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The preéent invention relates to 1mprovaﬁents in the art of

synthesizing hydrocarbons and more particularly it relates bo catalysts

which are particularly suitable for this reaction.

The synthesis of hydrocarbons from cerbon monoxide and hydrogen
ie a matter of record and to some extent in certaln countries, such as
Germany, gasoline and other normally liquid hydrocarbons have been
prepa:ed commercially in this mammer. Originally the synthesis of
hydrncarﬁons from carbon monoxide and hydrogen was accomplished in the
presence of a cobalt catalyst usually supported on a material such as
kleselguhr énd promoted with a materlal such as thoria. This gymthesls, .

usually carried out at around hOO‘F., resulted in the production of

- gtraight-chain peraffinlo compounds for the mest part. Later a process

was developed in whiloh the catquat was iren, and in which the temperature .
wan substantislly hlgher than in the filrst-mentlioned ﬁrocesa; that is to
say, it was somewhore betwsen about 450% to 675°F. In this latter type
of proceas whers the iren catalyst was used, the process further dlffered
from the earller one 1in that the ratio of hydrogen to carbon monoxide fed
to the reaction zone was somewhat 16wer, beiﬁé of the order of, sny, 1
to 1—1/2 molas of hydrogen per mol of carbom monoxide in the feed to the
reactlon. The product from fhe process employing the iron catalyst was
different from that using the cobalt catalyst in that the form?r contained
a subatantial guantity of olefina and, thefefore, the gasoline made
uging the fron q&talyst usually possessed a higher octane number then
produced in the cobalt catalyst process.

" There have been a number of proposals made by prlor investigators
for preparing a suiteble lron type catalyat utilizable in the hydrocarbon
gyntheala reaction. Tor oxample, 1t has heretofore been proposed that

a sultable catalyat for the hydrocarbon synthesis may be made by roasting
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pyrites or a spent pyrites to convert the sams to an iron oxide and
then %o reduce the iron oxide to metallic iron. Other proposals have
included reducing & natural iron oxide, mineral or ore such as magnetlte,
hematite, limonite, etc. BStill other proposals include the use of thoase
types of irom commonly employed in the synthetic emmonia procesa.
Furthermore, certain promoters designed to increase the activity of the
catalyst have been proposed heretofore,

In a specific sense, the present invention relates to improving
tha_activity of an irqn catalyst in the hydrocarbon synthesis reaction
by incorporating therein certain promoters, It is known that good
catalyats for hydrocerbon syntheale are produced by the additlon of
potasslum compounds, such ag Kécoj, KF, or KBPOH to iron oxide followed
by reduction in the temperature range 500 to 1600°F. I have now found
that by comblning fluoboric acld with a metal such as potasslum or
sodlum to form metal fluoborates, seuperior prom&téra for iron catalysts
are formed., Although NaBFj may be used an promotor, wo prefer the
potangium fluoborate, KBFy . The promoter may be added to purs 1ron oxide
or hydaroxide or io iron ores guch as magnetlite, hematlte, limbniﬁe, eto.,
In 9mountn varying befween about 0,2 and 10.0% based on the iron pregent.

Varloue précedurea may be employed for the addition of the
promoter to the iron base. Thus\the bese may be molstened wlth an
aqueons solubion of the promoter at room temperatura followed by avaporﬁtion
of the water, or the agueous solutlon, or even the molten promoter iteslf
may be eprayed into the zone containing the iron base. ‘This mathod may
also be empleyed for reactivatlon of partly apent catalyét."The iron base
may be reduced wlth hydrogen or other reduclng gases aitheé before or
after addltlon of the promoter. Reduction temperatures may ‘be varied
between about 500° and 1600°F. Vhen raduciné the catalyat after adding
the promoter, however, the temperature should preferably not exceed the

nelting point of the promoter, so that when using KBF),, - the reduction
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temperature should preferably be held below 984°F,. and with NaBFh below
about T20°F,

Other fluobvorates such as calcium and caesiwm fluoborateé‘mgy
also be used as promoters for the iron catalyste. Also mixtures of fluo-’
borates may be used, After reduction these catalysts may be used elther
in fixed bed, "fluid" catalyst, or moving bed types of cperation.

The main object of the inventicn, therefore, is to preapars &
catalyst comprieing Iron which le adapted not only to promote the reaction
between carbon monoxlde and hydrogen %o form hydrocarbons and oxygenated
hydrocarbons, but also to promote to a g¥eatar degree than catalysts
heretofore employed, the polymerizaticn of olefina so that normaliy
gaaebua olefine existing in a nascent state will bo poiymafized or condensed
to clefinic hydrecarbdna boiling in the gasoline bolling range,

Other and further oblects of this invention will appear from
the following mors detalled description and claims,

To illustrate the inventlon we s§€ forth belew several specific
exnmples: 4

Exemplo 1

‘ 9.ll.grams of potassium fluoborate (KBFy) were dissolved in
225 cc, of hot diatilled water. The splution was poured onto k9L grams
powdered iron oxlde (or commercial pilgmeni: red lren pxide) while mixing
to form a paste. The paste waa dried at EEOAF., then pilled in the
pregence of 2 per cent of & hydrdgenated vogetable oil (”Sterotex") which
was used as a lubric;nt_for the pllling operatlon. The "Sterotex' was
burned fr;m the pills ﬁy heating in alr at B50*F. for 3 hours. On
reducing the pills for 4 hours at 900;F: with hydrogen at atmospherlc

presesure (1000 volumes Hé per volume of catalyst per hour) the catalyst

was roady for gynthesls operation.
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Example 2

A catelyat was prepared in which grenular specular hematite
was employed instead of the red iron oxlde in Exsmple 1 and impregnated
as in Example 1 with KBFh in the same mannmer bub employing ten timea
aa much KEF). Upon grinding and clagaifying to the proper pafticld alze
{average about 60 microns) followed by reduction in a fluid solide
reactor for 4+ hours at 9002F. with hydrogen at a linear velociiy of
ope foot per second and atmospheric pressure, this catalyst was especially
suited for hydrooarboﬁ'syntheais in "fluid" operation.

Example 3

The sane &8 in Examplé 2 except that the reduction temperature
waa TOO°F., ﬁhe hydrogen pressure 300 pounde per aquare inch and the
linear veloclty 0.5:ft. per sacond.

Exampla b

The same se ln Txample 3 except that the promoter wae NaBFh
inetead of XHF) .

The catelyst prebared in Example 1 was uped in a togb fop
productlon of hydrocarbons from carbon monoxide and hydrogen. rifvy
subic centimeters‘of the catalyst pllls'ware pleced in a reactor gurrounded
by & Jacket contalning alheat exchange fluld for temperabure control;‘ |
Synthesio gas in which 0.92 molsa of hydrogen were present per mol of
carbon monoxide was passed through the cetalyst ded at 250 pounda per

square inch gauge preagure at a Tlow rate of 200 vo}umes of gas {STP)

"~ per volume of catalyst per hour while adjusting the temperature to give about

95 per cent conversion of carbon monoxide. Under theae conditlons a l
yiedd of liguld hydrocarbone (Cy+) of 211 cc. per cubic meter of ca¥bon
mnnoxide‘plus hydrogen congumed wéfe obtained when operating ét 550°F .
with a caorbon monoxide conversion‘of 96,4 psr cent. Including the propane

and propyleng produced, the yleld 1ncreaeéd to 254 cc. per cubilc meter
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of GO + Hy canaumsd The product water produced'at the same time amounted

to 53.7 cc. per cubic meter of CO + HE congunmed and contained about 14.5

weight per cent dlcohols and 3.7 welght per cent aclde calculated as
ethyl alcchol and acetic acid, respectively. After operation for 258
hours at 500 to 559°F., the catalyst was extructed with benzene followed
by carbon and hydrogen analysls of the extracted catalyst. The wax
extracted hmounted to 13,2 weight per cent on the extracted catalyst while
the carbon and hydrogen of the non-extracted or residual contaminants
were 2.48 per cent and 0.18 per cent, respectively. Assuming a hydrogen
to carben ratio of 15 to 85 in the reaidual wax, the amdunt of wax left
on the catalyst amounted to 1.2 per cent, corresponding te about 1.0
par cent carbon. The carbon on the'catalyst on a wax-free basls vas,
therefore, 2.48 per cent mipus 1.0 per cent, equaling 1.48 per cent,
and the wax content 1%.2 plue 1.2, egqualing 1k,4 per cent.

The catalyst was qulte stable as indlcated by a conversicn of
95.3 por cont ab 559!F. in hours 102 to 147 of the run, as compared to
95.4 por conl converslon at B5hO°P. in hours 213 to 258, -

The hydrocarbon product produced wae unsaturated, as indlcated
by an olefin content of 80.8 weight per cent in the C cut, and 83.3
ner cant in the 05 cut.

In the following table the KDF), promoted catailyst ls compared
with 1i'0205 promoted with KF and with K.COs.

Hydrocarbon Synthesis
a, 8 to 1.0 Ratic HE/CO, 200 V/v/ir., 250 pelg.

Catalysts Reduced with Hp (1000 V/V/ilr.)
for b Hours ab 90Q*F, before the Tests

Catalyst Base = =00 asneceeacuaaaus FonOz-mmrmm e
Promoter 1.8% KBF),* 1% Kl 1% K,COy¥*
Avg. Catalyst Temp. ° 549 6ho 607

Yield Oy+, cc/m? €O + E@ cong. 211 215 188

Wt., % C on catalyst per 100 hrs. 0.59 2.36 2.Th

*Percentages are on a weight basls
**Reduced at Q00%F. followed by elntering in Hp at L200°F. for 4 hours
to réduod¢ carbon formatlon.
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The above date show that KBF), is & true promoter for in two
comparative runs, one using the KEF) and the other XF, it will be noted
that the yield of liguid product contalning Cy+ hydrocarbons was
approximately the seme in both rune.even though the run in which the XBF),
wag used was condqcted at a temperature 91 degrees balow'that employed
in the run using KF., However, the important adventage of KBF) over KF
will be noted in the formation of carbon in the two rums. Thus, in the
6aserf the KBF, promoﬁed catﬁlyst 0,59 weight per cent carbon was formed
on the catélyst per 100 howra of the run while iﬂ the X¥ promoted cata-
lyst 2.36 welght per cent carbon was formed on the catalyat per 100 héura
of the run, XF ip a commonly used promoter and ons of the best prior to
our invention. However, all the known promoters had the defect that the
rune, in which they wers used produced an inordinate amount of carbonaceous
deposlts ;n the catalyat and in a fluld system this is highly undesirable
aince carbonacecus deposits on the catalyst not only lower its activity
but cause physical dlsintegratlon of the catalyst to the extent that it
cannot bo fiuldized in @ dense, turbulent, ebulllent mass of catalyat
put rather tende Lo paas out of the reactor at the top thereof with the
produst vapors. As le known, In the bottom drawoff type of operation it
ia highly dealrables t@at the maln bulk of catalyst be separated from-
the vapors in the upper portion of the reactor snd remain therein while
the product vapors lseue from the reactor substantially freed of catalyst
and Gontéining mervaely traces of fines. As stated, however, when the
catalyst is highly carbonized, it la 1mpcaalble to achleve this result;
hence the importance of minimizlng the amount of carbon formed on the
catalyat during “the operatlon.

Numerocun modifications of the invention may. be made by those

“who ave famlliar with this art without departing from the splrit thereof.
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What is claimed:

1. The method of synthesizling hydrocarbons which
comprlses contactling a mixture of carbon monoxide and
hydrogen at elevated temperatures with a catalyst consisting
essenbially of a reduced form of iron oxide having incorporatel
therein an alkall metal fluoborate.

2. The method set forth in claim 1 in which the
alkali metal Fluoborate 13 potassium fluohorate.

%, The method of synthesizing hydrocarbons and
oxygenated hydrocarbons which comprises contacting a mixture
of carbon moroxide and hydrogen 2t elevaled temperstures and
pressure wlth n catalyst conalsbing essentlally of a reduced
form of Lron oxlde having lincorporated therein a salt of
flLucborle scid,

b,  The method ol c¢lalm 3 Ln which the catalyst
conbtalne Crom 0.2 Lo 10 welght per cent of n salt of
Fluoboric acld.

5, The method of c¢lalm % In which the catalyst

contalng potasslun fluoborate.






