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COMPLETE SPECIFICATION

Improvements in or relating to the Production of Gases Containing
Carbon Monoxide and Hydrogen from Hydrocarbons

We, Stanparp Orn Devanorimst (ou-
rany, a Corporation duly ergenized and
exigting under the lawg of the State of
Delaware, United States of Americs, of

9 Elizabeth, New Jersey, Uniled States ol

America, do hereby declare the nature of

this jnvention und in what manner the

same }s fo be performed, fo be particularly
described and ascertained in and by the
0 following statement:—

The present invemtion is directed to a
method  for
gontaining carbon monoxide and hydrogen
from gaseons hydrocarbons, More gpeci-

15 fically, it relates to the production of a
gaseous mixture subsfantially entirely
cunsisting of carbon menoxide and hydro-
gen from methane,

Tr many processes, the raw material is
somposed of or essentially containg, a
mixture of carbon monoxide and hydro-
gen. Chisf pwong these processes are tha
so-0alled methanol synthesis, in which
carbon monoxide and hydrogen are re-
25 acled in the presence of a suitable catalyst

to proluce oxygenated orgenic come
pounds, and the Fischer Tropsch syn-
thesis, in which ecarbon monoxide and
hydmgen in sunitable Froportions are Te-
30 acted in the presence of a suitable catalyst
to produce a produet primarily composed
of lljiquid hydrocarbons. In processes of
ihiz type it is highly desirable thatl the
fead gns be free from contamination
86 from inert gaseons substamces, The
obvions way to obfain a mixture of carbon
monoxide and hydrvogen is lo subject a
mixture of a  hydroearbon gsuch as
methane and aiy fg controlled combus-
40 tion. This procednre, however, rezulis
in & gas conteining o lerge quantily of
nitrogen. ‘This detrimental dilution has
lead {0 much study and exparimentation
directed toward the devaelapment of a
46 method for producing the desired *make
~gas!”  frec  [rom contaminants aud
[Prioe 2{-]

%:]mducing industrial poses

diluents,

Among the procedures which have
been proposed for producing from hydro-
carbons & guitable gas mixiure comtajn- 50
ing carbon monozide and hydrogen free
from large volumes of diluent gas is that
1 which a metal is used ns an oxygen
carpier. The Eaneml procedure pronosed
is to react the hydrocerbon, smek us 55
methane, with a metal oxide wuntil the
latter is depleted in oxygen econtent, then
to reoxidize the depleted oxide with air,
veuting off the residue gases, and again
reagt the regederated oxide with +the 60
hydrocarbon. . By this procedure the gas
regulting from reaction of the hydre-
carhon with the metal oxide iz obtained
saparately from the gascous residues
from the ozidabion of the metal with air. 66

It bas been proposed to employ in a
multistage proccss of this type the so-
called fuidized, solids technique which is
cheracterized by the fact that contact or -
rexelion bebwedii'a gasiform material and 70
a solid is effected by suspending the enlid
in finely divided form in an upflowing
stream of the gasiform material, the solid
for this pmrpose being employed in the
form of particles of mixed sizes ran ing 75 -
ugwar&s from about § microns to a%out
100 mesh, and coataining subsbantial
guaniities of sizes between 200 mesh and
400 mesh, and the velocity of the up-
flowing gasiform material being main- 80
tained betwecn ubout .8 and 5 feet per
seoond ; these valwes representing super-
fieial velocity of gas thromgh an cmpty
contacting zome.: bBy suitably adjusfing
the veloelly of the wupflowing gasiform 85
material within the range given and by
feeding to the contacting zome {inely
divided material as rapidly as such
materin] leaves-the zone, it i possible o
maintsin in the contacting =ore & high 90
eoncentration, between 16} and 259 Ty
voluwe of the finely, divided material in

iem_ .
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% highly turbulent state. The finely
divided materia]l leaves the confacting
zone eithar by being carried off overhead

the gas or by being withdruwn, directly

b frow the dense suspension in the contact
ing zome, in which case the demse sus-
pension may be drawn off the hottom of
the vontaching zone or overflow from the
top of the contacting zome or drawn ©

10
suspension in_ the contacting zome, by
reason of its high degres of lurbulence,
fhers is & thorough mixing of the finely
divided material and the
material resulting in 2 substanfial um-
formity of temperature *throughout the
zone and § homogeneity of the mixfure
throughout the zone; thus, i there iy
aidded to the suspension fnely divided
material of » character somewhat differ-

16

20

ent from that already contpined within.

there s rapidly formed {hroughout =
sone 3 homogeuecus misture of the
different solid materials. '

In applying this technique to the pro-
cess unfler discussion, finely divided
metal oxide is fed to a2 -contacting zone
together with a gastform hydrocarbon,
gueh as methens. Finely divided material
is continuously withdrawn from the zone
and is fed 10 a second comtacling zone
together with air. In the first rontacting
zone the reaction involves the oxidation
of the hydrocarbon ahd the reduction of
the metal oxide. If the oxidation of the
hydrocarbon - is conirolled te producs
carhon monoside and hydrogen, it is'only
slightly exothermic. The reduction of

ao

the metal vxide, on tke other hiand., 1is -

endothermie to an extent correspondiug
fo the heat of formetion of the metal
oxide. The gverall result is that heat
must normally be supplied to this con-
tacting zome. Lt has been proposed fo

40

45
tnined in the metal oxide fed from the
oxidization zone, in which the reaction
is exothermic, to the hydrocarbon conver-

. siom zome. The muount of heat thal ean

60 e so supplicd, however, is Limifed by the
amount of solid feed which the bydro-
carbon conversina zone Will folerute.

- Tn spplying this technique it has Deen
proposerd o maintain in tt}lae hydroearbon
conversion zune an oxeess of wetal oxide
«o that soroe of the hydenearbon is eon-
verted fu earbon dioxide, therebs supply-
ing a large quantity of heat. This

56

carbon dipxzide, however, must be re-.

60 moved from the “make gas” and this
involves 2 reforming operation which

again crewtes a problem of ‘hent supply.

Tt has been proposed fo use iron oxide’

as the oxygen rérrier In a procedure of
85 {his type becadse of ifs cheapness and

; fi preferuble v use 2y the oxygen carrier a.
al any infermediate point. In the dense -

agiforan - P
this process have vesulied 1n a substan-

hipdreogen,

supply this heat in the form of heat con--

-andethermic,

_an

ready availebility. Iron oxide has o bigh
heat of formation aud, thercfore, alworhs
lnge quantities of hoat duriug ifs reduc-
tion. ‘This places an exiveme heat luad
on the hydrocarbon conversion zZote.
From the foregoing discussion, it he-
comes appurcnt that in i operafion of
this type for vverall heat balence it Is

(M

metal the oxide of which bhas a stbstan-
tially lower heni of formation ihan iron

oxide. A readily availahle cheap materiul

auswering  ihis requirement ix copper.
Previous nttempts to employ copper in .
K

{}
tially complete conversion of the hydrn-
carbou fo enrbon  dioxide and water,
rather thun to cavbon monoside and
Furthermore, copper oxide

and copper itsslf do not fluidize readily 85
but tend to sgglomerate at {be tempera-
ture of operation in finely divided form.
I# Lias now been found thet enpper may
he used as an oxygen carrier in this pro-

nesg if it is employed on a cerrier and il 80
there is mainfuined in the liydroesrbon
conversion zone a Aunidized bed consisiing
subslantinlly entirvely of eopper suppurted
on a fAnely divided corrvier fo which is

added, continuously, copper oxide sup- 8§
ported on a finely divided ravrier iu an
zmount stoichiometrically eqnivalent fo
the hydrocarbon fed to the vontractor. In
other words, the rates of feed of the

. Liydrocarhén and the copper oxide to the 100

confurting zome are so cunirolled that for
each atom of earhon fed to the contacting
zone fthere 1s fed an atowm of oxygen.

To lhe process of the present inveniion
the methaue reacts quite rapidly with the 105
eopper oxide at o fairly low temperniure.

Ti carbon monoxide and hydrogen ave
ﬁrst; preduced, they react much niere
rapidly wilh the eopper oxide than with
fhe methane, On the other hand, the 110
melhane may be converted direetly to
10, and H,0, Tn either case the copper
oxide is fuﬁy ufilized before the methanc
is congumed, and suck methane as is con-
verted goes primarily to carbus dioxide 115
and water. One virtue of the process,
however, is that the copper is an effective
reforming patalyst whereby the earhon
dioxide and water produced reuet with
the ynconverted methane to produce 120
carbon monoxide and hyvdrogen. As pre-
viously pointed out, this reaction is guite
On the ather hand {he
reaction between the methane and the
copper gxide to produce ecarbon dioxide 195
water is highly exvthermic. More-
over the heat of rednctinn of the capper
oxide i5 relatively low. DBecuuse of {he

. thorongh mixzing which is realized in the
-contacting zone, the heat generated hy 130
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the methanecopper oxide. reaction,
together with the sensible heat brought
info the contacting zone both as preheat
of the methane and heat carried in by the

B copper axide, supporied on the carrter is
sutfiolent to support the hydroforming
reaction. It ma&y be noted here that the
copper gxide formg only a minor amount
of the total solid fed to the contacting

10 zone, the remainder being in the form of
a heaf earrier having relatively high heat
capacity which earries considerabls heat
from the oxidization zone to the hydro-
Carbon colversion zohe.

15  The cupper, in order to funciion satis-
Factorily . the fuidized solids technigue
employed in the process of the present
invention must be supported on a currier.
Any one of a number of materiale may be

oy used to impuré fhe desized Hwidizable

character to the copper. Among these
materials are magnesia, aluminu, zir-
conja, thoria, silica and other highly
refructory oxides. For the best ellective-
ness of the suppurted copper as a reform-
ing eotalyst, however, it is preferred to
employ milics ns the carrier, OCopper ou
silica at a piven temperature is a much
more effective reforming catalyst than

20 copper on wagnesia. Copper on alumina
is intermediate these two m effectiveness.
Tt is o be understood that any of these
carriers may be employed in eatalyze
affectively the relommi reaotion, but

35 whem silica is amployed 23 a carrier, it
is possible o complete the reforming re-

- achlon at a2 lower temperatmre.  For
exampls with copper on silica it is possible
to operate the hydracarbon conversion

i) zoue at a temperature as low as about
1450" although for best results the gpera-
fon is eondncted in the neighbourlived of
1600—1850° ¥. With ocopper on mag-
nesiua, on the other hond, the minimum

45 temperature at which substuntizl reform.-

ing ocours is about 1660° ¥F., and in

general for a given degree of reformation
it is mecessary to use a temperalure of
from 100—200° higher with copper om

magnesiz than with copper on silica, Im

this conneetion it muat be borne in mind

that the ftemperature mainfained in the
hydrocexbon conversion zome-is diclated
primarily by the temperature require-

25

55 ment of the reforming reaction since the’

reaction between the methane ond the
capper -'oxide proceeds at substantially
lower temperatures, even below 1008° F.

It is not suficient for the purpose of

80 the present invention to use copper in the
form, of a mechumical mixture with siliea,
Rather it is required that the copper and
gilica have that degree of inthmacy of
admixture aitaineble hy impregnaiing

85 the silica with sz solution of a copper salt

or, preferably, that greater desree of
intimacy of admixture attainable by co-
precipitating the copper and the silica. A
very nusefu] eatalyst for the purpose of
the present invention is prepared by 70
sopking siliey gel in un aqueons solution
of a copper salt of such concentration as
to deposit on. the gel hetween about 8 and
about 30% by weight of copper. Tha
ponked gel is then dried and roasted to
convert the copper salt to the oxide which
then may be-readily reduced by a ireat-
ment with hydrogen or a hydrocarhon gas
or other reducing gus,

This catalyst hag the desirable charae. 30
taristic that when it i employed in fnsly
divided form of particle size f;ss than 100
mesh, and with a suifable particle size
d}stri!bution, i} is readily fluidizuble, as
distinguished from powdered copper 86
which is difficult, if at all possible, fo -
flnidize hacawse of the tendency of finely
divided copper-to agglomerate ab elevated
temperatore, . Consequently the catalyst
of the present invention is ideally suited B0
o reforming operations comdueted while
employing the go-colled fluidized solids
te.e]:lmgue in which the eatalyst in finely
divided form is sugpended in am wupflow-
ing stream of the gustform reaction 95
material trawelliﬁg at a velocity such as
to maintain the finely divided eatalyst in
the form of & denss highly turbulent sus-
pension having the flow characteristics of
6 liquid. For use in this type of apera- 100
tion the eatalyst iy praferably in the form
of fine particles of mixed sizes the largest
of which is not substentially graater than
100 mesh and a large portion of which
pass 200 mesh, With a catalyst in this
state of subdivision the suspending gasi-
form material should be o velowity De-
fween about .3 and 5 ft./sec., preferably
ig the lower end of this rangs, the velo-
ety figures heing given superficial 110
velocily or velocity of the gasiform
materia]l throngh an empty coutacling
zohe, o

The process of the present inventisn
makes possible the production from @ 118
hydrocarbon of a gas misture predomin-
antly composed of enrbon monexide and
hydrogen. TIn ihis process substantially
complete conversiom of the hydrocarbon
to the ddsired gas mixture may be effacted. 1201
In o iypicel operation, ‘for example,
melthans may be converted to the exfent
of 979 with at least 0% of the con-
verted methane going tv carbon mongzide
ond hydrogen. These results may hel2h
achieved by the use of copper exide as en
oxygen carriey only when cnre s taken
ta contro] the feed rates of the  hydro-
earbon and the copper oxide iy the hydre-
ezrhon conversion zome. 1% a large exceny 130

16
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65 minations op the “make gus.”

of the cupper oside iz employed, the
hydrocarbon will be substautially com-
pletely converted, but the resulting gas
will ge practically enfirely

parbon dioxile and water. It is not
necessaTy to maintain a precize s{oichio-
mefrie halance between the copper oxide
and the hydrooarbon. A slight excess of
the former will benefit the operation bty
converting more of the hydrucarbon to
carbon dioxide with e resultant increase
in the heat supply in the conversion zone.
This, however, 15 at the expense of salen-
tivity of the conversion fo carbom moxn-
oxide and hydrogen, and is fessible only
where an increased content of earbon
dioxide can be tolerated in the make

s,

& Another feature of the process of the
present invention is that carbon forma-
[lon dnring the hydrocarhon conversion
is substontially eliminated. One of the
diffcuities encountered in  previaus
attempts tg ozidize bydroearbons by 2
reducible metal oxide has been the loss
of cousidexable quantities of the hydro-
carbon, in the form of earhon depusits on

the finely divided metnl or mstal oxide.

Tn estended periods of operations in
acenrdance with the present invention no
carbon was observel on the finely divided
solid leaving the hydrecarbon conversion
zoue, and enrbon balances on the opera-
tions indicated that substantiully all of
the carhon in the Lydroearbon was con-
verted to useful gases.

Thera iy evidenpe that in oxder to pro-
duce continuously a ‘“‘make gas” of fairly
uniform compositicn, according to the
proceduze outlined above, coptinuous
control must be exercised on the feed
rates of the Lydrocarbon and wetal oxide
1o the hydrocarbon convession zone. The
aperator must be ahle to tell guickly when
hig “make gas’’ deviates from fhe desired
composition so as to be able tn quickly
make {he necessary adjustments to mamn-
tain the composition of the “‘make gos”
uniform. ~ More specifieally, Le must he
able to ascertain if he is feeding to the
atom of

hydrovarbon eonveTsion oue

oxygen for each afom of rarhan, and he,

must always be able o asccriain if the
vaforming reaction is going to completion;
that s o say, hc may be feeding the

roper proportions of earbon and oxygen,
];ut the reforming nctivily of the contact
mixtnre in the hydrocarhon conversion
zone may decrease so that the comporition
of his “make gas” suffers.

Accurdieg to o modificaton of (he
present invention, control of the opero-
tion of the aforesaid lype may he readily
effected hy mpking a few simple deter-
For com-

composed of -

plete econtrol, the operator must firsf
determine the cvarbon dioxide eontent of
the ™ make gas.” Then, according to the
present invention, the operstor subjects
a smail quantity of the ** make gas ™ o
5 reformation operaticn in which 1s
ulilized a highly active catalyst at a tew-
perature sufliviently high {o secure com-
pletion of ths reforming reaction. The
?lger{ttur then .determaines the earbon
lvxide content of the produet of this
reforming reaction. In order to make
possible control of this type it is necessary

- to feed to the reactor an amount of copper

oxite slightly in cxeess of the stoichio-
metrieal eguivelent of the carbou io pro-
duce carhon monoxide. TIn other words,
it is necessary to ensure that the ““malke
gas’’ will always conlain_ svme carbon
diexide. Thus the control method does
nol provide for maintenance of precise
stoichiomeirical gquantilies of copper
oxide and cathon in the feed ty the hydro-
carhon conversion mone but for the main-
tenance of the slight excess of copper
oxide nver these proporticns whick may
be tolerated,

“If, in the practice of the evnirel method

‘of the present invention, the carhon

dioxide content of the *‘muke gas'" axceads
a predetermined quaniity the operafor
knows that he is feeding un execess of
oxygen over the predstermined amount to
the Liydroearbon conversion zone, or that
the rf,-furming reaction in the eonversion
zone is not going to completion. Thexn, if
the off gas from the pilot reforming
operation contains an amount of earhon
dioxide in excess of that predetermined
for satisfactory operation,
he is feeding #o0 much oxygen to the
hydrocarbon eonversion zone and ean
eitler reduce the oxygen feed or incresse
the carbopn feed eorrespondingly. On the

T0

78

80

86

uh

100

e knows that 106

other hand, if the product gas from the 118

pilot relorming operation conlsins an
amount nf curban giuxide predelermived
for satisfartory speration he knows that,
the varbon dioxide content of the “‘make
gas'' heing excessive, the reforming
operation in the hydrosarbon conversion
z6pe is not going to completion. This
can he compensated for in the ordinary
ggse by inereasing the temperature in the
Lydrocarhon eonversion zone or increasing
the residence time of the reactants by’
slowing down the gas velocliy in the
h¥drocarbon conversion zone,

* Several types of devices for qv_iekly.

120

determining the curbon, dioxide content 1253

of a gas are known and any of these may
be ewployed in the praciice of the present
toventivn.  For gxemple, the infra-red
ray spectrometer guickly and, accurgtely

gives a nieasure of very minute amvuuts 130
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of carbon dioxide in gas; also, a conven-
tional pH meter may be cmployed for
thiz purpose, - utilizmg water as the
medium in which the hydrogen electrode
§ is immersed and passing the gas to be
exomined throuvgh the water., 'Chess and
other types -of indicalors indicate the
varbon dioxids comtent of the gus us an
clechrienl guantity, This  elecirical
quantity may be uiilized o actuste valves
controliing the feed of mefal oxide or
Liydrocarbon or both o the hydrocarbon
vonversion zone. These specific conirol
arrangements constitute no pext of the
present invention sinca, for the purpose
of the present invention,  the operator,
having made the deferminations which
constitute the real control method of the
present invenfien, san manipulate the
feads of the hydrocarbon snd the metal
oxide manmually. . . .
Iz the pilot reforming operation of this
modificetion of the present invention thers
is employed a highly active catalyst guch
as nickel alumina catalysts prepared by
coprecipitation of the nickel oxide and the
altming, or 2 copper siica gel cabalyst
which may lilkewise be prepared by a co-
precipitetion method or by impregnation
of silica gel with a copper aolt solution,
followed by the wusual drying, rowsting
and reducing staps, These vatelysis are
highly cffcefive ocatalysts in this reform-
ing operation, even at femperatures as
low as 1600° I, TIn urder, however, to
engure completion of this reaction, this
pilot reforming unit is operated af a
termperature between 2000 and 24007 F.
By way of explamafion, il may be
pointed out that if tha feeds of copper
oxide and hydrocarbon fo the mnin pro-
cess werg in exacily sivichiometrical
amounty for the produetion of carhon
moenexide and bydrogen the gas produced
in the pilot reforming gtep 'Wﬂ'u.].(f conialn
only traces aof earbon dioxide, regardless
of what happened in the main process.
1f the.copper oxide fed to the main pro-
cess were supplied in execss of the awoundt
50 to convert the hydrocarbon fed to carbon
umonoxide the produecte of the pilot re-
forming operation would coniain & small
amount pf earbon dioxide which can be
determined by calculation, regardiess of
what happened in the main process.
Therefore, in sccordagce with the present
invention control of the procesy is pradi-
eated on maintaining o content of earbon
dioxide in the prodush gas of the pilot
reforming operation belween fixed rela-
tively narrow limits, as, for ewample,

10
1

20

av

14

45

&b

60

hetween & and 2% or perhaps between 1°
and 3%'. TIf the corbon dioxide content

of this gas falls below the fixed minimum,
85 the operator knows that his feed of copper

uxide fo the hydrocarbon conversion step
iy deficient. Un the other hand, if the
carbon dioxide content; vf this gas exceeds
the fixed maximuwm, the operaior knows
that hiy copper oxide feed to the hydro- 70
earhon conversion step i excessive, 1t is
1o be emphosined, however, thut Lnow-
ledye of this one fact iv yot adquate to
engure proper control of the main provess
for the production of the desired "‘make
gas.”” In addition the operator has fo
xnow the carbon divxide sontent of the
ke gas’ itseH,

"The nature of the preseat invention may
bes more fully understocd from the follow-
g defailed description of the eaccom-
pauying drawings in which

B'lgur%i lfis a iront elavatiom in dia-
grammatic form 6f one type of apparatus
an which the process of 11:{5 prese:?‘??nven—
tion may be practiced and . -

Yigure 2 is a similay illustration of the
same apparatus ineluding movel process
vontrn]l means,

Beforring to Figure 1, wmameral (1) 90
desigmutes a hydrocarbon conversion re-
ector, and numersl (2) designates a
slmilar reactor i 'whick metal is oxidized.
These renetors may assume many shapes.
ln the form illustrated emch reactor is 96
cylindrical for most of its length, having
a constricted entry portion (3) af its lower
and gurmounled by a grid (4) and having
ab 1ls uppsr and an expanded section (5).

_Depending from the expanded section 1o
{3) of resctor (1) is & drawoft leg or over-
flow pipe (8}, The lower end of thiz pipe
is connected with the botiom of reacfor
(2). In like manner a drawoff leg or over-
fow pipe (7) connects the cxpanded
portion (5) of reacior (2) with the lower
end of reacior (1), Pipes (8) and (7) may
be provided at spaced pnints along their
length with jets (8) through which
aarating gag may be introdmeed imto the 110°
pipes. In the case of pipe (B) o suiteble
aerating gas 1s tha make gas from the
reactor (1). Ifor pipe (7) a sultable asrat-
mg gos is air, steam or any other non-
Teducing gas. "

The make gas . lcaves the reactor (1)
through line (9) which discharges info 2
cyclone separator (10) from the bottom of
which separated. solids wre returned
throngh leg (11) to drawoff pipe (8) and
from fhe top of which mals gas leaves the
system through line (12). In like manner
residnal air leaves the upper end of the
reactor (2) through Iins-(13) which dis-
churges mnto a cyclone separator (14) from
the bottorn of which separeted solids ure
returnad to overflow pipe (7) through leg
(15) and from the upper end of which
residual air leaves the systemn through

(]

80
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line (16). -
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Near the lower end of overflow pipe (¥)
there ig provided a How control member
(17) which may be a slide valve or other
suitable device for controlling the flow of
solid from pipe (7) into the hottom. of re-
actor (1. Conuected to the bettom of
veactor (1) is ap, inlet Yine (18) for gasi-
form hydrocarbun eontrolled by valve
{19). _This line is prefarably sa connected
as to pick up solids discharged fvom the
lower end of pipe (7) and lift them up-
wardly through the reactor (1). Simi-
larly ~conugcted to the lower eud of
reactor (2) is an inlet line (20) for air, Tt
will be nnderstood that these inlel lines
for gasiform hydrocarbon and air ey
snelnde suituble preheaters in which the
fed ges is pussed in the hasd exchange
relation with off-guses [rom the system,
sueh as the gas in line (12) and the gas
in line (16). .

. In practicing

L= 1]

16
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the present invention in

2 sysiem such as that described, vessel (1} 3
ly ~ (107) and cacry it up into reactor (101).

is oharged with copper carried om a fine
divided support while vessel (2} is cheeg
with copper oxide earzied on & fine
divided suppozt, The size of the charge
in each vessel iy preferably such that when
gas is passed throvgh the vessel, excrting
a lifting effect on the finely divided sulids;
the charge will expand to fill the vessel
and overflow thl‘ﬂ'ilé}l the lines (G) and (")
respectively. The respective vessels may
readily be hroughi o cperating {empera-
ture by burning hydrocarbon gas in them.
With the vessels at o suituble operating
temperaturs, usually bebween about 1600
and 1850° F., gasiform hydrocarbun
material is fed in in cunlrolled amounts
through lLine (18) and supported on a
tinely divided verxier copper oxide it
controlied amounts is fed simultaneously
into the bottem of reacior (dl) It 1s
repeated that the rates of feed of these
materials are such as to provide one atom
of pxygen for each afom of carben infro-
duced as hydrocarbon feed into reactor (1).

i)

ai

86

40

14 may -iranspire that the smount of -

hydrocarbon permitted ‘according to this
formula will pot be sufficient {o provide
adequate fluidization in the reactor {1
This deficiency may be supplied by re-
cyeling to the bultom of the reactor make
gus from. line (12) in adequate quantity
to provide in the reoctor (%) a rising gus’
stream having a veloeity within the range
heretofore specified adequate effectively
to fluidize the finely divided solids in this
vessal.  With the operation on stream,
80 reduced copper oxide supported on finely

divided carrier rvontinupusly overflows

frow. renctor (1) into overflow line (8) and

is conducted fo reactor (2) through which

it is passed upwardly in a rising wiream
65 of wir ap a temperatare suitable for the

&0

&

oxidation of coppex.

Beferving to Digure 2 in  detail,
numera] (101} designetes a hydrocarbon
eonversion reactor, and {103) designaies a
metul oxygen reactor. Bach of these re-
actors ia provided af its lower end with o
constrieted portiozm {108}, surmouuted by
a grid (104) and at ifs npper end with an
expanded pertion (163). Depending from
the expanded porfion (103) of reactor
(101} is an overflow pipe (106) which is
cunnected to the constricted portion of
reactor (102). Iu like manmer, an over-
fow pipe (107) conpeets the expanded
poriion &195} of reactor (102) with the
restricied _portion to the reuctor (101).
This pipe is provided with a slide valve or
with another feed control element (108

A feed line {109) for hydrovarbon gas is

rovided below the eomstricted portion
103) of reactor (101}, This feed lne is
g_refera-bly arranged so as te pick up finely
ivided solid leaving the lower end of pipe

i

8h

in Itke manner there is provided below 90
the constrieted portion (103} of reaclor
{102) a fecd lime {111} for air, arranged
tn pick up fincly divided solid leaving the

Jower end of overflow pipe (108) and carry

it up through reactor (102), A sufficient 95
guantity of solids is Iaimtained in the
system so that when it is in operatiun
ﬁnﬂlﬁ' divided solids are countinuously
overHowing from each reactor inio the

other. 101G

Residual air leaves the fop of (L)
through line {112; which discharges into
a cyclone (118) from the buttom of which
separated solid is returned fo pipe (IUT;
through Jeg (114) and from the fop 01106
which residuzl air leaves the aystem
throngh line (115), .

“Wake gas’” leaves the top of reactor
(101) through Kne (116) which discharges
into g ssparator (117) from the bottom of 110
which separated solid is refurued v pipe
{106) ’l_:hrough leg (118) and from the {vp
of which ““make gos’™ leaves the system
through lize (119).

* Attached to lime (119) iz a branch Ene 115
(120) controlled by a valve (121). This

lire conduets a small portion of the “make

gas’ 1o an analytical unit (122) whick is

a suitable device of the iype herelofore

specified for indicating the carbon dioxide 120
content of the “make gas.” Also attached
to line (119) is a branch line (123) con-
trolled by a valve (123a) by manipulation
of which & measured amount of ‘‘make
gas’? san be fed conlinuously fo a reforma-
tion wnit {124). This unit is llustraied
merely ox a reactor (124) which is lnaded
with reforming cotalssts and is suitahly
heated by an eleciziral coil. It will he
apparent. of course, that this reforming 130

125
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unit may asstime many forms, It may,
for example, be a unit operated aceording
to the flmdized solid jechnigue. The gas
leaving this uni} is piped by line (125} to
an anafytical wnit (126) which will, in tha
ordinary case, be the sume as unit (182).

The foregeoing operation is conducted at
substuntinlly atmospheric pressurs, The
operation, may be comducted al elevated
pressire buib as the operaling pressura is
inereased, the temperature in the hydre-
garhon convarsion rone mush be iucreased.
It hag heretofore been mentioned that the
temperature in this zone will ardinarily
be abuve 1600° ¥, and preferably hetween
1800° gnd 1850° ¥, Aectually there is no
upper limit gn this temperubure except
that imposed by the ability of the appara-
tus to folerate high temperatures. ~ With
increased pressures of the order of 400 by,

er s, inch, this femperature may be ns
igh ag 2400° P. and with higher pres-
suras may be still higher. '

As bas alrepdy been indicated, the dow
of materiuls through the reactor is only
concurrent in the sense thai both the gas
and the solids enter thé bottom of the
veactur and leave at the top. Actually the
finely divided solids are in e state of
violent motion in whiek each individual
particle may iroverse the length of the

reactor several times in the course of its

possage therethrough, In other words
the finely divided solid is present iw the
reacior 1n the forw of a dense fluidized
highly turbulent mixture which overflows
inty t{m drawroff lines in the same way us
a hquid. Tt is to be borme in mind thab
this same dense bed may be maintainad
with a definite upper level in the reactor
with draweff from any part of the dense
suspension, the upper level of the bed
being determined the rate of drawoff,
It is o pecularity of this physical state of
snspension thai a distinef upper level may
be meintained in a fixed positon over a
m"lie_ range of solid fced rate tp the zus-
pension.

Referring again to  the supported
copper, it may be mentioned ’c‘fa’b the
amouni of copper sarried on the support
may vary between about 3% and 30%. A
very effective carriez is one containing
ahout 159% of copper oxide gupported on
siliea gel.

. Iu operstions according to the present
invention the feed rate- of the hydro-

rarbon pas may vary widely depending on
eneral

other operating conditions. In

permissible feed rates will be higher the 60

higher the operating pressure and tem-
perature.  Peed rates as low as 15
standard cubic feet of gus per hour pex
pound of copper in the teactor are con-

temﬁalated, ang thiy feed rate mey be as 65
Lig’

as S00—H00 standard cubic feet of
methane per hour per pound of eopper in
the reactor. The residence. time of the
pEygen carrier in the hydrecarbon conver-
slon zone will vary aceording to the few-
persture of npperation which in furn
determines reaction rates between the
metal oxide and. the bydrocarbon. Actu-
ally the copuer vzide appears to exist fur
a very brief period in the convertor, The
item of importance is tp provide in the
couverfor suficient contact lime belween
the upflowing gases and the copper to
permit completion of the reforming re-
action in this vessel,

The following table of data shows rums
made in accordance with the flwidized
polids technique with the cetalyst wecord-
ing to the preseni imvention, as well as
with silica alome, In these runs the
eatalyst employed was prepared by dis-
solving a welghted gmount of copper
mitrate in water to which was addad giliea
g¢l and additional water until a pasty
mixture resulted. The mixture was then
ghirred and heated until the waler wus
gvaporaied and the copper nitrate was
lurgely decomposed to the oxide, after
which the powder was placed in & muflle
fermace at 1400° B, for about six hours 1o
decompose apy remaining oxide, The
powder was then ground unti) the particla
size was 509 between 100—200 mesh and
80% 203 mesh and smaller. The catalyst

70

80

85

80

95

so prepared comtaing abont 10% by weight 100

of copper, the remaining being silice gel.

The finely ground catslyst was infro-
duced iuto o reaction zone and the eopper
oxide reduced to copper with methane at

& temperature of about 1600° T, and then 105

a series of runs were made by passing o
mixture of earbon dioxide and methune
in substantially equal quantitiss npwardly
through the redetion zome at o velocity
sach es to fuidize ithe finely divided
catalyst in the reaetor. Similar runs were
mede ulilizing finely divided silice gel as
the contact mass. The relevant data on
these rung were as folluws:

110



Run Number 1. 2 d i} B
g0, BiG,
Inlet gay rats,
1. /min,, 1 abm, 70°F. 72 .92 .98 .TTR .77
3 Inted gas CH, 18.0 3.0 48.3 4£8.0 48.0
eomaposition, % €0, 50.0 50.0 19.7 50.0 50.0
N, 2.0 2.0 2.0 2.0 20
_ Wt. oat, fiuid, g 200 200 200 160 160
Temp. of renctor, °L. 1630 1588 . 1600 1708 1590
1w Dry outlet gas rato :
I /min, 1 atm, 70° F. 1.66  1.42  1.54 816 .7B6
Frast, OH, reacting .83 .90 .63 .13 04
Fract, GOy reacting 97 .96 .83 2% .13
- G vel. entering bed, feef v, 33 . .32 ol ad .82
156 Composition of exth gas, :
dry basls % CO, B I 3.4 38.9 d3.0
0. .2 2 I —
H, 8.0 6.3 86.3 5.2 3.0
co 480 - 41 139 1.6 G.¥
20 ‘ CH, i.8 o7 9.3 B 1) BT H T
N, 1.3 1.5 2.0 1.4 1.3
Carbon deposifion,
o/, total earhon 4.0 2.4 2.6 3.2 1.7

The follewing talle of duta represents +variation in the result with temperaturc,
%5 fhrea runa ot difterent temperatures und The essential vperating data are given in
with slightly different ratios of copper the table. 30
oxide to methane and illusiraies the
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Ruy Xo. 2 2 u
Solid Used 15% Cu O depositod on silica gel

from provicus ruu in ezch cage
T°F. 1450 1600 1690
CH, in L/mip, 40°F,, 1 atm. 0.695 (. 665 (.895
Dry exit gas in L/min. 40°F.,

1 atm, 1.26 1.64 1.82
Soiide rate grames/min, 1.582 1.58 1.54
Gas velocity in top of

reaetor ft./soe, 0.45 0.98 0.66
Exit Gag Composition

co, 11.0 5.4 3.2
CLH, — - _
0, 0.3 0.1 - 0.3
H, 45.8 61.5 64.3
co 18.0 23.1 20.8
tiH, 20.0 2.9 0.9
N, 3.9 2.2 1.6
100.0 100.0 160.0
0/C zistio 1.1 1.28 1.07
fraciion CH, decom. .60 L9 97
_Sel. to CO, % 63 84 90.3

As is apparent from the above data the
hydrocarbon cvonversion and tha gelec.
$ivity to carbon monoxide inereased with
temperature. 1t is noteworthy that in
run 11 with an oxygen 1o carbon ratio of
1.07, the gelectivity to carbon monoxide
was D0.8 as compared with the selectivity
of 84 in rup 10 where this ratic was 1.23,
The effect of this ratic ia also reflected in
the carbun dioxide content of the make
gas in the respective rune.

By way of contrast a run was made in
which the contact mass was u physical
mixture of 15% Cu0 and 8% eilica gel.
Tha conversion temperature was 1600° T,
ald other aperaiing factora were com-
parable {o tﬁoae of run 1, In this run
only 2V%' of the methane wag converted
and the seleptivity o carbon wonoxide
was only 6%.

In the rung tabulsted sbove and in the
run with the physical mixture of copper

oxide and siliea gel the finely divided 45
solids were composed of a muxiure of
about 50i%, of selids, between 100 and 200
mesk, and abomt 5% below 200 mesh.
In sach of the tabulated runs fluidization
wag highly satisfactory and no carbon was 50
perceplible in the solids removed from, the
hydrocarhon convertors.

Prom these data it can be seen that the
copper on silica catalyst is a highly effee-
tive refurming catalyst giving practically 556
complete conversion of imethane and
carbon dioxide to carbon monoxide and
hfldro_g‘en ot about 1600 T. Bilica gel
alone on the other hand af the same tem-
Eerature effects proctieally Bo reaction 80

etween the carbon dloxide and the
methane,

In erder fo test the relative eoffective-
ness of copper on gilica and copperon mag-
nesia, two runs were made in whick methane 65
and copper oxide were fed to u fuidized
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bed of copper, the copper uad the copper
oxide both belng supported om silica ge
in une run and on magnesia in the other.
Tn these runs pazt of the methaue reacted
b with tha copper oxide to produce a mix-

Bun No.

16

20

H, formed

CH, reacted
CO dormed
CH, Teacted
O, reacted
CH, in
80 Gas Velocity Entering Bed 5. /sou.
Bed Depth, Ft.

Tt will e seen that in the run using

magnesia - there wes considerably more

oopper available,

thap in tha silica gel run, ILikewise the

30

temperoiuzve wag somewhaf higher in the

magnesii run. Nevertheless in the silica
.7un the geleptivity lor carbon monoxide
was about 90% as compared with 11.7%
in the magnesip run, and the silice run
about 66.2% of the methane was con-
verted wheress in $he magunesia run ouly
98.49% was converted. Furthermore in the
silira Tun the through-put of mas was
almost thres times s great as in the
magnesia T

1t is to be borne iy mind that neither of
these rung was conducted under the pre-
farred conditions for the coniect moass
employed. Both performed ennsiderably
better at higher temperatures. The Tuns,
bowever, are salected for illmsirations,
bepavise they are o, mearly comparable.

b

50

about twice as much,

ture of unreactad methane carbon dioxide

1 . and water, and this mixture was refosed

h{ contact with the supported ropper.
The resalts ohtained in these runs were as
follows :

P 58
Mgo. Bif),
(Peticlase) Bilica Gel
15407 1530
600 gms 200 gms
109, Cu0 159 Cnl)
20.3 5.0
0.6 0.2
8.5 ' 43.1
2.7 20.0
58,1 12.8
11.8 i8.9
100.0 100.0
0.283 1.72
0.117 0.80
0.284 0.662
0.22 0.60
4

4

Tliey do demonstrate a very striking
superiority of the silica gel supported &b
eopper over magnesia supperted copper,
Corresponding runs made with copper
supported on alumina indieate that thiy
material is intermediete the two enmpared
above in effectiveness. &0
Throughout the specification =and
claims, Tho mesh sercen sizes referred to
are those defined by the United States
Burean of Standards, standard scireen
series, 1919, 6h
Our Specification No. 635,809, which
was not published at the date of appliva-
tion of the present case, claims @ process
for the prednction of a mixlure of earbon
monoxside and hydrogen from a Lydro- T0
curbon, which comprises reacting the
hydroearhon with a finely divided Huidized
redugible metal oxide ‘whereby reduced
metal oxide and 2 pas mixbure containing
eurbon  monaxide, hydrogen, curbon

%
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dioxide and water are prodnced, there-
after contasting said gas mixture together
with sufficient hydrocarbon to renet with
the carbon dioxide and water with a

b reforming cutalyst wuder vonditions suit-
able for the reachion of carbon diozide
and waler with hydrosarhon to produce
additional carbon monoxide and hydrogen,
and saparating produci ges.

10 Tt particularly claims such processes
wherein the welul oxide yields on redue-
tion free mefal which is capable of acting
as a raforming catalyst,

The present invention is, however,

U6 directed to the use of metallic copper
suppurted on a finely divided support s
the contact material, .

Having now parbicularly described and
ageertained the nature of our said inven-

2 tion and in what menner the same ig o
be performed, we declave that what we
claim, 19 s

1. A process for convertivg a hydro-
oorbon_inte & gas containing carbon

2b munoxide and hydro%en whivh compriges
passing the hydrocarbon in gaseous form
upward hrough a reaction womc at an
elevated temperature containing a bed of
finely divided contact meterial comprising

80 metallic copper entried on & finely divided
support at such a velocity to maintein the
seid finely divided contact malerial in the
form of a dense highly turbulent mass of
solid suspended in the gas, and continu-

86 ously [eeding fo the said reaction zone an
amount of copper oxide supported on 2
finely divided supporting maferial
stoichiometrically equivalent to  the
amomnd of hydrocarhon fed to the gaid re-

40 ostion zone, comtinwously removing the
product gag from paid reaction zone and
continuously removing metallic copper
garried on o finely divided supporting
materinl from said reastion zone.

46 2. A process se claimed in claim 1

wherein the metallic copper carried oy the

finely divided supporting material with-
drawn from the reaction zome is trams-
ferred fn a regeneration zome where it is
contarted with an upllowing stream of air
or oxidiziug gas af such a velooity to
maintain the material in the form of
dense turbnlent fuidized mass and under
such conditivos of temperatura and pres-

66 yure tu convert the copper to eopper oxide
and withdrawing copper oxide carrjed on
a finely divided supporting material from
said regemeralion zune and transferring it
to the reaction zomns,

B0 8. A procesy as olaimed in eclalws 1 or
2 in which two interconnecting beds of
metallic copper carvied on a finely divided
supporting material are maivtained, a
gaseous hydrocarbop is passed at an ele-

65 vated tempersture upwardly through the

B0

first of suid beds at = veloeity sufficivnt to
maintain said bed in o fluidized atate, an
oxidizing gas i3 pessed npwardly through
the second bed 2t & velocity sufficient to
maintain the said bed in a Auidized 70
state and at e temperature to convert the
metallic copper to copper oxide, a product
gus is conlinvously removed from first of
said beds, a guantity of copper in +he
finely divided suppori is dontinuously 75
removed from said first bed and passed to
said second hed and a quantity of vopper
vgide on finely divided supporting
materizl iz conmbinuously removed from
said second bed and transferred Lo said 80
firs} bed.

4. A process as claimed in claimg 1—3
wherein the hydrocarhon conversion
Teaction is carried ouwt at » temperaturs
above 1500° F. and ferably between 8B
1600° F. and 1850° F,

procesy as claimed in any of
claims 1 to 4 wherein the contact material
comprises coppér ecarried on  alumina,
m?.g-n.esia. or silica end preferably silica 90
ge =

6. A process ag claimed in claim 1 10 5
wherein the contact material is preparad
by impregnating the support with a solu-
tion of a copper salt, drying, calcining 88
and reducing the impregnated carsier.

7. A method as claimed in any of plaims
1-5 wherein the contuct material is pre-
pared hy coprecipiteting copper oxide and
the suli;pnrtmg material from solutions of 100
salts of the respective metals, drying the

recipitutes and redecing it to convert

e copper oxide fo copper.

8. A procesy as'claimed in claims 1—7 .
wherein the contact material contains 105
from 3 to 309% hy weight of copper.

9. A process as claimed in any of claims
1—8 wherein the contect material iz em-
ployed in the form of particles ranging in
size from 6 microns to 100 mesh and con- 110
tains a substantial proportion of perticles
betwaen 200 and 400 mesh.

10, A provess'as cleimed in elaim 9
wherein the ‘contact material comtains
90% of particles having a size between 115
100 mesh and 200 mesh and the remainder
smaller thon 200 mesh,

11. A modifieation of pruvess ng clajmed
in any of the preceding claims whevein
slightly more than the stoichiomebric 120
quantily of copper oxide iz fed to the
reaciion zone and the amount of such
excess copper oxide’'added is datermined by
defermining the carbon dioxide content
of the make gas, by subjecting g portion 125
of the said gas to an edditional reforming
operation controlled to emsure complste
reaction between any hydrocarbon carbon
dioxide and' watsr comtained thersin and
determining the amount of carbon dioxide 130
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from ihis reforming operation.
12. A process as cloimed in claim 11
wherein the make gas is reformed by
being contacted with copper supported on
5 g finely divided support af a temparature
between 2000 and 2400° F.
13. A process zs cleimed in claims 11
and 12 wherein the feeds of metal oxide
and hydroearboy to the reaction zone are
10 eontrolled to maintain the cachon dioxide

content of the product gas from the re-
f{;érmation of the make gas between 3 and
3%.
14. A process @5 cleimed in any of
16 clajmg 11—13 where the amount of copper

oxide fed to the rcaction zoue is controlled
to be betwesn %% und 2%, in excvess of
the stoichiometrical quantity required to
convart the carbon in the hydrocarbun fved

“to carbon monoxide,

15, The process for the comversion of

_hydrocurbons 10 a guseous misfure of

_earbon monvxide snd hydrogen @s heve-
inbefore described.

Dated this 8th day of March, 1949,
J. T. TYSON,
Bretienham House
(Sixtk Floor South),
Lancester Place, London, W.C.2.,
Agent for the Applicanis.

Lesmington Bpe:
Published at The Patent Office, 25,

Printed for His Majesty's Stationery Office, by the Courier Press—I195L.
Southamptor Buildings, Tondon, W.02, from which

copies, price 2s. per copy; by poat 24, 1d. may be obtained.
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