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COMPLETE SPECIFICATION
Improvement in Hydrocarbon Synthesis

We, Ustox (anstnr awn Cazson Cor-
rosrioN, of 30, East 420d Street, New
Youk, State of New York, Uniled Siates
of Americe, o Corporation organised
under the laws of the %L{a‘cc of New York,
United States of America, (Assignees of
TupeRr GreEsInge Davis jointly with
Trroziag Trenay Wirson and ADRaIAM
Namuay Konrz, all Citizens of the United
10 States of Americn, of 228, Hayes Avenue,

and 828, Bridge Rund, Charlesten, and
Route 3, Box 348, St. Albuus, State of
West Virginin, United States of
America, respectively, du hereby declars

15 the invention, for which we pray thai a
patent may be granted to ve, and the
method by which it is tv be performed, to
be particularly deseribed in und by the
following slatement;—

2 This invention relates to an improved
process for the synthesis of hydrocarbons
from carbon monoxide and hydromen
whereby an inereased yield of gaseous
olefins 1y obtained.

25 1t has been proposed to add chlorine vr
bromine or iodine or their hydrides ar
substances yielding sither these halogems
or Lheir hydrides nnder the conditions of
synthesis us inhibitors fo an iron-base

80 synthesis catalyst and to ebtain redistri-
buted hydrocarhon synthesis  produets
which contanin  relatively  increased
amounts of gaseous ulefins having from 2
to 4 carbon atoms, Tt has now been foand

85 that o forther increase in the wyleld of
these C;—0C, clefing is obtained when iron-
bage synthesig catulysis are subjeeted fo
g combined treatment with sulphur or sul-
phur compounds and the previously men-

41 tioned halogens or halogen compeuands,

While snlphur alone hus herefolore
been used in the treatment of hydrocarhon
synthesis catalyst, its cffects have varied
with the specific catalyst and method of

45 treatment,  Working with iron-base
calalysis, we hove defermined that treat-
mens of the catalvsts with sulphur alona
promofes  the formation of safurated

f'

=

Lydrocarbons of low molecular welght, in
particular methane, cthane and propane. &8
Omn the other hand, when sulphur is used
to treat irom-base syntheeis catalysis in
combination with ths halogens, chlorine,
bromine, or iodine, nr their hydrides or
substances vielding cither these halogens &
or their hydrides nnder the conditions of
gynihesis, an effect is obtained which is
entirely different from that obfained
when sulphur alone is used. The pro-
ducts formed in the presence of iren 80
catalysts which have received this com-
bined treatmenmt comtain a larger fraction
of G,—0, olefins than, Jo the products pru-
dueed by estalyste which have received
only {hé balogen treatment.  Also, the 88
hydrocarbons  formed from eatalysts
which have recsived the combined treat-
ment eoniain only small amonnts of T—
(I, paraffing, and (he smount of mathane -
praduced iz generally less then when T8
sulphnr alone iz used to treat the
catalyat.

Acenrding to this invention, the process
for the synthesis of miztures of hydrocar-
bens by passing a gosecus mixture con- TH
taining carben monoside, hydrogen, and
chlorine or hromine or jodina or their
hydrides or enhstances vielding either
these halogens or their hydv¥ides
under the conditions of synthesis, 89
at o super-atmospherie pressure and ab
an elevated dfemperature over an
iron-base eatalvet is characterised in, that
tho eatalyst contains from 0.02% to 0.6%
by weight of sulphur caleulated os ele- 85
mental sulphur. Treatment of the catalyst
with sulphur may precede, accompany
or-  follow  the  freatment  with
halogens, The treatment of the catalyst
with halogen is effective Tor a relatively 90
short duration becausa of chemieal equili-
brium considerstions helogen is con-
{inuously evolved from the trealed cata-
lyst during the course of synfhesis.
Periodie or continuous replacement of the 95
gvnlved halogen is necessary. On the other
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Land; the addition nf sulphur to'a halide-

. inhibited cafalysi is effective for-a longer
period of timé, However, in’ cotumercial-
praclice, some replenishmént of the sul-

8 phur content during the 1ife of a cominer-
cial catalyst will undonbiedly be reduired.

. Bacuuse of the highly effeetrve natnee of
the sulphur treatment, the sulphur majr

~ be sdded to the catdlyst diring prepére-
1D tion; in the form of an Inorganie snlphate;

For-exdmple; sach as farric of forzoussul--

phate, hit better control of the ammounts to
be added can be obtained by treating. the

1H
©-7 guck ag diethyl sulphate, hydropen -sul-

hide, -butyl or ethyl silphide,- cthyl or
byl mercaptan, .eatbon- aXyvsulphide ow
- earhon biewlphide: - - 7 o0
the catalyst is quite Imporiant, as exces-
wive additions of sulphur will destroy the

catalyst activity. A neticeable irérease in

the amonnt of C,—€; olefins formed iy
obinined when only 0.08% by weight of
sulphur is added, calgulited as-¢lemental
sulphur on the- catalyst -weight, The
ampunt of these vlefins forined increases

23

S0
0.10% by weighi. . Accompenying thig
imerense 1. olefivn- contend, obtaived by
ineraasing the consentration. of - sulphur
ou theeatalyst, is a decline-in. the cala~

88 lyst activity. - Ax inovease in the catalysh

temperatiure is thew neogssary to maintain
4 copstant rats of conversien of synthesis
gas. to total liydrocsrbons,, -As a “rough
approximation, the reachion temperaturs

o eomsiaih rateof cenversion of synthesic
gas to hydrocarbons Lor cash part of sul-
phur gidded per 16000  parte ol catalyst,
starting with unpromoted - catalysts and
ag initial reaction temperature of 250 to
290" (3, Wowever, the conversion can ber

_permilted to decling, and- ‘the reaetion

temperature raisod loss tham this-winount.
. Based on these considerations, the opil-

50 mum sulphur contand of the unpiomobed
7 catalyst 1s 0.04% o 0.1%; by weight .ot
- {lie vatalyst. ‘Araounts of sulphor 4shigh
© as 0.5% are the maxivium ampcunts per-
nrissiblo with wnprometed-iren, catalysts.

“Bihee both smﬁplmr and halogens are
added vz inhibitors to the catalysts, the
elfcety of sulphur-inust be considered , im

56

Talation to the effects of Lalogen-on the
catalyst. As inlithition with halides-alse

E 60 tands to Aecresse-the astivity of the cata- |

lyst sareful correlation of the ‘nomhined

inlibition is nécessary for the best resulls. .
Therefore, it is desizable fo initiaté “the.
© synthesis Teadtjon with radueed . and -

"5 well-activated cabalyst and theh bring the

~fately, although the order of addition of ¢
_the inhibitors may be alfcred. Thus, after

© cofalyst in sifu with syndhesie ~gas . cona-
teining o volatite compound- of “sulphur, .

The mmaunt of sulphnr 'to..lm'.-a.d&ed to

up to 8 meximun yalue-as' the sulphir |
confent of the patalyst is imeressed mp to -

should be reised 5° to 10° C. to maittain -

cotulyst into o state.of  cowtrolled amd
steady-state inlibition by treatment with
sulphur and halogen inhibifors, It is pre-
faralile to adi vich type of Inhibifor sepa-

an initinl freatment with ‘hglogen  ln-

Tibitor, and when the halogen treatment

hag hecome stabilized and the charocteris-
tic effects of halogen inhihition obtained, ¥
whicl até an inerease in the amount of the
(1, olefin fraction and a sharp incrcase -
in the ratio of watdr tn. carhon dioxide
formed in- the synthesis, then the treat-
ment of the catalyst with sulphur may-be 80

commencad, By itroduging the sulpher -

[l

'ag a'volatile comtpyund with the syuthesis
. @a¥, the ainount of sulphnr added to the’

eatalyst can be carefully controlied and |
entrelated with,changes in the produsts of 85 -

- the reaction so that the optimom-amownt . -

of wilphar will be added.” - . S
. In order té dethonstrate the differsnee -

Jin results obteined with the addition  df

bLologen alone as an inhibitor and . both-90-

‘halogen and sulphur ag inhibitors, com-

parative ring were carried qut.,  In each
eage, tho catalyst was prépired from a
taconits ore congentrate (Fe, Q,). which
had -“heen - rogsted and pround to g sizé Ob

renge of shont 20 mierons to 120 mieroms:

Tte porticle size -distributicn ‘was dueh’ -
that it wag muitable as'a finid bed catalyst.

The dluidized catalyst was reduced  with
hydrogen for 24 hovrs 24°486° "C. and 100 .
atmospliesin- pressure with a flow rate of )
260 to 400 cibic Feeb per hour per cubly: -
foot of eatelyst; The culalyst was then
traated with synthesis gas (2.2 mels H, 1
mol GO of 280 1o 280U, for four fo six 104
Iwours, the other conditivos helny the same

-a¢ during the redueing perind. Synthesis
“was then wtarted af G0 the. per &g, In.

gange presenry using synthesis gds of the
abové ~cumposition’ wnd--ab fie same 110
linetr weldeity wused in the  {forming
process, - I R
© In botk yums, hilogeo -Inhibifion was
‘instituted by-fead hefa,betal-dichlorethy!
ether indo tlie synthesis gogin an amount 116
equal to'tha. equilibrinm . eoncentiation.

AD équilibrinm eoncentration of inhihitor

ig that concentration ul which the taleu- -
lated pressure -of HCI- resulting from
eomplete decoinposition of the chlorinated 3299 -

- ethep eguanls the equilibrium presswe of

H{A for the Fe—Ta0—H,—~H{ - system
under-the conditiony existing at theputlet
cnd of the catalyst bed. | Ifoné of thdse -
rung, ethyl  solpheté -eoriesponding * o 126
0.05% sulphur hy welght ¢f the eatalyst -

.wag then added over & period of one hour

by snlorating [he entering -synthesis gos
with. the volatile sulphule. Inhibition of .
1‘_-11& catalyst with dichloretliyl ether was 130



coutinued during and after the inliibition
with snlphur.
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'Plhe resnlts of the runs ars piven in the
table Lelow:—

B . Tiprs

EFFROTS OF STLPHUR AN HALIDE INITIBITLON

Ruyn No. - - - - 1 2
Inhibitor - - - - chloride alone sulphur plus chloride
Temp., * £, - - - - 328 T
10 Pressure, (gauge) s, fon, in, GO i}
Inlet space velocity™® - - 1600 1600
. Conversion, % - - - 38 a6
Age of catalyst, hys, - - 150 330
Sulphur added, % by weight :
18 of ocatalyst - = - None {1.05
Products, % of total hydro-
carhone, rarbon atom basis
CH, - - - - b 23
¢.H, - - - - 1.6 3.1
% C.H, - - - - 0.3 07
ci, - ~ - - .5 0.4
,~—C, parafiing 2.9 4.2
(L,H, - - - - 9.3 21.5
tH, - - - - 16.6 222
1] CH, - - - - 10.2 10.8
{.—0, olefina 36.1 54.5
( + (estimated) - - 43 15
Tndeternined - - 4 3
Total - - - - 100 997
M RBun No. - - - - 1 2
00:_1' (000 + Huo)l % = - 3 6

 #(lbic fest per hour per cubie foot of vatalyst

Trom, these resnlis it is seen that treat-
ment of the catalyst with halogen alone
35 promotes the formation of C,—C, olefins,
but considerabls amounts of heavier frae-
tins are ulso obtained, Tha cumbined
inkibition with sulphur and ehlorine has
a very speeific effect giving a high yield
40 of the desired C;—C, olefins. Most sigui-
ficanily, there is practicaly no inerease in
the amount vf (,—, parafiins formed
resulting from the cowbined freatment of
the catalyst with sulphur and chlorine,
45 but there 15 s very appreciable increuse in
the amount of C,—C, olefins formed, Also,
the combined treaiment with sulphur and
chlorine canses o redistribution of the
olefing in the (,—C, fraction, over thab
B0 resuliing from chlerine inhibition alens,
in particular the vield of ethylene being
more than doubled.
With respect to the effect of the com-
bined inhibilion on the nther resclion con-
55 ditions, i 1s seen that the repction fem-
perature has been increased in order tfo
maintain a good conversion of synthesis
gns to fatal hydrocarboms.  Also, it iy
noted that water is the prineipal co-pro-
80 duct of the synthesis when halogen is

used alone or in combination with sul-
phur, The formation of water as the co-
product of the synthesis is advenfegeouws
a3 ib iy easier to remove from the other
gu3es, G5
The tesnperature of tha reaction may be
in the range of 250° in 420° (1., and pre-
ferably in the range of 300° to 380° C.
The reaction pressure may vary frum 25
Yo 000 Ibs, per sq. in. absolute, but is pre- 70
ferably within the range of 60 to 300 lbs,
per s, in. absolute. Also, the syuthesis
zas rallo, H, mols: (0 mols, may vary
from 1:2to 5:1.
What we olaio Is:— 16
1. A process for the synthesia of mix-
turas of hydrocarbons by pessing a
gageous mixture eontaining carbon mon-
gxide hydregen, and eblorine or hromina
or iodine or their hydrides or substances 80
i;ie]dmg either these halogens or their
ydrides under the conditions of syn-
thesis, 2t a superalisospheric pressure and
al an elevated femperature over an irun-
base catalyst, cheracterized in that the 8%
cetalyst contains frome 0,029 to 0.5% hy
wei%ht of sulphur ealeulated as elemnental
sulphur,

Py
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2 rocess as claimed in olaim 1 dn
which tlll)e sulphur counlent of the cndo-
1yst JS from 0.04%, to 0.1% by weight.

. Toocsy a8 claimed in olaim 1 oy 2

b in ‘W]llG the elevated fonpersbure is withe
in the rangs of 250° 0. 10 420° 0,

4. A procesa as claimed in any ome of
the preceding claims in: which the supor-
atmospheric pressure is from 25 to 500

30 Ibs. por sq. in. absolute,

5. A process as clabmed in any oue of
the p‘t‘e('edmg claims in which thesulphur
Iy presead in the catalyst in the form of an.
ingrgenic sulphale.

b 6. A process as elaimed in elalm &, in
which the sulphur is present as ferries or
ferrmu sulphate.

A process as claimed in any one of
L,Ialms 1 to 4, in which a volatile sulphur

80 chmpound iz introduced into the sya-
thesis gas.

8. A process 45 claimed in slaim 7, in
whish the volafile sulphur compound iz
diethy] sulphate,

8. A process for the synthesis of miz-%h
tures of hydroedrbons having a relatively
Ligh concentration of :uuxm.a]ly guseous
olefins containing frow. 2 to'4 “earbon
“atoms, by passing e gaseods | thikiize son-
taining carbon monoxide and hydrogen ul 80
superatmoapheﬂe pressure and at'ap ele-
voted lemperature over ai iron-bage eata-
Tyst as hereinbéfore particnlarly described
in sonnection with Run 2 of Tahle 1,

10. Mixfures of synthetic hydrocarbons $8
having 2 relatively high concentration of
normally gasedus olafing containing from
2t 4 cmbon atoms whencver preparcd by
the process as hereinbefore particularly

‘deseribed apd élaimad in any ane. of 'Lhn 40

preceding clmn .
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