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By a dirsction given unpder Seetion 17(1) of the Pinen'ps; Act 1849 this applicetion
proceeded in the nams of Standard 011 Pevelopment Company, a cdrporation duly organlzed and
existing under the laws of the State of Delaware, United Btaces of America, having an office
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2fnd April, 1950,

iz and by the following statement:—
The present invention

hydrocarbons awd more particularly 1t
relates to catalysts which ave parficu-
tarly suitable for this réaction. .

The synthesis of lydrocarbons from:
‘carbon monoxide und hydrogen is a

matter of record and %o some extent in

cerfain counfiies, such as Germany, .
gesoline and other . normally ILiguid
bhydrocarbons have been prepared com-

meroially in this manmer. Onginally the
synthesis. of hydrocarbons from: carbon
monoxide and hydvogen +as accom-

plished in the presence of a cobali .
catalyst vswally supported on a materisl -

such as kieselguhr and prowioted with a
material such as thoria. This synthesis,
usvally carried ont at around 400° F.,
vesulted in the production of “stralghs-
chain paraffinie compounds for the most
part. Fater a process was developed.in
whicl the catalyst was iren,-and ju which
the temperature was swhstantially higher
than in the first-mentioned proecess; that
is to say, it was someswhers befweaen about
450° to (75° T.  Tu this latter type of
process where the iron catalyst was used,
the process further differed from. the
parlier one in that the ratio of hydrogen

{o carhon monoxide fed -to the renelion -

rone was snmewhat lower, being of the
order of, say, 1 to 1§ mols, of hydrogen
[Price 2/-] :
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. relates.. to
improvements in the art of synthesizing

"Hmomnite.

[ 10‘!;11_ Street, Wilmington, Delaware, both in the United
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Ing 1ron type hyUTOZENATON CATALYSTS.

iron and caleiuwm boron fluoride lavae
been suggested for the catalybic hydro-
genation of organic compounds such ss
mineral oils, linseed oil, cofton seed oil,
or edible fats. Turther in the case of
the hydrocarbon synthesis reaction with
which the presemt invention is concerned
it has heretofore been yproposed that a
suifable cafalyst therefor may be made
by roasting pyrites or a spent pyrites to
convert. the same f0 an iTon oxide and

"then to reduce the iron oxide to metallic

iron. Other proposals have included
reducing 2 natural ivon oxide, mineral or
ore such as -magnetife, hematife, or
Still other proposals include
the use of those types of ivon commonly
employed in the synthetic ammonia pro-
cess. Furthermore, certain promoters
designed to increase the activity of the

-cafalyst. have been proposed heretofore.

In a specific sense, the present inven-

_ton relates fo improving the activity of

an irom catalyst in the hydrocarbon syn-
thiesis. reaction by imcorporating therein
certain promobers. It is knowa that good
catalysts for hydroearbon - synthesis are
nroduced by the addition of potassium
compounds, - suck as E.00,, EF, or
K.TO, to iron oxide followed by rednes
tion iv the temperature rauge 600 {o
1600° F. -.It has nwow been {ound that hy

" For example, contact massés comprising §0
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Tndes: at acceptance -—Classes 1(i), F3b(1: 2x) ; and 2(ifi), B1(d: &), C3alOa(1:3);-C3aldad,
. COMPLETE SPECTFICATION ~ - . -
SRR I_l?lifm'{r‘eiii_e’nts'-'iﬁ.or' relating to tﬁ§ Syﬁ%hesigqf-ﬂydrocarbons o

and Catalysts. therefor . -

I, IOHN""Uom :A;’.B,NOLDV',,}EC British
subject, of 28, Southampton Buildings,
Chancery -~ Lane, London; .

- b tion (2 communication from Standard

0il Development Oompariy, & corporabion :

) duly,qxf_fganiaéd ahd existing under the
laws o

10 Umited: States of: America) snd in what
manner the samé Is.to.be-performed, to
be particularly degeribed and ascertained
in and by the following staternent:—.
“The . present- - invention . relates to°
1h improvements in~the art of synthesizing

hgl-drocaﬂmns and niore particularly - 7t
relates to catalysts which - are partice

larly suitable.for..this reacticn. .
The synthesis of -hydrocarbons - fromi

0 carbon monoxide snd kydrogen is a.

matter of reco‘gdv_ and. to. some extent in
certain. ; couniries, . "sueh  as- - Glefmany,

gasoling . .and ‘other - normally  liguid -
hiydrocarbons have. heen prepared .com-

25 mercially in this manver. Qriginally tha
- gynthesis of hydrocarbons from carbon
monoxide -and  hydrogen .was -sccom-

plished im the presemce of a cobali-

catalyst usually supported on a material

80 such as Meselguhr end. promoted. with a-
material such- as thoria. MThis synthesis, -

gsually carried woub.at -sround 400* F,,

resulted™in the ‘production of straights

chain pargfiinie gompounds for-the mosé

85 part. Later- a process was. developed in -
which the catalyst was iron,. and in which -

-the temperzture was substantially higher
* than in-the first-mentioned process; that
: ig' to say, it was somewhere between about
40 450> o €75° T Tm this latter type of
process where the ivon catalyst was used;-
the process -further differed -{fromr - the

sarlier one in that the rufio-of hydengen:
to carbon menoxide. fed.to” the reaction -
rone Wag somewhat Tower, being of ihe -

order of, say, 1 fo-1%.mols. of hydrogen
{Prica (-} - - TimTonno oo

Fiice 4= &4

. . ¥

_ W.C.2, do.
hereby.declare the pature of this inven~-

“the Btate of Delaware, United-
States of Amprica, Tinden, New Jersey,

'p'é';cr ol of earbon-moncxide in the feed

to the resgtion. - The product from. . the.

process employing the Iron cajalyst was
different from_ “that. msing -the cobalt

catglysh in that the former confained a-

substantial guantify of olefiug and, there-

for, the gagoline made  wiing  the iron.

vatalyst usually possessed.a higheroctane

number-thai that produced in the cohalf-55
. patalyst process.” . : ’

_There have been a mumberof pr'opo;alﬂ

.made by-prior investigators. for prepars-
- ing-iron type hydrogenation. eatalysis.

50

Por-example, contact mmasses ‘comprising60

iron- and caleiuni -boren fluoride have
been- suggested £or the -catalytic. hydro-

genation of. drganic - compounds such as’

niineral 4ils,- linsead ©il, cobton seed wil,
or eflible fats.’ her > )
the hydrocathon synthesis remction with

- which: the present invenfion is concerned
1% hag Teretoford ‘been ‘proposed. that a
suitable’ catdlyst therefor may be made

by, roasting- pyrites or a spent pyrites to

~ converh -the same to an-iron oxide and

then -to reduce the iron oxide to metallic

reducing 2 natural iron oxide, mineral or
ore - ‘such -as magmetite, hematite, or
limomite. --Still bther proposals. include

the use of those types of iron commenly

employed in the synthetic ammonia pro-
cess, Myrthermore, - certain promoters
designed to increase the activity of the

catalyst have been proposed herefofore,
:In a specific gehse, the “present. inven-

tion relates to improving the activity of
an ires catalyst in the hydrocarbon syns
thesis ¥eaction by incorporating. therein

Fnrther in the case of -

85

70

‘iron; -Other  proposals: have iheluded -

8

80

B85

cerfain promdters. Tt is known that good

catalysts for-hydrocarbon synthesis are
produced by the addition of -polassium
compounds, sueli as - K00, KF, or

K,P0, to iron dxide followed by reduc- !
‘tion in the témpeérature range 600 to -

16002-F. .It has now been found that by

B0




T

2 632,961

combining fluchoric acid with a metal
such as potassium or sedinm to form
metal flnoborates, superior promoters for
iron catalysts are formed. Although '
5 NaBF, may be used as promaoter, the usa
of potassium fluchorate, XBF," is pre-
fexred. The promoter may he added to
" pure iron oxide or hydroxide or to iron
ores such as magnetite, hematite or
10 limonite in amouhfs varying bebtween
approximately 0.2 and 10,0% baged on
the iron presemt. )
Various procedures may be. émployed ..
fer the addition of the promoter to the
15 iron base. Thus the base may be
moistened with an agueous solution of
the promoter at xoom temperature -
followed by evaporation of the water, or
the agueons adlution, or even the molten
20 promoter itself may be sprayed into the
zone containing” the irom bage. . This
method may alse be employed for re-
activation of partly spent catalyst. The
iron base may be reduced with hydrogen

- 25 or ofher reducing gases either hefore or

affer addition of the promoter. Reédue-
tion temperatures may be varied between
approximately 500 and 1600° F. When
reducing the datalyst after adding the
30 promoter, however, the temperature
should preferably not exceed the melting
poizit of fthe promoter, so that when
using KBF,, the reduction femperature
should preferably be held below 986° F.
35 and with NaBF, below 720° F. .

Otlier fluchorates such ss caleium and
caesium fluohorates may also be,used as
promoters for the iron cafalysts. Also
mixtures of “fluchorates may be msed.

40 After reduction these catalysis may be
used either in fized bed, ** fuid »* cata-
Lyst, or moving bed types of operation.
The main objeet of the invention,
therefor, is to “prepare o ‘atalyst com- .
45 prising iron whick is adapted not only
to promote the reaction hebween carbon
monoxide and. hydrogen to form hydro-
carbons  and oxygenated hydrocarbons,
but also to promote to a greater degree
50 then cafalysts heretofore employed, the
polymerization of olefins so that normally
gaseous -olefing existing in & mnaseent
state Will be polymerized or condensed o
olefinic hydrocarbons boiling in the gaso-
55 line béiling range,” - .

Other and further objects of this in-
verition will appear from the following
more detailed description snd claims.

. To illustrate the invention several
60 specific examples ate set Torth below:
o “Exivrry 1. '

9.11 grams of potassium fluoborate

- - (KBF,} were dissolved in 225 ce. of hot

distilled. water. The solution was poured

65 onto 491 grams powdered iron oxide (on

commercial pigment: red iron oxide)
while mixing to form a paste. .The paste

‘was dried at 220" F., then pilled in the

presence of 2 per cent. of a hydrogenated
vegetable oil (°‘ Sterotex *’) which was 70
used as a lubricant for the pilling opera-
tion. The *° Sterotex ** was burned from
the pills by heating in air at 350° F. for
3 hours. On reducing the pills for 4
haurs at 900° ¥F. with hydrogen at atmo- .75
spheric pressure (1000 volumes H, per
volume of catalyst per hour) the catalyst
was. ready- for synthesis operation, .
Exayrers 2, )
A catalyst was prepared in which 80
granular specular hematite was employed

-instead of the red iron cxide in Fxample

1 and impregnated as in Fxample 1 with
KBE, in the same manner buf employ-
ing ten times as much KBF, Upon. 8

grinding -and classifying to the proper

particle size (average about 60 microns)

‘followed by reduction in z fnid solids

reactor for 4 hours at 900° F. with hydro-
gen at a Hnear velocity of one foob per 90
seoond and atmospheric pressure, this
catalyst was especially suited for hydro-

carbon synthesis in *“ fluid ** operation.

Exaverr 3. -

The same as in FExample 2 except that- 95
the reduction temperature was 700° I,
the hydrogen pressure 800 pourds per-
square inch and the linear velocity 0.5 5.
per second. .

’ -, Exaverr 4, . - 10

The same as in Example § except that
the promoter. was -NaBF, instead of
EFB,. -

L Exavpiw 5.

The ‘catalyst prepared in Example 1105

was used in a test for produclion of

“hydrotarbons from carbon. meomoxide-and
* hydrogen. Fifty cubic centimsters of the

catalyst pilla-were placed in a Teactor
surrounded by a jacket containing a heat 110
exchinge flud for temperature confrol.
Synthesis. gas in which €.92 mols. of
hydrogen were present.per mol._of car-
bon monpxide wag passed through the
catalyst bed at 250 pounds per square 115
ingh gauge pressure at a fow rate of 200
volumes of-gas (STP) per volume ‘of
catalyst per hour .while adjustine the
temperature.to give about 95 per cent.
conversion -of carbon monoxide. Under 120
these conditions a yield of lignid hydro- -
carbons ((J,+-) of 211 ce. per eubic meter

of carbon’ monoxide plus hydrogen con-
sumed were obtained when operating af
650" F. with a carbon ménoxide conver. 125
sion of 96.4 per cent, .. Including the
propane and propylene produced, fhe
yield incredsed to 254 ce. per eubic meter

of COO+H, econsumed. The product

- watér produced af the same #ime 130
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amounted to 587 ee. per cubic meter of
0+ H, codsumed and containsd approxis
mately 14,5 weight per cent. alcohols and .

3.7 weight per. cent. deids cdleulated 2a
9 ethyl alechol and acetic acid, Tespec-

tively. Affer operation for 258 hours ab
590 10-558° F., the catalyst was extracted
with bénzene followed by ocarthon and:
hydrogen analysis of the extracted cata-

10 lyst, The wax exfracted amounted. to
18.2 weéight per cent. on the extracted
catalyst while the carbon and hydrogen
of the nom-extracted or residnal contam-
inants were 2.48 per cenf. and 0.18 per

15 cenf;; vospéctively. . -Assaming a hydro-
gen to carbon ratio wf 15 fto 85 in the
regidual wax, the amouvnt of wax left on
the catalyst amounted fo 1.2 per cent.,

corresponding o about 1.0 per cent. car-
bon,” The carbon on the catalyst on a 20
wax-Iree busis was, therefor, 2.48 per .

- cent. minms 1.0 per eent., equaling 1.48

per-cent., and the wax eontent 13.2 plus
1.2; equaling 14.4 per cemf. -
The catalyst was guite sfable as in- 25

‘dicated by a conversion of 95.3 per ecent,

at 539° F. in bours 102 te 147 of ‘the

.rum, as compared to 96.4 per cenf. con-

veision at 549° F..in hours 213 to 268.

The hydroearbon produect produced wag 30-
unsaturated, as indicated by ai olefin
content of 80,8 weight per cent. in the
C, cut, and 85.3 per cent. in the-U; cut.

- In the following table the EBF, pro-

_moted catalyst is compared with Fe,0, 35

promoted with KF and with K,CO,.

Hydrocarbon Synthesia

o

ot em e g st o 1

0.8 0 1.0 Ratio H,{CO, 200 V/V[Hr., 250 psig.

Catalyst Réduced with H, (1000 V/V/Hr) .
40 . : for 4 Hours at 200° F. b-efﬂ_re the Tests

Catalyst Base
Promoter

Fe,0

1.8% KBF* 19 KF** 1% EK.00,**

Avg, -Ga.taly.st Temp, °F. 549 640 807
‘ Yield O, 4+, cefm® 0O+ H, cons. 2Ll 215 188
45  Wt, % (. on catalyst per 100 hrs. - (.59 2.36 2.14

* Parcentages are on a weight. bagis

** Reduced at-900° F. followed by sin

reduce carbon formation.

The above data-show that EBF, is a

5 true promoter for in two comparative
Tuns, one using the KBY, and“the other
KT, it will be noted that the yisld of

liguid product eontaining G, +hydro-’

carbons was approximately the same in
55 hoth runs even though the run in which
"the KBF, was used was conducted at a
temperature 91 degrees below that em-
ployed in the run using KF. However,
the important advantage of KB¥, over
60 KT will be mnoted in the formalion of

carbon in the two runs, Thus, in the:

case of the KBF, promoted catalyst 0.59
weight per cent. carbon was formed on
the catalyst per 100 hours of fhe zun

85 while in the KT promofed cafalyst 2.86 -

weight per cent, carbon was formed on
the catalyst per 100 hours of the run.
KF is 5 commonly used promotfer and is

one of the best prior fo the present in-

70 vention. However, all the kmown pro-
moters had. the defact that the runs-in
which they were used produced “an in-
erdinaje amount of carbonaceous deposits

on the cetalyst and in a fuid system this |

75 is highly andesirable ainee carbonaceous

deposite on the catalyst not -oily lower -

tering in H,-at 1200° F. for 4 hours to

ity activity but cavse physical disinteg-
ration of the catalyst to the exient that

it cannot be fluidized in & dense, tur-
bulent, ebullient mass of catalyst but 80
rather tends to pass ont of the reactor-ab
the top thereof with the product vapors,

As iz known, in thé bottom drawoff type

of operatipn it is highly desirable that
the main buik of eatalyst be separated 85
from the vapors in the npper portion of
the reactor and remain therein while the
product vapors issue from the reactor
substantially freed of catalyst and con-
taining merely traces of fines. As stated, 90
however, when the ecatalyst  is highly
carbonized, it is impossible fo achieve
this result; hence the importance of ~

‘minimizing the amount of carbon formed

on the catalyst during the operation. 95
Having now particnlarly desoribed ard
aspertained the natore of the said inven-
fion, and in what manner the same is to
be performed, as communieated to me by
my foreign correspondents, I declare that 100
what I olaim is;— :
1. A wethod of forming an iron-con-
taining ‘eatalyst suitable for uwse in pro-
moting the synthesis of hydrocarbons
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from earbon monoxide sud hydrogen,

which - comprises incorporating a fluo~

borate inte iron oxide, iron hydroxide or
an iron oxide ore, in amounts sneh that
the cafalysh contains from approximately
0.2 o 10 weight per- cent, (based on the
iron present) of said flueborate and reduc.

ing at least a part of: the iron oxide %o

the metallic staie before or after the in-
corporation of said fuohorate, o
2" A method aceording to Claim™ 1,
wherein, the -yeluction iz carried out at
temperatures in tle ranpe of from sub-
stantially 500 40 1600° F. :
8. A methotl -of synthesizing hydro-
-earhons” dnd- oxygenated hydrocarbons
which comprises contacting o mixtuie of

carhon “mtnoxide “and  Thydrogen under

synthesis” conditions of femperature and

presstize-with a catalyst consisting essen-.20

tially of a réduced. form of iron oxide,

iron hydroxide or iren-oxide ore, having
incorporated therein.s flnchorata, -
4. A method avcording to Claim 8,

wherein the catalyst contains .from 25

approximately 0.2 to 10 weight per cens..

(based on the iron present) of said fuo~

borate. . Lo .
5.'A method acearding to sny one of

the preceding elabms, .wherein said flua- 30

borate is an alkali mefal fucborate, pre-
ferably potassinm -fuoborate. -

Dated this 18th day.of April, 1947,
: ¢ D. YOUNG & €0.,
- 29, Southampfon Buildings,
“Chancery Lane, London, 'W.0.2,
Agenis for the Applicant. .
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