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GOMPLETE SPECIFICATION

Improvements in or relating to Synthesis of Hydrocarbons or
Admixtures thereof with Oxygenated Hydrocarbons

We, Hyprocawson REsEARCH, INC., &
worporaiion organised under the laws of
the State of New Jersey, United States
of Americe, of 115, Broadway, New

b York, 6, State of New York, United
Stales of America (Assignees of WarTen
GusTave Frawerssuse  sud  Epwiy
Movwen Lavie), do hereby declare the
nature of this invention snd in whet

10 manwer the same is to he performed, to
be portioularly described and ascertained
in aund by the following statement:—

The present invemtion relaics fo the
synthesis of hydrocarbona or admixfures

15 thereof with oxygenated hydrocarbons by
the ocatalytic reduction of ecarhan
monoxide with  hydrogen.

More particularly, the present inven-
tion contemplates the eatelytic manu-

20 facture of hydrocarbons, particaliarly
normally liquid hydrosarbons, in. the
prasence of en iron cafalyst at elevated
temperztures in the range of about 500 to
v50° F., cnd under elevated pressures.

25  As hitherto proposed, the process is
usually accompanied by an objectionabls
production of by-praduet earbon dioxide.
The present invention contemplates the
control of earbon dioxide formation so

90 that the carbon monoxide in the feed is
consumed essentially in the formation of
the desired products, and contemplates
also the controlled vonversion of carbon
dioxide inte ueeful products.

85  Tn carrying out the present invention,
a slream of reactant feed gas containing
earhon monoxide, hydrogen and carbon
dioxide is passed in contact with an iron
catalyst under reaction conditions such

40 that at lesst about 8% or more of the
carbon monoxide present in the total feed
gas iz consumed mpon passage through

[Price 2/8]

the eatalyst,

We have discovered that when the total
reackand mizture passing in contact with 40
the catalyst ab appropriate Teaction tem-
perature containz  hydrogenm, carbon
momnoxide, and carbon dioxide in properly
regulated proportions, tha net produoction
of carbon dioxide in the provess is limited &0
to an economical and commercially.
prectical level, Wo have also discoverad
that it is possible, by this regulation to
cause actunl consumption of ecarbon
dioxide in the geaction. Our invention 88
Tesides in reacting feed gas of predeber-
mined composition and at predelermined
temperature effective to comtrel carbon
dioxide formation 28 above,

The total feed gas supplied to the B0
reschion zone most advantageously con-
taine as smgll & concentration of water
vapor as possible. While a gas free from
water vapor is ideal, as & practical master
the lower limit is usnally delermined by 65
the deg‘lI;ee of separation commercially
practicable when condensing and separat-
ing &t temperatuzes and  pressures
economically available. Agcecordingly, the
present invention particularly eontem- 70
plates the use of feed gasas wherein thé
amount vf water.vapor is very minor,
lower, in aoy evont, than about 2 mol
per cent., based on the fotal mels of
hydrogen, carbon monoxide and pcarhon T8
dioxide.

More apecifically, the inveniion con-
templates uso of feed gas comporitions for
which the ratio .of A of the mels of
hydrogen to the mels of carbon monoxide 80
in the feed tp the reactor, the ratio G of
the mols of carbon dioxide to the mols of
carbon monoxide in ithe feed to the
reactor, the ratio G of the mols of earbon

‘.
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dioxide to the mols of carbon monaxide in
the feed tc the reacter, and fSnally the
absolute temperature T of the synthesis

reaotion, sxpressed in degrees Kolvin, ate
selected in such a way that the empirical &
eqUuatlon 1

K =279.80~ (0.J548A — 0.1075G + 0.001612T) 4,

oxsesses a K valoe of 15 or Jess, preferably

ess then 10. In the equation, ¢ is the

10 hase of nuperian logarithms, namsly
2.71828

A seriesof experiments has proved that:. _ .
. ponversion of carbon dioxide to carhen

the value of K is, in first approximalion,
equal to the perceniage of jotal carbon
186 monoxide changed into carbon dipxide,
under gynthesis conditions. The value of

E for any given A, & and T indicales o
what extent snch a conversion of carbon
monoxide to carbon dioxide fakes place;
negative values of K show the extent lo 20
which the Teverss process, namely, a

monoxide, i3 cconrring.
Stated in snother wayi-—

26 . logo(K:+80) = —0.1548A. - 0.1075G — 000151 - logR79.8

whera K, A, G and, T have the same mean-
ings as defined above, and A, G and T
have 1o be selected so 2s to lead to values

of X smaller than 15, preferably emaller

20 than 14. . .
For example, with a feed gas composl-

$ion and 2 reaciion temperature corres-
oonding to a K value of 15, the mneb
carbon dioxido production will epproxi-

85 mate 15 per cent. on the basis of the
earbon. monoxide supplied to the Teactor.
Similarly when the feed gas compusition
and torperature canfoem o a K value of
10, the net production of tarbon dioxide

40 will be abony 10 per cemt., on the same
busia. It is uvsnally preferred, however,

to operate under conditions where the
valna of K is below abont & Wheretéy the

net production of cerbon diexide is

45 restricted to e corresponding low wvalue.

It is to be understood that the foregeing
specific- results contemplate maintenance
of a reasonolly wniform {emperature
throughont the catalyst, with elimination
50 of localized hot spots, and Iigh consump-
tion, of the carbon menoxide fed o the
remotor, preferahly substantially nbove a0
per cent. 'With a-decrease in percentage
conversion of carbon monoxide or sub-
55 stantial temperature variation, the net
produciion of ecarbon dioxide wsuelly
iends to ineresse somewhat above the
optimum above indicated. - :
When it is desired o cffect actual con-
0 sumpiion of carbon dioxide supplied in
the feed gas, conditions of temperature
and feed pas composition are employed
sueh, thatEK in the foregoing eguabion
bes a - predetermined negative value.
§5 Negative values of K indicale the relative
magnitude of the actial net consumption
of corbon dioxide, the consumption of
earhon dpxide heing expressed as a per
cent. of the carbun monoxide fed to the
Y0 reactur. Fxprossing the wcerbon dioxide
in this way permifs using the sams
general formule.

_ Obviously this embodiment of the
invention is of particular adventage in
gituations where a somrce of carbon 78
dicxide is available in addition to the
carbon monoxide mnd hydrogen which
compriacs the fypisal synthesis gas.

Tt 1z important to nole that the fore-
going relationships are effective for 80
optimum resulis when the feed gas com-
prises from about 8 to about 26 mol. per
cent. of carbon mpnoxide, based upon the
total mols of curbon monoxide, carhon

" dioxide and hydrogen preseunt in the feed 85

ges, and tgarﬁcularly where the walua of
A is in the Tange beiween about 2 and
ahout 6.5, more advantagevusly belwecn
the values of ahout 8 and about £.5, and
alzo wherein the value of & is within the 90
hroad rangs from mbont 1 -t about &, and

‘gdvantageously within  the preferred

ra,nge,uf about 2 to about 4 In ather
words, where the constituents of the total
feed gus fall within the forsgoing ranges, 95
the present invention affords 5 reagsonably
precise basia for controlling the extent of
carbon dioxide formation.

TUsmally the walue of A will be greaber
than 2.5, ond the value of G will be 100
greater than 1.6 unless the value of A is
gubstantially abova the minimum. How-
gver, ag wclearly esteblished by the
empiricel equation, inerease in tho value
of G may permit o decrease in the value 106
of A or wivg wverss where equivalent
resnlts ave degived. . .

Maximun production of liguid hydro-
carhons hoiling in approximalely the
motor Easglinc hoiling: range, newally s 110
realized with an operaling temperature in
the range of aboni 800—650° E., and
broadly, from webout B550—TOU T,

depsnding mpon the pariicular catelyst
‘employed, and the other conditions of]115

operation. For exsmple, with = fypical
jron.  ostalyst prometed with minor
quoniities of alumine and pofassivm
oxide, a good operating tempersiure may
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be about 625° F. under a pressure of
abont 200 pounds per square inch gauge.
The eatalyst muy comprise grannlar or
powdered iron suitably arranged in heat

b transfer rela-ti.onshif to apprppriate cool-
ing surfaces adapted to huld the operating
temperature at the desired value. The
catalyst advantageously confains any of
the typical activators or promoters such

tent will be reduced to an incorisequential
value, for exemple, about 0.36 mol pex
cent. A material increase in the water
concentration, above 1.0 per cent., for
example, results iu wn inereased tendency
toward net carbon dioxide formation.
Phe Tesidual vverhead gases from ihe
separation etep constitule the tail gas
stream referred o above which may be
recycled either before or after removal of

45

&4

10 as oo oxide of an alkali metal, and in
addition may vontain oxide of uluminum. nndesired normsally gassous constituenis.
The catalyst may be in the supported or It is nanally desirable from the stand-
unsupported form as desired, although an  point of good utilization of available BB
upsupported type of catalyst is geperally equipment, to limit, in so for as feasible,

15 preferred. In the supported form, the +the proportion of other gnseous oom-
cotalyst may comprise irom, guitably  stituents in the total feed,
reduced and conditioned, together wit By way of example, feed gas containing
the promoter, corried upon siliea gel, carbon menoxide, h gen and carhon 60
diatomaceons earth, or the like. digxide, and less than (K1 per went. of

90 The so-called tail gas from the present waler vopor, is heated to conversion fem-
process or skniler processes, Ay he perature, and passed at a pressure of from
recoverad and recyeled in appropriate 205 to 250 pounds per syuare inch gauge
ratio with Tespect to the hydrogen and in contact with a flwidized iron catalyst 65
vcarbon monoxide feed gases to meeb the of H0 to 400 mesh size, promated with

95 reguirements of the foregoing squation. small amounts of alkali and alumine, in
Tt desirable, 0r mecessary, the tail gasss a reaclion sone ranintained at the texn-
may be conducted throngh any suitabla peratures shown in the following fable.
gas recovery plant whereby o concentrated The teble sumzmarizes seven separate runs, T
carhon dioxide stream is made available showing the mol per cent. of earbon

30 for recyole. . monoxide in the ied gagses, and the

‘As stated abova, it is impnrtant in relalive proportions of bhydrogen and
handling the recyele stream as well as the parbon dioxide o the carbon monoxide.
other rveactant streams, to keep water The table also shows the ap ximate 79
vapar atb 2 low and preferably insipnificant sgrecment of the caleulated value of K,

35 level. Thus, the tail gnses may be on the basis of the feed gas compositions
recaversd by passing the gasiform effluent and tempersture, with the respective
product through = - condenser and velues of ecarbon disxide prodmctzon or
separator fo remove all of the normally comsumption, as the ease may be. More- 80
liquid eonstituents. With condensation over, it gives in each vase the percentage

40 and eeparation af temperatures helow yieldof Livdrocarbons having at least three
100° F. and a pressure of 280 pounds per carbon atoms, on' the basis of the carbon
rquare inch gange, the water vapor con- menoxide fed to the reactor.

a0 Ezamrrms. _

E 2 3 4 . b i 7

GO mol 1% in {otal feed

xay passing to the _
veactor - - -~ - H.§ 168 147 31T 588 122 132

90 - A(H,jCO) - - - 32 &l2 1.27 186 383 3.0 205

G(CO, /00y - - - 227 12 234 0B 5.04 212 212

Temp. “F. - - =~ 643 6456 438 850 Gl8 205 679

E - - - = = 282 95460 82243 3007 1361 1T 3.29

(0, Preduetion of Con- o

05 sumptica. as '% of o

total CO charged - 378 '11.9 213 273 111 124 2.97
Yicld {4, and higher o

hydrocarbons basial% . _

of total CQ charged - T73.1 53.8 401 54.1 87.5 58.1 782
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Comparison of second example with the
Hrst shows that with w deorease in the
. ratio of carbon dioxide to carbon ‘mon-
oxide (G} in the feed gas, oll other
% variables remgining essentially the same,
thers is 6 material increpge in the ned
production of carbon diexide. The third
exampls, contrested with the first, shows
that operation with a lower railo of
hydrogen to carbon monoxide (A), guoh:
that K in the furegoing eguation is omt-~
side the purview of the present invention,
the production of earbon dioxide is
excessive, and the yield of C, and highar
15 hydrocarbens is low. 'The fourth example
also shows excessive production of carhon
dioxidis sod low yield »f hydrocarbuns,
swith tow valnes of both A and (& such that
K iz substentially ahove 16, Aclual con-
sumption. of carbon dioxide is shown in
the fifth example. The sixth and sevénth
examples serve to oompare the general
- affeet of variation i the renchion
temperature. :
25 Tishould be understood that the hydro-
carbon yield referred to in the foregoing
-table inclndes small proportions of oxy-
genated hydrocarboms. -
From the foregoing, i is mpparent that

10

1)

a0
" means for suppressing the nef produclion
of earbon dioxide to low levels below 16
per venb. and preferably below 10 per
gent., and, in Ghe optimum preferred
operation hereunder, nob greater tham 5
per -cent. on the basis of the carbon
monoxide conggmed. ~This is accom-
plished without adversely affecting the
product distribudion o any material
extent, and resulls in a corresponding
overall inuvremse in hydrocarbon pro-
duction. ¥t may, mgrecver, he aceom-
plished withoui great regard te the

the present invention provides an effective

spesific type of hydrocarbonm product
whick i} iz desired to produes.

In gensral, a change in the specific
jrori catalyst employed, the operating
pressure, or the cantact time,  within -
reasonable limits, will camse only minar
variation in desired resulbs. 50

The jnvention may bhe applied o operu-
tions wherein the feed gas is eomtactad

‘with the catalyst in eifher a single sfage,

or in @ pluralily of series stages, with or
without .interstage condepsation  or bb
removal of water vapor andfor Lydre-
earbon. products, In %e:nel'al, the infer-
medinte removal of water vapor betwceen
stages is benefedal.

Obviously many modifications ond 60
variations of the invention s herein-
bafore set forth may be made withoud
deparking from the scope thereof, und
therafore only such Iimitations should he
imposed as are indicated in the wppended 65
claime. ~ . ¥ .

What we elaim i5:—

1. A proeess- for the production of
hydrocazbons or eadmixtures - thereof
with oxygenated hydrocarbons, wherein
reactant gas containing hydeogen, carbon
monoxide and carbon dioxide 1s poased in
contact with sn iron synthesis catalyst in
n. reaction zome maintaived under 2
'%gx&t;jemt‘are of from about 600 v about 75

* F. and u superstmospheric pressure

T8

- effective to oause comsnmption of, ot least,

about 80 per cent. of the earhon monoxide
supplied, with formation of desired
products of reaction, and the products of
reackion. are recovered, charncterised hy
the fact that the total stream of reactant
gas supplied @ @ feed for passage in
contact with the syathesis catalyst
is in conformence with the following
equation:—

B0

85

Jogo(B:+66)= — 0. 1648A:— 0. 10756 — 0.0015127F + log.279.8

where K is less than 15; & is the naperian
loparithmic bese; 2.71828 ; A s
equal to tha ratio of the mols of hydrogen
to the meols of curbon monoxide inthe
feed gas to the reaction zone; G ia the

90

ratio of the mels of carbon dioxide to the

mole of carbon monoxide in the feed gas

85 to the reaction zone; end T is the absolute

tempersture of the synthesis repetion in

degraes Kelvin; oand the producls of

regetion arve separated from the efffuent
pased.

100 2.'A process as defined in’ elaim 1,

wherein the value of K is below about 1.

8. The process o8 defined in claim 1,

whersin the value of X is belpw about 5.

4, A process - for ihe production of

ligdrooarhons or  admiziures thereof
with oxypenated hydrocarbons, wherein
reactant gas containing hydrogen, catbon
wonoxide and cerbon diozide 1s pagsed in
contact with an iron synthesis calalyst in
4 resotion zome maintained wnder a
temperature of from about 500 o sbout
75 F. and a superatmospheric pressure
effevtive to cause comsumption of, at least,
ahout 80 per cent. of the carbon monoxi de '
supplied, with fprmation of desired 116
products of renction, and the preducts of
reactipn are Tecovered, which eomprises
maintaining the relalive woler propor-
tions of hydrogen, ‘carbon monoxide and
cayhon dicxide in epnformance with thel20
following equetion:—

10§

110
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1p

15

Tog(K +00)= —0.1548A:— 0. 1075G - 0.001512T +1og279.8

where K is a negative number; ¢ is the
naperian logarithmie buse, 2.71888 - - - 3
A 13 equal to the ratio of lhe mols of
hydrogen to the mols of carbon monoxide
in the feed wus fo the reaction zane; G is
the ratio of the mols of carbon dioxide to
the mols of carbon monoxide in the feed
gas to the reaction wome; and T is the
absolute temperaturs of the synthesis
reaciion in degrees Kelvin; and the
produets of reaction are separaied from
the effuent gases.

H. The prooess sccording to claim 1,
wherein the mixture of reactant gas
supplicd in rontact with the cadalyst
containa nut above 1.4) mol per cemf. water

vapor.
6. The process according fo claim 1,
whersin the mixbure of reactant pgas

supplied in comtact with the catalyst
pontains water vapor in an amount lower
than 2 per cent, based on the totel mols

of hydrogen, carbon monoxide and carbon
dioxide.

‘7. The provess secording to claim 4,
wherein the mixture of reactant gas
supplied in contacs with the ocatalyst
contains not mbove 1.0 mol per cent.
waler vapor.

8. The process as defined in claim 1,
wherein the said gas contains abount 8 fo
about 26 mol per cent. carbon monoxide
based on the total content of earbon
monoxide, hydrogen and earbon dioxide 35
ond wherein the value of A i between
about 2 and nbout 6.5

For:
BYDROCARBON RESEARCH. TNG.,
Stevens, Lanpner, Parry & Bollinson,
Chartersd Patent Agents,

5/9, Quality Court, Chancery Lane,
Tondun, W.C.2, and af
120, East 41st Street, New York, 17,
New York, U.S.A.
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