



B ‘_ll 3 Y '
70 8
: - 9 °30!
231 18 - 13
RN 1 : h : CE T ‘\' . o 1= 6 - : ,::‘ i _
201 ;1.3. 2 2 200 6 ]
201 18 '%0) 3 200 9 - b
200 Uy 2 i 205 6 - 8.
205 10 7 6 A 207 '3 R 8:
210 9 - 8 .. o S
FerTo = Cu -‘Conta.ct ) Lo
12 o ~1 3 2 (Parallal-'l'est)
236 EN 90 2. 231 31 ‘o 20
232 30 - 3 228 30 ;9C 3
232 32 9P ko 227 3k - T
229 28. 90 8. 229 - 30 90 .8
231 1 90 10 . 230 33. 90 10 -
238 25 .. — 19 . 230 3L RN ¢ |
201 - b e 2 2w 3T e 2
20 12 30 3 209 20 0 28 3
213 1 59 T 210- 13 40 IF
215 13 - 10 - 210 3. kW3 o ®
- : as - S Y SRRy 1 K :110.-

‘ Tha higher activity of thy Ferro<Copper -catalysts 1s. especially apparent when.-

operating with mixed gas. ’ap tenporatures ¢f above 230"‘0., But when- working with

the hydrogé n-rit:liu gasog. at’ ar

: noti<i.eable.

the e r:!.mc
ed oaf alyst.,

When
‘trea

no

nts:% cump dw

vement can t

imprn

" catalyst for the. tempe ature ‘range of 200»210"0“. ’

’ '-39qr

pund 200-2159Cs; ~this. higher activity is schrcely’

th th“tsa euq‘tloying\} a cop refr\}se not|pre=
lc} noticed over s, cwopper-ﬁcontaimin(r:



