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_ _ The present inventlon 13 directed to a method
for produclng industrial gases contalning carbon monoxide
and hydrogen from gaseouse hydrocarbons,

 Inp many inhdustrial proceases the raﬁ matérial is

“compoged of, or essentially containg, a mixture of carbon
“monoxide and hydregens Chlef among these prccesses are
the 50woailed Methanol Synthesals in which @arbbn_monoxidé
.and hydrogen aré rescted iﬁ.the presence of a sulfable
catalyst to produce oxygenated organic compounds and‘the4
Fischer Tropsch Synthesig in which carbon monoxide and
hydrogen in sultable proportlons are reacted in the presence
of 2 suitable catalyst and under selected conditions to ’.
 produch a product primarily composed of 1iquid hydrocarbons,
';f:héprocesses of this type 1f is highiy-dasirable that tﬁe
" feed gas be free from contamination with inert gaseous

-substanceas 7
The obvious. way to obtdn 2 mixture of carbon
monoxide and hydrogen is to subject a mixture of a hydro-
oarbon; puch as methéne,‘an& ailr to controlled Comﬁusﬁion.
‘Thié‘procedure! however, results 1n a gas contalning a
large quantlty of nitrogen. Thie detrimental dilusion
heas led to much study and'experimentation directed towamd
the development of a method for producing the desired
*make gda! free frdm contaminante and diluents.
A Among the procédures'which have been provosed
fbr producing from hydrocarbong a sultable gasrmixtu:e
oontaining carbon monoxlde and hydrogen free from 1qrge
¥ 1umes of diluent gas 1s that An which =2 metal is used

as.an oxygen caﬂrier. The general prooedure Droooqed 13
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to react’%he hydrocarbon, such 28 methane, with a metal oxlde
untill the latter is deﬁleted in oxygen content, then tg
reoxidize the denleted metal carrier with alr, venting

off the resldue gases and agaln reactingthe regenerated

oxide with the hydrocarbon. By this procedure the gas
reaulting from the reaction of the hydrocarbon wilth the

metal oxlide is obtalined sepa}ately from the gaseous resldues
from the oxidation of the metal with air,

While g numﬁer of metéla have been mroposed for
use in this proceas they all present different probleme when
it 1s attemphed actually to ﬁse them in the process, Zinc
oxide is one which theoretically should gerve the purpose
gdmiraﬁiy becausé 1t8 oxidation potentlal is such that 1t

is ﬁrdctically 1mpossib1e to.oxidize a hydrocarbon with,

‘zinc. oxide te carben dioxide whereby a high selectivity to.

carbon monoxide can be expeoted in the uee of this metal
bon ; . .

‘Bxlde.5L21nc dxidé, howeger, presents the great dlfficulty

}the temperature at whlch 1t Will give up 1ts

égygéﬁﬁthégzlnc willk also vaporize, givihg rize to a difficult

feoover& ﬁfpblgm. '

‘ 0f the many oxides .which might be consldered use-
ful, }ron-oxide,fhased on considerations of avallabllity,
prioce and reacﬁiv;ty with nydrocarbong, would seem to be
the logloal cholce, When 1t is attempted, however, to
reaoct o hydrocarbon such asg methane with a fixed bed of
iron oxide, the course of the reaction prooeeds ip a direc-
tion quite the contrary.of that dealred; At the outset
the iron oxideoxidizes the hyd?ocafbon completely to carbon

dloxlde until andappreciable quantity of free irom ls

_present in the reactlon mass, From that point on some

oarbon monoxide is produced but at the same time large
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qugntities of carbon are produced by reason of the highly
catalytiq effect of the iron on the cracking of hydrocarbons.
It had been expected that thile difflculty of con-
trolling the course of the reaction between the hydrocarbons
and iron oxlde could be amel;orated by operating according
to thattechnique which has come to be known as a fiuildized
solld technigue in which the aolid in finely divided form
1e suspended in = rising etream.of the gag to be reacted
wnile correlating the veloocity of the gas with respect to
the degree of flneness of the 80lid to poduce &odense
gugpension of the solid in the gas in whlch the solid is;
in = highly turbulent state. The difflculty ehcountered
'with thié prodedurs, however, ls that when the temperature
of operatton ls maintaiped within the limita caloulated
to: give the desired rate of reaction, for example, ‘between
_about 1600 and 2000°E.,the finely divided mixture of iron
oxide =and iron proves %o be very difficult to fluidize,
It appears that the powdered material becomes stlcky in
this range of tempemtureg, although 1t ls conslderably
below the melting point of elther the iron oxide or the
1ron, with the result that the particles agglomerate and
do not remain 1n the deslred state of suspension.
Thia fqllure to rémain fluldized appears to cauge the reac—
tion to follow substantlally the same course ag that obaerved
in fixed bed operation,

) According to the pregent 1nventlon, the reactlion
between a. gaseoue hydrocarbon and finely divided Aron oxlde
by the fluidlzed solid¢ technidue is made p@saible by
remploy&ng the iron in copjunction with magnesia. It has
been observed that the mere mechanical mixing of magnesia

with 1ron oxide doea not lead to the deslred result and, in

~4f




fact lmproves 6n1y in a minor degree the fluldizing chgrw
acter;stics of the iron oxide. It.has been dlacovered,
however, that if the iron oxide is deposited on the magnesia
elther by coprecipitation of the magﬁesia and iron oxlde
from mixed solutlons ef thelr salts or by impregnation of
magnesia with a solution of an iron salt, followed by
roasting, the resulting mixture lends 1tsell readily to
fluldization ;nd makes ppssible reactlon with a gaseous
hydrocarbon with substantial conversion and selectivity to
‘earbon momoxlde without any substantial production of
oarban. |

In the practice of the preaent invention 1t has
been found that the mixgture of ﬁ&gneala and iron oxide shouid
not'cqntain'éubstantially in excess of 25% iron oxide,
ag Fe203§ Increasing the quantisy of iron oxlde above thim
1imlt redudes. the fluldizability of the solid and gives
rise to = tendency toward ocarbon productioni In general,
the mixture will contain from about 10 to about 20% by
weight of iron oxlde as Fe,0s,

Studiee of other oxides as fluldlzing sgents for,
rthe iron oxide reﬁeal that very few are sultable, Alumlna,
for example, which 1s componly considered an equivalent of
magnesia as a carrler, influences the reactlon toeward the
prbdubtion of ocarbton and carbon dloxlde. Thoria also gave
rige to‘high carbon formatlons Other oxldes such as
vanadium oxide melt at too low 2 temperature.

I+ has been fodﬁ% however, that ‘when magnesla
is employed the guantity ‘of iron oxide which may be used
with it may be increased by the simultaneous addltion of

chromium oxlde, By including chromium oxide in amounts
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ranging between about 5 to 20% the iron oxlde oan be
increased te the neighbérhood of 50%, The maximum iimits,
for example, include a composition containing about 20%
chromia, 30% magnesia ang 56% iron oxlde. In this three~
component mixture 1t ts preferred to maintain the lron
oxide 1in the range of about 15 to 35% and the magnesia from
about 45 to 70. _

The operating-temperature in the practice of the
pregent iﬁvention will in general be above 1600°F, and may
approach 2000°F,, but will nét ordinarily exceed about
1850°F, The finely divided solld, preferably, containsg o
particles none of which 1a substantlally larger than 10
mesh and the bulk of which is emaller than about 100 mesh.
It will be understood ‘that this powdered material will,

. inolude particles of various sized ranging upwardly from

about 5 miorons and containing = substantlal fractlon

between sbout 200 and 400 mesh, With solids in the fore~
'golng particle gilze range sultable fluldization is realized
by flowing the gas upwardly through the fTinely dLV1ded acllds

at 2 velqcity ranging from about «3 to‘ﬁ ft. per second,

It will be understood that lower gas veloclties may be

employed, in which case the actlon may be more "properly
described as jiggling than fluidlzation, Any type of

mixing in which there l1s movement of the golld prilcles

in the gas in such & way as to malntaln a substantlally
homogenqpusicompoditlon of sollds throughout the reaction
zone in the form of a-dense suspenslon contalining upwards
of 5% by volume of solids“is safiéfactory for the ﬁraqt;ce
of the prea nt invention.

n'the accompanying drawing is shown 1n diagrammr

atlo fwrm a. front elevation of an apparatus suitable for

L
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the practice of the present invention.

Referring to the drawlng in detall, numeral (1)

designates a reaction vessel and numeral {2) designates a
regeneration vessel, In the embodiment shown these vesgels
operate op the dense phage drawoff frineiple. it'will be
understood that theée vepgela can be of the well known
bottom dréwoff type or the strictly upflow type, |
Vessel (1) 1s provided at 1ts 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
Eu. cycloné (h) or other agparator for gasegﬁénd golids having
{iv‘ 8 app leg (5) depending into the vessel{' On one wall the
' -‘véséel 18 poovided with a auct (6) having 1ts open upper
_ end, terminating at the selected level for the dense phase
“of the susnension. Thia duct empbies into.a line {7} into
which air or otherroxidizing gas 1g fed through 1ine (8).
Line (7) discharges into the bottom of vessel (2) which
liks vesael. (1), 18 provided at 1ts upper end with 2 gas
-vent-(?) ahead of which is arranged a cyclone separator

(1¢) having a app leg {11) extending into the dense phase

Pof the suspension in vessel (2}, Vessel (2) 1e alsc prov- .
1ded with 5 duct (12) on one of its walls having 1ts open

|0 | upper end 1ooated at the intended 1eve1 of the dense

| phase of tha auapension in vessel (2). Duct (12) empties

into line 12) into which 1as fed a hydrocarbon gas thr ough

line (13). -

In. oarrylng out the process of the praéent inven.

tion in the apparatus deseribed, the vessels are charged
with finely divided polid the 1ndividual particles of which
are composed of magneaﬁﬁ:%horoughly impregnated with iron

oxidel As previously indidated, thid dixture La coakan1gnt1yw”'

e
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prepared by mixing aduedus solutions of a magnesium salt

- and an iron salt and coprecipltating the hydroxides with an

#lkali., The preclpitate 18 carefully washed to remove .
water—soluble contamlhants after which it 1s dried and
roasted, If the final product 19 not in the finely divided
form heretofore specified, 1t is groutd so as to satlsfy
the rgquirements.

In starting up with both vessels charged with
the finely givlded g0lid mentioned sbove, the aystem may
be brought to & temperature between about 1550 and 1850°F,

by feeding hot combustion gases through lines (8) and [

: (13). If desired, some finely divided carbon may be mixed

with the initisl charge and the system brought to tempera-

ture by burning off %he carbon. When the operating

' temperature is attained, s hydrocarbon gas 1s fed through

1ine {13) at a velooity such as to maintain the finely
divided solid in vessel (1) in suagpension in the gas in the

form of a denge body in which the particles are in inceggant

motion. The valocity‘should be so regulated as to produce
a suepenslon having at least about 5% by volume of solids,
preferably between about 10 and 25%, The velocity is
Oorre}ated with the amount of solide charged 8o as to
bring the lewel of the dense phase to a polnt where 1t
overflowa‘into condult {6)y The gases passing out of the
vegsel tend to carry solids with them. These sollds are

geparated in the cyclone (4) and returned to the dense

suspenslon,

- As ‘the solid overflows into conduit (6) and thus
into line (7); preheated alr or other oxidizing medium
le fed in through line {(8) at a velocity such as to carry

" the finely divided soldd into vessel {2) and maintain 1%

B
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therein in = suspension of the character heretofore deecribéd;
the level of the dense phase of the suspenslion being so
regulated that the dense phase overflows into condult {12)
which carries solid back into line (2).

The heat requlred for the‘reaction in vessel (1)
s supﬁlied primarily as sensible heat contained in the
gcllds retﬁrned from vesgel (2) éupplemented by preheat im-
parted to the hydrocarbon gas from the hot exhaust gas from
vessel (2).

;t will be appreciated that the illustration of the
apparatud and the drawing 1ls 1imited to the bare essentl?ls,
calculated merely to deplct the flow plan of the proceaa;
'Eeaigﬁ-and englneering detalls are purposely omitted to
avold unnecessary oompllcation; Among such detalls are
heat exchangers, aepating Jets for the various condults,
pumps, and’ the llke. It ie ‘yepeated that the flow plan
ghown 18 only one of geveral which may be used, the essen—
tiai requirement‘being that the flow plan shall include
'at 1eaat two zones ln one of which hydrocarbon lg reacted
with iron oxide and in the other of which 1ron with deple—
ted oxXygen contant is treated with an oxidlzing gas 8o as
to repleniah ita oxygen content, |

In order b0 illustrate the improved results
obﬁainabld by the practice of the present'invention,
reference 2 made to the followlng table of data in which
are tabulated the results obtalned in a ceramlc reactor
at.1700°F. with 20 Fey04-B0 Mgo preparéd by coprecipitation
of the respactive_eglphgtes. The table glves the operatling
conditions, Satlsfaotory fluldlzation was realized in
this operation which resulted 1ﬁ a conversion as bigh-és

57% with a selectivity %o Co of 87% and no carbon: The
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hydrogen to CO ratio in the product gas was‘l,g, whiéh is

a gatlafactory composifion for use in the Fischer Tropach

Syntheslis, The fact that the gas contalns some CO, 18 nos

detrimental since 1n the Fischer Synthesls CO, contalned

in the feed gas undergoes reaction with water 1in the

reactor yielding further quantlities of CO which 1nr1uences

the effective hydrogen to CO ratio in a faveorable directlon.
Methane Oxidation with 20 Fepoq_eo Mg0

l?OO“F..
Type of Operatlon Fluid Fixed Bed
Cycle No. . : 1 3 1
Feed Rate, V/V/Hr. 200 200 100
Methane Conversion, % 57 Ly .93
Belectivity, Mol %
S Ceig0, 13 1z 18
c o ‘ G 'R
Hz/co Mol Ratio - 1 9 -l =

It may be pointed out that with all oxygen carr-—

'“lers of the metal oxide type, with the possible exceptlom

of zino oxlde, there is an induction period in which the

* oxidatlon goes beyond CO formaflon o the formation of G0

This 1s evidently becausé_tha oxi&atién votential of the
metal oxide Ln 1t8 most highly oxidized form is too high
to éVOld complete oxldation of the hydrocarbon. This 1s
illuSQrapad by the following data obtalned in a fluidized=

operation in a ceramio reactor:

Bt Cyele Number e )

S LA Feed Rate, V/V/dour =~ = TeoooemmooomosmTemooe

W Time on Stream, Min. 3 8 20

i Methane Conversion, 7% : 96.5 91.0 574

W Selactivity, Mol % . '

T O . - 0 3 8y

i cop ‘ ' 100 o7 13

e ¢ - 0 o . 0

: Hz/CO'Mol Ratlo 2,0 1.2 1.9

oo Product Diatributlon. Mol % :

it 005 32,8 31.3 3.6

¥ HZO 65»6 63,3 10,6

i H3 - 0,2 1.2 2,9

] ¢o - 0.1 1,0 23,1

B CHL‘. - ’ i 1‘-2 392 1e ‘8

; Uneaturates 0,1 0.0 0.0
o 0,0 ° 0.0 0.0

~1 0
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| It will be obeerved ffom this data that tne unit
wag in operation for about 20 minutes before high gelectlvity
to carbon monoxide was obtained. In 4 continuoua operation,
agcording te the present-invention, Wﬁéhothia gtable con~-
dition is réached, it is maintained byvcontrolling_the're_
generation of the oxide, This 1s done'by oonﬁfol)ing the
amount of air or sther oxidizing gas fed to the regenarator
or by controlling the residence time of the solld in the
regeperator. The’ operator gan determine the adequacy of
his regenéraping conditions by watching the composition of
thé "make gaa“ If the codtent'of Co téhds to decrease ho
knows that he has © out down the degree of oxidation in the

regeneratbr by eilther or both of the expedients mﬁntmoned

2DoveE .

The data given sbeve shows that in the operatlons .
in questlon no carbon formatlon wag oncountered, It is known,
however that 1f the metal oxide is maintained in the
reqctor for too long a time, carbon Wwill tend %o form sven
with the .golid mixture spaciried herein, OCarbon formation
ig another factor whiech muﬂt be controlled in a continueume
operation, The appeqrance of cqrbon indicates élther too
Jong & residence time of the oxide in the reactor or too
low & degree of oxidntioh in the regenerator. Thus, while
the operator must be onreful not to get too high = degree
of oxidation irn the regenerator in order to hold down the
production of carbon dloxide, he muﬁt aleo aVOid under
oxldatlon in the regenerator or_tooilpng a regidence time
of the oxlde in the reactor in order to minimixe carbon
formation. :

Data on the usge of 1ron oxide alone in fluldized

operation for comparison with the data given above for the

- L
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mixture o6fF lrbn oxide and magnesia was not obtained because
of diffiizulty encountered in the fluldizatlon of the iron
oxide, To demonsteate, however, the unexpected effect of

the magnesis the followlng comparative data are givent’

| Mgo Fey03 B0 Mg0-20 Fe 0y
Methane Converaion % 21 56 | | 93
Selectivity Mol %

Co 39 . 23 82

g0z - 3 77 18

C 58 . 0 0

These data were obtdned from fixed bed operations in a quartz
reactor at a tamperature of 1700°F. and with a feed rate of
methane of 100 V/V/Hr.' In one operation the contact mass

was Mgo, in another Rog05 and in the third 80 Mg0--20 F9203’~

'*f}JThese ‘data uwre not strictly comparable because the time

pericds in the three runs were not exactly the sqme. The
‘datd'aelected however, aré the best obtainable with the
three contact materiala. In the case of the_lron oxide, ...
szor example, an exteﬁsion of the operatihg period beyond

" “fjat at which the data given were obtained resulted in
excesalve. formatlon of carbon with no 1mpr0Vement in CO
selectlvity, For example, when the time was doubled, the
aeleopivity to carbon went to 52% while the selectivity to
g0 was. 22%:

The aﬁpve daté demonatrate that while magnesla
1taelf 18 relatively ineffective, glving a low converslon
with a low selectivity to €O and high carbon formatton,
and while Fey0q glves Bubétantlally nigher conversion with,
: hoﬁever, a low selechivity to ¢o, the mixture Mg0d and
I‘Fezoj gives a very high convarsion with a high selectivity'

 to_G0vw1th_qo ¢arbon formation.

-1 2
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Although in the foregoing the speclflc operation

degcrlibed employs the fluidized sollds techniaque, 1t 1is to
be understood that in the practice of the present invention
a fixed bed or =a combinatlion of fixed bed and = fluldized
golid bed may be employed. In general, the temperatufe in
the hydrocarbon oxidation zone is maintalned in the range
between about 1600° and 2000°F, The aotual upper 1limit of
the temperature may be above 2000°F. and 1e dictated only
by the melting point of the finely divided solld or the
material of which the reaction vassel is constructed, The
pressure may be atmospheric or superatmoépheric, depending
~on design and econonle conslderations. Preasu}ea a8
high ag 600 155,/sq. in. are contemplﬁtéd.‘ The.feed rate
of the hydrocarben gas may vary w;dely depending on other
‘operating oonditionsJ In generzl, permissible feéd rates
will be higher the higher the operating temperature and
'pressure. Feed rates as low. ag 100 volumes of gas per
-volume of oxygen carrier per hour are contemﬁlated and thls
Teed rate may be as high as BOOO‘V/V/Hr. The residence time
of the cxygen carrler ln the hydrocarbbn oxidatlon zﬁne
will vary and ig a function of the circulation rates
required for temperqture control between the reactor and the
regenerator? 1Thig residenco time is also a functlon of j
the aversage oxygen to metal ratio in the .gxygen carrier
at whieh high seleotlvitles for GO produot}on are obtaiped.
This residence time may vary from about % %o BOfminqtes.
In general, it 15 preferred %o have a feaidence time of the
oxygen carrier in the hydrocarbon oxidation zoné In the range‘
of about 10 to 15 minutes. _ l

The nature and objecte of the present 1nventlon

hi%ing benn-degcribed and 11lustrated, what 1s claimed as

-neW'and useful and lg desired to be secured by Letters Patent la:

13~
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for producing a gas containing carbon
monoxide and hydrogen from a gaseous hydrocarbon which conslista
essentially in passing said hydrocarbon upwardiy through a
contacting zone containing finely divided particles of magnesla
and iron mixed to the extent afforded by mixing with a magnesium
compound in an aqueous medium an iron compound decomposible by
heat, decomposing sald lron compound, gseparating magnesia and an

iron compound from said agueous medium, drying and roasting to

_form iron oxide intimately mixed with sald magnesia, maintalining

the temperature in the contactlng zone between aboub 1600° and
2000°F., regulating the velocity of flow of sald gaseous
hydfocarbon upwardly through said zone so as to maintain sald
finely divided particles in suspension therein in the form of a
dense fluidized mass and recovering product gas containing carbon

monoxide and hydrogen from said conbtacting zone.
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2. In a process in which interconnected beds of a.
fluidized finely dlvilded oxygen carrier are maintained by passing
upwardly through one of sald beds a gas conslstlng essentlally of
gaseous hydrocarbon, at a veloéity sufficient to maintain sald bed
in a fluldized state, at a temperature between about 1600° and
2000°F. ahd by passlng upwardly through the other of said beds an
oxldizing gas at a veloclty sufficlent to maintain sald bed in a -

fluldized state and at a temperature at which oxygen i3 added to

gald carrier and by continuously circulating finely divided oxygen
carrier from each bed to the other and a gas contalning carbon
monoxide and hydrogen 1s recovered from said first mentloned bed,
the step of using as an oxygen carriler magnesia with which iron
oxlde is thoroughly intermixed to the extent afforded by mixing

in an aqueous medlum an iron compound decomposible by heat and é
magnesium compound, decomposing sald iron compound, separatlng
magnesla assoclated with an iron compound from the agqueocus medium

drying and roasting.

3. A method for producing a gas containing carbon
monoidbde and hydrogen from a gaseous hydrocarbon which conslsts

essentially in passing sald hydrocarbon upwardly through a

‘contacting zone contalning finely divided particles of magnesia

and iron oxide having an intimacy of admixture equal to that
obtainable by coprecipitation of the hydroxides from mixed
golutions of salts of thelr metals followed by heating.
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4, 1In a process in which interconnected beds of a
fluidized finely divided oxygen carrier are malntalned by passing
upwardly fhrough one of sald beds a gas consisting essentlally
of gaseous hydrocarbon, at a Qelocity sufficient to maintain sald
bed in a fluldized state, at a temperature between about 1600°

and 2000°F. and by passing upwardly through the other of said

" beds and oxldlzing gas at a veloelty aufficient to malntaln said

bed in a fluldlzed state and at a tgmperature at which oxygen 1ls3
added to sald carrlier and by continuously circulating finely
divided oxygen carrie# from-each bed to the other and a gas
containing carbonlmphpﬁide_énd hyd;ogen is recovéred from sald
first mentloned béd,AfhéAstep of using as an oxygen carrler
magnesla with which lron oxlde 18 thoroughly intermixed to the
extent afforded by coprecipitation of the hydroxides of
magnesium and iren from mixed agqueous soiutions of salts of

magnesiﬁm and iron followed by heating.
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Certified to be the drawings teferred lo
in the specification hereunto annexed,
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