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Improvements in or relating te Methods of Producing
Hydrocarbon Oils from Gaseous Mixztures of Hydrogen
and Carbon Monoxide o

We, Sywrirrrc (nns Loarren, a British
Company, of 3l, East Street, Epsom, in
the County of Surrey, WiLLlay WEsaL1EY

wMynorerow, a British Subject, of 3,
5 Woodlands A vemus, New Malden, i the
County of Surrey, aud ALFRID AvUguUsT
Arcumg, o British Subject, of 22, Holland
Avenne, Wimbledon, in the County of
Svrrey, do hercby feclare the pature nf

I8 thiz invention fo be as follows:—

This invention relates to the conduct of
syhthesizing reaetions for the productivn
ot hydrocarbon oils from pgassoms miz.
tures containing hydrogen and carbom

15 monexide in the presence of o catalyst,
and hag for ifs object to effect improve-
ments in methods involving such reac-
tioms, angd in partienlar o increage the
length of the rup during which a given

20 yield of hydrocarbon oils can Dbe wmain-
tained at a substantiaily comstant level,
to reduce or eliminafe fog formation in
the products of Tesclion and to prolong
the life of the calalysh.

The normal procedure in  establishing
the conditiong is to adjust tha through-
put, for a given compesition of the initial
gay mixture and volume of eatalyst space
so ns to oblain maximum yield within

80 the desired temperature ranpge which in
its turn depends largely on the desired
aature of the synthelic product, This con-
dition might Tbe tsrmed maximum
efficiency of the reaction.

Now we have found that working at or
near condifions of maximum cfficiency
hag serioms drawbacks, In the first place,
snch condifions cannot be maintained for
s sufficicntly long period for economie

40 efficiency. Tn the sccond place, quantities
of for are formed in the maseous preduct
and are found in the gas emerging from
the coolers after troatment. This fog has
hitherto necessitated special freslment of

4h the for-hearing gas for its removal, as for
axample by the wse of an electrieal pre-
ripitator. Awnd in the third place, the
getive Tife of the ceafalyst is sirictly
limited.

B0 Wea have found, and this forms the

[Price 1f-]

basis of the present invention, that all
these drawhbecks can be substantnlly
mitigated by intenticvally reslricting the
rate of yicld, that is to say by adfusting
the working eonditions, and particulazly 8¢
the temperature so.as to {41l shord of the
condition of maximum efficiency.

According to the nvention, in a method
of the kind referved to, the rate of yield
of liquwid hydrocarbons is restricted to 60
such a degree that for each cubic metre of
entalysl spaee there is produced, per hour,
between seven and twelve litres of liguid
hydroearhons. . .

Tt will be appreciated that within the €5
terms of the ahove definition of the re-
strictien in the rale of yield, the yield,
when expressed in termus of the gas input
muy  vary . within fauly wide limuis,
according 1o the cowipasition of the initial 70
oua mixture;:the veloeity of the gaz fow
and the working lgmperature,  Broedly
speaking, the velo#ity of gas flow can nob
be ineraaded beyond g certain aptimmm
value without loss of efficiemcy, for a T
given pland, end; dgs alresdy mentioned,
the {emperature rutige is also determined
by etwternal . eonsiderations and particu-

larly by the desived natare of fhe syn-

thetic product. “To all intenls and pux- 80
poses, therefors, it 1s by suifably adjust-
ing the rate of inpwt of the initisl gas
mixture and the temperature of the reac-
ton space within the wiven limiis tha{ the
rate of vield of the liquid hydvorarbons 55
ig restrieted o conform tu the terms of
the above definition:

At a vield, for example of 0.75 gallon
per 1000 eubic feej of blue water gas
{ealonlated as inert free sng), which cama 90
within the speciffed limils of the yield:

catalyst space velationship, the period

during whick this ¥ield was mainfained
was more thenl three times az long os the ©
period for which ‘a:iyield of .85 gallon $0
could be fuintaimeéd, while fog was pre-
sent in negligibla amounis vequiving na
apecial treatment for fog vemowal, and

the oheerved life of the cafalyst. with
perindieal fushing 9 the catalyst cham- 100
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ber with hydrogen at intervals of approxi-
mately ten days to remove wax deposit,
wag at least six monghs, '

Ag ig well Tmown in the art, the ca_f.a}-'

5 lyst suffers a gradunl reduciion in weids
vity, which becomes apprecinble uff
several days condinuous working, and -iv
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boiling water under pressure.
The catalyst vessel way divided into twe
parts, sa that gas partially trenled in the
dirst pawh or stage was cotﬁe& fu vondense
Lewvy uil and wax before it was passed

hag been proposed iv perivdivally reaetiz’

vate the catalyst by flushing the catalyst

18 chamber with hydrogen or o gas mixture
rich in hydregen and voninining no more
than traces of oxides of earhon, .

This replacement of the gas stream

by,

- hydrogen ur a hydrogen-bearing gas is,

15 normally necessury at very shor

inter---
vals if high yields are 1o be achicved, fox

exumple 2t daily intervals in zome vases. .

Moreover, alter longer pevinds, Hushing
with hydrowen no longer serves to restare
activity completely, and recourse has been
had to extraction of wax from the cata~
lyst by means of & solvent, The intervals
belween the hydrogen flushes are deter-
nined by the vise 1n temperature of the
resction which accompanies the reduce.

20

flon in the activity of the catalyst and

the fant that the woarking temperature
range has an upper limit beyond which

it is not desirable to allow the temperg-.
During the life of the catd=.
smeressive -,

fwtshes tend to become shorter, while the =
; .was teplaced Dy a current of hydrogen

30

ture fo rise.
Ivst, the intervals belween

duration of the flushes for effevtive’ re-.

getivetion inereases and the recovery
an
tivation by hydrogen flushing ceases tn
be economical. The expedient of vestriet-

ing the rate of vield of the hydrocarbui

temperature rises, nntil aventually’ reae-

produet secording to the present inven-

40 tion has the great adventage thet it em-’

ghles an improvement te be achieved in
al] these respects. -
Thus, for etample, 2 prolonged active
- life of catalyst and the ofher advantages
45 set forth are secured by admitiing wafer
ﬁas guitally purified to the catalyst cham-
er heated to a temperature at which very
Hitle resetion belween carbon monoxide
and hydrogen occurs, setfing Lhe gy flow
50 to between 70t and 80 normul volunies per
unit volume of catalyst space per hour
and then slowly adjusting the fempera.
ture, nntil o vield of approximately B.75
gallon of liquid hydrocarhon per 1000
55 cubie feet of inert free gas is obiained.~
“In a preferred mods of carrying out th

invention, the catalyst vessel was.an an-.

nutar space, the outer wall of which was

snrromnded, by o cooling surface kept-at

60 n uniform femperature by cizeulation ‘ef

‘i,

‘eoofing jacket.

Cinto the secund purt or stage, The cooling
v iratam
“df the exathermiec reaction of s
“woy suel that vapour produced
poration of ihe cooling li(}luid was passed 7

o caxry away the leat
thesis
Y-

designe

from the npper end uf the system to a

* condenser and re-heafed hefore reudmis-
‘gion ak the lower end at practically the

sempernture of the boiling liquid in the
The lemporatave of the
Toiling liguid was regulated by udjusting
the pressure under which it was main-
tuined in a hoiling conditiowu,

The gas was admitted to the first stage
at a rate of uypxwimafely 734 wolumes
meagured at N.T.P. per unit volume of
catalyst space per hour.

65
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The temperature of the conling liquid ©

was slowly raised until affer from eight
to tem days the yields of liguid kydro-
earbeng in the combined operation of the
two stages was approximately 0.75 gallon
per 1,000 eubic feet of ineyl free water
ops. The temperafure was further slowly

_taised dwring the following week o len

days e waintain this yield,
* At the end of this period the gas flow

flowing at approximately the same rate as
‘the water gas.

“The' tsem%eratm'e of the eooling liguid
was raised by from ten to twenty-five de-
grecs centigrade during the pussage of

Lydrogen for six or seven hours.

CThergafter the temperatmre of the
cooling liguid was lowered to a point
about which the first dow of water gas
Lad been admitted, and the cyele was
repeated.

Sucoceding flushes with hydrogen were
lengthened unti] finally a period of from
two to three dayy was reac]imd.

Considerable amounts of wax were rc-
meved from the catalyst by the hydrogen
gtream,

* . The observed life of the entalyst under
the conditions deseribed was nt {be mini-
mum six menths,

Trated this 14th day of January, 1941,

: A, A THORNTON,

#' . (hartered Patent Agents,

7. Tesew Sireet, Strend, Tondon, W.C.2,
. Tor the Applicants.
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COMPLETE SPECIFICATION
Improvements in or relating to Methods of Froducing
Hydrocarbon Oils from Gaseous Mixiures of Hydrogen
and Carbon Monoxide

We, Sywrracic O1os LIMITED, a British
{Company, of 31, East Stivet, Ipsom, 1
the County of Surrey, Wirrisw WIareEy
Myvpisros, o British Subiea-t, of 8,

5 Wondlands Avenue, New Malden, in the
County of Surrey, and ALFRED ATUGTUST
Azvmsg, o British Subject, of 22, Helland
Avcnue, Wimbleden, in the County of
Surrey, do hercby declare the nature of

10 thiy inveption and in what manner the
same is to he perfermed, to be particu.
Iarly described and ascertainad in and by
the following stafement:—

Tihis invention relates to the conduct of

15 synthesising reactiofy for the production
of hydrocarbon oils from gaseows mis-
tures containing hydrogen and carbon
menoxide in fhe présence of a catolyst,
and has for its ohject to effect improve-
ments in metheds Invelving such reaes
tions, and in partieunlar to inervense the
length of the rum clm'incTr twhich a piven
yiefd of hydrocurbon oils can bhe main.
tained b a substantially covstant level
25 with consequent prolonmation of the life

of the catalyst and to reduee or eliminate

fog formation in the products of reaction.

The chvious and natural Frncedure- in
patablishing the conditions for reactions

30 of the kind with which this invenlivn is
voucerned is, of course, to adjust the
through-put vf the gas being freated for
u given composition of the initiel gas mix.
ture and volume of catalyst spuce so as to

95 obizin theorvetical yield of liguid hydre-
carbons per unit volume of gay treated,
within the desired [lemperaturs range
which in its turn depends largely on the
desired nature of the Hiquid hydrocarbou

40 product. This eondition moight he dermed
maximum efliciency of the reaction.

Tt is to be borne in mind that by vary-
ing the conditicns of opermtion synthesis
can be made to yield products which are

45 substantially gosecus, substantdally liguid
or substautially solid. Bach of these
groups will econtain o relatively large
number of different hydrocarbons some
suturated or parafin_ hydrocarbons and

b6 some nusaturaled or oiefine hydrocarhons.
The proportion of olefined will depend
upon such eonditions us gas flow and tem-
perpture. For exarople in the case wilth
which our imvention is domcerned where

85 ligwid hydrocarbons are being formed the
temperature and gas flow muay be such thad
the product confaine 509, olefines. By

20

-amd alf

reducing the gas flow the proportion of
olefines would be reduced and might fall
as low a5 10%. At the same rates of gas 60
flow und at slightly higher temperature
the proportion of olefines would be higher.

TE{: yield' of liquid hydrocarbons that
vy be obtained from a unit volome of 2
gus of definite composition will depend 66
ujon the prc-ﬁm't-iun of vlefines in {he pre-
duet. The theoretical yield should there.
fore be related to the romposition of the
product it Is desired to obfain. In the
present case the theoretical yield is laken 70
to be the gquantity of liquid product wb-
tained if reaction was carried out under
ennditions of maximum efficioney and the
gas mixturs were converted as completely
as possible. 75

Thuy hy:the expression * theoretical
yield ' we mean the yield which would
be oblained 1f the reaction be carried ont
nnder "condifions of maximum -efficiency
the: catbon mencedde or all the 80
hydrogen, in.the gaseous mixture was con-
verted iote liguid hydeocarbong end the
inert constithents together with the sur-
plus hydrogén or carbon monexide passed
away as'pad. - - 85

Now we have found that working at or
near comdilions'of maximum efficiency
hag serious drawbucks, Lo the first place,
such eonditions’cannot be maintained for
o sufficiently long period for ecomomie 90
eflicienty. %n the sceond place, guangi-
ties of fop axs formed in the gaseous pro-
duet and are found in the gas emerging
from the coolers after treatment. And in
the third place, the aetive life of the eata- 95
lyst is strictly limited.

We have found. and this forms the basls
of the present invention, that nil fhese
drawhacks ‘can he substantially mitigated
by intenfionally restricting the rate of
vield, that.is 1o say by edjusiing the
working conditions in the reaction cham-
Trer or chambers rand particnlarly the tem-
perature und velocily of gos flow sp that
they fall ‘shoriof the condition for mexi- 105
mur. effeiensy.”

The présent invention consisis therefore
of & method- ¢fproducing hydrocarbon
vils by catalytin synthesls from ensecus
mizturss . of hydrogen and carbon mon- 110
oxide nocording to which the rate of flow
of the gas through {he reaction appara
tus gnd the redaction temperature or tem:
perstures avege adjusted that the vield

100
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of liguid hydrosarbon produets resulting

$rom the treatment of o given volume of

gus 1s substantially below the theoretical

yield, the unreacted carbon monoxide and
5 hydrogen passing away.

The exhausht or waste gases eonfaining
the moreacted carbon monoxide and
hydrogen may, of course, be subjected te
furthey treatment if desired,

10 The temperaturc limits for camvying
aut; the synthesis by mesns of o co%?ﬂt—
thoria cutalyst sre roughly 1756° C. te

220° C. K
Burly in the life of the calalyst a work-
15 ing temperature at the lower end of the

range will be effective, but ag the catalyst

ages then the working temperature will.

require toi be raised in the diveclion of the
upper limit,

20 In ike process as defined by this inven~
tion reaction is started at ay low g tem-
perature as possible within the limits
stated. The rule of gus flow is then ad-
justed to between 70 and 80 volumes per

25 unit volume of eatalyst space per hour—
ingtead of the usual 100 volumes—ip the
case of blue water gus conteIning 12%
inerts. In other words the rate of gas
flow is adjusted so that between [16.5 and

80 18.8 volumea of available earhon men-
oxide are admitied per unib volume of
ratalyst  spaee er howr. The

volume of awai]:ﬂ?le rarhon

85 of eazbon monoexide asseciated with twiee
iis volume of hydrogen. Thus il the gds
acntaing U0 419 and H, 47%, the avail-
able earbom monoxide ia 47/2<=28.5%.

parbons is measured over a period of
severa] houra.

The temperature may then be slowly
ralsed until the yield amounis io nol move

45 than 80% of the theoretical vield per unit
volume of gag admitted, the carbon mon-
oxide and hydrogen which has not re-
acted passing eway for further treatment
if desired,

50  The yield may be reduced o a total of
50 of the theareticn] yield with advan-
tage in so far as the operative life of the
catalyst is concerned but the vost of the
gas may make it desirable to sacrifice

60 some proportion of the active working
perdod by approaching the higher limit of
1ald. e

Thereafer the temperature is adjusted
from time to time to maintain the yield

60 at the selected value, fen

As before indicated we have found that
the advantages of our invention are aft

tained if the rata of gag fow through the

catalyst space be resivicted {o helween 70
66 and 8 gas volumes per unit volume of

. Hguid  hydroearbons,
~theoretical -yield were obfained, the yield 75
“ofliquid hydrocarbons would be 20.5
litres per cubie melre of eatelyst space

mon:’
oxides may be defined as the volume:

shrieted fo such a degree that only
744612 Hires of hydrovarben liguid pro-
When the gas flow has been adjusted:

40 in this way the yvield of liquid hydzo--

eatalyst space per hour when the gas mix.
ture 1y blue water gas containing 12% in-
erts. the gas volume were maintained
ot the usual 100 volumeys per unit volwme
of catalyst space per hour and the fem-
peratura was so adjusted by ral<ing It 1o
the point that the reactants in the gas
mixture were completely eomverted intn
i that is i the

70

per-hoar, or 23.3 litres ecaleulated on in-
ert free gas.

- By reducing the flow to 75 gas volumey 84
and Yy lowering the temperature so thafl
the thecretical yield of liguid hydro-
carbone is ohtained from a given volume

-of o3, the theoretieal yicld would be ex-

pressible as 15,4 litres per cubic metre of 88
catalyst space per hour.  According {0
our invention the yield is restricted helow
this theoretical yield.

It may be mentioned in pessing that
ware the mas inert fres the ralio of gas 90
flow would be restrieted to between 60 and
70 volumes per unit volume of eatalyst
sice PEr DOWT.

" Tha order of resiriciivn contemplated
is from % tu 509% or thereabont. That {3 95
to say, to take the ome particular ex-
ainple, where the thegretivel yield of
hydracarbon products is 154 1ifres for
adrch metre of cutalyst space in the reac~

“tion-chamhber, satisfastory results wil] be 100

ohtdined ii the yield iz deliberately re-
some

duct'is prodneed. Thatiz to say the con-

teriplated restriction is from 20% to 50%. 105
T other words, the yield aimed ai should

be from 80% to 509 of the {fhecretical

yield, :
<Phe production of the theovetical or
near theoretical yield per unif volume of
#as iy found to result 1n an appreciable
tempervature gradient in the ecatalyss;
under these eonditions the eatalyst which
corpes into contact with fresh ges emter-
ing the vessel tends {o allain o high tem-
perature and fhere Is a lendemey for a
hot spoi or zone to develop. In order
that the highest tempernture reached in

110

“ths ho$ spot shall not lead {0 wndesirable

veactions in which the wield of lguid 120
hydrocarbong would be reduced by the for-
mation of methane and carbon dioxide it
26 necessary  while  meinlaining  the
theordticil yield fo limit the genera] tem-
‘erture and rate of gas low so that a con- 132
siderable quaniity of catalyst below the

kot zune 13 ab o temperature below that at

which efficlent reaction fakes place.

o Phere 1s thus brought abont condition

it which the catalyst near the gas inlet 180
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performs & much greater amouni of work
volume for volume than entalyst in zones
move remote from the %as inlet. As a con-
sequence of this the effiviency of the pro-
b cess is rapidly reduced hecause of ihe re-
duced yield per unit volume of catalyst
per hour and hecsuse of the relatively
rapid breskdown in the activity of the
overloaded eatalyst in the gas inlet zone,

10 The procedure we have found to lead
to a prolonged period of efficient wetivity
of the cafalyst is so to adjumst the tew-
peraturs and gas Huw that the work per-
formed by the catalyst volume for volume

15 iy fairly uniformly distributed through-
oub the mass of the catalyst,

T+ will be appreciated from the fove-
roing that in subsiunce the invention has
the effect of deliberately restricting the

20 work load imposed on the catelyst, and at
the same time the yield per unit volume
of gng treated is below theoretical.

f‘n multi-stage processes of the charac-
ter to which this invention relates it has

25 already been suggested to avoid mazi-
mum sonversion in the first or earlier
stages of treatment but to operate wnder
maximum onipub coaditions in the final
stage so as to give complebe ¢omversion of

80 the reactants as (ke final result, It is char-
acteristic of the present invendion that
the rate of yield ig restrieted substan-
tially in the final stuge also jn cdges
where conversion is effected in siages.

35 That is to say, in the practice of ihe pre-
gent invention, fhe provess may be carrie
out in more than ome stage but only in
gtich manner fkat in the fingl result sub-
stantially less than the comiplete canver-

40 sion of 1']13 reactants iz achieved.

Ag i well known in the art, the cale
lyst anffers a_gradual reducfion in actis
vity, which begomes appreciuble after
severs] days continuous working, snd it

4b hag been proposed periedically to reacdl-
vate the catalyst by fushing the catalyst
vhamber with hydrogen or a gas mixture
rich in hydvogen and containing na more
than traces of oxides of carbom,

50  This veplacement of the ges stream Ly
hydrogen or & hydrogen-beoring gas is
normally necessary ad very sbort infervals
i hich yielde ave to be achisved, for ex-
ample ar daily intervels in some cascs.

55 Moreover, after Jonger periods, flushing
with hydrogen no longer serves to restors
activity eompletely, and Tecourse has
boen had to exiraction of wax from the
catalysy by means of s solvent, The in-

80 tervals bebween the hydrogen fushes are
determined by the rise in temperature of
the reacton which always aceoupanies
the reduetion it the activity of the cate-
lyet and the fact that the working fem-

66 perwture runge has au upper Hinit Beyond

which it iz not desizable to alfow the tem-
peratura tw rise. Durig the life of the
catalyst, the intervals between suecessive
flushes tend to become shorter, while the
duration of the fiushes for effeclive reavti- 70
vation increuses and the recovery tem-
perature rises, wutil eventually reactiva-
fion by hydiogen Aushing ceuses to e
seonomical. E’e‘ mpodient of restricting
the rate of yield of the hydrecarbon pro- 78
duct according to Ghe present invention
hay the great advantage that it enables an
improvement to be achieved in all these
respects, L

Phus, for examplé, a prolonged active 80
life of catalyst and olher advantages
set forth are seeured by admibling water
gas suitably purified te the catalyst
chamber heated $o a femperature at
which very little reaction betWeen carbon 85
wonoxide and hydrogen ocems, seffing

the flow of the gas (including fhe inerts  ®

which probably smount to some 129} to
hetweer T0 and 30 wormal volumes per
unit volums of ecatalyst apace per hour B
and then slowly adjusting the témpera-
ture, until a yicld o approximately G.139

to 0.140 litres of Mguid hydrvcarbon per
cuhic metre of inertifree gos iy obtained,

e against a yield of 0.29% per litre which 85
is theoretically ohtainable. ‘

To vne sucbessful -experiment cairied
out aceording’ to the invention, the eata-
lyst vessel was un wonulor space, the
outer wall of which was surrounded by a 100
cooling surface keptiat a wniform tem-
perature by . ciréwlagion of vigorously
boiling water under. pressurc. The eata-
Lyst vessel was divided into two pards, sv

‘that gay partially treated in the first part 105

or gtage was cooled to condense heavy oil
and wax before it was passed into the
second part or stage. The cooling sys-
tern designed to carry away the hsat of
the exothermis reaction of synthesis was 110
such that vapour preduced by svapora-
tion of the cooling liquid sas passed from
the npper end of fhe system to o conden-
ger and re-headed before readmission at
the lower end at practically the fempera- 116
ture of the boiling liguid In the cooling
%'aelc_et. The temperature of the hoiling
iquid was. regulsted Dby adjusting the
ressure under which:1t was meintained
in g boiling conditics, -

The gas was admittéd fo 1 two-stage
apparatus at’ e rate of approximately 73
volume mebgured ati W.T.Y. per unit
volume af catalyst space per hour.

The temperatiic ‘of the coaling lruid 123
was slowly raised wntil atber from cight to
ten days the yield ofliguid hydrocarbons
in the combined- operation of the two
gtages was approximalbely the desired

0,185 to 0040 litres per cubje metre of 130
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inert. free water gus. The fewperaiure
was further slowly zuised during the ful-
lcf\xliélp; week or ten days to maintain fhis
yield.
5 At the end of this perivd the yus How
wag replaced by a cwrrent of hydrogen
flowing at approximately the same rite
a3 the waler gas,
The temperature of the covling liguid
10 was radsed by from ten to fwenty-five de-
grees centrigrade during the passage of
bydregen for six or seven hours.
Thereatter the temperature of the voul-
ing liguid was lowered o a poing ubuut
15 which the first Low of watcr gas had heen
afmitted, and the eyele was repeated,
Suereading flushes with hydrogen Were
lengthengd uwundil finally a period of {rom
two to three doys was reached.
g8 Considerable amounts of wax were re-
moved from the catalyst by the hydrogen
? stream. .
The observed working life of the vata-
lyst under the conditicns deseribed was
2h nine months, .
Although it has heen mentioned abuve

of catalyet space per Lour of the urder vt

from 209% to 80% of the theoretical yield.
30 is contemplated for practical operation—- -

that is fo say the yield showdd ant o-
dinarily be more than 8[]1‘%6 ur less thal
a9 ot the theuvretical yield—fhese
figures arc nob to be taken as of limiting
35 effect a3 a somewhal lower rate of yield re-
striction muy be to some extent effec-
tive.
An important advantage of the inven-
tiva i3 that il enables the amcunt ot cool-
4 ing surface in rclabion to catalyst space
0 be substantially reduced. For example,
whereas, with the normal methed of
operation, a coeling area of 187 syuare
metres per cubic metre of catalyst space
45 twas regarded as Necessury, whoen working
according to the method of the present
invention, satisfaclory vcooling wus at-

tained with the cooling aven reduced fo.

113 square metres per cubie metye of eatu-

50 Iyst space,
T+ is to be noted that this inveniion iy
solely roncerned with the production of
hydrocarbon oily from gaseons mixiures

in direct coutact with the cetalyst andiis

65 therefore nol concerned  with reactions
where the reaction takes place in an oil
medium or with reactions for the pradie-
tian. of selig hydrocarbons,

Nor is it suggested that there huve nul

60 Leen vhses in the past with rewctions of
this pedaral type, where analyses liave
shown that the ronversien of the gax hns
heen incomplete, © .

Tharthiless there Bavd Teen wany such

Gh ases, hut the reshrietions of el in

Ahese cuses have been purely furtuitous

and, did not lead to the advanfages de-
tived from the present invention, sines
other conditionys such as high gas fow and

high. yield per volume of catalyst space 70

per Lour were such as to render the ad-

vantages of the present invenlion unah
iainable.

We are, of eourse, aware that n the
specificution of ovur prior FPabent No. 75
509,325 it was mentioned that a conveni-
ent gaa veloeity for that reaction was be-
twecn 78 and 100 gas volumes per volume
of cafalyst spaece per hour.  There wax,
hiowever, in that ease o suggestion of re- B0
girieting vield and, moreover, it is esseR
tial to the present invemiion that the
velocity of gas flow must be ub the lower
end of the forepouine range and wouid
never axceed 80 wolumes per volume of 85
calulyst space per hour.

. Having now particudarly deseribed and
ageertained the mature of our seid inven-

ion and in whet manuer the same is to

be performed, we declare thai what we 90

. tlalin is e
that a Imitation of yield per unit volume -

- A-method of producing liguid hydre-
ou vils by cptelytic synihesiz from

.garedus mixtures of hydrogen and varboy
movoxide according to which the rate of B

flowvf the gas throngh the reaction appa-
ratus o Jivech confact with the eatalysi,
and- the reaction temperature or tempera-

_tures:are a0 adjusted that the yield of

Liguid hydrocarbon  products resulting 100
from the tresiment of a given volume o%

gai is substanbially belew the theorelical
yield, the unvearted hydrogen and carbon
monaxide pasging away; whereby the
Yenwth of the run of the renction during 105
which a given yield of the hydrocarbon

0il can he wainteined af o substantially
constant level iz indreased and the life

of the catalyst prolonged.

2. A method of praducing hydrocurbon 110
ails according to Olaim 1, wherein the
vicld s so restricted that it falls below the
{Feorelical yield by from 20% to 509. -

- -8 -A method of producing hydrecarbon

-6ils by cutalytic synthesis according 1o 115
CClaiin 1, from blue water gas containing

npt moere’ than 12% inerts and using a

» cohall-thoria catalyst, according to which

theirate of flow of the gas throngh the
citalyst space is restricted tn between 70 120

And 80 volumes per unil volume of eata-
Jyateapice per hour and the temperaturs

of e reaction is maluteined ‘helwesn
A% G and 2207 C.

i, A method of produeing hydrocazhon 1286
uile- by eutalytic synthesis aeeording to
(aim } from blue water gax regarded as
inert eas, acaording fo which the rate of
flow of the oas thiough the eatalysd space

i vectrioted to helween 60 to 70 volunes 180
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stantially as speocified, . = el

Reference bag been directed, in pursu-
ance of Section 7, sab-scetion (4, of the
Petents and Designs Acts, 1907 o 1842,
o Specifieations No. #18,472 and 507,306,
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