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3 Claims.
1

In our copending application “Production of
industrial gases containing carbon monoxide,”
Serial No. 6,226, filed February 4, 1948, we have
described and claimed a method of converting
a gaseous hydrocarbon into a mixture of carbon
monoxide and hydrogen utilizing an oxygen car-
rier containing titania.

The present invention is directed to a method
for producing industrial gases containing carbon
monoXide and hydrogen from gaseous hydrocar-
bons and to novel compositions useful as oxygen
carriers in the oxidation of gasvous hydrocarbons.

In many industrial processes the raw material
is composed of, or essentially contains, a mixture
of carbon monoxide and hydrogen. Chief among
these processes are the so-called methanol syn-
thesis, in which carbon monoxide and hydrogen
are reacted in the presence of g suitable catalyst
to produce oxygenated organic compounds, and
the Fischer-Tropsch synthesis, in which carbon
monoxide and hydrogen in suitable proportions
are reacted in the presence of a suitable catalyst
and under selected conditions to produce a prod-
uct primarily composed of liquid hydrocarbons.
In processes of this type it is highly desirable
that the feed gas be free from contamination
with inert gaseols substances.

The obvious way to obtain a mixture of carbon
monoxide and hydrogen is to subject a mixture
of a hydrocarbon such as methane and air to
controlled combustion. This procedure, however,
results in a gas containing a large quantity of
nitrogen. This detrimental dilution has led to
much study and experimentation, directed to-
ward the development of a method for producing
the desired “make gas” free from contammants
and diluents.

Among the procedures which have been pro-
posed for producing from hydrocarbons g suitable
gas mixture containing carbon monoxide and
hydrogen free from large volumes of diluent gas
is that in which a metal is used as an oxygen
carrier. The general procedure proposed is to
react the hydrocarbon, such as methane, with a
metal oxide until the latter is depleted in oxygen
content, then to reoxidize the depleted metal car-
rier with air, venting off the residue gases, and
again reacting the regenerated oxide with the
hydrocarbon. By this procedure the gas result-
ing from the reaction of the hydrocarbon with
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the metal oxide is obtained separately from the
gaseous residues from the oxidation of the metal
with air. .

While a number of metals have been proposed
for use in this process they all present different
problems when it is attempted actually to use
them in the process. = Zinc oxide is one which
theoretically should serve the purpose admirably
because its oxidation potential is such that it is
practically impossible to oxidize a hydrocarbon
with zinc oxide to carbon dioxide whereby a high
selectivity to carbon monoxide can be expected
in the use of this metal oxide. Zinc oxide, how-
ever, presents the great dlﬁiculty that at the
temperature at which it will give up its oxygen
the zinc will also vaporize, giving rise to a dif-
ficult recovery problem. Moreover, zinc oxide
does not effect a sufficiently high conversion of
the hydrocarbon.

Of the many oxides which might be considered
useful, iron oxide, based on the considerations of
availability, price and reactivity with hydrocar-
bons, would seem to be the logical choice. When
it is attempted, however, to react a hydrocarbon
such as methane with a fixed bed of iron oxide,
the course of the reaction proceeds in a direction
quite the contrary of that desired. At the outset
the iron oxide oxidizes the hydrocarbon com-
pletely to carbon dioxide until an appreciable
quantity of free iron is present in the reaction
mass. From that point on some carbon monoxide
is produced but at the same time large quantities
of carbon are produced by reason of the highly
catalytic effect of the iron on the cracking of
hydrocarbons.

Among the metal oxides which have been sug-
gested as an alternative for iron is titania. This
oxide shows considerable promise as an oxygen
carrier, particularly when using the technique
known as the fluidized solids technique in which
the carrier in finely divided form is suspended
in a rising stream of the hydrocarbon gas to be
oxidized in such a manner as to form a dense,
fluidized suspension in which the solid particles
are in g state of high turbulence. While it has
been found that titania gives good results in the
fluidized solid type of operation the degree of
conversion and selectivity attainable therewith
leaves room for considerable improvement.

According to the present invention, the efficacy
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of titania as an oxygen carrier is increased by
using in conjunction therewith one or more metal
oxides, which are.solid and reducible at a tem-
perature between 1600° and 2400° F,, of which
the metal is commonly found in alloy steels. Of
course there are many metals used in alloy steels
which are not suitable for use according to the
present invention. Metals, such as silicon and
beryllium, have oxides which are not reducible
under the conditions specified. Metals, such as
vanadium and molybdenum, have oxides which
melt at too low a temperature. Actually the
metals useful in alloy steels the oxides of which
are effective for the purpose of the present inven-
tion are iron, manganese, chromium, nickel, co-
balt and tungsten. Mixtures of these oxides are
particularly suitable.

A preferred carrier according to the present
invention is titania associated with the oxides of
{ron, nickel and chromium. In this composition
the titania should constitute at least about 90%
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by weight. The remainder of the composition

may be made up of the other three oxides in
variable proportions. Suitable proportions for
the other three components are 80 Fe2Os, 10 nickel
oxide and 10 chromium. The proportions of
nickel and chromium oxide in this mixture can
be increased considerably at the.expense of the
iron oxide. o

A composition of this type may be made in
various ways. The various oxides can be mixed
mechanically into a homogeneous mixture. More
intimate mixing may be realized by coprecipita-
tion of the various oxides from mixed solutions
of their salts. Again, one of the oxides may be
impregnated with a solution of s salt of the other
oxide or other oxides and the impregnated oxide
dried and calcined. Of the various methods of
mixing the coprecipitation is preferred.

In preparing mixed oxygen carriers according
to the present invention consideration must be
given to the fluidizability of the resulting prod-
uct. When iron oxide alone is used with titania
in the form of a mechanical mixture it should
not be present in amounts such as to interfere
with the fluidization of the finely divided mixture.
Iron oxide has a tendency to become sticky at

25

30

35

40

to be borne in mind, however, that the use of
these oxygen carriers is not confined to the fluid-
ized solid technique since they may also be used
in fixed bed operations.

In the practice of the present invention ac-
cording to the fluidized solid technique, the solid
oxygen carrier is employed in the form of fine
particles none of which is substantially larger
than 10 mesh and the bulk of which is smaller
than about 100 mesh. For good fiuidization it is
preferred that the powdered material include par-
ticles of various sizes ranging upwardly from
about 5 microns and containing a substantial
fraction between about 200 and 400 mesh. With
solids in the foregoing particle size range, suit-
able fluidization is realized by flowing the gas
upwardly through the finely divided solids at a .
velocity ranging from about .3 to 5 ft./second.
It will be understood that lower gas velocities
may be employed in which case the action may
be more properly described as jiggling than fluid-
ization. Any type of mixing in which there is
movement of the solid particles in the gas in
such a way as to maintain a substantially ho-
mogeneous composition of solids throughout the
reaction zone in the form of a dense suspension
containing upwards of 5% by volume of solids
is satisfactory for the practice of the present

“invention.

The temperature maintained in the contacting
zone in which the hydrocarbon is converted
should be at least about 1600° F. and will usually
be between 1600° F. and about 2000° F. There
is no actual upper limit on this temperature ex-
cept that dictated by the melting point of the
finely divided solid in the contacting Zone or the
melting point of the material of which the con-
tacting vessel is made. -

The nature of the present invention may be
more clearly understood from the following de-
tailed description of the accompanying drawing

"~ in which the single figure is a front elevation in
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the operating temperature specified and if it is

employed in substantial amounts it tends to cause
agglomeration which renders fluidization diffi-
cult. Accordingly, in this instance the iron oxide
should not constitute more than about 4 parts
by weight of the total mixture.

Chromium oxide, on the other hand, can be
tolerated in much larger amounts. Mixtures of
titania and chromium oxide containing up to 50
parts by weight of the latter are contemplated
for use in accordance with the present invention.
Manganese oxide and tungsten oxide may also be
tolerated in amounts comparable to those speci-
fled for chromium oxide.” Nickel and cobalt ox~
ides, on the other hand, should be used more
sparingly, it being preferred to keep their con-
tent when they are employed with titania below
about 10%. It will be understood that the limits
given for iron, nickel and cobalt may be increased
when an oxide, such as chromium oxide, is used
conjointly with them.

These limits on the contents of the various
addition agents are given primarily in the inter-
est of the fluidizability of the resulting oxygen
carrier. Hereinafter when mixtures of these var-
ious oxides are referred to as fluidizable, it is
intended to indicate that they are present in the
mixture within the limits specified above. It is
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diagrammatic form of one type of apparatus suit-
able for the practice of the present invention.

Referring to the drawing in detail numeral
designates a reaction vessel and numeral 2 des-
ignates a regeneration vessel. In the embodi-
ment shown these vessels operate on the dense
phase drawoff principle. It will be understood
that these vessels can be of the well known bot-
tom drawoff type or the strictly upflow type.

Vessel i is provided at its bottom with an inlet
2’ for gas and finely divided solid and at its upper
end with an outlet 3 for gas ahead of which is
an internal cyclone 4 or other separator for gases
and solids having a dip leg § depending into
the vessel. On one wall the vessel is provided
with g duct 6 having its open upper end termi-
nating at the selected level for the dense phase
of the suspension. This duct empties into a line
1 into which air or other oxidizing gas is fed
through line 8. Line 1 discharges into the bot-
tom of vessel 2 which, like vessel i, is provided
at its upper end with a gas vent 9 ahead of which
is arranged a cyclone separator 18 having g dip
leg {1 extending inlo the dense phase of the
suspension in vessel 2. Vessel 2 is also provided
with a duct 12 on one of its walls having its open
upper end located at the intended level of the
dense phase of the suspension in vessel 2. Duct
{2 empties into line 2’ into which is fed a hydro-
carbon gas through line 3.

In carrying out the process of the present in-
vention in the apparatus described, the vessels
are charged with finely divided solid the indi-
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5 .
vidual particles of which are composed of titania
impregnated or mixed with iron oxide and/or
one or more of the other addition agents speci-
fled. As previously indicated, this mixture is
conveniently prepared by mixing aqueous solu-
tions of g titanium salt .and an iron salt and
coprecipitating the hydroxides with an alkali.
The precipitate is carefully washed to remove
water-soluble contaminants after which it is dried

and roasted. If the final product is not in the’

finely divided form heretofore specified, it is
ground so as to satisfy the requirements.

In starting up with both vessels charged with
the finely divided solid mentioned above, the sys-
tem may be brought to a temperature between
about 1550 and 1850° F. by feeding hot combus-
tion gases through lines 8 and 3. If desired, some
finely divided carbon may be mixed with the in-
itial charge and the system brought to tempera-
ture by burning off the carbon. When the op-
erating temperature is attained, a hydrocarbon
gas is fed through line 13 at a velocity such as to
maintain the finely divided solid in vessel | in sus-
pension in the gas in the form of a dense body in
which the particles are in incessant motion., The
velocity should be so regulated as to produce a
suspension having at least about 5% by volume
of solids, preferably between about 10 and 25%.
The velocity is correlated with the amount of
solids charged so as to bring the level of the dense
phase to & point where it overflows into conduit
6. The gases passing out of the vessel tend to
carry solids with them. These solids are sep-
arated in the cyclone 4 and returned to the dense
suspension.

As the solid overflows into conduit 6 and thus
into line 1, preheated air or other oxidizing me-
dium is fed in through line 8 at a velocity such
as to carry the finely divided solid into vessel 2 and
maintain it therein in a suspension of the char-
acter heretofore described, the level of the dense
phase of the suspension being so regulated that
the dense phase overflows info conduit 12 which
carries solid back into line 2’.

The heat required for the reaction in vessel
f is supplied primarily as sensible heat contained
in the solids returned from vessel 2 supplemented
by preheat imparted to the hydrocarbon gas from
the hot exhaust gas from vessel 2.

It will be appreciated that the 1llustrat10n of
the apparatus and the drawing is limited to the
bare essentials, calculated merely to depict the
flow plan of the process. Design and engineer-
ing details are purposely omitted to avoid un-
necessary complication. Among such details are
heat exchangers, aerating jets for the various
conduits, pumps, and the like, It is repeated that
the flow plan shown is only one of several which
may be used, the essential requirement being that
the flow plan shall include at least two zones
in one of which hydrocarbon is reacted with iron
oxide and in the other of which iron with depleted
oxygen content is treated with an oxidizing gas so
as to replenish its oxygen content.

In order to illustrate the improved results ob-
tainable by the practice of the present invention,
the following examples of actual operations are
presented:

EXAMPLE I

Methane was converted by contact with titania
alone and titania mixed with different amounts
of iron oxide in separate operations utilizing the
fluidized solid technigue. In these operations the
oxygen carrier was employed in finely divided

form having a wide range of particle size, in-
cluding particles as small as 5 microns ard a sub-
stantial proportion of particles between 200 and
400 mesh with all of the particles passing 100

s mesh, The operating conditions and results are
given in the following table:

Effect of added iron ozide to TiOs on methane
conversion and selectively to CO

10 :
{Fluid bed ; 200 v./v./hr. ; 5 min, on stream]
Iron Oxxde Content, Wt. per- 0 1 3
cent, .

15 Cyele NOcmom e 1 4 (] 7 8
Temperature, °F______._______. 1,760 { 1,645 | 1,677 | 1,630 | 1,600
Methane Conversion, percent . 32 22 31 54 49
Selectivity, Mol, percent: N

[0 ¢ 2 (14 89 88 93 93
CO2 . 1 1 2 7 7
20 [0 2 32 0 10 0 ]

From these results it will be apparent that rela-
tively minor amounts of iron oxide when used
g5 in conjunction with titania greatly increase the
conversion and/or selectivity. It is noteworthy
that while carbon was produced when only 1%
or iron oxide was used, no carbon was formed
when 3% of iron oxide was used. With iron oxide
30 s an addition agent the best results are obtained
by using from 2 to 4% by weight of iron oxide.
It is to be noted also that the better results ob-
tained when iron oxide was used were obtained
at a considerably lower temperature than that
45 employed when titania alone was used. It may be
pointed out that in this particular example the
iron oxide employed was a naturally occurring
iron oxide known as Specular hematite and that
it was simply physically admixed with the

40 titania.

EXAMPLE I1

Runs similar to those reported in Exampie I
were conducted with titania alone and with
45 titania mixed with nickel oxide. In this case also
the nickel oxide was merely physically admixed

~ with the titania which was employed in the form
of a naturally occurring oxide known as rutile
ore. The operating conditions and the resuits

30 are shown in the following table:

Methane ozxidation with rutile ore plus NiO2
[Fluid bed; 200 v./v./hr.; atm. pressure]

[T
NiOj Present, percent. . oo oooooomeo . Zero 1 3
Temperature °F. : 1,690 | 1,735 | 1,670
Methane Conversion, percent..______.____.___ 9.6 37.8| 83.0
Selectivity To—

60 CoO % 85 72
CO; 2 0 7
Co 2 15 21
These data again reflect the marked influence

65 of the nickel oxide on the conversion attainable

. with titania. While the selectivity of CO with
titania alone was 969% the conversion was only
9.6%. With 3% of nickel oxide, on the other
hand, the conversion was increased to 83% while

70 the selectivity to CO was reduced to 72%. Ex-
perience indicates that when nickel oxide is used
as the addition agent it should not be present in
amounts greater than 10%, although this upper
limit may be increased when other addition

78 agents are present.
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EXAMPLE III

A set of runs similar to those reported above
were made using titania alone and titania with
different amounts of chromium oxide. The re-
sults obtained are shown in the following table:

Methane ozxidation with rutile ore plus CraOs
[Fluid bed; 200 v./v./hr.; atm. pressure]

Cri0y Present, percent. Zero ‘ 1 I 3
Temperature, °F. 1,600 | 1,710 | 1,745
Megthane Conversion, percent. ... __... 9.6 ] 49.3] 56.8
Selectivity To—
CO. ] 98 99
COs 2 2 1
C 2 0 0

With this addition agent it will be observed
that there was realized by the addition of chro-
mium oxide a large increase in conversion with-
out any decrease in selectivity. Actually with
39, by weight of chromium oxide the selectivity
was almost 100%. It is noteworthy also that
with this addition agent no carbon was formed.
This addition agent may be employed in amounts
up to 25% by weight. :

EXAMPLE 1V

Runs were made corresponding o those de-
seribed in the previous examples using various
amounts of an addition agent composed of 80%
by weight of Fea03, 10% by weight of Cr:03 and
109, by weight of NiO. The data obtained in
these runs is compared in the following table with
the data obtained when using titania alone:

Methane oxidation with rutile ore plus

80Fe303~10Cr20:-10NiO
{Fluid bed; 200 v./v./hr.; atm. pressure]

80Fe30y-10Crs03-10NiQ Pres-

ent, pereent . .o coooaeaee. Zero 2 4 6 10
Temperature, °F . coeoon-- 1,690 } 1,720 | 1,630 | 1,680 | 1,650
Methane Conversion, percent.i 9.6 .7 0| 785 93.4
Selectivity To—

CO_.. 96 94 93 9% 3
2 6 & 1 54
2 0 2 0 15

This composite addition agent gave better re-

sults than any of -the single addition agents.
Particular attention is directed to the results cb- -

tained when using 6% by weight of the com-
posite addition agent. Here the conversion was
almost 809, while the selectivity to CO was almost
100% without any carbon formation. This par-
ticular addition agent seems to pass through a
peak of effectiveness when used in amounts be-
tween about 3% and 7% by weight. It is to be
noted that when 10% by weight was employed the
selectivity dropped off and the carbon formation
became appreciable.

EXAMPLE V

Runs similar to those described above were
conducted when using varying amounts of a com-
pound addition agent composed of 95% by weight
of Pe30s: and 5% by weight of Cr:03. The re-
sults obtained in these runs are compared in the
following table with the results obtained when
using titanis alone.
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8
Methane oxidation with rutile orée

plus 95PFe303-5Cra0Os
{Fluid bed; 200 v./v./hr.; atm. pressure]

95 FegOs-5 CryOy Pres-
ent, percent ... ... Zero 2 5 10 15 25
Temperature, °F...... 1,690 | 1,700 | 1,685 | 1,700 { 1,840 | 1,680
Methane Conversion,
;gercent .............. 9.6 56.7] 35.5| 7.3 ] 822 745
Selectivity To—
CO el 96 92 3 71 63 63
2 8 23 29 28 82
2 0 4 -0 9 ]

From the above data it may be seen that while
the addition agent effects a very large increase
in conversion with, in some cases, only & minor
loss in selectivily as compared with the action
of titania alone, the addition agent on the whole
was not as effective as that reported in Ex-
ample IV.

In all the foregoing examples the mixtures em-
ployed as oxygen carriers exhibited excellent
fluidizing properties. These runs were all con-
ducted in a quartz reactor.

Although in the foregoing description the
specific operation described employed the fluid-
ized solids technique, it is fo be noted that in
the practice of the present invention a fixed
bed or a combination of a fixed bed and a fluidized
solid bed may be employed. The pressure may
be atmospheric or superatmospheric depending
on design and economic considerations. Pres-
sures as high as 600 p. s. i. are contemplated.
The feed rate of the hydrocarbon gas may vary
widely depending on other operating conditions.
In general permissible feed rates will be higher
the higher the operating temperature and pres-
sure. Feed rates as low as 100 volumes of gas
per volume of oXygen carrier per hour are con-
templated and this feed rate may be as high as
3000 v./v./hr. The residence time of the oxygen
carrier in the hydrocarbon oxidation zone will
vary and is a function of the circulating rates
control between the reactor and the regenerator
required for temperature. This residence time
is also a function of the oxygen io metal ratio
in the oxygen carrier at which high selectivities
with CO production are obtained. This residence
time may vary from about 5 to 30 minufes. In
general it is preferred to have a residence time
of the oxygen carrier in the hydrocarbon oxida-
tion zone in the range of about 10 to 15 minutes.

The nature and objects of the present inven-

" tion having been described and illustrated, what

is claimed as new and useful and is desired to
be secured by Letters Patent is:

i. An oxygen carrier adapted for the oxidation
of a normally gaseous hydrocarbon consisting
essentially of a mixture containing about 97%
titania, and the remainder an oxide of a metal
commonly found in alloy steels and selected from
the group consisting of iron, manganese,
chromium, nickel, and tungsten.

2. An oxygen carrier adapted for the oxidation
of a normally gaseous hydrocarbon consisting
essentially of a mixture containing .from abuut
949 to 97% of titania and the remainder oxides
of iron, chromium, and nickel in the following
relative percentages by weight 80Fe203, 10 nickel
oxide and 10 chromium oxide.

3. An oxygen carrier adapted for the oxidation
of methane consisting essentially of titania in
an amount of about 90% by weight, and the re-
meinder iron oxide, nickel oxide and chromium
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oxide, the latter three components being in the Number Name Date
following relative percentages by weight, 80Fe2O3, 1,219,277 Farup oo e Mar. 13, 1917
10 nickel oxide and 10 chromium oxide. 1,559,599 Wintseh oo Nov. 8, 1925
EUGENE S. CORNER. 1,771,130 Larson woceeeoeon_ July 22, 1930
ROBERT V. J. McGEE. 5 1,832,666 Specht _____..._.__ Nov. 117, 1931
CHARLES S. LYNCH. 2,349,438 Koppers .o May 23, 1944
: 2,396,398 Turbett — oo Mar. 12, 1946
REFERENCES CITED 2,403,228 McCord ._._________ July 2, 1946
The following references are of record in th 2,405,566 ~ Feigley - —_____ Aug. 13, 1946

fille of this patent: - 10 OTHER REFERENCES

UNITED STATES PATENTS Berkman et al.: Catalysis, Reinhold Pub. Corp.,

Number Name Date N. Y. (1840), p. 685,
Re. 21,932 Freyetal. _ oo _ Oct. 28, 1941




