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COMPLETE SPECIFICATION

A Method for the Production of Industrial Mixtures of Carbon
Monoxide and Hydrogen

We, Stavparp O DuvenorMEnT CoM-
PANY, a corporation duly organised and
existing under the laws of the State of
Delaware, Tnited States of America, hav-

5 ing an office at Elizabeth, New J ersey,
United States of America, do hereby de-
elare the nature of this invention and in
what manner the same is to be performed,
to- be particularly deseribed and. ascer-

10 tained-in and by the following state-
ment; -

The present invention is directed to 2
method for producing industrial mixtures

. of carbon monoxide and hydrogen, More

15 specifically, the invention contemplates
the production of sueh a mixture in suit-
able proportions for use in the production
of liquid rydrocarbons by what is known
as_the Fischer-Tropsch Synthesis.

20 Tn the production of industrial mixtures
of carbon monoxide and hydrogen, one of
the most serious problems is to produce
such a mixture free from substantial
amounts of contaminants, such as carbon

2 dioxide, nitrogen, methane, and the like.
It hag been proposed to produce such mix-
sures by burning a hydrocarbon, such as
methane, with pure oxygen. This, of
course, creates immediately the problem

30 of producing the pure oxygen in an econ-
omical manner.

Tt has also been proposed o react hydro-
earhons, such as methane, with metal
oxides wnder eonditions under which the

30 metal oxide will give up some of its
oxygen. Ordinarily this procedure in-
volves difficult couwtrol problems because
of the tendency of the reaction to go to-
ward the production of earbon dioside. A

40 metal oxide which produces a product gas
‘of desirable composition is zine oxide, but
working with this oxide is rendered diffi-
cult by the volatility of the metallic zine,

The oxide which most readilv suggests

45 itself for use in a process of this type is
iron oxide, both because of its cheapness
and availability and fhe readiness with

o &

which it iz regenerated after undergoing
reduction. Tt is to a process of the type
described in which iron oxide is employed 50
that the present invention is directed.

The greatest drawback to the use of iron
oxide fo supply the oxygen for oxidation
of hydrocarbons such as methane is that
the reaction follows a course which does 55
aot lead to the desired product gas. Con-
siderable experience with various types of
iron oxides indicates that the course
followed by the reaction, for example, of
methane with the oxide, is, first, practic- 60
ally complete conversion of the methane
to carbon dioxide followed shortly there
after by a rapidly inereasing conversion
of methane o _carbon and hydrogen with
carbon monoxide appearing in sn inter- 6§
mediate stage, wusually in an amount
which incresses with time to a maximum
which, however, is far below the desired
level and then falls.off. It is assumed that
this eourse of reaction arises from the pro- 76
duction of free iron in the catalyst hed
at an early stage and that this free iron
2¢ts a9 a oracking catalyst, the amount of
free iron increasing as the operation PO~
gresses and, therefore, the preduction of 75
carbon inereasing with #ime. This theory
of ihe mechanism of the reaction
naturally points. to the desirability of so
conducting the reaction as to avoid the
presence of free irom. : 30

The present imvention is hased on the
discovery that, contrary to expectation,
if free iron is included in the reaction
mixture at the outset in an amount bear-
ing a predetermined relation o the 85
amountof iron oxide present, the reaetion
Drogresses much more smoothly with a
high selectivity for the production of car-
bon menoxide and hydrogen and +with
practically no formation of earbon. The 90
amount of free iron to be incorporated in
the reaction mixture varies within limits
which may be generally expressed as being
such that the atomic ratio of oxygen- to
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free and combined iron in the mixture is
hetween 1.25 and .5 to I, at least 1]6 of
" a pram atom of free iron being present
per grem atom of exygen. This ratio of
5 iron to combined oxygen may readily be
achieved by a suitable combination of free
iron with ivon oxides. A very effective
combination is eme in which one gram
atom of free iron is combined with ome

10 gram mol of Fe,0;. Various other com-

Dinations will suggest themselves, fhe im-

portant point being that a substantial part
of the iron present in the misture from
the start is present as free iron and that
15 the reaction be not continued to the point
where the free iron in the mixture sub-
stantially exceeds the upper limit hereto-
fore given.
. The emaployment of a contact mass con-
20 taining free iron in admixture with iron
oxide necording to the present invention
does not fundamentally change the other
operating conditions customary with a re-
action of this type. In general, variations
of these other reaction conditions vary the
axtent of the conversion of the hydroear-
bon in a known manner without substanti-
ally changing the eomposition of the pro-
duct gas. The reaction femperature, for
3 example, may vary between 1600° and
2000° F. The pressure maintained in the
 reactor can be varied over a fairly wide
range, up to about 600 lbs.{sq.in. The
rate at which the feed gas is passed over
the contact mixture may also be varied
within substantial limits as from af least
5.0 V/V[Hr. to as high as BOG V/V/Hr.
and will, in general, be higher the higher
the temperature employed. The period
40 for which the hydrocarbon gas can he
passed over the contact mass is limited. -as
hefore indieated, by the extent to which
free iron is formed in the mixture, and
this period will depend on various ether
45 Tactors invelved to such an extent that 1o
definite Hmits for it can be stated. By
periodically analyzing the contact mix-
fure, however, it ean be determined when
this period is terminated. This, of course,
50 can also be ascertained from an analysis
of the product gas.

The foregoing discussion has dealt with
an operation in which the contact mass
is employed as a fixed bed. The preferred

55 operation, according to the present inven-
tlon, is one in which the contact mizture
is employed in finely divided form in sus-
pension in the feed gas in accordance with
the techniq{lle commonly referred as as the

g0 Aluidized solids techrnique. In this type of
operation the solids employed will prefer-
ably have a degree of fineness less than 10
mesh, predominsntly smaller than about
100 mesh, and will be present in a plur-
65 ality of sizes suitably combined to impart

26

35

to the mixture good fluidizing properties.
This means that there should be particles
ag fine as, or finer than, 20 microns in a
substantial amount, as well as pariicles of
larger size, the smaller sizes, say from 20
1o 80 microns, constifuting not more than
30¢%, of the mixture. With the solids pre-
sent in various sizes, of the order of mag-
nitude heretofore mentioned, the feed gas
is passed through the contacting zone at a
velocity selected to insure proper fluidiza-
tion and the maintenance of 2 dease phase
of solid particles in the reactor. Gleneraily
this velocity will be between about .3 and
5 ft./second, depending on the particle 80
size distribution. TUsually a velociiy he-
tween .5 and 2 ft. per sec. will give satis-
faetory fluidization.

In operating according to the fluidized
solid technique, it is custemary to employ 8
at Teast two reactors, in one of whicl: ihe
hydrocarbon contacts the mixture of free
metal and metal oxide and in the other of
which the spent solid mixture from the
first reactor is oxidized by being blown
with afr. If is important o observe that
the flow of solids in such an oneration will
be so regulated that at no time will the
free metal content in the solid mixture in __
the hydrocarbon reacter exceed the limit 97
heretofore specified. This means that ab
all times the flowing stream of solidy will
consist of a mixture of free meial and
metal oxide.

The nature of the present invention will 10
be more clearly understoed from the
following detailed description of the
accompanying drawing in which the
single figure is a front elevation in dia-
grammatic form of one type of unit suit- 1
able for the practice of said invention.

Referring to the drawing in detail.
numeral (1) designates a reactor provided
af its upper end with a eyelone or ather
separator (2} from which gas leaves 1.
through line (3) and solid falls back into
the reactor through line {(4). Near the
bottom of the reactor is an inlet line (5)
terminating within the reactor in a funnel
{6) covered with a grid or grate (7). 1

The bottom of the reactor is provided
with a draw-off line (8) emptying into a
conduit (9) and provided with a slide
valve or other suitable control element
(10}, The line (9) has an open end for 1!
the introduction of gas for carrying the.
finely divided solid through the conduit.
Line (9) terminates in a funmel (11} in
chamber (12) which is similar to reactor
(1). Fumnel (11) is also provided with a 1!
grid or grate (13), In the upper part of
chamber (12) is a cyclone or other separ-
ator (14} from the top of which gas leaves
through line (15) and from the bottom of
which solid is returned te chamber (12) 1
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through pipe (16). Depending from the
bottom of chamber (12) is & staudpipe (17)
provided with aerating jets (18) and a

slide valve or other control element (19}

o and emptying into conduit (5).

Reaclor (1) is provided wiik = side wall
receptacle (20) having a draw-off line (21}
af Its bottom provided with a slide valve
or other contral element (22) and empty-

10 ing into a conduit (23). Conduit (23)
terminates in a funnel (24) arranged in a
chamber (25) similar to chamber (12).

“ Funnel (24) 1s covered with a grid or grate
(26). Chamber (25) is provided at its upper

15 end with a cyclone or other separator (27)
having an upper gas outlet (28) and a
lower solids draw-off (29). Depending
from the hottom of chamber (25) is a
standpipe (30) provided with acrating jetz

20 (31) and a slide valve or other control
element (32) and emptying into line (5).

Conduits (9), (17). (23) and (. 30} are
shown broken %o indicate that chambers
(12) and (25) ave located at a much higher

29 level than reactor (1), The purpose of this
arrangement is to build up a pressure head
at the bottoms of standpipes (17) and (30)
s0 that reactor (1) may be operated at an
elevated presgure while the operations in

30 chambers (12} and (25) may be conducted
at lower or atmospheric pressure.

In carrying out the process. of the pre-
sent invention, a suspension of finely
divided iron and iron oxide containing at

35 lenst 5%. by volome of solid is maintained
in reactor (1). The level of the dense sus-
pension i3 maintained whers desired by
adjusting the velocity of the gas through
the reactor and the rate of feed or selid

40 into line (5). The gas feed to the reactor

is ordimarily a hydrocarbon, such ag-

methane,
Redueed iron oxide-iron mixture is
withdrawn from the reactor (1) through
45 line (8) and conducted through conduit
(9) into chamber (12). The carrying gas
may he an oxidizing gas, such as air, oxy-
gen, steam, carbon dioxide, or mixtures
of two or more of these such as steam and
90 vxygen. Ordinarily, the oxidation in
chamber (12) car be controlled so as to
maintain in the mixture in reactor (1} the
desired percentage of free iron. Whether
or not this econtrel is being maintained
55 may be readily ascertained by sampling
the mixbure in reactor {1) and analyzing
it for free iron content. .
For easier control of the eomposition of
the mixture of solids fed to.reactor (1), a
80 portion of the misture in (1) is continu-
ously withdrawn through line (21) and fed
to chamber (35) suspended in a reducing
gas. By continuously operating chamber
(12) under oxidizing conditiong and cham-
g5 ber (26) under reducing conditions, the

desired composition of solids in reactor (L)
may be readily maintained,

The solids in chambers (12) and {25}
are maintained in the same fluidized sbate
of dense suspension as the solids in reactor 70
(1). The oxidizing gas is fed into eonduif
(9) through line (33). The hydrocarboy is
fed info line (5) through line (34). When .
steam is used as the oxidiming gas, with
or without free oxygen, the exit gas from 75
chamber (12) will ordinarily be of a re-
ducing nature. This gas may be fed to
conduit (23) or a separate reducing a8
may be jntroduced through line (35). Also,
if desired, where the exit gas from cham- 80
ber (12) is composed mainly of stemn and
hydrogen, it may be fed to line (5) with
the hydrocarbon. Alternatively, in this
case, the gas from chamber (12) may be
comhined directly with the product gas in 85
line (3) to increase the hydrogen content
of the latter,

The following ecomparison indicates the
nature of the improvement resulting from
the present imvention. Two runs were 90
made in which methane was passed ai
1700° ¥. into contact with oxygen-yield-
ing, ferrous solid. In the ome run the
ferrous solid was FeQ while in the other
run it was = mixture of Fe0, and Fe 95
having an stomic ratio of oxygen teo iron
of one. In the first Tun, using Pe(, after
the reactor had been on-stream 60 minutes
with a feed rate of 70—100 V[V /Hr., the
operating data’indicated a methane con- 10y
version of 99.4%. Of the converted
methane 319, appeared in the product as
CO, 16% appeared as €O, and 539 ap-
peared as carbon. In the second runm,
after the renetor had been on-stream for 105
70 minutes with a feed rate of 140
V/V/Hr,, the operating data showed a
conversion of 48.8%, of methane., Of the
converted methare 699, appeared as 0O,
81%, appeared as CO, and nene appeared 110
ag carbon. Tt will be seen, therefore, that,
while in the two cases the atomie ratie of
Ooxygen to iron was the same, when the
free iron was present there was no carbon
formation and & much higher selectivity 115
to 00 at a mueh higher feed rate.

In practicing the present imvention in
the specific embodiment deseribed, it is
desirable to admix with the ferrous mate-
rial a vefractory light carrier, sueh as 129
Mg0O, ALO,, or the like. This light
nigterial in fnely divided form may be
nixed with the powdered ferrous material
or the latter may he deposited on the re-
fractory material by any of the corvmonly 125
kmown techniques, This light material im-
proves the fluidizing properties of the
ferrous mwaterial and serves to prevent
agglomeration at the elevated tempera-

tures employed, 130
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Having now particularly deseribed and
ascertained the mature of our said inven-
tion and in what manner the same is to be
performed, we declare that what we claim

5 si—

1. A method for converting a gaseous
hydrocarbon into a gas confaining ;o
which comprises contacting said hydro-
garbon at an elevated temperature above

LY pr about 1600° F. with an oxygen-con-
taining solid ferrous material containing
at least 1/6 gram atom of free iron per

gram atom of oxygen and having an
atomic ratic of oxygen to free and com-

iron between the approximate : ; oxid
* Ing zone. the exit gas from said oxidizing

18 bined
Hmits of 0.5 and 1.25 to 1.

3. A method for converting a gaseous
bydrocarbon into a gas containing CO
‘which comprises establishing a pair of

20 zomes, the first being a reaction zone and
the second being a regenerating zone, cir-
culating between said zones a suspension
of finely divided oxygen-containing satid

ferrons material coniaining free irom,:

25 maintaining in said reaction zone a dense
finidized suspension of said solid ferrous
material by flowing hydrocarbon gas up-
wardly through said zone at a veloeily be-
tween, about 0.3 and 5 f./second, main-

30 taining in the solid in said reaction zone
an atomic ratio of oxygen to free and com-
hined iren between the approximate linits
of 0.5 and 1.25 to 1, and at least 1/6 gram
atom of free iron per gram atom of oxy-

35 gep, maintaining in said reaction zome 2
femperature suitable for reaction between
the gaseous hydrocarbon and said solid
ferrous material, and maintaining a dense
suspension of said solid ferrous material

40 in said regeneration zone by passing an
oxidizing gas upwardly through said zone
at a velocity between about 0.3 and 5 £t./
sebond at a temperature suitable for the
oxidation of metallic irom,

45 3. A methed for converting a gaseous
hydrocerhon into a gas containing GO
which comprises passing said hydrocarbon
upwardly throngh a reaction zone at a

_velocity between about 0.8 and 5 ./

50 second, continuously feeding to said reac-
tion zome an oxymen-containing solid
ferrous material in finely divided form at
a rate sufficient to maintain in said reac-
tion zone a fluidized suspension contain-

§5 ing at least about 59 by volume of said
solid, maintaining in said reaction zome a
temperature suitable for reaction between
the gaseous hydroearbon and the oxygen-
containing ferrons materinl, continuously

60 withdrawing product gas from said reac-
tion zone, continwously withdrawing solid
from said reaction zone at a rate so corre-

lated with the feed of said solid to said
zone a5 to mainiain in said zone a solid
having an atomie ratio of oxygen to free 65
and combined iron between the approxi-
mate limits of 0.5 and 1.25 io 1 and hav-
ing at lesst 1/6 gram atom of free iron
per atom of oxygen, continuously feeding
said withdrawn solid to an oxidizing zone 70
and returning oxidized solid frem said
oxidizing zone to said reaction zone,

4. A method according to Claim 3,
wlerein the solid withdrawn from the re-
action zome is continuously fed together 70
with an oxidizing gas containing a large
proportion of steam through said oxidiz-

zone being ecombined with the aforesaid
produet gas.

5. A method for converting a gaseous
hydrocarbon into a gas containing co
which eomprises passing said hydrocarbon
upwardly through a reaction zome at a
veloeity between about 0.3 and 5 It/ 85
second. continuously feeding to said zone
a finely divided oxygen-containing solid
ferrous materinl at a rote sufficient to
maintain in said zome 2 fluidized suspen-
sion containing at least 59, by volume of 90
said solid, maintaining in said zone =
temperature suitable for reaction befween
the hydrocarbon and the ferrous solid,
continuously removing product gas from
said reactioh zone, eontinuously removing 85
a major stream of finely divided solid from
said reaction zone, reacting said stream
with an oxidizing gas in an oxidizing zone,
returning oxidized solid from said oxidiz-
ing zone to said reaction zone, continu- 108
ously remeving a minor stream of solid
from said reaction zome, continuously re-
acting said solid in said winor stream.
with a reducing gas in a reducing zols,
continuously refurning finely divided solid 103
from said redueing zome to said reaction
zone, and correlating the rate of feed of
aaid solids to said reaction zome with the
rate ot which solids are withdrawn there-
from so as to maintain in said reaction 110
zone solids having an afomic ratio of oxy-
cen to free and combined iron between the
approximate limits of 0.5 and 1.25 to 1
and having at least 1/6 gram atom of free
iron per atom of oxygen.

6. A method according to Claim B,
wherein the oxidizing gas referred to_con-
tains g large proportion of steam and the
exit gas from the exidizing zone is utilised
as the reducing gas in the reducing zone. 120

7. A method necording o any one of the
preceding claims, wherein the atomic ratio
?f oxygen to free and combined irom is

: 1.
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Dated this 21st day of April, 1047, . D. YOUNG & C0.,
29, Souwthampton Buﬂd%gs,
Chancery Lane, Tondon, W.C.2,
Agents for the Applicants,

Leanington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1949,
Published at The Patent Office, 25, Southampion Buildings, London, W.C.2, from which
capies, price 25 0d. eaeli (inland) 2s. 1d. (abroad) may be obtained.
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