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UYUreCArDONS | anu | oxXygeusiea  vom-
pounds, The formation of hydrocarbons
having more than one carbon atom per
molecule, especially those hydroearboms

3p boiling within the gasoline rauge, is

favoured by relatively low pressures and
low temperatures.

In gemeral, the syatheses of hydro-
carbons by the hydrogenation of carbon
menoxide is acgomplished in  the
presence of a metal chosen from Group
VIIT of the Periodic Table as a catalyst
at pressures below about 500 pounds per
squore inch gauge and at temperaimres

40 below about 350° C. The synihesis feed

86

or ‘‘ No.

,
2/46

LIE  @PPLCATION O 7 GHErIUynaniic
principles 1o the hydrogenation of
carbon monoxide indieates the feagibility
of producing those hydrocerbems boiling
within the gasoline range. 'The approxi-
mate . linear free energy-temperature
relations for the symnthesis of methane,
ethane, normal hexene, normal hexane,
and normal ostane, are llustrated by the
following over-all equaitons for reactions
gbeurring in the gns phase with nickel or
gobalt ecatalysts. These eguations are
represented  graphieally in  ** The
Chemistry of Petroleum Derivatives " by
Carleton Ellis, Vol. IT; 1934, page 1226,

G0 +3H,=0H, + H,0y; AF°l= —51,300+56.2T
200+ 5H, = C.H, + 2H,0 ; AF 1= 00,400 + 117.4T

6C0+12H,=n— Oy,

i2(z) -+

6,04 ; AFi~—211,400 + 316.3T

600+ 13H. = e OBy + 6H.010r s AF°t= — 241,300 +350.2T
8C0.+ 17 H, =70 Cy Bty + 8H, O ; AF®i=— 817,500 + 466.6T

[Price 2/-]
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Index at accepta.nce -—Class 2(111), Blg

We, PHII.LJ:ES Pmomcrm GDMPm a
'_.. " “Corporation: organized under tlhe laws’ of
- the- State of Delaware; United States of
_Amgrica, .of . Bartlesville,- ~Qldshomia,

' .5 United States of ‘America,  do. hereby
i declare thé nature of this mven{rmn and - -
" i what mlammer the sameis fo.be per-
. formed; to be partieularly ‘described and
- akcertained Jdn and b;y ﬂle '_Followmg_.

- 10 statementi—

This: mventmn :reIates to the synthesm,-’
“In “owe -aspech this

« of-"hiydrocarbons.
imvention velates fo the” eonversion -of
‘hydrogen .and eafben monoxide iwiop

15 dydrocarbons. In shill another ‘aspect

. %hig-invention relates to the- -gynthesis. of - -

_ .. normally. Houid hy(’[mcarhons by the -
- rintera¢tion - of -hydrogen ~and--carbon
- monogide in. the presence of a. synthesm'

5.’,0 cata,l gho
. It ha.s been ]mown for some time that

. hyd_rogen and -carbon, menoxide may be
" -made o react exothiermically in the
- presence 6f certain catalystes wpd. wnder

conditions fo forny
oxygenated

25 “spécific - reaction
hydrocarbons . and. -
- -, pounds.
v Naving more than’one :carhbon atom per

moleaule, especlally fhiose” bydrocarbons:

. 39 ‘bailing - wi

the "gasoline range, “is

7. favoured by Ielatwely low pressua:es and"

" low témperatures. - - -

© 35 wionoxide -
© . presenge.of. a. metal ‘chosen from. Gtoup

- “.. VIII of the Periodic Table as'a “eatalyst
", af prosduvés. ‘below shout 500 pounds. per
. square . inch: gange and ab:temperatures

40 below about 3507 0 - The synfhesm feed

200+ 5= CoH, 2H, O3

GOMPLE’I‘E SPEGIFIGATION

- gasolitie- range. -

com--
The formation of hydfocarbons -

- within the ga,sn]me Tange,
.mate. linear ™ free
- relations for the synthesis of methane,
-+ -Tn' general,- the synﬂleses ‘of. hydro- :

" -catbons by - the “hydrogenation of carbon -
. acdegmplished . 4n the-

“represented
“Chemistry of Petroleum Derivatives ¥ by -~ -
'Garleton EI].IE 'V'ol II 1934: page 1226. 8(}' S

004 8H= O H, 0 ; ATl= 51, 8005621 .0 i
Fi_—90400+1174’1‘ e

Improvernents m ow relatmg to Synthems nf Hydrocarbons

ﬂ‘aa eompnsss a mixture of about 2 :mqls
~hydrogen: per -mol. _of: ca.rbon :
mon0x1de, and is prepared. b}; the cata-
Iytic” conversion .of na,t'ural gas, “steam-
and carbon digxide. - 45 - -
It has previously been proposed to'con-

- duet the syntheses Teaction in a liguid -

-medinm - containing, - or - trickling . over,
the cafalyst. In this way temperature .
confrol i simplified. The lignid medium 50
used may be partially-volatile under the-
conditions of gperafion and is formally .

-of bydrocarbonaceous, nature and may

advantageously . consist. of the - oils

obtained in a previous gynthesis. - - 56

- Tt is highly - desirable to produce a-
pruduet -of predominantly ‘normally - -

~liguid hydroearbons, espema,lly &% hydro-.

darbon, fraction boiling * within the . -

. Whether o . normally' ‘80
gaseous, liqumid or sclid hydrocarbon is- -
prodiced -depends fo sotie extent Tpon
the reaction condifions, especially "tem-
perdture, which are nsed o effect the'
gynthesis. . .

The apphcatlon of - thermodmmm
principlés- to  the hydrogenafion .of
carbon monoxide indicates the fénsibility
of producing those hydrocarbons hoiling
‘The approxi-
energy-temperature

70.

ethaze, Tormal hexene, morinal hexans,
and normal ectane, are illustrated by the -

following, over-all equations for réactions” 75

oteurring in the gas phise with hickel or
-cobalt . catal:yja{:s These -eguatibus are
sgraphically. . in - The. :

600+ 12 = oaﬂzl_msﬂ: O3 AFY=211,400+816.8T - * " r.
G T GO0 I8 H =1 OyHyy g + 6H O : AFCI= 241 800°+-350.2F - - o
. 85 -.::; ,:-. ;—_.,800+17H§—m_,(}5]1m,+sn:30¢g,, AF°=2-317590+466"6T- el

[Pﬂce 2 [ -]
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The production of hydrocarhons from
carbon monexide and hydregen is
favoured thermodynamically, as is

- evident from the large negative values of

. B the standard free energy change for the
‘over-all- reactions,. In the series,
methane, ethane, hexene, normal hexans,
and npormal ocfene, the free energy.
ehange becomes more negative with the |

10 size of the molecule so that the forma-

- Hon of higher members of the series is’
guite feasible.
atmospheric pressure, ib- should  be
possible to obiain any of the paraffin-

" 15 hydrocarbons by reduction - of carbon

mpnoxide in the preseuce of appropriate

- ¢otalysts. - The walidity of ibis con-
clusion has been.-éonfirmed by the izola-
#ion and identification .of some of the

20 reachion . produets - which included

. practically all the- members of the
-aliphatic series from. ethane to heclo-

" pentacontane (CopH). & o
~ An objeet of fhis invention iz to

25 increase the yield of hydrocarbang having

more than ome carbon atom per molecule.

in “the hydrogenation. of . carbon
monoxide; - . ‘

‘Another object is to synthetically pro-

duee normally liguid hydrocarborns boil-
ing within the gasoline range by the

" inferaction of ‘hydrogenh and carbon

monoxide in the presence of a suitable

- synthesis catalyst.

g

The present "invention: comprises. &
‘process for the synthesis of hydrocarbons
having more than one carbon atonm. in the
molecule ".which comprises Teacting
tbydrogen with carhon monoxide at a tem-
perature sueh that hydroearbons are
produced and at a pressure of from 15 to
2000 p.s.i.g. in the presence of a catulyst
comprising a metal from Growp VIIT of
thie periodic table and introducing into
the reaction zone g hydrocarbon fraction
* boiling between 25°. and” 200° . and
. comprising siraight andfor - branched
ghain saturafed- or unsaturated liydro-
- earbons, said-hydroearbon fraction being
wholly in the vapour phase under the
conditiong of fhe Teaction. ~ 1 T
© The hydrocarbon intraduced into fhe
Teaction zonpe- comprises. a_  hydroearbon
heying not lesy than 5 carbon atoms per
moleculé. and nof more than 12 earbon
atoms per molecule, Preferably, the
hydrocarbon is an unsaturated aliphatie
hydrocarbon, such a8 “a ‘hexere, -a-
heptene, or an actene. . The hydrocarbon -
may be introduced alone or in admixture”

40

50
)

80

hydrocarbon iz introduced ‘as- a-hydro-
carbon mixfure, preferably the mixture
comprises .a predominantly olefinic
85 hydrocarbon fraction boiling within the

At about 800> C., and -

- rather than as a Hquid.

-tion without

with other bydrocarboms.” ~'When the norn
“preferred embodiment of this invertion

range between 26 and 200° C., such as a
fraction obtained from g refinery crack-
ing process.

Althgugh the hydrocarbon may be

introduced info the reaction zone as a 70

“Hauid, conditions of temperature and
‘pressure are maintained in the resction

zone such thaf all of the hydroearbon is
volatilized and passes through the
reaction zome as a vapour with the
hydrogen and carbon monoxide. Im
some 1instances it may bhe desirable to
introduce the hydrocarbon into the
reaction zone directly as a vapour.

- The hydrocarbon may be injected into
the reaction sgone separately or in
admixfure with the hydrogen aud carbon
monoxide.” Multipoint injection of the
hydrocarbon separately into the reaction
zone along the pafh of.flow of the
reactapts is within the scope of #his
invention. The manner of infroducing
tie hydrocarbon or mixture of hydro-
carbons into the reaction zone is not con-
sidered, limiting, bui the hydrocarbon is
present in the reaction zome as a. vapour

76
80
86

a0

The exaect mechanism of the reactions -
involved by the presence of the hydro-- -
carhon is mnot definitely known. How- 95
ever, when using an unsaturated hydro- -
garbon, the unsaturated hydrodarbon
probably reacts. with ~the normally
gaséous hydrocarbons formed in the

‘reaction zome to produce heavier hydro-100
.carhons as is evidenced by the inecreased

vield of heavier hydrocarhons. The rese-
tion may he that of alkylation, or
conjunct polymerization, or both. Never-
theless, the presence of a relatively heavy 105
hydrocarbon in the reaction zone, whether
saturated or unsaturated, results in a |
substantially increased wield of heavier
hydrocarbons, especially wormally lifuid
bydrocarboms.  The addifion of such a I10
hydrocarbon io the gynthesis reaction does

nob consume any substantial amount of
hydrogen, and thus the conswmption of

-bydrogen is ‘not ipereased above that

consumed by the normal synthesis reac- 115
the addition of tha hydro- -
carbon. o oo -
An effinent is withdrawn froni the reac-
tion zone and’products of the - process
separated therefrom. oot
Tt has been found that the reintroduo-
tion of an intermediate fraction separated
from:- the total hydrocarbon product of

120

-the synthesis reaetion is partieularly

in increasing’ the yield of 125
normally liguid hydrocarbons, The: -

effective

comprises reacting hydrogen and carbon
monoxide in the reaction zome with a
guitable synthesis cafalyst comprising a 130



metsl of Oroup VIII of the periodic
table under a pressure of. from 16 fo
2000 p.s.i.g. and at'a temperature such
that the hydroearbons having more than
5 one -carbon atom per molecule are

produced, withdrawing an efffuent from

“the reaction zope, and separating’ and,
- retyeling to the reaction zone ot leagt a

— pertion - of the hydrocarbon - product -

boiling within the range between 25 and
200° C.

In general, that portlon of the hydro-

‘carbon product which boils within the
gasoline range is recycled to the reaction
zone. Such a fraction ranges from C;
hydrogcarbons fo ( or G, or even Gm
hydroearbons. From 6 to 7 parts by
weight of recycle to 10 parts of total
hydrocarbon product is recycled.
20 Binece it is preferred. fo ‘introduce .a
hydrocarbon mixtaré which has & sub-
stantial proportion of wnsaturated hydro-
carbons therein, the synthesis reaction is
earried out in such a manner that the
proportion of unsaturated hydrocarbons
formed by the initial interaction of
hydrogen and ecarhon manoxide is rela-
tively - high. The" proportion of -un-
paturated hydrocarbons i1s Influenced by
the catalyst and by the ratm of Tydrogen
to carbon monoxide,

‘The. relative tendency - to form  un-
saturated hydrocarbons in the presence of

various Bynt]lesm catalysts is shown in
Table I below:.

- Cafalyst .
Sinfered Iron Unsaturated .
- Tron - . :
Nickel ) T
. Co'balt-T]mna,
Rutheninm

15

[~
cn

30

35
Tamim T,

Saturated ..
Sintered irgn._ or an iron 'cél;talyét is
preferred as the synthesis catalyst fo be
45 used-in effecting the formation of hydro-

carbons  from Tydrogen - and . carbon
manom&e when - a&d;‘umnal hydrucarbom

635,219 S 3

are introduced into the reaction zone,

Upon use the catalyst may decrease in
activity as the result of the deposition of §p
sarbonaceous deposits thereom. Regenera-
tion of the cafalyst may be achieved in
the conventional manmer, such as by
treatment with hydmgen a:!: elevated
temperatures, 1]

A melar ratio of hydrogen to carbon
monoxzide between-3 to 1 and about 1 o 1
is used in effecting the synthesis reastion.
However, since a. decrease—m ‘the “amount
of hydrogen -present- in the synthesis 60
reaction increases the tendency for the ~
formation of -unsaturated hydrocarbons,

a molar ratlo of hydrogen %o ocarbom - -
mongxide between about 3 to 2 and about
1 to 1 is preferred.-When the feed mixtare 65
containg a ratip of hydzogen to carbon
monoxide within the above-ranges, this
ratic remains substantially conmstant
throughout the reaction. The recyele. or -
introduetion of a hydrocarbon frachieon 70
containing unsaturated hydrocarbons
does not consume appreciable amounts of
hydregen and thus-does Dot effect the
hydrogen to eszbon monexide ratin. -

A space velocity belween 80 and 400
volumes of reactants per wolume of
catalyst per hour is adequate for effect-

78

ing the gynthesis reaction.- Preferably, a

space velocity between 100 -and 200 is
used bui when using a sintered irom 80
catalyst -a space velocify of fresh
reactants as high as 300 o 400 may be
used with a recycle ratio of total effuent
of about 100:1. The resycle or infroduc-
ion of a normally liguid ‘hydrocarbon
fraction Infp the reaction zome does not
appreciably chang'e the space. velocity.
For example; using a space velocity of -

90

86

-about 100, ‘the recycle of o fraction as

prewcmsly ‘deseribed will increase - the
space veloocity to only gbout 1082, -

" Table IT below shows preferrecl tem~
peratures ,and ~ pressures for ~ various
catalysts which may be used in accgrd—
ance with this invention.. -

95
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TABLI} II

Pmmnn RANGES OF OPERA’I:‘EGN oF soum Corrroy. GATALYS—TS FQR THE '
- Pn.om:fc-r:conr or SYNTHEI‘IG Hmmcmons }

i V;Tempamtﬂre ° G,, R Pressure, p 5. 1:,

' .Bmad Ra;ncre Pref. Range - Broad Range Pref Range .

180060 190—210" o TE00 A0
210280 230260 - - 15600~ - -75—ge0’
865850 810930 .- 15 5DO. 3300 o
(180250 .- 190210 - - 1000--2000 1200—1560
: I75-RR0. 190210 U0 15100 ¢ A5—B0 -
175290 . V190810 ¢ 15—100 - 15—59"}"__ :

- 180——200»-", - 15500 -100 .

nother motdification -of the present

A ;mvenhon copiprises separating a hvd:m— -
~“warbon product hoiling above about: 2007

. U from; the syhthesis prodess” and eratls-

Sipg thée same under. kinown “eonditions;”

either- thermally or datalytically. The

T:- ordcked hydricarbon - -fraction - boilibg
aethods known in the arh. 8
-sulphur “may be rem,ove&. 'by salvent._-- o
exiraction -with . an’ =mine  solution.
rOrg'amc sulphur campmmds areé-decom- -
tiom, ~posed in thé presente. of -a -Buifable - :.
--pro&ug'bs tof 7 fhe’ aynﬂlesm “process aré )
chromate -combination, st an ‘elevated - .

_ betweer 25" and 2007 O. is then recycled
“ 1o the: hy&mcarhon slmthesm Teaction zone

. -promote tHe formafion of normally-
. %hg}u& -hydzogarbons: - -In ‘this modiffea- -

ubstantially. 41F of the hy&mca.rbon :

utifizéd. 'and an ineressed yield -.of
normally hqmcl hydrocarbous 1s realized:.-

1 sonie-fhstances,” depending | on Oper--
a:bmg coRditions, the catalyst used, end
the composifion -of the Teoyele fraction,
the 'Qrmaﬂy Hquid bydroearbor produci
~gontain . ufdestrable wunsatwrated -
'caﬂmns ‘TUnder-such Bucumatances

hydrogenated in the conventional manner
o produce a' moTe: saﬁumte(l hydrocarbon

The mg-:dramng d1agram- :

) atma]}y Tepreseiits “apparabus - for a
typmai protess-Tor° ‘thé gynthesis of. bhydro-.

: nbodying the _preSent invention.-

.- In order-that “this. invention may be

4,5 fhore- ‘learly nadeistood- and its’ applic--

Prapess embo&ymg -feginres of the présent
hDIE “will- be:illustrated: Natural
_containing " methane,  steafn  and -

7. and

- §OWECE .are introduced - inko: xeactir 8

" fhrough lites-5,.6 and 7, Tespectively.

; Hydzogen Fanid - ~oarbon mone:n&e are’

G- formed ih Feactor 8 in the. presence of a

Copgcsuitdble - ealylyst; sueh ds  picked, -

_ 'apprcmma‘bely” wtmogpheric pressure’ a,na

-. 8b a’femperature hetween about 700 and :

-7 ahout 800* .. The &fluent from reactor-8 .

: con%ams hydrogen and -derbon monoxide
60 in a: mola:r raincs of a'bout 2 l a.nd abaui:

organic sulphur are remgved. from. fhe

hydrocazhbon produch: - cmay - be [
__synthesized -under resction condibions

- 50 -earbon dioxide obtained: from - suitable” .

0. 5 ‘Eu “about 'L, & ‘mol. per cent lmpu:m

tiea, el as sulphyr. - . - S
Front-feactor 8, the eﬁuent passes te -

gulphur removal unit 12 by ling 9 and. - :

through cooler 11 Both. forgamic: and .65 .

sfffuent " in -unit 12 Dby cunventmnal,

70 7::'_

catalyst,” sueh- asx a cap;uer “oxide-lead - ..

temperatu::e oF about £00° 0. Ths vesult- b
ing hydrogen. sulphide from: the' decoms. = -
_ position is removed by solvent extrastion. - -
The . purified effiuent -of Jydrogen and:
_carbon  moxoxide is then passed 6 hedter -
14°by Line 18- and t]lence i:o :reacto:r 16 80
by lime 15. . - .
In  reastor 16 hy&mcarbnm _are - -;-
slImlar o those previcusly deseribied and -

in the presenve of & suftable catalyst, A 35
hy&mcarbon fraction. , heiling - between. .
. 25% C. and 208" O:-is- introduced dnip. - -

reactor 16 through linss 17,718 and 19,

 This -hydroearbon _ fraction ‘miy _be . 'i
obtained -from. " varinis - BOTUTCER prefer- 9[}

ahly, - hiowever; “the frackion’ is” obtainéd -
hility. réalized;: o hrisf deéseription of'm by -

-separating -a- portion . of -the hydro- .. .' f.-
‘carbon’ product .-of the . proeéss  and
-recycling the same to reactor lt‘r thrgugh - -
Jines 54 -axid 17, 95,
‘Fram redetor 15 am e‘f&uent con‘taam:ng .
hydrocsirbons’ is. passed_fo -cooler 22 ¥ia -

Yine 21 where partial’ Gonaensahou is . L

- eﬁecte& and the condensation is eollected .-
. In_accumulator 23 and discharped there-. 10[}

. from through lne 24. A: portion of the = .
effuent-may be recycled to rémctor 16 -
“via: line 20, if-desired. This- condensate. = -
comprises ~ heavy . hydrocarbons - and
waxes. The temjpera.im.re of #he efiuent 105
gase.s Ieavmt, reaetor 16 bi-) abcmt 200° e -
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and cooling the geses to about 150° O,
is sufficient to accomplish the degree of
partial eondensation desired in accumu-
 lator 28, Uncondensed gases from agcu-
# mmuiator 23 are pagsed ko cooling fower
27 by line 28 wherein gases are condensad
by & spray of water which eools them to
about 25° 0. Water and liguid hydro-
carbons are withdrawn from twwer 27
10 through line 29 and are passed fo seftler
31 for a liguid phase separation between
hydrocarbons and wajer. . ;
- TUncondensed gases leave seftler 31
__ through line 32 and pass to mineral seal
i5 oil absorber 33. Retovery of propane,

butane -and heavier hydrocarbons is -

effected in absorber 33 by absorplion of
these hydrocarbons in mineral seal oil'in
. the conventional manner. The hydro-
20 carbon rich-mineral seal oil is withdrawn
from the lower portion of abgorber 83 and
is passed to & stripping column 86 via
ling 84. Light “hydrocarbons, such as
_ propane, bubane,.ete., are stripped from
95 the mineral seal oil by lowering the pres-
gure ‘or heating in stripping columm 36.
Recovered: hydrocarbons from sizipping
columnn 86 aré pessed via line 88 and
condenser 89 fo accumulator 41. Stripped
30 mineral seal ¢il ds recireulated - to
absorber- 33 by means of line 42. Light
gasey guch as hydrogen, methane, carhon
monoxide, are removed from ghaorber 83
through line 43 and discarded or used -as.
35 fusl, if desired. These gases riay also be
poased to "o second dnd smaller- reactor
{nof shown) for the conversion of the
remaining hydrogen axnd carbon monexide

to hydrocarbons, o L
40 Ldiguid hydrocarbons from sefiler 81
and accimulator 41 are passed via lines
46, 47 and 48 io fractionator 49 wherein
desired . produets are separated and
_recovered. Tight gases ate withdrawn
Ag from  fractionator 49  throigh-line 5I.
Bydrocarbons boiling befween 25 and
200° C. are withdrawn through line 52
for procéssing into = finished gasoline,
and heavier hydroearbons builing =bove
50 about 200° C. are removed by Line 53. A
portion of fhe fraction separated which
boils befween 25 and 200° C. is recycled
to reactor 16 through lines 54 and 17 o
prompte’ the yield of normally lignid:
55 hydroearbons formed by the hydrogena-

fion of the carbon monoxide. Tf desired, -

a portian or all of the Meavier . hydro-
carbonsboiling above 200° “C. may be
passed to cracking wunit 57 where. the
60 heavier hydrocarbons are thermslly ' or
" cotalytically cracked, under appropriate
condriions known in fthe arh, fo lighter
hydrocarbons, uswally clefinic  hydro-
... carhons, boiling in o ronge between 25
85 and 200% C: From eracking unit 57, this

light hydrocarbon; fraction is then passed
to reactor 16 through lines 58, 54 and 17
to promote the yield of normally liguid
hydrocarbons. Beth -hydrocarbon irae-
fons from line 52 and line 58 may be 7D
introduced simhultaneously info reactor
16, or eifher of .the Iracfions may be
gufficient zlone; thus, either oms or both
of the fractions may be introduced info
resctor 16. A portion or all of the ¥5
efluent from- exacking wumit 57 may he
discharged from the system through line
59 for osher uses o further treatment, if
desired. - T :
o ExampiBs - - 80
The following examples illustrate the
nitlify and advantages of recyeling a
portion of the -synthesis product to the
reaction zone.: Exawmple I -shows ‘the
synthesis of hydrocarbons from 100 85
litres of wsynthesis gas- compriging
hydrogen and carbon monozide in the
presence of  a  cobali-thoria cafalyst
withont reeycling or introducing a hydzo-
carbon into the reaction zone ag described 9o
to-this.invention: '

PLE 1.
_ EENDITIONS'.T-, 00211
¢ MolarratioofTH,: CO=2:
Feed Stuc]g: { 100 'EJE‘BS 'D:E ga‘:ﬂz . 95
Temperature ..~ - - 2007 G,

Preggure - - -, “ =

- : 100 p.aig.
Space. Velocity. - -~ - 100 = -

HyorocarBON PrRODUCT,

.. Componends -Weight'l% 100
Hydrocarbons ‘boiling below - -
- S ¢ A
Hydroearbons boiling betweex =~
S 25° and 200°-C0 - - 58 -
Liguid . hydrocarbens beiling - 108
above 200° 0. - -, . 84 :
Woxes = - - - -+ 8
' 100

Aﬁcaélyéis §£ ]iqﬁ'id- fraction boiling below 110

- Total unsaturates, 50% =
Yield: 6 ec. -of hydrocarbons hoiling
7 between 25° and 200° C. -per
- 100. litres of synfhesis ‘gas. - 115

‘Total  hydrocarbons above ethané™ in

_eﬂueﬁt—.:_ﬁﬁ wgt. % .

Brample II shows the results obbain-
able in fhe presence of 3 ‘cobalt-thoria 120

-cabalyst when_an iutermediate ~fraction

boiling between 25 and 200° €. is separ-
ated from the hydrocarbon preduct and
is recycled to fhe ‘reactior Zome wunder

%:'_L_n;_ilar'_rea_cﬁon conditions as in Example 125

Cmedy s e aa

B e e i e et 1

1,
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"5 - CoWprirows:. -

- et Tt - o Molarratio of Hy: 00=211
T EeedStupkr____{ 100:Litres of gas .
- : - -~ Temperature - .- - .200°°G. .
; STt Pressare < -0 = = 100 posiicg.
& Spage Yeloelty”. - - == 100 .

i .~ Recyele of 25—200" €.7: - - U
Mo.emn S0 o fraghion . - w= <4 - Volumes-of -
: o S ©zeeycle per

. where i 18

" ing from the e_fﬂuént'é, hydmca.r}.m-ji frac- -
tion boiling between 25° and 200° C.-and

- eomprising straight “andfor  braniched -
" ... - chain _saturated or -unsatursted hydro-

-carbons, and-reeycling ak leagt a portion 63 -
“of said- fracHon to the reactiom =zome
present wholly in the vapour
phase, - . LT T T e
- .8 A modification of the process dccdrds-

" 100volimes ing to-élaim 2, in which the. Tecyeled 70-
of.feed - fraction is obtained by sobjécting to
- -cracking conditions a. fraction boiling

Hy&mca:];qubmhng “balow_-
ool 5% 0L < e S

" Hiydroparbons boiling bebween - - - .
St amd 2007 O, - - 60

Hydvocarbons: -boiling ‘abave - .
3'20_0“2. Com wresi2 = 7289

: *Tield: 10- ev of hydvocarhons boiling
: - 7 hetween" 25, eand 200* C. pro-
; -1 duced- per 100 litres of synthesis -
gas T T

2 -Ij;_:l,a-;e-vitiéﬁﬁ,Vitijl;.éi;éfbrfé,_-;]-l_a,fthe -J:e_c.jrcié N
- of = hydrocarbon fraciion increases.tlie
= yield of nofmally liquid- hydrocarbons -as:

much: ag 66% “oramore.—- . S0
. Haying tiow partignlarly deseribed and
80 agcerfained. the ‘nature of-out said inven-
© ton and-in what mammer the same is to
‘bé’ performed, . we- @eclars that what we
celafm dgnie oo 0 T s oo
- - =l ‘A process for the synthesis of hydro.
. .carbons-having -more -thwi - one -carbon
Jatom in. the melecule- which . Gomprises
eacting Mydrogen with caThon, nienexide
--ab &’ femperdture sueh thut hydroearbons
. are prodiged and’ 4t 2 pressure of from -
015 -to 2000 p.aip: in the presence of &
T -eatalyst comprising a metal from Group
‘VIII of the péricdic-table.and intredue-
1g-intg-the reaction zonk -5 hydricarbon.-
L -fraction hoiling: befween 25° and. 20070
. #b: and: comprising straight and for branched
. chamn saturated -or ; unsafurated hydro-
-+ .caxbois; paid hydrecarbon. fraction being
“wholly_in the vepovy plese under the
- -condjtions of the Teaetion, ” -~ -7 T
U7 .2 A "'process for s the mynthesis -of
" hormally ~ liguid . hydroearbons
 hydrogen and. garbom ‘miomixide whieh
- eomprises . reacting .- - hydtogen - and
.~ edrbon: ‘monoexide. - m - the“presence of
-85 7a _‘cafalyst domprising- a- metal: from
- Group VIIL ‘of the “patiodic ‘table af a
" . pressure.of from 15 402000 p.sig. and -
- af a femperature 3% which normally liguid
" hydrochrbons aie formed; withdrawing an

', : Btuﬂk Lo
T T
‘ Dol Components” -7 Weight 1%

. -afed

. -synthesis

from -

60, effluent fromthe resction Zoxs; separai-

_above 200° C. separated from fhe with- - _
. drgwn-efffnent, - - -7
-4 A process-dccording.-to. either of 75
-claimg & or-8, whick compriscs reeycling .
“befween 5 and 7 parts by weight of separ-
hydrocarhons per 10 -parts of fotal -
hydrocarhons produet.. .- - - T -7
_-0. A ‘process aceording fo any one of 80
~ihe preceding claims, in which the frag- .
tion introduced into the reaction zeme - -
" eoInpriges . hydrocarhor having not less -
than: & and not more than 12 earbon atoms -
per moleculs; P R - |/ T
6. A yrocess according o any ome of . -
- the preceding claimg, in which the frae- .=
tipn infroduced futo said reactipp zone is-
an ungaturgled aliphatic hydrosarbon. - -
- 1.°A process mecording o elaim 6; in 90 -
-which fhe -fraetion 35 predomimantly =
tolefinie. - o L T T -
8. A procesy ‘acéording to any ome of
the preceding- claims,” which “comprises - - .
- reacting hydrogen and carbom Thonoxide 95 .
in the reaction zone in the. presemce of .
the synthesis catalyst containing iron of )

: . cobalf,. at g pressure between 16.and 500 - -

pounds per square inch gauge, maintain- _ -:

- "ing the molar ratic of hydrogen to @arbqn-"if}l)}"

mornoxide ‘betwetn- 8:2. and 1:1;" and :
-maintaining a space veloelty between 100 | .-
Jand 150, - D -
.9 A proedss according 4o claim 8,0 -
which comprises’ reaciing the hydrogen 105 :
‘dnd carbon Mmonoxide in the reaction"zone

" in the -presence of zn-ironm synthesis -

catalysk at .
~and 280 C: oLl - :
- 10. A ypricess: according. to claim 8, 110~
which comprises reaciing fhe hydrogem .-
and carhoxt monoxide in the reaction zome

in the - presence “of a. 'sintered irph

5is - catalyst at” “a - femperature.
befween 265 and 350" C... .. . - -
AL A £ 7 claine 8,

a femperaturs between - 210

115 :-
Pproecess according “to 8,
which- comprises reacting -the hydrogen - -
~and carbon monoxide in the reaction zome -
in.- the™ presence of ° & . cobalt-thoria =
_synthesis- catalyst at a temperafure 120 -
Jbetween 180 and 250°°C, - U
+ol2. The processes for the synthesis of -
hydrocarbone substantially as sét forth
in Example IL. "~ - -~ S0
18. Hydrocarhons ™ whenever “prepared 125 -
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by a process zecording to any one of the Dafed the 28th- day of -August, 1946.
- preceding claima. ] - - Fer: - N L
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