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Tmprovements relating to the Catalytie Synthests of Hydrocarbon
Oils from Gaseous Mixtures of Carbon Monoxzide and Hydrogen.
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invention tv be as follows:—

This inveniion relates to the catulylic
synthesis of hydrocarbon oils from
puseous mixtnres of earbon monoxide
and hydrogen and has among its objects
to provide sn eeonomic process by which
spirit particulacly useful as motor Bpirit
by reason of an enhaneed octane reting
ean be produced.

The ~ ecatalytic synthesis of hydto-
enrbom  oils Jrom gas mixfures contain-
ing carbon mouoxide and hydrogen Is
known to produce olefines and paraffins in
proportions dependent upon the nubure
of the catalyst aud upon the ratio of
carbon monoxide and hydrogen in  the
gas mixture employed.  Catalystz con-
tuiming cobalt as the busie substance
produee  larger proportioris of alefies
than those in which cobalt s replaced
by niekel.

(Giases coninining higher proportions
of carbon monoxide ave oanverted into
hydroearbon  products richer in olefines
than those gases contaiping = lower
proportien of ecarbon  monoxide to
hydrogen. Thus it is known thab blue
water gas  gives products richer in
olefines than & gas woixiure coniaining
catbonn moonoxide and hydwogen in the
ratio 1:2, S .

1 have found that the primary
produet of synthesis is composed of
ono-olefines  and that this  product,
which can be designated as ** primary
oft ¥, is subject to further chemical
aotion, as it pusses I vapour form
through furkher layers of
provided  that some hydrogen  still
remain in the gas passing onwards with
it. Thiz secondary reaction is catalytic
hwdrogenation.

T have found moreover thal elthough
cobalt Is 8 feebler hydrogenation catalyss
than nickel, it is nevertheless Impossible
ta vaeover the *° primary oil 77 without
hydrogenation ocecurring to some extent,
even when blue water gas is submitted
to the synthesis reariion.

calalyst,.

enhances fhe octane rating of the spirit
and furthermore the higher proportion
of olefines provides higher yields of
aleohels, Iubricating oils end  ofher
produets, which are comunonly derived
from olefines by hydration, pelymerisa-
ton or other means.

The underlying principle of my
fnvention iz the preservation ef the
nature of the < primnary oil 7 by tha use
of an oil forming eatalyst to which an
alkali metal cirhonate has been added
gnd by liniting the hydrogenating aetion
of the eatalyst, while retaining ifs
power to form ofl from carbon monoxide
and hydrogen,: by the mtroduction with
the gus of an Ingredient which will ach
as =  catalyst poisun which affects the
olefine hydrogenating  power of the
catolysi. ;

A guitable poison which is invariably
available is sulphur, whether present as

sulphuretted hydrogen or in organie
anmmhination as  thiophen, carbon
disulphile or carbon oxysulphide, and

in earrying my invention into practice
aceording to one method, instced of
freeing the ges heing freated from
aulphur to the greatest extent possible,
as is the present practies, T deliberately
allow  the sulphur. compounds o
apprecinble quantity o pass through the
catalvst. containing on  alkali metal
garhonate with . the gns. That iz to say
I have proved hy experiment that # an
alkali metal . carbonate, such  for
example 8s  pobassium earbonate, be
added to =n oilformiung catalyst with a
cobalt base - berieficial resulls acerns in
thab not only is it unnecessary io iree the
gas from Hs' sulphur compounds with
meticulous dare in order to effect the oil
farmation - but “that” the presence of the
sulphur hes beneficial results in eertain
directions.

l'or example. when -blue water gus
which has heen purified only hy ramoval
of sulphuretted hydeogen, is passed
direetly over such a ecatulyst at atmos-
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pheric pressure and =at 9 temperabure
between 180° and 210° ., primary oil
is formed and is thereafter hydrogenated
to a lesser extent than when pure gas is
uscd for the synthesis in the nommeal

TOADHET,

The effsct observed is that the propor-
tion of alefines in the synthefic preduct
is incroesed. At the same {imc tlhe
poisoning  action of the sulpbur -com-

pounds upon the oil forming activity of -

the tveated ceaisalyst is substantially
deluyed ond for some Hme an incresse
in the oil {forming cepacity of the
catalybic mass iz observed.

I have found it advantageous fo inter-
rupt the fiow of gas af ntervals and then
to pags Lydrogen {hrough the catalytic
muss for 2 shorb perlod before resuming
the synthesis.

In one exampla of the invention,
which I have suceessfully ecarricd out,
the synthesis is effected by pussing, for
example, blue water par preferably freed
from  sulphuretted hydrogen but sl
containing some of the orgenically com-
bined sulphur. In one experiment the
gis used for the svothesis contained 25
graine organieally combined sulphur per
The temperature of syn-
thesis lies between 1809 and 2100 C. The
veloeiby of the gus treated depends upon
whether the reaction iz to be completed
in one or two atages. A convenient
veloeity for the case where iwo stages

arg to he aperaied lies bebween 150 and -

200 gos volumes, per unit volume of
calalyst space per héur. The ol pro-
duced by an alkaline cotalyst under these
airenmstances in one example contained
AL per cent. olefines and the frastion of
the product bofling hefween 88¢ and
1662 C. contained 73 per cent. olefines.

“dricd.,

The alliline catalyst is prepazed by
dissolving 998 prammes cobalt nitrate
snd 72 grammeg Ghovium nifrele in

uantity of water which may be varied.

e hot sclution is added to B78 grarmmes
of kieselpuhr. 7T'he mass which may be
in the form of a damp powder or & thin
pasbe according to the amount of water
used, is added to a hob solution of up to
900 . grammes pofassiurn corboiste in
approximaicly 4.5 litres watber.

The precipitated catalyst is filtered,
washed and dried.  Cafalysts prepared
from some forms of kisselguhr require to
be washed at this stage uniil an ayueous
extract of the press ceke Is neutral ta
phenol phthalein.

The dried press cake is then cither
granulated and sereened iniv granules of
canvenient size or powdered and pellsted.
The grenules or pellets are new impreg-
nefed with a selution of pobassium or
sodium carbonate either in water or a
mixture of waler and aleohol and then
A convenient strength of sclution
to use containg 10 grammes of anhydious
pofassium earbonate in a mixture of
100 ce. ebhyl alechol und 125 cc. water.

The dricd granules or pellats nsed in

successful experiments contained in onpe
ease 1.7 per cent. by weight potassium
carbonate and in snother case 10 per
aent,
“The (ried alkaline granules or pellets
must be reduced in a known inanner as
fur-example by heating to u temparature
befiwean 8500 C. and 4002 €. in & current
of hydrogen.

Dated this 23nd day of Jeuuary, 1938.

: A. A, THORNTON,
Charicred Patent Agent,
7, Essex Bfegeb, Strand, London, W.C. 2,
For tha. Applicant.

COMPLETE SPRCIFICATION.

Improvemenis relating to the Cafalytic Synthesis of Hydrocarbon
Oils from Gaseous Mixtures-of Carbon Monoxide and Hydrozen.

I, Wimpay Wreauey Mybnprmrow, - &
British Bubjeak, of 8, Woodlands
Avenne, New Malden,
hereby declare the nature of this inven-
fton and in what manner the same is to
be performed, {0 be partcularly
describad and ascertained in and by tha
following statement: — o

This invention. relates to the catalybic
synthesis  of  hydvosarben  oils  from
gaseous mixtures of esrbon mopoxide and
hydrogen and has among its objects ta
provide zn economic process by which
spirit  partievlarly useful ss motor spirit

Surrey, . da--

by réason of an enhanced octane rating
can be produeced.

The natalytic syothesis of hydrocarbon
oils ‘fromm gas mixfures containing
cartbon  monoxide and  hydrogen  is
Inown fo produes olefines and parafins
in proporkions dependent upon the nature
of the catalyst end upon the vatio of
carbon inonoxide and hydrogen i the
gag’ mixture employed.  Catalysts con-
taining cobalt as ilhe busic substance

“produet  larger proportions of nlefinek

than those in which cobalt is replased by
nielkeal.
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which T - have ' suceessfully carried owt,

509,325 3
(Gases containing higher proportions of the nature of the ' primary oil 77 is pre-
carbon  inonoxide are vonverted into served.  This 1nethod hae the two-fold
hydrocarbon produets richer in olefines advantage that it ie uunecessary to add
than those from gases contaiming a lower the sulphur to the catalyst during its

5 proportion  of carbon monoxide  to  preperation aud il is unnecessary tu free 70
hydrogen. Thus it is known ihab Pluc  the gas being treated [rom sulphur to the
water yas gives products vieher in ole-  greulesh extent possible, which is the
fines than & gas wmixture containing present practice.
carbon monoxide snpd hydrogen in the According to my invention T deliber-

10 ratie 1:2. utzly allow the sulphur compounds 76

T have found that the primary pro- the gus being treated to pass through the
duet of synthesis is eomposed of mono- catalyst.
olefines and that this prodvet, which ean The present invention corsists thexe-
be designated as ‘' primary ol 7, 18 fore of a process fur the production of

15 subject to further chemieul ackion, as it hydrocarbon nils from gusvous  mixtures 80
passes in vapour form through further of carbon monaxide and hydrogen by
layers of catulyst provided that soms catalytic synthesis according to which a
hydrogen still remains in the gas puss- eatalyst to which an alkali metal car-
ing onwards with ib. This seeondary bonate has heen added I3 used and sul-

90 reaction is catulytic hydrogenation. phur which aects as a culalyst poison BS

T have found orcover that although affecting the olefme hydrogenating power
cobals i a feebler hydrogenation of the catalyst while leaving suhstan-
catalyst then niekel, it Is ncvertheless tinlly unchanged the power of the
impossible to recover the * primery catalyst o form il from the guseous

95 uil* without hvdrogenation occeurving mixture is introduced together with the 00
ty sorne extent, even when blue water gaseous mixture into  the  reaction
gas is submitted Lo the cynthesis chamber. .
reaetion. In the operation of the invention 1 have

Tt is desivable to preserve as far as Iound potassium carbonate &  suitable

.80 possible the nature of the ™ primery alkall metal earbonate with which to ©5
il ', because the presence of mono- treat the cabalyst. Thai ls to say if
oleines in the motor spirit fraction potassium carhonate be added to wn eil-
onhances the octanc rating of the spit forming catalvst with & cobalt base bene-
and forthermare the higher proportion of feial results aecruc in that nob only is it

85 olefines provides higher  yields of unnecessary to frec the pas from ifs sul- 100
alechols, lubricating oils and other pro- phie compounds with meticulons eare in
duets, which are commenly derived from order to offcet the ofl formation bul thet
olefines by hydralion, polymerisation ov the presence of the sulphur has benefieial
other means. results in certain -directions.

) In Speeifieation No, 833,284 it was Tor oxample; when blue water gas 106
suggmtel& that when using catalysts such which has beenpurified only by removal
as 1 coploy containing metals of the of sulphuretied hydrogen is  passed
eighth group of the periodic system fo directly over such & catalyst at abdmos-
which alkel} metal compounds such as phevie pressure and: at a femperature

45 hydroxides, carbonates and acetales have belween 1600 and 2107 C., primery oil s 110
been added, an addilion to the catalyat formed and is thereaffer hydrogenaled
of smpll quantities of sulphur in free or to a lesser extent than when sulphur free
combined slate ir advantageous in thet it gas i uged for the wsvulhesis in the
lengthens the life of the catalyss, redoces  uurmal manner.

50 the proportion of hydrecarbons of high The effeet obrerved iz that the propor- 115
boiting point and strongly promotes L]g;,e tion of olefines in the synthetic product
formation of liquid unsatureted hydre- IS increased. At the same time the
carhons from gaseons mixtures of oxides puisening  action of the sulphur eom-
of carbon and hydrogen, Buch catalysls pounds upon the oil forming aetivity of

55 1ay be prepared by treating a catalysp the treated ~eutalyst is  snbstantially 120
free from sulphur with gases containing delayed and for ‘some time an inereass
sulphuretted hydrogen. in the oil forming  ecapacity ol the

The underlying principle of my inven- catalyviie mass is ‘observed.
tion is the taking advantage of the faet I have found it advantageous to inter-

60 that sulphur is invarisbly present in the rapt the flow of gus ot intervals and then 126
gas being treated and uiilising the sul- to pass hydrogen - through the catalvtie
phur in the gas being treated ag a  Mas for a shart’ period before resuming
catalyst poison which limite the hydro- the synthesis,
genating power of the catalyst and affects In one example of the invention,

%5 its olefine hydrogenating power whereby 130
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the aynthesis iz effected by passing, for
exomple, blue waler ges preferubly freed
from.  sulphuretted hydrogen but still
~ontaining sermne of the organieally eom-
bined sulphur. In one experiment the

gas used for the svnthesis contained 25

graing  organiecally combined sulphuwr - per
100 cubie feet, The temperature of syn-
thesis lies between 1802 C. and 210° C,
and is wsually camried out at substan-
tially atmospheric pressure and never
above about 5 atinespheres. A con-

voment gus velocity lies between 76 and-

100 gas wvolumes per unit volume of
eatalyat space per hor.  ‘Che oil pro-

duced by an alkaline eatalyst under-

these cirsumstonces in one exwnple vom-
tained §0 per cent, olefines and the frac-
tion of the product boiling belween 83°
‘and 150° {). containad 78 per cent. olofines.

Phe mobor spirit fraction with & fAnal
boiling poinb of 160¢ C. had an octane
number of 68 C.F.R. (M.M.} The actual
gum present az defermined by the ylass
dish method was 2.0 m.g. per 100 ce.
Potential gum determined after ineuba-
ton at 83° C. was 1.0 m.g. per 100 ce.

The lead susceptibility of the motor
spirib was sueh as 2 ge. of tewa ethyl
lead wdded to one gallon of the spivit
rgised the oetane nurmber fo 77, :

The addition of 209, by volume of
benzol to the undoped spirtt raised the
oclune number from 68 to 72. The add:-
tion of 3 ce. telws ethyl lead to onc
gallon of the blended mivture raiged the
tutane number to 81.6.

The fraction of the synthetic product
distilling between 150° and 2300° . son-
tained 52.6 per cent. by volume of ole-
fines, which woere converted into lubrica-
ting oily by polymerization  with
aluminium chioride. . '

The palymerised product can he
separated, for example, by fractional dis-
Hilotion into oils of different viscosity
suilphle for different purposes. The pro-
ducts are chaovocterised” by their low
rate of change of viscosity with tem-
peratnre change.

The synthetic produet Jiguid at
ordinary temperature produced by the
method of this invention is clearly smit-
ghle for the direct productitn of metor

irit.  Diesel oil and lohriesting oil ful-
filling the modern requirements without
the necessity for the installation of s
eracking  process  to  improve  thedr
propertica. .

The yield of olefines for the produe.
tion of lubricafing oils by polymerisation
is increased by the operation of the
methad. _

At the psame fime, the uneondensed
hydraembons contain  higher percentuges

“have bheen formed in

of olefines than when highly purified gas
iz employed for synthesia,

Tnn  the experiment  described, the
uncondeuwsed gases contained over 60 per
eent. C; and G, olefines by volnme, Thus
by the operation of the methed of the
Inventiot, the yield of gaseous olefines
suituble for further treatment for pro-
duction of high octane numher motor

Bpivit  or alcokols or ofher substances

upunlly  produced  fvomn  olefines  is
ingreased.
- Furthermore, the produets described

one stage of
reaction, thet i3, by passing the gas con-
taining organic compounds of aulphur
once only through the eatalvat vessel,

" ‘Hitherto, it hae been found necessury
to pags highly pwified gas ab least twics
through w  cwtalyst chamber, condensing
oub some of the products formed alter
the first passege bofore admitting the
residual gas tu the second confact stage.

The latter procedurs involved heating
the original highly porified gas to the
temperature of reaction, cooling after
the first contact to condepse ont the pro-
duets, and heating the residusl wes again
to the termperature of resction.

Eeonomy ig therefore  bromght about
not only during the synthesis hut also by
eliminating the necessity for rigid purifi-
cdtion of tha gas.

« The glkaline cetalyst may be prepared

"by dissvlving 996 gammes, cobald nitraie

and 72 grammes thorium nifrate In a
quantity of water whick may be varied.
The hot solution is added to 978 prammes
i kieselgulir, The mass which may be in
the form of 2 damp powder or a thin
puste acsording to ilhe awount of watar

 nged, Iz edded to & bot solution of up to

900 grummes potassium earbonete in
approximately 4.5 litves waler.

The wprecipitated catalyst i=  filkered
washed and  dried, ecatalysts prepared
from some forms of Keselguhr réguire to
be washad at thic siage until an agueous
extract of the press eake is neutral to
phenol giltllaleiu.

The dvied press cake s then either
granulated and sereencd into granules of

eonvenient  size  or  powdered  and
pelleted.  The granules or pellets are
then  impregnated with o solution of
potassium ar sodinm carbonate
either in  waler or a  misfure
of water and alechol and  then
dri¢d. A conveniant strength of solu-

tion tc use confaius 10 grammes of
anhydrons potassium carbonate in a mix-
ture af 100 ce. efhyl alechol and 125 ce.
whter. . .

-A wonvenient procedlure i to spray the

_grancies o pellets of catalyst with the
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500,325 5
zolution of the alkali metul curbonate. cases and e2motted to 0.9 gallon for
The dried granules or pellats used in  every 1000 cubie foct of the gag treated,
stvecsslul esperiments contained in ons Having now -particularly deseribed and

case 1.7 per vent. by weight potassium  ascerisined the mature of my said inven. &5
5 oarhonate and m another cuse 10 per tion and in what manner the same is to
cant, be periormed, I declare that what 1
The dried alkaline granules or pellets elaim js:—
must be reduced in o known manner as L. A proeess for the production of
for example hy heafing fo =2 tempera- hydrocarbon cils' from gassous mixtures G0
(30 ture between 350° (. and 400° ©. in & of carbon monoxide and Lydvogen by
eurrent of hydrogen. vatalybic synthesis according to which 3
The impartance of the inventlon will eatalyst to which an alkali metal ear-
be tnderstood when it is sfated that, Dbonate has heem added iz used and sul-
apst  sltogether  from the obvious phur which acts ns a cabalyst poison 65
15 advantage consegquent upon the climine-  aflecting the oleline hydrogrimting power
tion of the necessity to purify the gus, of the catslyst while leaving subsian-
arlvantageous characteristics of the pro- tially unchanged its power to fomn oil
duet obtained are enhanced, from the gasesus mixture is introduced
'"his has heen proved as before men- together with the gaseous mixture into 70
20 tioned by actual experiments on ges, in  the reaction chamber.
the one instance, purified to the extent 2. A oprocess according to claim 1,
that not more than - 0.0 m.g. of wherein fhe catalyst I Iimpregnated
organically combined sulphur per 100 before use with o solution of potassium
o.f. of gas remained in the gas after carbonate. 75
25 purifieation and hefore treatment, while 8. A proeess -according to claim 1,
in the other instance blue water gas  wherain the catalysr smployed comprises
treated in aceordance with this inven- eobalt. * -
tion conteined as much as 20 m.z of 4. A procoss for the production of
arganically combined sulphwr per 100 c.f. hydrocarbon oils  from gasecus mixtures 8¢
80  Using calulysls with cobalb as the bage eof carbon monexide and hydrogen by
hoth the olefine comtent uand ocfupe catalvtic synthesls according to elaim 1
number of the prodnet ware inereased aecording to which blue water gas eon-
when the treatment was according to  taining appresiable quantities of sulphur
this inventivn, is passed ‘at an-dppropriate low pressure 85
85 Az one specific exampls it can be not exceeding five abospheres, through
stated that with gas containing ecarbon or in contuet  with o catalyst having
monoxide and hydrogen in the ratio of cobalf basce the tempernbure of the
1 to 1.17 the percentage by volume of synthesis reaction Deing muintained
olctines in the fotal Hqnid produect was, between 180° C. and 210° C. a0
40 in the case of the gus which has been & The improved propess for the pro-
freed from ovpanie sulphur 489, and i duetion of hydrocurbon oils from gaseous
the case where the organie sniphur had mixtures containing earbon  monoxide
not been reinoved 807, TIu the molor and hydrogen substantially as specified.
spirit fraction of the gus. that is the 6. Hydrovarbon vils when produced by 95
45 frootion cut st 150° C., the olefine per- the process according to the preceding
centage by volume was, in the one case, claims.
697%, in the other 7394, while the cctane
wnnber rogse from 65 to 68. Dated this 12tk day of May, 1938,
Tt should be mentioned that the " A, A THORNTOXN,
50 quantity of the produet obtained praved Chartered Patent Agent,

to be substentially the samc in the two

7. Essex Street, Birand, londaon, \r’\r (.2,
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