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The use of iron as u Catalyst ror the’ nyurobenatlon of
c_rbon ‘monoxide %o nigher nyurocarbons uatcs *ar back. Tho
‘Eangische RLuLln unu oaafabrlk has oubliannd al‘eaay 1n 19137
“informsition on cne productlon of higher hydrocarbona Trom Od‘-
bton xonoxlde unde‘ presuu‘L usznb iron: cata;jats.
e Fran’ rlscuer ané co-workers have ‘carricd out exten-
ElvqﬂngEE}MEHtS in that fleld at a later aate, betwoen 1931
end 1923, in tae EI- in wielhelzm-Rufir. i€ Zay conslder the
cnarac»erlutlcs of this ctperi ental perilcd to conalét in the
sactivation of iron by mcans of alkalles. Th2 methods of pre-
paration of catalysis at tnat tloe wcre'stlll very lmperfect
and the activity was rclétlvely'low. iron was used in a con-
paﬁt foro, e.y. as ircn filings coated wilh potassium carbonate.
Such masses were natirally but little active. FWork had to be
done'unﬁer such bn&élcal'condltlons which forced converaion to
the limlt,>namcly at hlgh pressures qnd-hlgn temperatures, ©.g.
at 150 ata gauge and 400-450°C. Liqu1d products were ihen ob-
_iained, but no hydrocarbons, nazely only oxygen-contalning sub-
stances. \Tpia aixture was called syﬂtbol. It is of interes?t
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tb'know in'thls connection; thac che synthol teets were not rurn
ther contlnued because ‘of the 1mpoaslb111ty of obtaining cata-.-
lysts of long llfe.f Tha masses became hard and p’ugged up afteri
a short c1me and cOuld be removed rrom the reaotlon apace only )
1w1th great diffluultym o ‘
' We learneu at that tlm° to 1mp"ove the catulyat produc-
ulon by finer subalvlalon of the actlve matal ana the.’ tempera{
ture anu aresaure cOuld be “then lowered. The £irss prodggulon.
. of hlghsr hyarocarbong at atmospheric p‘eééuré waé g@péédbruily
done’ih 1925 using catalysta preéared by mechaﬁlcal mlxing'or
iron oxide and zinc oxldé. The ruactlon teuge“auure oulll wae
at 355-380°¢, l.e. gBlll relatively hlgh. ‘ |

It had been recognized already in 192@,'that cbbalt.wua
also capable of forzing hignér hyérocarbons. The tesia‘with
cabaltIWere rot, however, at first’ conuinued in part because
theﬁ were not very suCcnusrul in part also bccause of the nlbu
cost of cobalt.‘ Thus, durlayg ine firgt four ycars 0F the develop-
sent oI sasoline cynthesis work was done alioat exclusively with
‘iron catalysts. At that tlue chlefly decdmposltlon catalycts were
mada obtained by roasting dr_nltrute oixtures. The ylelds obtalined
with that type of catalyst were ra:ner'sméll. ‘Bven 1n 1929 the
maxizua yleld d1d not exceed 1l mls of 1iquld products per cta
vater oac. * The revalidation of the knglisn pound sterling to AneoA
half 1ts forzer value happened in that:year.- This reduced the
purchase cost of cobalt To0 about one-half. The experlmenis with

She cobalt catalystis were started afresh., The intrcduction 1o
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cobalt of tns 1mproved production methods already ueveloped fork

iron resulted 1mmealate1y 1n appreciable progresa, and two years

1ater a yield of 100 g/cbm coulu be reubhed blnce tnat tlms,
1. e. slnce 1930, the development went almost ex Iuslvely by way“
or the cobalt catalyst ana tne lron catalysts E;Xe nou_been"
studied to any extent for tsn yea“a.,

' & partlcular lnducemsnt to . start anew. the tests wltn
iron hae veen orouuced soxe - tlme_ago efter tae developuent cr |
the cobalt catauyst had reuchud a certaln 1imit. dxaerlments
wlth iron capalysts we“e taxon up 1n berhgny again An at least
s‘v different placos, lndﬂpendcutly from cacn oth,..

 Franz Fischer has cozaunicated 1n a closed meeclnr of
Tthe ¥Wl h s now experxﬂen»al reaultu with the iron catulys«s. A
cecond sucn ”ﬂetlnd bas taAen place last Tuesduy, aeptouber 10,
1240. fTue princloél pO;nus rroa H Picnle“'s report are n~re
ropeated: |

_ 7 1) C&talysté were used contalning only iron or-at-=ost
also élkalie:, enda formed by preoiplfatloﬁ witn soaa or a;monla.
_ 2) ‘Fofmlng? is rcqulredfbrlqr to starting. ‘fhis ceon-
slsta in a pretreatment witn carbon wmonoxide or carbon monoxide-
‘rlun sases at nlghor'zcmperatures but lower pressures than the
synthesls precsure,
‘ 3) The preferred synthesls conditlons are 15 atzs,
£220-250°C, Co-rich gas.
4) The ylelds obtalned were £-5C% parafflne or 40-80%

gasoline. - Theﬁstabillzed and washed gasoline contained b45
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oleflnes, 90% came over —145° anu had an octane number of 61.

5) It xah partlcularly important that the volume of

nneﬁcajhlyst ‘mass. 1ncre9&eu durlnb operationu, and that the

caoalyats had a. tenaﬁncy ror ueposltion of elementary carbon.At
As a result these cotulysts could best be used in-a horlzontalv
layer. nlth a verti cal 1ayer, di;ficulnles arose in the gas
paeslnb throubn tne catalys%s ana much efxort had to be usged
for ovnrcomln& them and the. 1nveatlbaulone 1n tnat fielad are
vstlll ‘in progress. V ' o
Tae patent applicutbons of “toe I. G be ?oen'1935'and
1917 have, in the- reant1u~, ‘become known ana included a new tjoe'
of erq catalyst obtalnna by einuaring of wlx..u..es ol rlnely (S
vlded lron wl.r dtnnr oubsta'xcea. An¢s type of sln.ered uaualyats_
is naturally conglderably less acclve tdan preclpltatlon catalysts
anﬁ Tegqulre elavively aluh reactlion uemgeranqres, e.b} 320-380°C.
' Tne Lurgs Coxpany, *rau,rortf;aln has developed an iron
reclpltation caualys. whica oPcrate, at about 950°” rita rather
good results. ‘ )
‘Synthcels °yp~rimen:s witn iron catalyste have. aleo been
Carbied out in the meantliae in the laooratories of the Brabap Cox-
pany in Sciwarzhside. Thefralso obtalned good resultszusinﬁ pre-
‘cipltation iron catalysts. A -
Dr. Kalbgl haa'alfeady répor:ed cn the results of tne
GXperlmeqis in Huelrp.euas°n.
A8 Tar as our experiments 1in ﬂolten are coneerned we have

not 1izited curselves to prepare. a single catalyst which would give
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opulmum resulta but have tried ratner to apply the experlence
agained 1n the meantime wlth cobalt to carry out the work on'a’
broau basis. As a reault we are now'in a posltlon to produce i

"1ud1v1dua1 catalysta for a great Varletj of purposes, ‘as I will’

now you later on a few examules.' = B

he have 1nvestlgatea the preparaulon of the catalysts

'by roastinb of nitrates and partlcularly the prcparation of the

clpltatlon catalysts of the most diversified kind. Without

‘blvlng dctalls on. the ureparatxon of catalysis proper, ve oay aay
the follovlnb abcus the 5eneral etperience with our 1ron catalysts.
Vie may con,lder the low hydrobenatlon property of\iron asg’ bning
1n several rebpeCuS 0n0 prlnclpal dlrfcrence from cobalt. ,Tne
l‘quefactiﬂn ig ﬁnnushcutxmrc ravorahle than with the cobalt in
soltc of the fact vh&t all iron catalysts xnown neretorore opera—
ted at “nigher uemperutures than cobalt. In adaitlon the Batu-
ratlon sta:e of ‘the llqulc p;cuucts 45 congolderably lower, per-
mitting the productlon of large yiclas of tnd‘éélu&ble olefines.

" The lower tendency for me;hané forzation in cozparigson with cobalt
pcrﬂz ted operatlions wlth.a much wider range of synthesis conCl-
tlons, wlthout Causlnb elthsr excegslve gasification or too low
conversion. This olfers b.é;ter poeaibllltles to affect the
course .of the eynthesls by changlng operatling conditlons, ané in
particular %o change the beiling point range. :

ron dlf:ers appreclably froa cobalt also in one other
regpec?t, naxely with regpect to the proportion of carbon woncxide

and hydrogen used up. This proportion of consuzption of CC and Ha
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18 not constant wlth cobalt and may be changed witn the compo-'
sitlon of the gas or by preseure.- However, thsse changea of thé
gas or-of- the pressure are very sllght with cobalt and permlt ‘
,the varlatlon between 1 co: 1 9-2. 1 Ha.v On tne other hand wlth
iron the proportlon may be varled much‘more dependini on tns mlx-
;turo, the form of ‘the catalyat and the expégiggital conditions,_
proauclnb thn greatest varlety’ of consumptlon proportlon.

' We hcwe lnveatibatea thie in detall and can’ cm’y mcu-
cage to a cnrtaiq extnnt the uroportlon of carbcn zcnoxide to
Ahydroben batveen the 11m1tu O 6 l.4 Hq 1 Co, which canrbe set
at wlll by proper cnoice of »ne 1ron catulyst Vie can in par-
ticular prepgre guch 1ron catalysus %nicn consume carbon @ono-
'xide and anroben 1n. the exact proportion ln whicn they exist
'1n the water gas. Ve can in this vay overcoma the dlfrlcultles
of hav1n~ to proauce bases vlth appreciably more carbon monoxide
than in the water gas. "

It has been necessary so far to uce a cbmpoaltioﬁ of a
géq witn cpbalf‘catalysth which corresponded to the definite con~
sumpt16n~pr0portion. &nls required the préparatibn of a Qpeclal
syntneals‘gas.' Dr. Kolbel has Just now stated that the gas coa-
position had to be‘adjusted.to the catalyst. we can, on the other
hand, produce lron catql&a:s of such composltion that 1t will be
sultable with the gas nost easily produced, the water gas.

You might state that carbon monoxide-rich gases may be
necessary for the production Az-aefinlte produc:s; such as a high

.olefine or high paraffin content. Such 1s, however, not the case.
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;products from water baa.
' , » bhanblnb over to water bas Jntrouuces “hfuzgggg_ggggn-'
‘ifégel Tne carbon monoxiue-rlcn bases favor the deposltxon of
“elementary carbon, whlcn may’ luaa o notable nlfficulties 1n
Operatlons.- de have completely overcome thls aanger by uslng
our new cataiysts. e IR "f' ,‘.“-'- ST
The 1iron catalysts developed by ‘us can be started in a
'varléty -of ways. Ve may subject thsm to a pretreaument at atmcs-
pheric pressure at tenperatures reachcd in td, synth,s s and- uslng.
waxcr'gap. it is rcmhrkable that rater zas nay alao be replaced
'by_ptnér gases, such as nltroben, carbon uloxlde or even air,
we have fcuﬁ& that startinb with watnr $as at Mgh pressure 1is
.dlsadvantubeoua and” in Dany cases rcsults 1n :allureo. ﬁnllke
Fipgcher and his ccllaborgtprs we have had ‘gocd resulta wilh re-
ductlon wita hydrogéﬁ, shich was much easier with gu.':roﬁvcgta-
1ysts than wltn ‘the uaual'csbalt éatalyéts; Such 1r6n'catalysta
can be reduced and made reaoq to“ operatlions in ths reactors,
without any losé of time for “rormlnb , as 1a alao the case wltn
ccbalt ca:a;ysts. Fiscaer has fur tneruo;e subbes~ed %o car Y out
12 pretfeazmenz of the catalysts with carbon monoxide in vacuud.
This, however, offers no parsicular AdVantages noyr experlence,
Wie have found that with iron cdtalyéts; prediotions of
their activitly at higher pressures could not be zade froam bekavior
a% ataospheric preSBure; One 1s thererore'forced 10 carry out all

aic¢dle pressure catalyst tesis as elevated :émperatures. Pressure
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\resisting experimental reaetors are no%s as. reauily obtalned aa
“for atmoapnerlc pressure reactora, and we had to uge short teats

‘of: the nlfferent oatalysts-lnstead of the long duration testa. -
rNevertnaless, we may consldé;“fhe 11fe of ‘Qur, 1ron catalyet to:-

;be at leaat as great as tnat of the nresent cobalt oatalyst

. basinb 1t on semi—technlcal tents. He haVe aucceeded in raia-

lng the . activlty of. the 1ron catalysts to- such an extent that

the reactlon vemp erature coulu be uae&fcloae to that used with'
cobalt caoalysts, nacely 2>O 230°b. Tnese temueratures are stlll

» too nibn to peralc the usse OI 1ron catalysts ‘in tne 1arbe indus- |
trlal reactors as pre°ent qullable. vwe Therefore make: the efforts’
to further luorovv the cat.lyat prepa cion t6 permlt a further
lowering of tio reactlon tecperature. e, aleo are worklng on a.
new type of rcactor conairuction anda the practical results obtulned'
with: then w111 be greaenuly reporied. )

Ve have Ca ried cut our pilod planc tests in pressure
water cocoled tubular reacto*s ofAkno:n "COns ructlon, €.5. ln ra-
actors with a gas thruput of 12 cbm/h. We duplicated the beat
results of our laboratory tests in a pllOu plant. - prcéuced iron
catalysts making long tera tesvs. Ouwr pllot plantiégéts have
shown tioat the iron catalysts differ favorably with respect to
- hardness ol the partlbles froo the cobalt catulysis. As a result
our iron catalysts have a very hign abraslon resistance, One san-
ple, which has been used for two mon.hs in the pilot plant reactor,
showed no carbon depositlorxncr inorease in volume. 1ITne emp‘ying

0f the reactors offers no difficuliles.
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TIt is well known that all products or the oatalytic

hydrobenatlon of carbon monohlde contaln more. or 1esa of OXY-

:gen-contalnlng compounds anu the more. the h%éher the reac?}og_;
'nressure.v The middle pressure producta obtalned Wlth the iron ‘
catalysts conudined cor“espondlngly Varlable amounts of oxygen->
'containinb materlals, dependlnb upon Operating condltlons and
tas cdtuly ts used. e have even rounu’that *elatively large
?amounus of oxyben-contalnlng primary producte can be readily
9roched ¢n13 direction of uhe synthesla appaars, how ver,iih
manJ “esgects lesa pro_iaingz v
- 1) Tu° oxyben—ccntuininr products are non—unlform
end congist by no zmeans cf alcohols cnlj. .
~2) The lo. er molccul“r .elghts are moatly presenu,raﬁur -
'unan the more Va¢uable higher nolecular “elgn* compounde.
' 3) The xygeuecontain‘nb conatituents cannot.te
'aepar~teﬁ by avallable wzcans Iroa the nydrocarbéns.
4) Ve hove i‘ound in the meantlice other ways to pro-
auce cxygen—ccﬁtainlnu producté'Ld the pure stuﬁc, such
- as alcohols, acids, eeteré, ketones, aldehydes, ete€.

I %111 now tell you the nuzerical d4ta obtained in our
expcflménts, atarting with the dependenos-of the:course'of the
synihesis froz the catalysts, then f?dm the operating conditions
and finally the sucmarized results. - o v
' ‘Table 1 shovwg thﬁt we can produce with this catalyst
elther.&nré sasoline or more paraffin (20-58% gasoline or 50-3%
paraffin) with the same operatlng conditlions.
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Ths‘malntenance of the most favorable metal concentra-
tion haé beer of prlme 1mportance for the activity or ths cobalt
catalysts.f The 1ar5e number of teats ﬁg;kormed have caueed the
adoption of thn 1ower cobalt mlxtures. ‘This 1g’ the reason why,
unllke the hnI and Rhelnpreuasen wé have not yet reached tne
conclualon that the questlon of ‘the. adaltlon of carriers to lron
catalysts haa been definltely solved in favor of the carrier-free

atalyats.' Ve have 1nateaa studled uarefull) the prgportlons

for Tron. | B ' . » .
:  Tab1e 2 shows @n'illusfratlon of tpé éhanges in the

course of synthesls vith the metal concentratlon. Higher boil-

in; products are qﬁtd;ned‘wita‘lrbn with ;ncreaéxhg met&i coh-l
cent:#tlbn, othér cond;tioha bglng left the same and,vlcqﬂveraa.
The preparation of datalysﬂs‘involves'a number of Operutiohs which
cay be 6Eaned. Table 3 snows cianges in the course of synthesls
Vp"odxced by varylnb tne operatlona uurlnb the catalyat productlon,
whlle retalning tnc compoaition of tne mass. . This meaaure ‘alone’
has been found sufficient to affect appreciably the liquefactlon
and the boiling péint range. -

Table 4 shows the same thing for a second’ variation of a
alngie operatiocn 1n the preparation of the catalysis of the sane:
composition. Tnla‘aga;n peroitted changing the bolling point
curve as well as degree of saturation (10-25% gasol, 16-45% géso-
line, 35-66% paraffin, 54-75% olefines). ’

" Table 5 shows the possibiliiy of affectiny the boiling

points and degrees of saturation by a third variation in the
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preparatlon of the’ catalysts of ths same comuosition (16—52%
gasoline or 66—22% paraffln) '
'ue have vhrlrled the ract tn§t such varlatlons in the_

preparatlon can be. equally successfully oarrled out on a: pllot
plant schle, as can be seen from Table 6. '" h '
‘ "The subsecuent tables show the possibillltiés or chang-~
1ng the course of the synunesls with the same catalysts by using
dirfercnt sYnuh.sis condit ions. ‘Table 7 shqws the effect:or_;n—i'
_grease in pressure. In agrgement'wlﬁn the resultas obt#inéd else-
hnre, the couve"slon at uumOSpherlc presuure was conaiderably ‘
less than at higher pres su:e.- We were forced ﬁo gperate at the .
75% CO conéé“sldn at an elevated preesufe to obtain the-saze yields
vae are obtalhea at atmospn ric preusure wlth a 955 converFlon orv
CO. Obvlouslj under gucn concutlorxu the llquefactlon 1lg -corres-
-pondinblj gocrer. For tue gaaze O converslion, tae yieldq 1ncreased

’71»h increasiny prees ure up to 10 atus gawge,. und was no loaber‘
appreclably higher at 20 -a%as gauge. The bolling polnt curve
changes Ain tas well known way in producing less gasoline and more
pararfin witn increased pressure. The degree of saturaticn 18
not appreclably affected by inereasing the p%eseufo.

Table 8 showa the effect of the motnod of operation froa
the cozposition of Ibe gac. ¥We nean specifically under operating
conditlons tne detalls of gz% eupply, as ¢.g. the flow veloclty,
ete. The zore carton mdnoxidé and ;héxless hydroéen,is pregent
in the talil gas, the less gaséllne énd she more paraffin ig ob-

tained. The amount of unsaturated hydrocarbons 1ncreases slzul-~
taneously withn 1ncreasing ca.bon monoxide content.
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We have found that wlth the 1ron catalyst ths dllutlon
of gases or lncreasing the flow veloclty operated 1n ths same
ray, namely’by lncreasing the gasoline yleld and the oleflno
content while the paraffin formation was 1owered, as can be
seen. in Table 9. . ' ' ’
( " The lndlvidual examplen cited above skow that tha boll—
1ns points and degree or aaturatlon of the liquid produots oan
.be arreoted by a whole number of different measures. Were we
to utllize all these posslbllltles almultaneounly, t.e. were
we to select the cataly&$ and tne zethod of cperation for the
optimum éondlﬁlons, one could easily get up ths desired highest
gasolline or pdrafrln yield or else the mghest yielda>1n unsaltu-
ra~cd hydrdcarbons. Table io shows a few examples. The first
mothod. of operation produced 81% gasoline and 6% pararrln »Ths
 paraffin contained 703 sulfurio acid-golubles and had an octane
- nuzber a: €9, or when leaded - alv(yolllng -200°C). e obtained
only 14% gasoline and 64% paraffin yleld in the third method of
operatlion. ' o

An igprovement in the éctanevnumber of tne'ﬁrimary/pro—
.duot has heretofore been possible excluaivély by lncreasiﬁg the
proportion of unsaturated hy§;oéarbona. Wie know, however that there
exists a further possibllity by produczhg a sirong branching of
hydrocarbons in the primary products. We have mads attempts to
work in thie dxrecticn,-and have ceveloped gpecial catalysts for
this purpose. The second coluzn of Table 10 shows the results
with such a catalyst (D). The olefiné‘content of the gasoline
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”;ig.idwer thén-ln the précéedlng 6ne ﬁuf.ltﬁlggff?g.numbe:.ég
_appreciably higher, namely 72 (b. e ‘-200%) Thlsv"s.hm'vé' tmc'
we have been successful 1n 1ncreasin5 the proportion of: «hs
'1so hydrocarbona, aa has also been conflrmed by a bolling polnt
analyela of the preclsion &1st111ation fractlons.

r‘ Table ll showe numsrlcal exampleu on the conaumptlon
proportlon of GO:H, already uiscuased above. It may be seen
that with seven catalysts of the same oomposltlcn B but prepdred
‘somewhat dlrferently, the conaumption proyortiqn can be cnanged
An relatlvely small steps over a wide. range, keepinb other syn-
Cheals conditions unohanged A slmultaneoua chan&e of " the syn-
. thesls condltlons pernitted stlll further chdn51n5 of the con-
suzptlon groportlon‘ A co1ga?lson shows further that with 1n-.
cfeaslng carbon monoxide aonsumptlon the pr090¢tlon of the un-
‘saturated hydrocarbons increases. Table 11 anwé further that
the waxiows paraffin yleld 15 obtalned wien the carbon monoxide
hydrogen>probortldn”1n the syntﬁesls gas vas tue sane as in the
off-yas. - i | - © . _

Table l2 8n0Ws a pillot plant Test, nauely the parafiin

gyntnesls from water yas, wita all the lmgor:antAdata. Tﬁb low.
metnéne formation of.only_?; with a yleld of 145 /ncbo of the
active gas 1s worthy of notice. Tie paraff {in yleld amounted to 64%.
- Table 13 glvesg Juxtaposition of the imost favorable indi-
widual results so far obtained with_tne.iron‘and the oobalt cata-
lysts. ‘fhey shor that the iron catalysts do not merely reaca the

yields ob%ained with the cobalt catulysts, but even exceed %hem.
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fIt must, Ln that oonneculon,.be consldered that the development
io{_}?g_lron catalyst 1s by no means concluded and s’ still being
,cont;nueg Furthe} 1mprovements can tnerefore be anticipated ‘with’
certainty. : i '. v

T In the dlscusslone which followed Kolbel has etated ’
 that his c“talysts were less sensitive co sulrur polsonlng but

-had,no nuzmer lcal data at that tima to»substantlate hla Oplnlon.
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' HiDRocARBbN SINTHESIS-ﬁlTﬁflRON”CATALYBTS A‘

 Table if- bhanglng the ‘Course of the Synthysls o
) bv Chanﬂlnm the Catalysts ;

Fundamvntally dlfferent “pethods of preparatlon and
composition. . The game. synthesls condltlons: 20 atm
‘sauge, water gas, 245°b, Operatlng method I.. S

Boillng “olnt Distrlbutlon in Percent by heighx of tbe/
Liquida Producisg: -
Gasoline -~ Heavy Oil gort Paraffin - Hard Parafflm

Catalysts -200°¢ -200-320°C . -__320-460°C . 460°C
. se.s . - o2& - w B
B 206 . A3 . 16.5 S 50

2able 2: Changing tne Course of the Syntheols
v Cho x~~ the L“vQI borcentrqtion

Cataiyct B, Wuter"baa, 20 ata gauge, oF e“atlon I.

A TN
J . .

Metal Concentratlon " Hich . diddle - Low
Co conversion - 83 75 75
Yield, g/ncbm of . :

active gas 143 140 115
Gasol, .% of the yleld 10 17 24

Bo‘llnb ranbe. .
Gagoline, % by welght :
of 11qu1d products . 16 27 26

011, % by welght of . .
liquid preducts . 18. Y e 0 21
Paraffin, % by welght - :
of liquid products 66 56 83
Oiefineg: % by volume
in 5asollne 64 . 6b 72

in oil &6 o4 69
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Table 3 Changlng.the Coarse of Synthesis by
, Changing the Breparation of the 7 .
: G_gggxat, Vgrigtion :

.20 atm 5auge, water gas, operation I the same catalyst,
. conoositlon. .

Catalysts ©. -~ Bl . B2 . B3

Temperature ...220 0 ¢ B30 . 240
% CC conversion - 75 : T 76
% CO 4in CHe - 1a A 3
% €O 1in COg S35 - 27 . o 25
Gasol, g/ncbm .. 23 11 13
Liqulid products, o :
S g/ncbm - - : 85 = . 130 . 127
Bolllnw range: S o N
Lasollnu by rt 45 16 .22
k cll - . 20 .18 22
b paraffin ' °° 35 . 66 56
Olefines: 7 by vol. - .
in gueoline | .>69 o 64 63

in oll. €3 56 .. - 58

Tatle 4: Changing the Course of Syntheslis:
Variaticns in Catalyst Prcparatlo1,
: Variagtion 1I)

atz gauge, waver gas, operation I, the sane Catalyat composlitlon

Catalysts ' B 4 B' b B 6 B7?7 BS8

CO conversion . &0 75 75 80 g0
Gascl, ¥ by w%t. -
of yleld 10 16 25 - 25 20
B.p. range .
uasollne, % of )
llquld produots 16 .22 33 45 25
011, % o liquid’ a . v
products X 18 22 23 20 20
Paraffin, % of
liquid products 66 66 44 55
Olefin=s: % by wol.
An gasoline, 64 63 65 €9 79
in o1l _ 56 55 5% 63 75
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Table 51 bhanging tne boursa of the’ Syntneale*>
by uhanglns ‘the Method of: Preparation
: r hatalyst9° IlI Varlatlon

20 atm bau@e water eas, operation I aama compoaltionf'
of oatalyata. ‘ . o

Y

Catalysts - .. B9 Bl , - B1ll

. CO converston. - 75 - TR - HE T - ¢
B.p. range. T . . - AR S
" 'Gasgoline, & by at. 52 - .. 4B - .16
O1i, % by wt. 26 - R £ -
Paraffin % by wte 22 - . 27 . 66
Qlefinue: % by vel L , '
in gasoline: &2 - 8%, . 64
in o1l - - ae T a8 © 86
; o : —

Table 6: Variat16n IV in the Preporation of the
: Cntalvsts, -Pilot Plant .

20 ata gauge, vater gas, operatlon I the saze catalyst -
cozpeslitlon.

Catalysts 7 ~B12 - B 13"

CO convergion . - 75 ’ 75

B.p. range: C ) :
Gagolline, % by wt, : 2 ' 17
011, % by wts - ' i6 ‘ 16
Paraffin, % by wi. S -3 67

Clefines: : -
% by vol. in gasoline 568 79

% by vol. in old 49 81
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,Table'7:. hanglng of th~ Course or the Synthesia
: by, Pressur

water gas,’eame catalyst, same metnbd ot oneratlon.j

L

]
e -

Pressure, atm gouxe = atm Pregsure. 1o 20
.CO. conversion . ... . 95 ST 7570 75 75
Yield, g/cbm . .20 Te8. 8§ -118 120
B. p- range: _ » R o
: by wt., ol basoline &7 - 32 30 26 22
" . d * 01l 24 . .7 30 25.-20 22
pom-w " paraffln 19 L 38 45 65 . B6
Oleflnes.‘ . ’ ] . ) -
" by vol.,in ba;ollne 68 - 64 63 62 63
[} B | B

41 48 49 47 46

Table 8: Changing the Course of Synthesis
by Alterlna rmothod of Cperation,”
Yaliiant I

20 atik gauge, 245°C, the game catalyst, operating pro-
- cedure and compasitiion vary.

Operating Prcocdure . Syntheals Water CC-Ricr :dater CO-Hich
: : - Gas . Ges ~ Gas Gasg Gag
%. of CO in gas 26,3 - cE. 0.9 38.0 50.9
% Hs 2.6 48.9 38.1 48.9 © 38.1
CO conversion 70 70 60 75 62
B.p. range: : .
A by wi. of gasoline Z8 <5 - 20 43 20
" " 011 . 20 - 24 30 20 13
* % % " paralfin 42 - 51 - 50 37 67
Olefines: : .
% by vol in sasiline 77 7e 86 65 80
* o Toooil 68 76 82 56 74
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Table 9. bhangea in. bourse of synthesls by Chansing
the Operatlnp P*ocedure to Varigtlon ~

ao atms, CO-rich gas. wnn 51,0 z,o 38% Ha, 245. 250"
‘game catalyst.»

Gas biluﬁloﬁV ) ?t‘~_di
'Veloclty of Flow )iInoreasyng ,

-Iield g/ncbm of actlve‘ o A . )
“conatituenta : - : 125 85 95 90 -

% gasol in the yield =~ = 13 13 12 . 16
Bolling range: : AT : T

%oy welght or 5asoline ., .20 20 20 40

" LA 0% 01 : o 13 - 30 40 -38
o S a*affln S -67 50 40 .2
‘Olefines: - o e - :

p by volume in basollne 80 86 88 87

" oxl o .. 74 82 _ 81 82

o N .

Table 10: Sizultaneous bhanbe of bntalyat
: 1n tiethod of Overation

Catalysta e , B B
. Pressure, ata gauge R Lo : 15 20 "
Gas water water CO-rich
gas gas . gas
% CO . ) ' 39 ) 39 50
% Ha o 48 48 38
4 gaaolina by welbht 81 bole I 14
* o1l ‘ 13 31 22
* paraffin -# " S 3Q 64
Oleflnesi : )
by volu~e in gasollne .70 67 - 80
" " 01l 65 : 68 - 73

Octane nuzber 69 .72 81 leaded
(Primary gasoline —200?6) , ]
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xable 11:~ Displaclng the bonsumptlon
Pronortion of €Oz Ha :

’

Catolyst . _BS_ Blo~ B: _BS5 - B6 BY .88 G

Gas . . C ;—gef———y‘ ater gas 6———-—————- co 50.,p
Pressure, atm L . )
gauge | - ———> 20 e 4, 38.1%
wethod of - ; B T e T e :
* operation | — s> 1 S e R |
Consumption pro- S L L .
port*on. R T ? : , SRR
- o00ixHg . Lo 1oL 13 117 105 0.97 . 0.88 0.71 (to 0.6)
Bollinb range: S ’ R C
gasoline =~ . 62 & 16 22 33 . 46 26 . 20 -
-+ 01l 26 28 8 22 23 20 © 20 13 -
paraffin -~ 22 27 - .66 66. 4% .36 86 67
Olefines: R - c ,
in gasoline » 62 = b4 64 .63 65 €9 79 |, 80

in o1l 46 48 56 55 54 63 75 74

' Tgble 12: Paraffln 8ynthesls with vater an

Catalyst: B2
Gag: water gas with 38% €O and
48% Ha (1:126)

Pressure: 1b atns

Temperature: = 230°C

Contrgction: 605

CO conversion: 80%

CO as COa: 25.6

CO ag CHe: 7.0

CO gasificatlon: 67.4

Ha converslion: 80.0 ~

CO + Hj converslion: &0.0

Consumption Proporilon:
CO:H, 1:1.24

-~

Yield g/ncbm active gas ingredlents

lat . 2nda 18t and 2nd’

Bage stage —Btage

experizental calculated calculated
Gasol : .10 3 13
Liquia products T 135 . 20 165
TiE 23 168

(Cons'd, on following page)
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‘Pable 12: Pg ffln bynthesla wlth Water Gas (bont'd )

N = 1st
N - ' - gtapge
'gxPerlmentgl
ﬁoliing-ranﬂef_' - S ;f
sasoline e - =200 b‘
o1l e 200-~320°C
, 5oLt pararrin 320-460°C

‘hara paraffin .over 460°C

and
Btage .
Calculated,
"lGﬁ by wu
2075 .
223 R

J42p Tw ow)

v

: 1ﬂt and an
-stage
.;scalculated X

about 70p oleflnas
- " 7204 olefines

R
y o e

Table 13: Comparlson of the xont Favora bI__Blnble Resulta'
©__witn the Iron nrd voball batnlvsts

- Cakalynts
Yiela, g/cbm, lgt Btage : :
Yield, g/cbi, lst and 2nd stage
'Boilinb range: ’

gasoline =-200°C by weligat

011 200-320°C .

paTaffin, cover I20%¢C -
Oleflnes.

in gacoline

in oll

VOctane nunber (pr'mary gasoline -

-200°

Fo-

146°

168
&0
@
70
o0

82

72

Lo’

;130

155

- 30
70

65

- 85
57-65





