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. In tn, m.tddle nresaure eynthcmm 'rlth :Lron. catalysts
of dirrerent orlbln, using bo—rich gag, - ‘
1; eith»r the ..outa or. ‘the Lux gag purlncation mssea
are -sultable Jor uze as | h_tdl'yatla in the synthesls artexf
ho:arg‘)rellmlna:'}f treatzent, ' Ths taape‘mture roquired is .
nignezi; than wish actual ca;@lyaza,' but ap;ﬁears ‘to bto
capable 61’ being lowered by a gultable reduction (rorm- .
“ing methods) of the catalyst. . = _ . .o
'-, Aa an example, tos prelimixmry éas purlficauon Lux
‘Tass prepared 0y washing, &rylng and al.&ali‘.a_‘cion, oper-
atéd for 3 000 hours with a Cb—"lch synthesls gas at 10
atk pregsure ..rd '248% with & normal load,’ preducing 180
3 m(drocaroons, of which 184 gn.m were the higher hydro-
" coxrbon (p*epme ané up).
(2). Tha effzct cf alkall content on she 1ife, olefin, -Ba;'a;'
£fin and alcohol formatlcn of the carrler-fres tatalysts
was relnvestigated, ‘
A nqum phase synthesls catalyss, 2500 hours old and
Aconta;nmgzﬁ K;CO, produced an 87% CO conversion with

175 gr higher hydrocarbons, with no methane productidn.



The . Droportion 0" oxygenated compomds i.a only abou‘t: 1/2
ez nat nx‘eduu'a@.‘l'x ‘Gh.. llquid DkL'-a.su, e .
TA comoarlsa'l af pﬁ“cloltated fer"ic nlt“a.te o‘er‘:alystsv
".u.h 0.25 to 17)" %2003 sbowed tb.a.t k,o Kauos produced th.e
'beet rssulta. '“ba me'chane oroductmn is z‘educed rrom 18‘
o 5 g/ncbn: o+ H; in comparlson with the usual alkali—:-
znflon of 0,‘,5v KzCOa, The ;roport on of parafr.in formed
‘ tag not been ds ucrmined., Ile.h“r al&allzatlon than 1%
elds produot.: rlcher in paratfln, but the 1...fe of tha
cz;Lalyst 18 proportienately reducec. The cfrect of
'a-.:.allzati.on on the. produc‘clcp el ¢ .y senated” produc 3
25 but sn;;h}. .‘L.,wmpar.».uor} To . the a:feot in the liquld
rhaga. ) o o e
3" Efforts to ~r~nly the proceas of ’~f>dvc'cion under prese-

. o P g ey 4 Lhan
v, Fhich has Soon fowmdt nucceesivl Ln Aaguid ,,haa_,

to opsrati;ﬁ i oy as phace wae 9% successful.

Q

4) Powlered Lir2n, szstivatad with ¢opor end alkalles, can
»e ussd for gas p.t‘xé;ze hydrczenaticn, Activily 1s not
zotlsfactory \B.A cenvorelon of GO ~t’2€0° C.). Sur-

r‘.alngly, no zetlene was formed vi.n & high ..hruput.

"

» .
&) The gubsgiiiuticn X rotazsitm ellicate Zor potassium

¢arbonate in catclyste cepos 58cé Lpan carriers and in -
c..r"ler-frse catelyst, as pr otec-cd by a pate’lt has not
teen found to affect the dirootlon-o? the CO:Hy cONgump--
ﬁlon, nor the peraffin rrcuuo»lon. iV is poesible %o

-sasroduce & lar er mount of K;s'o- than 0 KaCCg Lnto )
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-tns catalyst without harming the oatalyst but no erfeot
j:upon t?; prOpo"tion of tne_co E? consumntion nor on the :
fpararfin nroduction could be observed. Blua water- gae
"has been us ed in these tests. ' :

II Mlddle ureaaure syntheais ex oerimonts with cir-“'
culatlon of . ths tall gaa wlth a low pr0p0r31on of make-up gae
to olrculatipn 3as and uging either a uo-ricn aynthesla sas
or an.Ha-rlch aynthesla gaa ﬂho“ed that.

1) with CO-rich gas (and a carrler—rrea CdtalYﬂt) thﬁ pro—
portlon .o% olrculaulon Bas (between 0.6 and 3. P. /1 part of
make-up gaa) did not arfect ‘the coqaumotlon proportion of
CO to Hy, as could hqu been exoected ;h~ effect wag-
great on the canveraion, 1ncrc°ae in yielad from 170 to-
’lao,g/ncbm CO + Hy and the olerln proportion increased: from
66% to 8%, ' o o B :
2) No solution of the problems wao Qound’in-zna circ

tlon tests with doloaltc carrier catalysts and a 2 ]
with a_circulation propor tlion of 1:1 becauso of depoaition
on ths catalysts. '
III. Circulation experizents at aiddle pressure with
catalysts reduéed'by the manﬁraéturer with elther water gas
or with hydrogen-rich synthesls gas for ths 1lncrease of tho CO :
conversicn, and through that to increase the yleld and the pro-
_po tion of olefines, p*oduced the rollcwiﬁg xnfo-iétion}
1) The Hy:CO consuz:puon pro;}oruo-z was increaged rm:z 0.63

with direct pasg of ihe gas %o v0.84 with a 1:1 circulation
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‘and’ a colomlte catalyat uains water gas with 1. 05 Ha'l co.
.Th:.s le the ﬁ.z:gt_;_ 1nd10atlon that 1ron catalys&'_can em"r~
' vsrt °ve:: a higho "“'dro'"-n baa r:‘tb. optlm 8as uu:.].i- '
zatlon and. ylulda. ‘ _ : ’
2) The Ha * GO oonsumption moreases £rom 80% wi.th 1 20 Ka
-1 co watar gas, an a. aingle paas and &a- dolomte ca.talyst
- 85,a 1n a two atage proceaa and to 0. 96,» m.tha 1 1 and
_1 1,02- gan J.n the i’lrst ntage and l:2 ln tm Becond a’sage
f""I‘ne methane torma.tion 85111 mmainn very high, rom.tns 11

to 174 or the produots formed, depending on the method o1

oporation. - The pmportlon of olennos is allgnt;l.y _;n-

- ereased by oirculation, from 43.5 % 48. 5%. ‘ |
III b, cxrculauon testa with water gae or b.ydrogen-

rich gas on dolomite oatalyatn reduced with CO at O 1 -ata
-csulted in sa% atactory gas ntuzzat'.m wndsr mz:.table oper-

aiing conditions, ) .
1) Preliminary tests under a great variety or‘@eraﬁng con~
ditions peraitted us to seleot opamung’conuuonn gultable
to any Ha:CO ratlo. , ‘ '
2) The Tollowing circulation proporticn {vol. clroulauné

gaa:volunss :ﬁake-up gas) with a norzal load of mke—u'p sﬁs _
(100 n,11, make-up gas/h, 11 calalys?t volums) were adapted

to properly utilize the mgke-up gas used:

Synthesls gas Circulation ratio
. Ba:00 about .

- 1.18
1,37
1.56
1.84
1.90.
1.83

bESwa



In. this vay 180 g hyﬂmcarbonn, (a.nd over)!aobm 00 + Ha were
obtained by using tha above mot;hod ot aynthesia, wwm.on mm

never been produced hsret:orora by othem, a8 far as we Jmoag\.j

Tb.eae c:.mnlauon propord.ons appea.r', n;maver, undaa:l.rn- ‘

bly hlgh ror 1ndustr1a1 operat:.ona. Exnerlmen:‘.al mnn with
water gae and a8 olroulatlon proportlon down to'J 3:1 pro- -
duoed a.oceptable yj.elda oi’ 160 165 g wn;h es,. CO comrer-

» a.ton. N ; . c .

Zhe efrcctivenees or the ﬁroceea even at atmoephsr:.o
preaaure has been cuncovered at a lower. emenc preaau.re '
m.tn c:.rculatlon, 5 ahcmlng that the Ha *+ co conaumpnon
at 2 a.tm gauge was but sllghtly leas than at 10 ato. -

) Yibsn he mddle presgure clrculation aynthssia w:.th |

v&uua &as :.a uaeu maeuiavv.u m...o reduotion of ths
‘ catalysts, zi.tmuc Lirst omm.ing tith no cwﬂ.:..atloﬁ

" of the gas, the sxnthaa.tp tenperaturo can be reduced by |

about &% to 210-212°C. ~ With water gas of the cOmpOsi-

- %lom of 1.28 Ha:l CO and a ou'culauon pmportlon of . .7
5, 176 g of hydrocarbons are obtalned.on the average,
altm 5k Sho 13300 ocnsuzption s not eatirely vJ.n the )
same proportion as in the water gas. ' -

4) Even with a sirculation proportion of 1:2,5, 167 g
hyd&rocarbons are obta:.ned from water gaa ¥ith an 88% CO
conversion. The tomaucp of nethans 38 greater with
h.lgher clrpulat:.on proportion, than with lcrer, and 1wn’.h
a circulation of 1:2.6 1t still equals 19-_21 g
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.5) The effect of higb.er (210%. or 1owen (190°c ); ata.z't-w
' 1ng temperatures ca.nnot be dennitely stated when start-
1ng th.e circulatlon operatlonn e.fter_ reduotlon wlth co
under reduced preasure. gher etarting tempera.turea
seem to require slower temperature :mcrensea. L :—-:
6) 5pacla1 tasta were performed to lower the. methe.ne tor—
matlon d.urlng clroulatio'x water gaa aynthesla on dolomite
ca.rr:!.er catalyata, arter havlng deﬁ.nltely eatabllsned
’ the. satiai‘actory yield of total Cﬁa
. With very. low ntaz ting temperatures and very
K sllght tempera.ture incree.aes, with a very low co
converaicn of below 70,-, the CH. rormation is ‘
-roducoi fx-om the noma.l 14,,0 to 6% or the liquld
. prod.uota. i ' '
Increased alhallzation ha.s a.lao a favorable eri'ect but ,
not as much as expooted. . T

It appeare tnat the tendenoy for methane- produotlon 15
a pecullar property of ths dolomite carrier _catalyst’ used.
The metbano rormtion could not dbe kept below 10% 1n 1ong
tize operatlcns with a 90,: CO converslon even with gtrong -
alkalimtlon. :

111 o. Middle pressure. circulation synthosis v:.th
uselsuhr-:.agneaia ca-alyst usms vater gas indlcated that
thig éa’talyst behaved exactly like the '\:\lglomlte catalyat\‘r
rith respect to_H,:C0 conaump@idn, perm}aslt;le load, CO

. . T _ .
sonverslon, synthesis temperature and methane formation.
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IV Testing the applicability of the varioua pro-i:
csssee ror thﬁ reductlon of the catalysts ror the mlddle
pressura e)nthesls &ave. the following reaults. _ _'
1) A ayn*hssls ﬁemnerature 1over1ng by 10° was brought
about by ths carbon mcnoxidc < hydrosen reduotion or -
carrler-freo oatalyats for- the mlddle pressure ;yn-;ﬂi
theste with co-rlch syntnsslé gaa, in comparlson -
the usual rcduction uroccsa.
2) 4 10° 10ver1ng of ths- tamperature results also wlth -
‘the redﬁoed pressure LO—reduguion or.carrier—rrea cata-
lyste for middle presesure synthesis w1th water'sas.
Sinilar syntheslﬁ te paratures seen to be well 3u1ted
ror tho same ﬂpace velocltlea as.in the carrier oata-
'lyata. For equally hlgh CO conversion the" E;.CO con-
sucption ig cqually higb, *.e. 0.9 rlth water sas._
Appreclably more methane was. rcrmed (17 g) wlith low.
alkalinity catalyats (0.25% K;CO;)
3) only negative results were obtained 15 the experi-
zents for the direct pressure reduc%ion of the dolo-
atte catalysts with hjdrogen¥rich Co-frce\ayntﬁealéi,
gas. | ‘ o
4) A repeated rolusilon of a doloniie catélyét reduced
®ith uydrogen, for aynthesis with water gas at 250°,
hasg been found to ha*e no effect upon the activitly in
the ziddle pressure syntbesia.
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~ 8) When testing the reduction method uaed by Lurgi,_

, 1n which the reduction Waﬂ done- tqr 8 B8hort while at -
v25b° and 1ater e% 225°; a leas aetlve oatalyst waa’
'w*produced than 1n our orlglnal aimple rcduction.
'V. “Talrun deuctlon'
Reductlon at very hlgh space velocltlos with hydrogen—

»rlch 5yntheale gaa at atmnspharic nresaure 1n the tempera—

-turea or 280-;20°C has produced ths moot anorablc reaulta
F,so Zar. The simplest pracess to- be 3arried out 1nduatr1-
Aally producea eepaclally hlgh aotivity state Tor tha m1d410
_prcsaure synthsain, ‘which manireats 1uaelr in’ lower aynthe-
8is temperature and - greatly reduced tendancy of nethane-
forz tion. ' ’ ' ’
Speclal tests nave snown that:
‘1. Dalomite c/&t‘_alyata‘nth 1% K3C03. - _
Re-reduction by the ?airuh Pro;eqa‘o: the catalys?t
f_élrcady~;educed with hydrogen was akcceasrul _
S%111 better results are obtalned when green corn
i reduced by ths irun Proceas. ,
The carbon dloxide which used to be remcved. rrom
reduotion gases ror tba sake of safety, can be left
in 1%.- '
_ The effect of space velocity is alight as 1cng as
kept ab“ve 2000. - !
ho preheating of “he reductilcn gas is naceasary.
. The reduc.ion te:pera.ure ahould mos.ly be kept

between 300 and 3so°c with thick layers cr ca.alyst.
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,th oonalderabla haatlng ap or the catalyst must be
,7Watohed. : ‘ , o _ - _
_ The mothane fomat:.on wth e .,o,?; co converamr—’
.amounts to 4-5ﬁ of tns liquid produota. _;‘H
2) Uee or mo“e strongly alkallzed dolomite catalyat
did not lowar any more tbe rormation of .methane during
" the middle preesure aynthsala with q dlraot gne thyru-
?put.L Ono mlght. poaalbly deteot dlaadvantases of tnz
1ncreasod alkallzatlon 1n a laower catalyst 11re anﬁ
a reducsd co‘oumptlon rntio of Hy:CO. o
3) Ta*?unprcduoed lime oatalyeta oxcelled by a com= K
plete absence of mathane formation. ”ne;r 1ife vag
not, however, satlcractory. : '
‘4) Carrler-rreé catélysta ghowed the game advantages
for water gas niddle prosaure ayntnesla after Talfun
.reduction as do catalysts upon carrlera. ‘The methans
formation 18 egaln reduced to a mlnlu
5) A cobalt catalyst reduced by the Taifun. prooesa ‘for
experlmental repeone Tas aRlmoat -inactive. _
6) The connection baa bsan invesilgated between carbldo
forzation and free carbon,
Vi.. Experizental atacspheric presgure redubtloh under
speclial operating condltlonn. |
1) The carrler—trte catalys? can also be usad with satia-
factory CO conversion at Sezperatures below 225°C,, if.
operated at space velocitles comonly used in largs scale
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'Operat:.ona. i \-nsh e.n 85, c.o oonvers.ton, 105 g._cua
,_‘waa rormed durlng the r:.rat 1000 nours. vf
"2) Ths rcc:l.roulation of - ths tall gas permitted Operat-
lng m.th a prOper Ha CO consunq:tion w:.nh iron oatelysts_"
at a‘cmospheric pressure with ylolda slmilar ‘to tho .
celalt cata.lystja. N R o
Fora proper oonaumpuon pmportion B.‘ CO N the clr—
culat:.on proporuon of Ha-rich Bas must be very hig,h,
about 12-14., Thae- Ha co. conaumption 3.5 lese aa.t:.z-.
ractory m.th a lower clrculation prOpornon but oco-
om:.oal convoralona are 8t111 obtailnable. wlth lt. S
) Hareful effeots of the water gas reaction are’ reduood
by,hav:.ng the ayntheai‘a gas as .dry_,as posaible during
pyntbesié. _The eynthssis temperature 1s bé_tweon’~205 .
and 225°C. . '_ e
3) Bries pra@imlxmry exp/;rlz:xente at inoreased space -
velocitlea (excossive 1oada). The catalyst 1ife and
the &:GQ»Aconéu:ption appeared legs promising with
a sgralsht pass than the recirculation process. .





