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An Improved Hydrocarbon Synthesis Process

Wa, Stawpsarp O DEVELOFMENT
Coupaxy, a onrporation duly organised
and existing under the laws of the State
of Delawure, United Siates of Amerien,
having an office at Elizabeth, New Jersey,
United States of America, do herely
declure the nature of this invention, an
in what manner the same is to be per-
formed, to be partioufarly deseribad and
ascertained in and by the following state-
mend ¢ =—

The present invention is concerned with
an improved hydrocarbon synthesis pro-
cess. The invention is more partienlarly
directed fo an improved hydroearbon
avnthesis process in which the composi-
tivn of the synthesis gar s controllad
within eriticai limits fo yecure a minimum
deprsition of carbon and g maximum pro-

duetion of desired hydrocarhon and
oxygengted hydrooarbon  constituemts.
The invention iz more parlicularly

direcied to a process wherein muses con-
taining methane are converted ta produce
a svnthesia feed gus of a critical composi-
tinm. This ronversion can be effected by
oxifation of methane with water and
carbon diexide nver an oxidation catalyst
or by diveel oxidalion of methane with air
or oxygen with or without an oxifation
eatalyst.” Tn accordance with our inven~

tien, the compnsition of the synthesis feed

gus is_vontrolled so that the mol. ratio
of hydrogen to carbop monexide is not

Tess than 8 to 1 und is preferably in the

range from 4 to 8, to 1. Simultansously
the conventration of the carhom dicxide
is maintained at a relatively high level =0
thyt the mol. ratic of hydrogen minus
rarbon dioxide over earhon monoxide plus
carbon dioxide is equal o or less than 2
and is preferably not over 1.5.

T6 is well known in the art to eonduch
hydrocarbon synthesis reactions by con-
tactine hvdrogen and oxides of earhon
with aatalysts under various temperaiure
and pressure conditioms. The catalyst
employed is usnally selected from the iron
metels, as for example, irom,

[Prics 2]-]

cobalt, and nickel.  The catalysts are
utilized either alone or on suitable
earriers, such as kieselguhr, diatomacenns
earth, synthetic- gels, siliea and alumina.
Promaters suck aa oxides of chromium,
zine, alnminwm, magnesium,
metals und the rare earth metals ars used
with the iron group metals. 'These cata-
lystz are employed either in fixed-bed or
in fuid catalyst operations. In fuid
operalions the cafalyst generally com-
Prises puriicles having particle sizcs-in
the range from:0 to 200 mierons and
higher..” These particles are maintained
in & fluid ¢bullient bed by means of up-
fewing wases the velocity of which is in
the range from .1 to 5.0 ft. per secoud.

TLe {emperature emyployed in: the syn-
thesis reaction vary widely. as for
axample, in the range from nhout 300° .
to gbout 800° ¥, and are generally in ths
range from about 860° F. to-about 7507
¥. The pressures Iikewise vary consider-
ably and are a funclion of other operat-
ing conditions, suck ag catalyst employed,
activity of the catalyst, oharacter of the
feed mases, and. the temperabures
utilized.  Pressures In the range from
abomt 1 to 100 and higher atmospheres
have been sugeested. Phe character of
the feed gases introdiced intn the syn-
thesia reaction zone depends somewhet on
the partievlar témperatures and pressires
and upon. the eatelyst etuployed.

Our invention is particularly concernsd
with the production of .a mixiure of
hydrogen end carbon monoxide from
hydrocarbony,  partieularly methane or
from natural ‘as whieh is. particularly
sdapted for “use in & Lydrocazbon syn-
thesis resction. One method for the pro-
duction of such mixtures consisis of
nxidizing the methene with » sultable
axidation catalynt.
such & conversion comprises 279 nickel
oxide and 8% magnesium oxide on
leaolin.  Nickel om other supports has
also been found {o be satisfactory. This

reaction is generslly conducted by pass.

A typical eatalyst for
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ing the hydroeathon . gas wmixed with
steam and earbon dioxide in suitable pro-
porlions over the catalyst at temperatures
from about 13007 T1 1o about 1600° T
Tha rativs of carbon diexide tn methazne
and steam to methane in the feed are
adjusted to prodnee the desired composi-
tion of grseous product, For examyple, to
produce 2 gas coninining hydrogen and
carbon monoxids in the ratio of 2f1 ai
1500° F. o puitable ratio of stesm 1o
methune iz 1.3 when the corbon dioxide
to methane ratio is 0.68, With o feed
misture of this composition there is suffi-
clent excess oxymen to prevent depesition
o} carbon on the catalyst. In another
process for producing mixtures of hydro-
gen aud enrbon monoxide, methane is
oxidized directly with pure oxygen using
mol, ratins of oxyren to melhane hetween
0.7:1 and 1.1:1 ot temperatures of ahout
2000 F. tu 2400° F. with or without the
addition of water and carbon dioxide.
Either of the above nrethods of producing
hydrogen and corbon monoxide or any
other snitalle method may be nsed in con-
junetion with our invention, :

We have now discoverad that pro-
viding the character. of the feed
svnfhesis masss i comfrolled im
aceordance  with ewr inventlom, wun-
expected desirable . results are secured
in that carbon deposition is minimizerl
and thot conversion and selectivities are
increazed. Selectivity. is here defined
a3 the fraction of the--synthesis gas
consumed which preduces desiruble pro-
dacts such . as  hydrocarhons having
three and four curbon yloms in the mole-
rtle and heavier hydrovurbons and
oxygonated hydroearbons such as aleohols,
Lketones, and acids.

Tn accordance with our invention; +re
control the ratio of hydrogen {o corbon
moneside n the synthesis gas at nof less
than 310 1 on-a meleenlar ratio and pre-
ferably 4 to 6 mols. of hydrogen per maol.
of carbon monoxide. Simultonously, in
ueeordapee  with obr proeess, we nain-
tain a relatively high- comcentration of
rarhon . dioxide.  The conceniration -of
("(), is adjusted so that the anel. ratio of
hydrogen wminus ecarbon diuxide over
varbon monoxide plus carbem dioxide is
at or below 2 und preferably not in excess
of 1.5, . - <o .

The process of our inventivn may Le
rendily undersioed by reference to Figures
1 and 2 of the accompanying drawing.
Referring specificallv {o Figure 1, in the
synfhesis of hydrosarhons it is sometimes
advaningreous io recireulate-some of the
nnronverted gases  tn - the synthesis
reactor. The compesition of the feed to
the reactor iz therefore in this case

4G9, methane,

dependent upon the composition of the
exit gas and the composition of the fresh
synthesis gas. Iurthermors, it is desir-
ahle to consider the composition of this
feed mixturs after it has come to equi-
librium with respect o the water-gas shifi
reactlon as follows:

C0,+ H,=H.0+ CO

On the abscissa of Figure 1 is shown the
ratig of H,/CO in various feed mixtures,
As the above equilibration hags taken place
the ordinate gllow,s ihe rate of carhon
deposition whick took place when syn-
thesis wns cffected with these various fecd
mixtures. It is evident from Iigure 1
thot the rate of carbon deposition
increases critically - helow hydrogen o
carbon dioxide ratios of 3 and particularly
at ratios of 2.5 and lower., High earbon
deposition is of courge extremely dele-
terious to the provess. The points desige
nated by solid cireles in Figure 1 show
operations in which the H./CO yatio in
the totel feed' was ~maiptained high
theough the addition of waler diractly te
the aynthesis reactor. - This process has
the offect of decrpasing. the carbon furma-
tiofn but had the disadvantage of decreas-
ing the activity -of the synihesis catalysts
a0 that conversions of E-}-CO on the
order of 60 lo 889% were -obtained. . The
points designated as open' squares show
operations in which the H,[CO palic was
maintzined high by the process described
in. this invention wherein the madio

. CHL-C0, -
E  C0+00,.

wos meintained from 15 % 2.0. . In these

operations the H,+ GO -conversion was

fram 97 to 98%.- .
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In order to further-illustrate our inven~ 105

fion, an embodiment of the same is shown
in Figure 2. TFeed gases comprising
hrdracarhons, water-and carbon diexide
are intreduced info -conversion zone {10}
by means pf-lines. (1), {2) and (5) respac-
tively. These feed gases may econtain
fromm about 30 fo -50% methane, from
about 20 to 60% carhon dioxide, and from
ebout- 20 10 60% steam. A typical rom-
position of g smtahle feed for produeing
desirable synthesis grs _comprises .about
109 steam - and. - 20%
carbon  dioxide. Conversion zone -(10)

110

116

contains am- - oxidizing  catalyst, us for .

example, mickel, The operafion is con-
ducted af o femperature in the range from
about 1300° -F. to. 16007 T. with fced
rates frem 60 ta 500 volumes wmelbane or
equivalent per volume of vatayst per hour.

120
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Aller o sufficient time of contaet to
gecure the desired reaction, reaction gases
are withdrawn from conversion zoue (10)
by meons of line (4) and introduced
into converter zone {20). The gases
withdrawn from conversion zone (10j
comprise gases having a hydrogen can-
centration in the range from about 40%
to 66%', n carbon mouoxide coneentrativn
in the range from about 45 io 30%, a
carbon dioxide concentration in the range
from abeut 0.1 to 10%, and a nifrogen
concentration in the range from aboub
0 to DY%.

Steam: or water is introduced inte vop-
verting zone (20) by mesns of line (5).
The temperaiure is maintuined in the
range from 8007 1o 1000° ¥., {ihe pres-
gures in the range from 1 to 100 atne-
spheres snd 2 to 10 times the theoretical
amount of water employed. The catalyst
wsed may he red iron oxide in auy suit-
able form. Aftar a suilicient time of con~
tact, the goses are withdrawn from con-
verting zone (20) by means of line (6) and
introduced  inte synthesis zone  (30)
wherein the goses are confacted with o
suitable Aynthesis catalyst, us for
exainple, a metal selected from the iron
group, The preferred ratalysh comprises
fron. Temperature and pressure condi-
tions in synthesis zone (30} are main-
tained nt o level to secure lhe desived
reaction. To goneral, with iron eatalysts

the temyerature.ﬂi are in the range from 36
500° to 760° F. and the pressures from 1M1
to 50 atmospheres.  Synthesis produets
are withdrawn frem gome (3() by means
of line {9) and handled in any mamner
desirable, Tt is suinetimes advantageous
to recirculate nnreacted synthesis grs in
whieh case part of the gas stream leaving
synthesis zone (4)) through line (9) wili
be sepurated lrom water and lquid hydro.
carhons and returned to the inlet of syn-
thesis mome {(80). In sone operaiions 1t
may be desirable tn recirrulate exit gases
from line (9) fv the conversion zone (103,
Line (7) and wvalve (8) are provided lo
by-pass converter zome (20) which by-puss
line may be utilized to securs the desired
analysis in the feed gases to zome (30).
Tn oxder to further illnsirate our inven-
tion the following example is piven:

40

50

o
o

Exovrrw 1.

Twu operations were made employing
vurying iypes of synthesis feed pas. In
Operation A synthesis gos comprising
hydrogen fo carbon monoxide in the mol.
ratin of 2 to 1 was employed. Tn Opera-
tHionm B o feed onmprising hydrogen to
carbon menoxide in 2 mol. ratio of 4 to
1 was employed. TFurthermore, the feed
gas contnined 16% cerbon dioxide, The
resulis of the respective operations ure us 85
follows : —

60

) _ . Operation
Yresh Teed lo Bynthesis Reactor oA B
W, % - - - = = = - =~ - = - 88 64
T A T - 16
COL% - =~ = = ~ = = == = - -9 1a -
CH, N, %ete. - - - - - =~ = =~ - "4 4
H,-CO,
I T ¥ 16
Q0+ CO,
H,jCO - - - - - - - = = = - 2.0 4.0
Yynthesis Tempernture, "F. -~ - - = = - 650 650
Synthesis Press., Atms, « = - - - = - 28 a8
H,+C0 Conversion - - - - - - = 7 a85.0 9¥.5
Ultimate yields per culic meter of Lydrogen and '
varhon moenexide consumed L
ce. O+ HG s+ W Oxy Cpds.* - - - - - 264 2681
ce, O, + HG'a+ WS Oxy Cpds.® « = -7 - = 219 229
eo O, HCs - - & = = = = & 158 .184
Water soluble osygenated componnds by difference 45

a8

(i, and hewvier hydrocarbons plus water soluble oxygenated componnds -

"
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TFrom the above date it is evident that
a synithesis ges of the ordinary composi=
tipn in which {he raiic of hydrogen io
carhen dioxide is 2 to 1 such as would
be made by oxidizing methune over nickel
catalyst vr by burning wmethape with
oxygen pives  yields, partieularly of Ca
und “heavier plus ““ alcohols and acids
which are inferfor to thuse obtained in
Operation B, In Operation B the leed
gas was of u composition which is
obtainedl by our invention as shown in
Figure 2.

Exaapis 2.

Our invention ig further illustrated by
the fellowing typical gas composifions
and 2 method of preparing the same. The
particular gas composition deseribed is the
one employed in Operation B of _]_Exa-mple
1. The following gas composition was
introdueed inte a conversion furnace con-
taining nickel catalyst. The femperature
nf the furnace was 1530° F. and {he pres-
sure was ahout 2 atmospheres.

CH, 36.8
CO. 18.0
"d 862
N 8.0

The gas leaving the conversion furnace.
after condensation of the water had the
following composiiion.

Cco, 6%
Hn 6(}%
00 30%
N, 5%

A portion of this gas, emounting o 429,
was passed through a converier-furnace
together with excess steam to yrodgesna-
gus which, when dried, consists -of 20 %~
C0.; 899 H. and 4% N,.- This -was
mixed with the remainder of the gas from
the reformer to produce the desived mix-
ture of the tollowing composition. - -

co, 16% - - - -

G4%,
O 16% -~ -
N, 4%

Having now particularly described and
ascertained the nature of ouf said Inven--
tion, and in what manner the same is to
he perfarmed, we declare that what we
elaim is:1— -

1. An improved process for the syn-
(hesis of lhydrocarbons containing three
and more carbon stoms in the moleanle
which comprises introducing into a syn-
thesis reaction zone a feed mixiura com-
prising carbon monoxide and hydrogen,
zaid Feed mixture being characterizeq in

that the ratio of hydragen to carbon mon- 60
oxide is not less than 8 mols of hydrogen
per mol, of carbon monexide, snid feed
mixiure also being characterized in that
the concentration of the carbon dioxide

is maintained et a relatively high Ievel 85
so thet the mol. ratio of hydrogen minus
carbon dioxide over carhon monoxide plus
carhon dioxide is not in excess of 2, and
maintaining said reaction gone a% a tem-
pereture and pressure adapled to produce 70
the desired synthesig rezction.

2, A 7precess gecerding to Claim 1
wherein the mol. radio of hydrogen to
carbon monoxide iy in {he range from 4 ¢
mols of hydrogen to 6 mels of hydrogen 75
per mol. of carbon monozide.

3. A wvroeess necording to Claim I
wherein the mol ratlv of hydrogen to
carbon monoxide is in the range from
4 mols of hydrogen to G mols of hydrogen 80
per mol, of carbon monexide, and wherein
the concentration of ecarbon dioxide is
mainteined st a reletively high level ao
that the ratio of hydrogen minus earbon
dioxide over carbon monoxide plus carbem 85
diozide, is not in excess of 1.5, -

4. An improved process for the syne
thesis af hydrocarhons which coraprises
oxidizing hydrocarbon, mixture containing
methane under conditions to  prodwee 90
pases comprising esthon thonoxide and
hydrogen, segregaiing & portion of said
product gases and passing the smmne with
steam 1o a converter fwrmace, removing
the reaction gases from the converter fur- 05
nage and recombining the gome with said
produet gases, adjusting operating cons

- difions so that the mol. ratio of hydrogen

to carbon monoxide in the mized siream is

it the range-from 4-imole. of hydrogen 100
t¢ 6 mols.- of hydrogen per mol, of carbon
munoxide-and that the conceniration of
the earhon divxide is at a relatively high -
level go that the ratio of hydropen mioms
enrbon dioxide over earbon moenoxide plns 105
carbon dioxide is not greater than 1.5,
introducing seid mixed gas strewm into a
Iiydrocarhon, synthesis reaction zome con- ~
tnining an iron type ecatalyst, maintain-
ing said bydrocaxbonr synthesis reaction 110
gone at temperatures and pressures
adapted to secure synthesls and removing
synthesis producls therefrom.

"5, A process according to Claim 4
wherein foadd eatalyst in said hydruearbon 115
synthesis resction sgone comprises a
fiuidized iron ealolyst. .

8. A process according fo Claim 4
wherein sald convarter furnzes is main-
tained af a temperature’in the range from 129
about 800° F. to 1000% T, amd wherein

. 2"%0 10 times the thegretical amount of

steam is employed. :
7. In g hydrocarhon synthesiz reaction
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wherein feed gases comprising hydrogen
and carbon monoxide are contacted with
an iron bype cetalyst the improvement for
inersasing the yield of oxygenated pro-
-8 duets which comprises maintaining the
mol. rativ of hyv.]lmg'en to carbon mon-
oxide not less than 3 mols. of hydrogen
rer mol. of carbon monoxide and
simultuneously maintaining the von-
I centration of t{he earbon dioxide at
a relalively high level so that the mol.
rutio of Lydrogen minus carbon dioxide
over earbon monaxide plus earhon disxide

" is nol more than 2,
16 8. A proesss aceording te Claim 7
whersin the mol. ratio of hydrogen to
carbon monoxide i3 in the range from 4

mals, of hydrogen fo 6 mols. of hydrogen
per mol, of carbon monoxide,

9. A process ‘according to Claim 720
wherein the mol. ratio of hydrogen to
carbon monoxide is in the range from 4
mols. of hydrogen to B mals. of hydrogen
per mol, of sarhen menexide, and wherein
the concentralion ¢f carbon dioxide is 25
maintained at a relatively high level so
that the ratio of hydrogen minus carbon
dinxide over carbon monexide plus carhon
dioxide, 1s not In excess of 1.5,

Dated this 3rd day of Juns, 1947,

D. YOUNG & CO.,
28, Southampten Buildings,
Chancery Lune, London, W.C.2,
Agents for the Applicants.

Leamington Bpa:

Frinted for His Majesty’s Stationery Oifice, by the Courier Prega,~-1040,

Published et The Patent (ffice, 25, Sopthampton Baildings, Londen, W.(.2, from which
oapios, prieo 2p, O0d. ecoh (inlend) 25, 1d, (abroad) may be obisjued.
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