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Improvements in or relating to the Production of Feed Gases
for the Synthesis of Hydrocarbons
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We, Stawpsarp O DEVELOPMENT
Comeany, a Corporation duly organised
and existing nnder the laws of the State
of Delaware, United States of America,
having an office at Linden, New Jersey,
TUnited States of America, do hereby
declare the nature of this invention and
in what manner the same is to_be per-
formed, to be particularly described and
ascertained in and by the following state-
menf:—

The present invention relates to the

. production of Fischer-Tropsch synthesis
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gas mizbures containing carbon mon-
oxide and hydrogen by the oxidation of
hydrocarbons, such as methane. Tm
accordance with the present invention
substantial improvements are seéured by
controlling the character of the catalyst
employed with respect fo the hydrocarbon
feed 1o the process. Furthermore, in
accordanes with this invention substantial
economies are secured by ntilizing s novel
operating technigue wherein the heat
evolved in one reaction zone is economie-
ally utilized in the other. These novel
operating techniques, coordingted with
the control of the catalysts, result in sub-
stantial imprevements 1o a process for the
production of feed gases smitable for »
hydrocarhon syathesis reaction,

This invention iz periicularly con-
cerned with the production of a mixture
of hydrogen and earbon monoxide from
hydrocarbons, particularly methane ox
from matural gas, and consists in oxidiz-
ing the hydrecarbons with a metal oxide.

. This procedmre per se is old in the art.
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For examyple, the use of reduecible metal
oxides, such-as oxides of iron, chromium,
copper, nickel, manganese, and zine for
the oxidation of hydroearbons compris-
ing methans te produce hydrogen and
oxides of carbom, particelarly carbon
monoxide has previously been disclosed,
These reactions are generally conducted
ab temperatures in the range from about
950° to about 1000* O. and the preferred

[Price 2[-]

metal oxide i3 zine exide which is vsed in
a. quantity of one mol of oxide per atom
of earbon to be oxidized.

The present invention employs s cata-
lyst comprising irom, cobalt or nickel, or
mixtures thereof with or without zine and
it has been found that providing the
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character of such catalyst is controlled .

within the reaction zone, i.e. the zone
wherein the synthesis gases are produced
from the hydrocarhon fuel, unexpectedly
desirably resulis are obtained. According
to the invention the character of the cata-
lyst in the reacion zone is controlled in
such 5. manney that the greater propor-
tion thereof iz in the form of metal.
Further & relatively small percentage of
the catalyst in the reaction zone is passed
to an oxidation zone and oxidized catalyst
is withdrawn therefrom and recycled to
the reaction zone iz an amount substanti-
ally stoichiometriezlly equivalent to the
hydrocarbon feed to the reaction zone, so

80

65

70

as to provide in the reacltion zone one -

atom of oxygen combined as reducible
metal oxide per atom of carbon, The
important thing about the chemistry of
the process with which the inveniion is
concerned is the fact that when a hydre-
carbon gas or vapor, such as methane,
reacts with a reducible metal oxide, such
ag FeQ, both of two reactions .oecur.
These reactions are as follows:—

1. FeQ +CH,——=C0+2H,+Fe

2. 2Fe0 +.CH,——=C0,+2H, +2Fe

The first reaction is where one mol of
iron oxide reacts with one moel of methane
to form CQ and two mols of hydrogen and
the second reaction is where two mols of
iron oxides react with one mol of methane
to form CO, and two mols of hydrogen.
These are relatively slow but the CO,
reacts very rapidly with some of the
hydrogen to form water and more OO0 as
follows ; —

3. C0,+H,——=H,0+C0

Tt is mot desivable that exther water or
€0, should be left in the regultani pre-
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‘duet gas. Iron will not reduce either of
these two gases beyond a certain fraction,
very approximately, 50%. Cousequently,
some ofher means must be employed to
b elimimpate the COQ, and water vapor.
These gases can be eliminated by taking

advantage of the fact that in the follow- .

ing reactions :—
4. C+0——>00
10 5. Fo+0O——>Fe0
6. H, +0——=>H,0

carbon at elevated temperatures has & far-
greater affinity for a single aiom of oxy-""
gen to form TO than the affinity of either

15 iron or of hydrogen for oxygen. Conse-
quently, in any system in which there is
npl an-exeess of one atom of total axygen
for one atom of total corbop these two
slements will be shiained combined ns CO

20 {plus excess carbon, if it be present}, pro-
vided the reaction of formation of CO is
speeded wp by the employment of a cafa-
lyst so that substantial equilibrium is
achieved. ¥u fhe process of the present

25 jnvention it is proposed to. furnish sub-
santially ome ntom of carbon for each
atom of oxygen combived with metal as
redncible oxide entering the reaction
zone. Assuming that the hydrocarbon is

80 methane gnd thai the metal oxide is FeQ
and that there are qne or more mols of
methane for each mel of FeQ entering the
reaction zone, the initial reaction between
this methane and iron oxide will produce

85 some (0, and water vapor and will result,
therefors, in unreapted methane heing
left in the gaseons mixture., To eliminate
the G0, and water vapor, they are reacted
with this unreacted methane. These reae-

40 fions are illustrated as follows:—

Teed 3CH, (at least 8 mols) + 3Fe0
7. CH, +FeO——=00 + 21, +-Te
8. CH,+2Fe0——»C0, + 2H, + 2Fe
9. 00, + H——>CO0-+H0
48  Toreackied (1) CH, of feed,

Reforming reactions :—

1. CH,+ H.0——=00+3H,

11, CH,+ (0, ~—>CO+2H,
These -so-called reforming reactions

B0 however--are very slow umless patalysed
with an efective catalyst. Trom, zine,
pohalt and nickel, are such catalysts, T%
ia, therefore, proposed to admit to the
peapiion. zone. substandially one mol of

58 methane for each FeQ added and provide

in the reaciion zome a large smount of
ackive iran or nickel or equivalent for the
cotiplefion of the desired reaciiom by
catalysis of the reforming reaction, If

80 excess methane relative ‘to the Fel) 8
used, practically all of it will be -cracked
to carbon and-hydrogen. - Tt is clearly
desirable - then %o use stoichiometrical
PropoTHons. : : L

66  In the broad scope of this Invenfion

substantially ome atom of carhon is
admitted for each atom of oxygen com-
bined as reducible metal oxide in the
reaclion zome and in the reaction zone
effective contact of the reacting gases is T0
provided with a very large amount of
metal relative fo the amount enfering
with the hydrocarbon as reducible oxide.

In carrying the invention into practice,

it is preferred to utilize the so-called 75

** fmidized solids ** technigue and in this
ease the amount of reducible metal oxide
present in the reaction zone is negligible.
This iz possible because of the extra-
vrdinarily rapid rate of reaction between 80
the fluidized reducible metal oxide and
the hydrocatbor at the femperatures
employed relative- to the rate of ihe
reforming reaction. _
The process of this invention may be 85
readily understond by reference to ibe
attached drawing illustroting one modi-
fication of the same, Hydvocarbon feed
gases comprising methane are introduced
intd reaction zone (1) by means of line 80
(2). These gases flow upwardly through
reaction zone (1) and contact a fluidized
bed of catalyst having =a well defined
upper level (A). Temperature and pres-
sure-econditions in reaction zome (1) are Bb
maintained in the range fo secure this
desired reaction. The reactant gases
eomprising hydrogen and carbon mon-
oxide are removed overhead from reac-
tion zome (1; by means of line (3) and 100
handled in any manner desirable. Gener-
ally these gases are fed directly to a
hydroearbon syuthesis zome under con-

.ditions t46 prodmee hydrocarbon eon-

stifuents, 105
. In accordanes with the process of this
invention a relatively large volume of
fluidized catalyst is maintained in reae-
tion zone (1). For the purpose of illustra-
tion- it iz assumed that the eatalyst in 110
reaction zone (1} comprises an iron type
estalyst. In accordance with this inven-
tion the iron type eatalyst or at least the
greafest proportior of said eatalyst is
maintained 1n the reaction zome in-the 115
form of metallic iron. This is accom-
plished by withdrawing from reaction
zone {1) a relatively small proportion of
the eatalyst by means of line {4; and pass-
ing the same to oxidation zome (5). In 1920
oxidation zome (5) the relatively small
proportion of the iron eatalyst whieh was
withdrawn is oxidizéed by meaws of an
oxygen containing gas or pure oxygen
which is introduesd into oxidation zone 195
{5) by meons of line (6}. For the purpose

_of Hllustration it is assumed thai the oxy-
‘gen containing gas infrodneed by means
- of line (6) comprises air. The combustion

gases are withdrawn from zome (&) by 130
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means of line (7) and disposed of in any
manner desirable. The fAuidized oxidized
catalyst i3 removed from zone (5) by
means of Hne (3) and mixed with addn-

b tional feed hydrocarbons which are infro-
duced by means of line (9) in sufficient
amounts to maintain the catalystin a fAuid-
ized gtate. The fluidized catalyst, together
with the additional feed hydroearbons

10 eomprising methane are returned to reac-
tion_zome (1) by meang of line (10). .

In accordance with the preferred modi-
fication of this invention, the heat evolved
in reackion zone (5) ig absorbed in # trane-

15 fer medium and is transferred by the
medium, to the gas producing zmome (1).
For the purpose .of illugiration W 1s
assumed that the transfer medivm com-
prises a fused salt circulating system.

20 The heat evolved in reactiom zome (5) is
utilized to heat the salt in zone (11). The
fused salf is removed from zonme (5) by
means of line (12) and passed through
gone (13) in zone (1). The salt is_cooled

28 and the heat is ytilized in the endothermic
regction oceurring in reaction zeme (1),
"The relatively cool fused salt is passed:
surge tank (14) and then refurned o zone
(11 by means of line (15) and pump (16).

40 The amount of catalyst malntained
the fermm of a metfal in the reaction zone
may vary apﬁreciabl%. In general, it is
preferred to have at least 70%, and pre-
ferably 00 to 95%, of the catalyst in the

35 form of a metal, ) .

A particularly desirable modification
of the invention comprises the use of
mized metals as, for example, nickel and
iron, When operating in this manner it

40 is preferred that approximetely 90 %o
959 of the catalyst by weight be nickel
and that approximately 5 to 10% by
weight of the catalyst comprise irom.
Thus in an operation of this character

45 the irpn functions substaniially as the
oxygen carrier, while the nickel funclions
in the reaction zone as the reforming

- catalyst. A comhination catalyst such as
iron and eobalt muy also be employed.

80 A very desirable catalyst to be used as
deseribed in the present process is to use
a mixture of iron and zine in the propor-
tions of about 90 o 95% zine and from 5
fo 109% iren.

5 The temperatuies maintained in the
reaclion zome may be in the range from
about 1200° F. fo about 2200° F. and
the pressures in the range from 100 te
300 lbs;m{)sq. in. In general, if is pre-

60 ferred that the temperature be in the
range from about 1700° F. o aboub
1900° F. and that the pressure be ahbout
100 1bs.[sq. in. The temperatures main-

.stoichiometrically

"1, wherein the

tained in the oxidation zone are generally
in the range from 1300° T. io 2300° F. Gb
and the pressure about atmospheric. Pre-
ferred temperatuve in the oxidation zome
is about 1800° TF. to 2000° F.

The fused salt or metal circulated may
be any ealf or metal which is liguid at 70
operational temperatures and pressures.
Satisfactory salts are, for example,
sodimm and pofassium nifrates and
nitrites. Suifable metals arve, for

“example, molien sodium, bismuth, lead 70

or tin. :

Having now particularly described and
ascertained the nature of the said imven-
tion and in what manner the same is to
be performed, we declare thai what we 80
claim is:—

1. An improved process for the pro-
duction ¢f gases containing carbon mon-
oxide and hydrogen which eomprises con-
facting in a reachion zome a gaseous 86
bydrocarbon feed with a catalyst
comprising iron, cobalt or nieckel
or mixtures thereof with or without zinc,
maintaining the greater percentage of
said catalyst in the reaction zone in the 82
form of a metal, passing a relatively
small percentage of said catalyst to an
oxidation =zone, withdrawing oxidized
catalyst therefrom and recyeling it to the
reackion zone in an amount substantially 98
equivalent to the
hydrocarbon feed so as to provide in the
reaction zone ome afom of oxygen com-
bined as reducible metal oxide per atom
of carbon.

2. A process in accordance with (laim
whe; the percemtage of catalyst
maintained in the metallic state in the
reaction zone is in the range from 90 to
95%. .

3. A process in accordance with Claim
2, wherein the catalyst is iron and the
amount of iron maintained in the metallic
state is in the range of 90 o 95% of
metallic iron as compared with 5 to 109% 110
of iron oxide.

4. A process  according to Claim I,

100

105

- wherein sdid .catalyst is an iron-nickel

catalyst, preferably containing from 90 to
95% of nickel and from 5 fo 10% of iror 115
by weight.
8. A process in accordance with Claim
1, wherein $he heal evolved from said
catalyst in the oxidation zove, is utilized
in the reaction.zone by means of a heaf 320
transfer medinm.
Dated this 17¢h day of March, 1947,
D. YOUNG & CO.,
28, Southampton Buildings,
Chancery Lane, London, W.C.2,
Agents for the Applicants,

{.eamington Spa: Prinited for His Majesty’s Staiionery Office by the Courier Press~I1950.
Published at The Patent Office, 25, Southampion Buiidings, London, W.C.2, from which
copies, price 2s. 0d, each (inland) 2s. 1d. (abroad) may be oblained,
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[This Drawing is a reproduction of the Original on a reduced, .s'cade]
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