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PRODUCTION OF GAS MIXTURES' CONTAT[N‘

‘ING ‘CARBON ‘MONOXIDE AND HYDROGEN
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signor -to: Standard-0il Development Compa,ny, ]
a-corporation-of Delaware

A‘]iplication August 15, 194‘7 Seria,l”lvo '768,892 K

. 3 Olaims

"I"he' preSent ’mVentmn relates to t‘he omda,tlon

ﬁnery gas, methane ethane ‘or the hke More

particularly; ‘the ~1nvent10n is-concerned with the -

oxidation of such-gaseous hydrocarbons by means
of nietallic ‘oxides-to ‘form ‘mixtures-of ‘hydrogen
and ‘carbon monoxide Suitable for the catalytic
syrithests “of “nofmaily liquid hydroearbt)ns -and
oxygenated compounds. -

The use of metallic'oxides ‘as'the source‘of oxy-
gen in the oxidation of gaseous hydrocarbons ‘and
the *re0xmat10n ‘of ‘the retduced ‘metal oxide with
dir have’ been proposed ‘before. ‘Experiénce ‘has
shown ‘thdt ‘when ‘the reaction is -conducted -by
passmg ‘the~ hydrocarbons thirough ‘o fxed ‘bed
of ‘the heated meétal oxide, the-extent of ‘the re«
adtion s difficult to -coritrol @s a result of the
-exeess oxygen which is~available for reacting with
the mcoming ‘feed “artd ‘the ‘poor-distribution -and
transfer of’ heat fhroughout the solids‘bed. . This
diffculty ‘can “be- avoided by ‘the ‘use-of certdin
meta ‘oXides;- ‘such ds ‘zinc -oxide, which ‘have

Ty ‘ToWw ‘oxygen vapor ‘pressiires. - ‘However,
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the ude’ of ‘these-oxides: general}y ‘involves-other -

seriots ‘disadvantages such ‘as ‘low sublimation
or meltmg temperatures of the metal oxides in-

25

t‘a‘.cted,mth & 'relatlve}y dense tm'bulent suspen-
ston-:of- ‘ﬁhely ‘divided ‘metal-oxide, ‘such : as -am
oxide-of“eopper,iromn, manganese, titanium, ete.,
fluidized ‘by ‘the upwardly fowing gaseous Teadt-

ants and reaction products to resemble a’ ‘boiling 7

ligquid, - “Beveral ‘modificatiohs ‘of this -technigue
have ‘been practiced “with varying ‘success while
avoiditig most of the-above nientioned-difficulties
as ‘a Testilt‘of ‘the-excellent ‘hedt distribution’ahd
gas-solids “contact «of these ‘Muidized masses.

“Thiss, it may-be-said ‘that ‘the Tluid solids tech-
nigie applied to the -oxidation 'of -hydrocarbon
gases with'metal fdxi'd‘es-ioﬂfers'iﬁh‘e ‘mostpromising
solution of the problems presénted by this:proe-
€5s.. "However, new difficulties drisein: conneetlon
wIth $his ‘fechnigue. -

: “The-gx¥idation -of ‘mefhdne ‘with “metal ‘oxides
requiires temperatures in excess ‘of “1600° -F. 4f
commereia.ny Satisfactory. conversion o 'CO and
Hz'iis “desired. The heat ‘necessary to maintain
the nermally-ehdothérmic:reaction ‘at-such:high
temperatures-is supplied in the form -of sensible
heat .of .metal -oxide which has:been regenerated
bytomda,txon w1th -alrin-g sepa.rate fluid -oxida-
tion (BORE. . Tlus oxxda.txon Zone, must therefore,

- 2
be operated at? st111*h1gher temperatures At tem-
peratures -in this .range, sthe metal ‘oxides useful .
for ‘the oxidation -process begin to sinter. -Due to
sintering, the finely divided :metal -pxide -particles
stick to the reactor ‘walls-and-agglomerate-to form
apgregates ~of snon~fluidizable size which ‘ecause
Huidizgtion-difficulties:and-tend to thwart:the-ad=-
vantages-of the:fluid:solids-technique. -¥n practice
it is, therefore, necessary to-operate:at oxidation
temperatures below.the sinitering ‘range -of ‘the
metal oxides involved, thus frequently prevent-
ing the maintenance ¢f optimiun tonversion and
of yields approaching theoreticdl values.
- he preseritinveritionovercomes the:aforemens
tioned ‘difficulties -and :affords. various additional
advantages.. “Fhese advaniapges, the “hature of
fhe itivention and tHe manuer in whichiit isiper=
formed will be-fully understood sfrom ‘the: ifol-
lowing -description thereof. read wrth zxrefemnee
totheaccompanying drawing. Li

It is $he privcipsl objectof the present mven-

_tion %o ‘provide jimproved meatis for .oxidiZing

hydroearbon gases Wwith mebaloxides:toformigas
miktures- »oonta:ining Ga,rbbn monoxxde zand hyh
drogen. - - -
A nbresspecifie 6bj ect iof t’he present mvention
is %o provide sdn -Imiproved sprocess ‘of the dype
specifiedl which ‘eniploys *iife Hitid *solids "teth=
nigue,

‘Other objects and advantages of the 1nventlon
will-appearhereinafber.

In decordance ‘with ithe presentdmientron, 'hy-
drocarbon ‘gases- such ‘&5 ‘natural ‘gas, 'methane,

~ete. ‘are first contactedl With a-dense, turbilent;
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fluidized mass of finely ‘divided ‘metsl ‘oxide ica
Pabie ‘of oxrdrzmg ‘Hydrocarbons to ccarhon amon-
oxide anhd hydrogen, ‘at-a ‘temperdtire below the
sintering* ‘temperature of thenetal oxide bt High
enough to cause:conversion of ‘a majorpropoiiion
of “the “hydrocarbons ‘charged. “Thereafter,- “tHe
product ‘gas containmg -unconverted Yiydrocar-
bon from ‘the ‘Hrst incompléte ‘conversion-stageis
contzgcted in b second conversion stage with oy~
gen, preferably Stibstanitiaily: ‘puire, e terpera=
ture ‘high ‘énough- ‘to- ‘complete ‘the oxidation
of ‘the hiydrocarbons o 'CO ‘and e dnd substan-
trally to'préventoxidationto'Co..

“In ‘this- msnner, the" advantages ‘of the hurd
solids” ‘techinique may ‘be ‘preserved and Stbstan=
tially compléte coriversion of the’ hydrocarbon Bas
to"COand ‘H: obtained. ‘It 'will also ve” ‘Hppreti-
ated that ‘the two-stage ‘operation ‘of “tie inven-
tion ‘combines ‘the advantages of ‘oxitgtion with
fluidized solid metdl uxidesand those: of‘ dmdatfon
w1th frEe oxygen w‘mle elimmatmg their ~dra“w-
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" backs because it avoids the sintering and fluidiza-
tion troubles associated with the high tempera-:

tures required for complete conversion and yet
does not involve the ‘high expense of a large
oxygen producing plant, the amount of oxygen

required for the final-cleanup of hydrocarbons )

in the second stage being relatively small. Fur-

“thermore; such metal oxide fines as ‘escape from

the first into the second stage will sinter and

© agglomerate at- the high temperature of the-
. latter, thus facilitating thelr separatlon from the:

product gas.

2,607,670

4
Finely divided metal catalysts, such as nickel,
may also be added to promote the reformation
of hydrocarbons with COz formed in the process,
into CO and Ha. )

The solids used in the first stage of the process
may have a particle size within the range of
50-400 mesh with at least 75% having:a particle
size larger ‘than 325 mesh. At these particle

- sizes, -superficial linear gas velocities of about

10

-0:3-3 ft. per second, preferably 1-2 ft. per second,

. are suitable for proper fluidization.

The temperatures suitable f01 the ﬁrst stage of

the invention depend mainly on the reactivity:
and selectivity for CO formation, of the metal:
oxide used in the first stage. Quite generally, it"
may be stated that satisfactory:results: may be. .

secured with the more reactive and selectwe

metal oxides at first stage temperatures of about. T

1400°--1600° F. to obtain about 65-90% conversmn

of ‘hydrocarbon gases to’ CO: and:- Ha.?

STThé second stage may be.successfully: operated
at temperatures of -about: 2000°-2500° . F.; prefer-
ably ‘about-2100°-2300° F. to accomplish, substan-
tiglly eomplete conversion of the remaining about
10-35%--'0f the hydrccarbon :charge.. About
8=12%: by volume of oxygen of.95%: punty, based
on'’theoriginal -hydrocarbon. charge is. usually
sufficient -for the <clean-up stage of the process.
At these cond1t1ons the equilibria of the reactions

CH4+COz=2Hz+2CO
.'LCI'I4+H20—‘3H2—|—CO

will: shlft strongly to the r1ght and. only small
amounts of CO and Ha will be lost by oxidation to

CO2-and H:0. The oxygen consumption in the

second stage is minimized by the, fact that the
partially converted gas-is supplied at the, high
temperatures of the first.stage,. Whlch are.con-

- siderably higher than could be. efﬁc1ently obtamed

by theé use-of conventional heat exchange. . :
:The: metal oxides which: may -be: used 1n the
present process are. quite generally such ox1des as
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are capable of-oxidizing gaseous hydrocarbons $o..

CO and Hz at the conditions of the first process
stdge: «:Since the: process. involves. reoxidation
of reduced: metal oxide with-air, the ox1des ‘should
have: such -an affinity . for oxygen at the tempera-
tures of the first stage that their oxygen partial
pressures at: equilibrium with both . higher -and
lower stages of oxidation present are less than
about. 0,10 atmosphere and, preferably,. less. than

0.01 atmosphere so.that substantra]ly all the oxy-"

gen of the air used for regeneratlon can be: bound
by.the lower stage of oxidation.

‘While. certain metal ox1des whlch are reduced
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to ‘metals such as ferrous oxide, cuprous oxide,

and. the like,- are useful for.the process,. other
sultable oxides are the h1gher oxides of metals
which .are. capable: of forming both higher and
lower oxides. Typlcal for-the latber oxides are
ferric oxide, cuprlc oxide, vanadlum pentoxrde,
stanmc ox1de, titanium d1ox1de, various man-
ganese ox1des and mlxtures of these oxides. The
oxides: of titanium,. preferably those promoted
Wrth a compos1te contammg a inajor proportlon
of iron oxide and mmor proportlons 6f. nickel
oxide and chromium. xide ‘are of partlcular
advantage for the present 1nvent1on ‘because they
have.been found to possess satlsfactory “activity
and selectivity ‘to. form CO and Ha at the rela-

" tively low conversion temperatures maintained in

the. ﬁrst stage of the process. 'The metal ‘oxides
may be supported on carriérs such as kieselguht,
alumma, silica gel, bentonites, 'etc., which in- -
crease the active surface ‘of the metal ox1des

60
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“Having set forth the general nature and ob-
jects, the invention will be best understood from
the :more .detailed :description hereinafter in

-which: reference.will be made to the accompany-
-ing- drawing: which-is a semi-diagrammatic view

of apparatus suitable to practice a preferred em-

" bodiment of the invention.

Referring now in detail to the drawing, the
system illustrated therein essentially comprises
a-hydrocarbon oxidizer: {0,.a metal oxide regen-
erator-39 and-a clean-up oxidizer 56 whose func-
tions and cooperatlon will be explamed forthwith
using the conversion of natural gas with tltamum
dioxide. (promoted by: .a. compos1te contalmng

about: 80% Fe203,.10% NiO ‘and 10% Cr203) in
the first stage. and oxygen of 95%. purlty in the
second as an example It should be understood,
however, that other hydrocarbon gases and other
metal oxides may be . used in a substantxally
analogous manner.
. In operation, hydrocarbon ox1dlzer 10 contains
3 dense bed 12 of titanium dioxide havmg a par-
ticle size of about 200-300 mesh ﬂmdlzed to form
an upper level Tuo at about 5-15: “ft. elevation, by
the gaseous reactants and reactlon products flow-
ing upwardly at a superﬁmal linear velocity of
about. 1,5 ft. per second at the top of the bed,
Natural gas preferably preheated to'a. tempera-
ture of about 800°-1000° F.,.is supphed through.
lme M and steam superheated to a s1m11ar tem-
perature may be. added through 11ne “16-for fuid~
ization and conversion purposes. . Proper d15tribu-

_tion.of the gas. feed is, accomphshed by conven-

tional - d1st11but1ng means such as. a perforated
grid-i8. L

Metal omde regenerator 30 is arranged ] a“n
elevated position with respect to. oxidizer {0 and
contalns @ dense bed 32 of. reduced metal oxide
in the state of reoxidation.and fluidized.to as-

sume. a, level Lo, by. air, preferably preheated to

about 800°—1000° F.,.and supplied through line 34

- and grid 38 at a- superﬁclal linear. velocrty thhin.

regenerator- 30 of about 1-2 ft er second and in
amounts sufﬁcrent to reox1d1ze metal and .lower
metal ox1des to the hlgher oxmatlon stage desued
for ox1dlzer 40.; About 2-3: Yolumes of. air per
vclume of. natural gas charged is usually adequate,,
for thlS purpose., - Ox1d1zer i0 may be maintained

" at an elevated pressure of, say, about.75-200 1bs,

per square inch, preferably 100-150 lb_s per-square
inch, . ‘while ‘regenerator .30 is kept at a lower
pressure, preferably at: about atmospherxc to 50
lbs.:per square.inch.: -

o Reoxidized titanium. d10x1de is w1thdrawn from
a lower portion of bed 32 into a. standpipe 36
aerated: . through' taps .&: and- flows - under..the
pseudo—hydrostatrc pressure of - dense -phase 32
and standpipe 38-provided with 1 @ pottom control
valve 89;.substantially .at-the- temperature of bed .
32, into- exidizer. 19, .is Teduced therein. by the
natufal gas and- returned through:the reverse
standpl’ eA0 prov1ded W1th a top control valve 44

) under he'l pressure- of ox1dlzer 10 to- regenerator

30:- Control valve 44 may- also be* placed: lower
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in.réverse stindpipe-40, n° ‘which-oase aeration:

gas is Sﬂpphed to-standpipe 48 thiough one or
more taps t above such lower fVa,IVe, pa.ftit:ulaarlyu

during the starting pericd, ‘
‘Phe heat reqtured for the omdatm‘n o‘f matufal

gas ih oxidizer 10 is Supplied as sensible hedt of:

reoxidiged ‘metal oxide stipplied from regenerator
30 ‘through - standpipe 36.
régenerator 30- is :operated at a temperature
highier than that of okidizer /18, say higher by
about 50°-200° F,‘or more. ‘Operating tempsra-
tutres for titanitm dioxide may be about 1500°~
1900° F., ‘preferably about 1600° F. in’regen=

erator 30 atid- about 1400°-1600° F., preferably

about 1500° F. in oxidizer 10. At thése-conditions,
a 'solids circulation. rate of about 8 1o 12 1bs. per
dubic fi. of natural gas'to be tonverted is gener=
ally sufficient to mamta,m ‘thie desired: “heat
balance.

Residual ‘air cohitainihg about 95-100% mtro-
genis ‘withdrawn. ‘from-level Lao through a 'g8s
solids separator; suchas cyclone 33 provided with
solids return ‘pipe 37, sand ‘then through. line 43,
to- ‘be used- for any desired: purpose, preferably

after heéat exchange with process gases and/or

golids. * ‘T¥ ‘desired, fresh metal or rnétal: ckide
may be supplied to reoxidizer 30 through line 35
and ‘metal exide fines-of lndesirably small sme
may be discarded through line 46.

Returning now to oxidizer 10, a ‘partially con-
verted product gas which may 'still'cont'a.in upto
about 10% or more of unconverted methane is
withdrawn from level Lio and passed substan-
tially at the temperiture and pressure-of oxidizer
10 through line 48 to clean-up oxidizer 50. Oxy-
gen of whout'95% purity, preferably preheated:to
about 700°-900° F,, is supplied:through lne §2:to
clean-up oxidizer 50 in amounts sufficient to:con-
vert the remainder of the natural:gas to:€Q and
Haandto maintain a temperatureof about 2100°%-
2300° F. within oxidizer 50. -About 2-4. volumes
of oxygen per 100 volumes of gas supplied through
line 48 is usually sufficient for this purpose.  Any
metal or metal oxide fines carried from oxidizer
10 to oxidizer 50 by the gas passing through line
48 are sintered and agglomerated in oxidizer 50 so
that the large particles formed will drop out of
the gas and collect in the bottom of oxidizer 50
from which they may be removed continuously
or periodically through line 53, to be returned
through . line 35 to regenerator 30, preferably
after grinding to the desired particle size.

Product gas consisting predominantly of CO
and Hz and containing mere traces of uncon-
verted hydrocarbon and relatively small amounts
of CO2 and H:0 is withdrawn from oxidizer 50
through line 54. Its heat content may be used
to preheat process gases and/or solids in any
conventional manner. It may be used directly
for the .catalytic synthesis of hydrocarbons, if
desired, after purification. The product gas may
also be reacted wholly or in part with steam to
convert CO to COz which may be removed to pro-
duce pure hydrogen.

The embodiment of the invention illustrated by
the drawing permits of various modifications.
Purging stages may be provided in lines 36 and
40 using inert gases such as steam, residual air,
ete. in a manner known per se., to prevent the
formation of explosive mixtures. A gas solids
separator similar to separator 33 may be ar-
ranged between oxidizer 10 and line 48. The
gas leaving regenerator 30 may be cooled prior
to its entry into separator 33 to prevent damage
thereto by overheating. Separator 33 may then

~"To " accomplish. this,
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be arranged outside regenierator 30.; - Tristehd: of .
using standpipes 36 and 40 for circulating solids:
between oxidizer (0 and regenerator 38;:Gther
conventiongl mesns for conveying fluidizedsolids
may be used, such as: mechamcal conveyors, 1ock~‘
hoppers, ete. . g

“The invention wﬂl be furbher illustrated by the,:
following specxﬂc ‘example. RISE EE

Extample

For the productlon of the synthes1s feed gas re- i
quired hy a ‘hydrocarbon synthesis plant -designed-:
for an output -of about 10,000 barrels of liquid:
fuels per ‘day, the pprocess of the invention may:
be ‘operated at the: approxzmate conditions hsted;
below: .

Natural as ‘feed Tate (90% Cm) '

mhols/hr, o iiliiloiil 12 940"
Natural ‘gas preheating teniperatire, “F__ B0
Steam feed rate to oxidizer 10, mols/hi___ 6,260
Steam ‘preheating temperature, *Fo.___-._ - 900’

Air feed rate to regenerator 30, mcrls/hr___ 30,900
- Air preheating temperature, °F_Z_._____
oxygen feed Tate to ox1dlzer 50 O

mols/hr, oo il
Preheatmg temperature of oxygen,"F_

Pressure  “in ox1dlzer m
BAUGE L L
Temperature in refgenerator 30 oo 1800,
Pressure “in regenerator 30; Tbs/va. in
BAUZE o e
Temperature in ‘oxidizer 50, ‘°F-_____;.__ ~'9.90
Pressure  in oxuilzer 50, Ibs /‘sq

gauge
Solids mrculatmn rate, based on T102 e
‘tween ‘oxidizer |o and regenerator 30;
tons/min, o ooLcolo D Z i o
Nitrogen production m regenerator 10, e
mols/hr, o oo loonio el L 4,
Total ‘gas - production in ox1d1zer

mols/hr. o 39, 900

Production of CO+4H: in oxidizer {0,
mols/hr. e 27,700
Colmposxtlon of gas produced in oxidizer
0:

CO percent__ 19.6

Ha oo do-_. 49.9
CO2 e do_.. 64
N e e do._. 20
HaO oo do... 159
CH4 e e do._. 538
Impurities .o oo do_... 04
100.0

Total gas production in oxidizer 50,

mols/hr. e 44500

Production of CO-+Ha: in oxidizer 50,
mols/hr. . 34,500

Composition of final product gas (after
desulfurization) :

Cco e e et e percent._ 25.2
He e do... 522
CO2 e do... 3.1
N o do... 2.3
H20 e ettt it o i o o e e dO__... 17.0
CH4 e e e do_.. 2

100.0

While the foregoing description and exem-
plary operations have served to illustrate specific
applications and results of my invention, other
modifications obvious to those skilled in the art
are within the scope of my invention. - Only
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such. limitatiolis should -be:imposed on'.the in-:
verntion:as:are: 1nd1cated in- the appended claims:

JIelaimy o

c10-An 1mproved. process for manufacturmg a;

gaseous fuel :containing. -predominantly . Ha. and

CO, which comprises continuously forcing a hy--

drocarbon::gas. predominantly. .methane:.into.'a

conversion zone containing a fluidized: mass of a:

finely-divided metal oxide adapted to convert said
hydrocarbon gas to hydrogen and CO, maintain-
ing: a. temperature ‘within:said . conversion zone
within the range of from about 1400°.to 1800° F

permitting ‘contact between-said gaseous-hydro-:
carbon and-said-fluidized metal oxide for a suf-
ficient period of time.to :permit at least partial

conversion of said hydrocarbon gas into Hz and
CO, withdrawing a produce containing said Ha

and CO and hydrocarbon unreacted gas, and also
entramed metal-contamlng fines, from said.con-
version Zone,. chargmg said gas to g second zone,
contacting said’ gas with substaiitially pure 0xy~
gen in said second Zone sufficient in ainount. sub-

10
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20

stantially completely to convert said unreacted

hydrocarbon gas.into He and CO, and to sinter

and agglomerate metal- containing partleles, by

mamtalmng in said last named. zone a tempera-
ture .within the range of from aboub 2000° to

2500° ¥, and withdrawing from sdid second zone.
a‘produ'c"t gas substantially” free of hydrocar-
‘Zone.. 30
the smtered and agglomerated metal contammg
- fines. : )
2. An’improved process for manufacturmg a-

bons .and also.recovering from said second zone

gaseous “fuel containing predommantly Hs and
CO, which comprises contmuously Iorcmg a hy-

drocarbori gas into a conversion zone containing.

a fluidizeéd mass of & ﬁnely-d1v1ded metal ox1de
adapted to convert said hydrocarbon gas to hy-

drogen and Co, mamtalnmg a. temperature w1th-”

in: said conversion zone w1thm the range, ‘of. from

about '1400° t0:1600° F., permxttmg contact be-;

25

35

2,607,670

tween said gaseous hydrocarbon and said fluidized:
metal oxide for a.sufficient.period of time:fo per-:
mit-at least partial-conversion of.said hydrocar-
bon gas into Hz and CO, withdrawing a product,

containing said Hz and €O-and. hydrocarbon un-

reacted: gas, and also:entrained metal-containing
fines, -fromsaid conversion. zone,-charging- said
gas to'a second. zone, contacting. said gas with;

-substantially pure oxygen in said second -zone

sufficient .in -amount substantially completely to
convert -said unreacted: hydrocarbon gas inte Ha
and  CO,-and to sinter and agglomerate metal--
containing particles, by ‘maintaining in said last
named zone a temperature within:the range of
from.:about 2000° to 2500°. F., and withdrawing
from said second:zone a product gas.substantially
free .of hydrocarbons, and. also recovering from
said:second:zone the sintered and agglomerated
metal-containing fines. , R

3. The process:.of claim 2 in which reduced
metal oxide is withdrawn from said conversion
zone, regenerated with- air.-in. the form. of a
dense,. turbulent, fluidized mass of . solids in-a
regeneration: zone. at:an- Qxldl_z_l_ng, tempelature.
and returned to_said conversion: zone: substan-
tlally at the temperature of said regeneratlon
zone. . -

WARREN K LEVVIS JR,
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