Lo

S T

PATENT SPECIFICATION

816,710
%22

Application Date: April 18, 1946, No. 1208246,

Complete Specification Accepted: fan. 26, 1949.

Index at acceptance :i—Classes 1{i}, Flcd; and 80, D. _
OOMPLETE SPECIFICATION
Improvements in or relating to the frodul:tior'_ul_ of Hydrogen
containing Gases '

(A comuunivation  from Sraxparn Q10
DeveEroemENT (QoMPANY, a corporation
duly organised and existing nnder the
laws of the State of Deluware, United

5 States of America, having an olfice at

Linden, New Jersey, TTnited States of

America).

I, Jorw Covean Arworp, o British sub-
ject, of 29, Southampton Buildings, Chun.

10 cery lwne, Londen, W.C.2, do liereby
declure the nature of this Iuvention and
in what manner the same i3 to be per-
furmed, to be particularly deserilbed and
ascertained in and by the following stute-

15 ment:—

The production of hydrogen from
natural gas or vefinery pases by reforma-
tion in the so-called ¢ tube process ” is
well known in the ort.  In this process

20 catalyst is contained in a group of alloy
tubes with high nivkel and ehromium con-
tent which operate in parallel within =
furnace. The amaunt of heat and tem-
perature Tevel required ure thus obained

95 by transfer from the combustion gascs
within the furnace. Catalysts made from
nickel metal or nickel on a supporting
material have been found to be particu-
larly nseful in carrying out this prorcess

80 which may be illustrated by the following
equation for methane: .

CH, + H,0 =00 { 3H, a

{This reavtion is called ‘ reformution.’)

When used for the production of hydro-

86 gen,.the reformation furnace is followed

¥ & conversion slep in which additiomal

steam is used tv convert the carbon mon-

oxide to hydrogen as illustrated by the
following equation:

40 . 00+ H,0=00, + H, (2)

The reformation process may nlso Do
used &0 prepare H,—C0 mixzitures having
definite ratios of H, to GO, by supplying
€0, as well as steam to the veformer.

— — -

Using methane as a typical hydrearbor, 46
the following equation 1Hustrates the pro-
duction of gas containing H, to CO of 2
tol:

3CH, + 2Hy} 4 00, =400 +8H, ()
For the praparation of gas containing an 50
L, to CO ratin of 1 to 1, methane may be
veformed with (0, as in the following
cquation :

G + 00, =200 + 2H, )

The above reactinms ars ull endo- 5B
thermnic, and ihe equetions ave merely
winuple llnstrations of the moin reactions
performed. In antual praciice, complete
conversion vl methune is not obtained nor
is the seleclivity toward €O formution 60
LY, as indiented by ke eyuations. Tn-
converted methune, some GO, and water
apprear as end produets and hence the feed
glua.]'.'ltifieﬂ of 002 and ]:rg(] must be
adjnsted arcordingly. ab

In order to obtain a high degree of con-
version of the hydrocarhons used in the
process, it is necedsary to operate cammer-
cinlly at catalyst temperoture levels of,
say, 1400--1600°F. The tubex are 70
obviously at somewhut higher tempera-
tures and henee it is impossible to operate
at pressures very much above atmo-
gpherie because of the stremgth charae-
teristics of the alleys employed. 76
The high tewperafvre required for
o reaction also limits the amuuut of
heat wlich can be transferred and theraby
limits the production capacity of the tube
furnace, _ B0

To overcome these dificulties and pet-
wmit the - production of hydrogen or
hydrogen-containing gases under pressure
thus heing enabled to lake advantage of
severul favorable factors, which e 85
described further ‘om, it 1s proposed iv
aperie the tube furnace followed by and
in combination with an oxidizing step.
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The tube fwmace will aparate at a lower
iemperature leval than is ususlly em-
pluoyed in order that the tubes will satis-
actorily withstand the prewsure em-
ployed. Under these conditions the depreo
of conversion of the hydrocarbon gas uscd
in the process is, however, lower than
desirable -and considerable wnconverted
methane is contained in the hot gases leav-
ing the furnace, The lower temperaturc
does, however, incrense the heat transfe
capacity and th ereby the production capa-
city of the furnace. .
In the oxidizing step the pavtial com-
hystion of methane may he illustrated by
tha following rezction ;
CH,+0:=C0+H,+ .0 (5
This reactivn is, of course, exothermic.
Although the above renctions illustrate
the nse of reformation-oxidation in the
production of gas having an T, to CO
retio of 1 to 1, similar eguations may he
used to illustrate the pru?l-uctiun of mases
having a 2 to 1 ratio.  The ratio is, how-
ever, not Jimited to 1 to 1 or 2 10 1 but
mey be adjusted widely to ecover and
exceed these limits.
The partially reformed gas leaving the
furnace under pressure will be collected in

e suitable manifold and led inlo w well-
imsulated vessel containing catalyst which'
may be similer in composition fo that used -

in the reformer tubes.  The vessel mav

contain a series of separated catalyst beds'
or, if desirad, 2 number of vessels may he -
in series, cach vesusl comprizsing o -

nssd
single catalyst bed. The gas will be
introduced to the vessel by means of 2
special burner o which oxygen-contain-
ing gas is supplied. Addifional oxygen
may he added at the varions catalyst beds
or to the inlet of the vessels if u series
wrangement is employed, The pezygen
content of this gas may vary between $hat
of air and 100% oxygen depending on {he
depree to which the elimination of diluent
nitrogen from the gas produced is desir-
able. Oxygen intraduced in this manner,
in the proper amount, raives tha tempera-
tura of the gases by partial combustion.
Because of the high temperature chiuined,
the methane eontent of the final gas leav-
ing the oxidizer may be maintained satis-
factorily law,

Folluwinf the oxidizer or in the 'upjiel'
section of the oxidizer, a waste heat boiler
is installed which will reduce the gas tem-

perature and thereby *‘ freezs ** the com- -
rosition of the gases at the high tempera-

ture level used in the oxidizer. Heat ex-
changers and coolers ave employed after
the waste heat bofler or In cuae the process
is for the produetion of hydrogen alone, a

. (pomnds

carbon monoxide convertor may he in-

stallad before the gas is finally cooled.
The carhon dioxide in the final eaz may

be removed by means of a serubber em.

ploying conveutional means,

. ¥or ihe produetion of Lydrogen-carbon

monoxide mixtures used in the synthesis

.of hydrocarbons, the process gas will be

with both earbon dipxide and
The relative amounts of carhon

mixad
steam.,

-dioxide and steam used will, of course,

depend upon the carhon content of the
hydrocarbons in the process gas used to-

“frether with ratio of hydrogen to carbon

monoxide daesired in the final pas and {he
extent to which oxygen is wmsed in the
oxidizer. In all of tﬁge‘ ahove cases the re-
actant mixture may or may not be pre-
heated, )
" The gas. throughput im the reformer
tubes may ra:a%-:- from 500—4000 volumes
of theoretical H, plus CO per volume of
catalyss Eer hour. Theorelival H, plus GO
i3 defined as the total moles of .0
obiained by complete conversion of the
hydrocarbons with steams, Maximum
reformer catalyst operating temperatures
ranging from 1300—1500°TF. are wsed in
e praferred form of operation of my
process to obtain hydroearbon conversions
of approximately 65—86%, - At thesu

temperature levels the pressure of opera-

lion may range Letween 15—150( pelg,
Per syuare inch gauge pressure).
‘he throughpnt In the oxidizer may
elso runge hetween 300—4000 ViV/{Hr

-(above basis) with a minimum operating
-temperature ranging hetween 1500°F,

and 1800°F. at pressures of 15150 paig.
as seb by the reformer onieration.
Air or enriched afr (preheuted ;¢
desired) contuining between 21 and 1009
oxygen may be added to the avidizer to
effect satisfactory conversion of +he
methane left in the gas leaving the re-
former. Tn the case of the production of
hydrogen-carbon monoxide, the addition
of oxygen-containing gas may alse he
uséd to control, within limits, t{e ratio of
hydrogen to carbon monoxide produeed.,
Oxygen may he used amounting to 0.1 to
0.6 moles per atom of carbon contained in
the hydrocarbons of the process gas fed to
the reformalion oxidation wnit but it is
nreferred to operate in ihe range of 0.23
to 0.4{i moles oxygen per carhon uiom.
"It has also been found thal the produe-
fion eapacily of a definite-sized raformer
miit may be increased substantially by
roviding for a greater use of oxygen in
the oxidation step. For example, a re-
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formation-oxidation nnit using a 4-sec- 195

“tion reformuer containing ove huandred

seventy-six d-inch tubes has a capacity of
24.00 millions CFD (oubic feet per duy)
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of 0O+ H, produced at an B2.5% concen-
{ration from natural gas at about 50 psig.
when. the reformed gas plus air amoeunt-
ing to 0.175 moles oxygen per atom of
va in the mnatural gas is passed
through the oxidizer. With the same
gize furnace, the production may be
increased tw 44,0 millions CFD of
CO+ H, at the abuve concentration and
pressure by using enriched air containing
27.1% oxywen, to the extent of 0.35 moles
per atom of carbon. In this case, an
oxygen plant is necessory fo provide the
enviched gir. The amount of gas handled
in the reformer is substantially the same
in both cases, flowever, in the case
whersin enriched air is used, natural gas
equivalent - to that fed o the reformation
fornace is merely preheated to 1000—
1200°F. by heat exchange and this pre-
heated gas ia fed together with the par-
tially roformed gas plus the enriched air
tu-‘t]?lre oxidizer. The wmount of oxymen
supplied fo the oxidizer is insufficicnt to
burn all of the methane but nevertheless
unduly high ecombustion temperatures
may be obtained if proper means for the
addition of the oxygen is not provided. As
mentioned earlier, and depending upon
the extent to which oxygen is used, the
oxidation vessel may econtain separate
beds with provision for mixing the gases
passing through with additional oxygen
at the inlet ui each .bed or a series
of oxidation vessels may be employed
with means for addition und mixing at
the inlet of cach vessel.

Tn additivn to the above melhods for
controlling the maximum temperatures in
the oxidizer to a range of 1800—2000°T",
and preferably 1800—2200°F., the.use of

owdered or finely dispersed catalystin 2
guid type oxidizer may be employed. Tu
this type of reactor the exothermie ecom-
hustion resctions proceed with the endo-
thermic reformation reactions and a satis-
factory balance is obtained between them.
This is possible because of the ** fly
wheel * action of the fluid catalyst in
quickly dispersing combusiion heat to all
parts of the reactor wherein reformation
which reyuires heat, is taling place.
Qatisfactory temperature control is there-
obtained.

Tn the example cited, half the natural

s was passed through the reformer and
g:lf. was merely preheated before enter-
ing the oxidizer. Obviously, uther ‘com-
binations may be used depending on the
extent to which oxyren is used. |

In the accompanying drawings, T have
shown in Figure 1 diagramumatically an
apparatus lagt?ut in which this invention
may be carried into effect, and in Figure
2 a modification therect, Similar refer-

ence characters refer fo siilar parts
{hroughout the views,

Referring in detail to Figure 1, natural
gas, 00, and steam ure introduced in the
oresent system through lines 1, 3, and 5,
respectively.  Imstead of using natural
pas, methane may be used or any nor-
mally gaseous hydrovarbon containing i
to 4 carbon atomg.in iz molecole and
which s vl satisfactorily low sulfur con-
tent. Tf necessary, a desulfurizatien step
for the process gas may be cmployed.
These gases may . also coutain carbon
dioxide, hydregen; nitrngen, and carbon
monoxide, none of which 1a objectionable.
In some cages it may he economieal to use
& narrow hoiling ronge gasoline fraction.
In this case, speciul vatelysts may ba em-
ployed which are more resistant to coke
deposition from the higher hoiling bydro-
carbons, a catelyst containing varying
percentages of NiO, Al,, MgO, to-
gether with a major purtion of aluminous
¢oment, moy be mentioned as an exampl:
of @ non-coking ecajalyst, There are,
however, other types uf non-coking eata-
Iysts ulso. A contiuence of these streams
(hydrocurben, Co., and stesm) is effected
in line (8) and the mizminre is pasved
through = preheater (10} where it is
heated to a temperature of about 1000°F.
and thereafter it is withdrawn through a
pipe (12) and thenee distharged into
reformer furnace- (13) containing a

70

76

80

1)

plurality of pipes-ér fubes (14). A pre-100

ferred forn of fnrnace is vne which, us

previously indieated, consists of four see-.

tiens, each containing forty-four tubes, 4
inches in internal.dimmeter. Since the
reaction of reforming melhune o form
bydrogen and CO -is endothermie, if is
nacessary that heat be supplied, and to
the accomplishment of this, a fnel is
introduced through line (15) and by
means of manifold (168) the fuel is sup-
plied {0 » sories of gas burners indicated
as 3ba, 86b, 3be, and 35d. Advaniage
may, of course, be lakenr of the heat in the
{lué gas leaving the furnnec o supply the
burners with preheated air. The reformer
tarnace (13) is so aperated that the vatlet
temperature is about 1400° ¥, and & pres-
sure of about 50 pounds per square inch
sauge is maintained in the cxib colieet-
fng manifold from the reforming tubes
(14), Under these conditions only a por-
iion of the hydrocarbons in the natural
gas fed tothe reformer is converted to GO}
and hydrogen. ™ Unvonverfed mafertal
appears s mcthane in the pas leaving the
tubes. ~The material exiting from the
reformer, therelore, is conveyed to an
cxidizer {20) via'd manifold (19). The
nxygen-containing ‘pas necessary for the
“ clean up”’ or sssentially complsbe com-

105

110

116

120

12b

130
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version of the methane is supplied
through p line (18) which pusses through
reformner furnace (13) for the purpose of
preheating this gus to o {emperature of
6 about A00—I000°F. wherenpon the
heated gus is withdrawn and discharged
into a manifold (22), carrying hranch
pipes which discharge the preheaied gas
inte axidizer (20} at spaced points as in-
10 dieated in the drawing. A portion of tha
uus muay be mized with the praduct gases
from the reformer before the latter cnter
the exidizer. In the oxidizer (20} which
comtaing e cetelysi which may be the
17 same gs that employed in the reformer,
or any other suitable catalyst, tho

oxygen-containing pas converts the un.

changed methane to G0 and hydroren, a
minimum iemperature of about 1600°F,
prevailing in the oxidizer. The product:
gases avo withdmwn from the oxidizer
through o waste heat boller (80), where
the gauses are cooled to a temperature of

26

about 800PF. whereupon they are with-
drawn throngh a line (8l), cooled if

2b
neces . and eveninally delivered to a-

Pl an'tsﬁ*ra they are used as feed pases in
the manufacture of hydrocsrbons. If air
is employed as the oxidizing gas entering
in line {18), the product gases in Line (81}
will, of course, cortaln nitrogen but will
also, of course, contain H,, COQ,, €O,
steam, and possibly small fraces of vxy-
gen. The arh is fnmiliar with the method
89 of removing sleawn, CQL, and converting
the CO to hydrogen and CO, with steam,
:znd it will not he necessary for me to des-
Ceribe  these puvifieation provesses in
detail. Ii will be necessary to limit the
amount of nifrogen introduced with the

30

40

oxidizing gas to the amount tolerable in.

the final gas—which gas mav be eins
ployed directly in the synthetis or may be-
conled to remove wader and, if necessary,
45
that the product gases are to be high in
€0 plus H, concentration, substantially
vare oxygen may be used as the oxidizing
sgent in reactor (20, :
For an economeal layout- the skilled
engineer will appreciate that numerous
engineering accessory apparatnuses, in-
cluding heat exchangers, flow control
megns, pumps, compressors, and the like
55 will be necessary to conserve heat, to con-
trol temperature, flow rates, and the like.
All such accessary apparatus have been
omitied from the drawing for purposes of
simplicity but more porfoalerly to direch
attention to the real heart of this inven-
tion, However, it is to be nnderstoed that
this invention is intended to inelude the
use of all kuown engineering aids, pro-
cedures, and equipinent which will enable
85 the performunce of the invenfion 1m- =

Gl

60

_series of such vessels may be used, or a

the CO, may be removed, In the event

_praetical and economicel mauner from an

engineering standpoint.

In Figure 2, a modificution has been
shown in which a porfivn of the hydro-
varbon process gus 18 passed direetly into
the oxidizer. Thus, for instance, a por-
tion of this gas, which may be methane
or natural gas, enters the system through
line (1a), then passes through preheater
(10u) and thereafter is passed through 75
line (12a) into line (19) thereby by-pas-
sing' the reformer fwmace (13).  Another
rortiom of the mmixfure of process gos,
steam, snd CO, may be passed via Hne (1)
through a heat exchanger in ihe top of
the oxidizer (200 and then withdrawn

70

80

through Iine (12b} and diacharged inie

the maiifuld in commumion with the
tubes (14) in the reformer, the purpose of

pussing a portion of the material throngh BS

. the upper portion of oxidizer (20) heing.
of course, to absiruct heat from the top of
. the oxidizer.

¥ . It is preferred to limil the
gas which iz heat exchanged in the
vxidiger to the steam and GO, reguired by

the reformer, charging the remaining

40

- portion of process, methune, or naturaf

gas mixed with any additional CO, and for
steam if nevessary, via line (6) thromgh
the preheater (10) and thence into the
reformer (13) just as in the process of
Figure 1. (Mherwise, the process of
Figure 2 1s vperated in the same mmanner
s that shown in Fignre 1. Wiil respect
to the oxidizer (20), it may be pointed aut
that instead of using the stationary hed
or beds of catalyst shown in Figure 1, &
fluid rewclor as shown in Wigure 2, That
is'to say, the reactor (AP in Figure 2 may

35

160

105
contain a dense suspensivn of powdererd
catalyst in the gasiform material.  For
instance, by flowing the gases upwardly

“through & grid (&) lorated in the hottom

of the oxidizer at o velocity of from % 110

to 10 feet per second, preferably from 1%

- t0 3 feet per second where the catalyst

size i3 fromn 100—400 mesh, a dense, tur-
bulent fluid mass of catalyst is formed
which, because of its turbulence, will 115
tend to have a uniform {emperature
throughout and provide good tamperatnre
control. T& should be remembered that
the Lemperatures in the pxidizor (20} are
fairly high and it is desireble, uf course, 120
to prevent hoi spots ead to maintain a
uniform temperature und as indicated, o
fluid- mass of catalyst is particularly
adupted to provide this type of contrul.

Tt should ba further peinted out that 125
oxidizer’ (20) in ligure 1 may alen be
operated as a fluid reaclor, as previously
deseribed, in connection with oxidizer
20y in Wigure 2. In other words,
exidizer (20) in Figura 1 or Pigure 2 may 180
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he operated as a slationary bed type of
catalyst reactor or 'in cither case, the
vxidizer (20) may contain 4 fuidized mass
of catolyst. It will be understood that in
conjunetion, with a fluid mass of culalyst
it ig necessary to employ ventrifugal
separators andfor electrical separators to
separate entrained catalyst frum the

Reformer

Pressure (outlet)

Temperature (maxiuium catatyst)

Ezcess H,O and/or CO;

"Phroughput V[V jHr. (Co + 1T, based
on total hydrocavbon fed to reformer)

Ratio H.O fu O, fed to reformer

Conversion of Curbon {fed to reformer)
% of total H.,~-(0 produeticn

Uxidizer

Pressurce {ontlef)

Minimum Temperature

Maximum Temperature

Throughput V/V/Hr. (M, + 00 based
on total hydrocarhon feed to reformer
plus oxidizer)

Conversion of Carbon (Qverall)

Uxygen moles[atom C {in total hydro-
carbons)

Oxygen conceniration

9 of total H,—C0 production

* Tor example, a spuce velovily of 1888 VIV

vapour; and sinec these are known to the
art, they have not heen shown in the
drawing. :

Operating condifions are set forth
below giving good and hest results: the

spave velocity 1s given in volumes of feed

.ot

19

gas per voluwe of reaction space per hout. 1§

Broad Range Preferred Range

atm—3800 psig. .. 18—150 psig.
LB0U—1000°F. . ... 1300—1300"F.
25—150% o 20—100%
" 1000— 3300

BO—4000%

Depeudent on Hz OO ratio dasired In
tinal gas ltogether with CfI ratio of
proeess gpas and, amomnt vi oxygen
uwsed. Bange 0.25—6.0,
50—96% - (2—85%
20—8h% BU—T75%

atm—300 psig. - 16130 psig.

1400—2000°F 1500—1800°F.
1800—2500°F. 1800—2200°F.
500—4000* 1000-—1300*
30-—L00A 90— 9499,
0.1--4.6 0.25—0.45
31—100% 21-—05%
80169 T0—23%

Hr. of H, + (0 nsing pure methane

aa the feed gas requires the use of —Z—=2--30 V'V iHr.of \‘%1.(-!1;112111&;
CH, + H,0—> CO+3ILO =
1

1f pure ethane made up the entira feed

be required ; thus,

000 e
gan ——em 143 V/V/Hr. of vthane would

C.H, + 2H,0—200 + 5Hy

Tt will be appreciated that the feed rates
given are based upon 16009, conversivn
of the hydrocarbon fed to the reformer,
a circumstanpe which will not ordinuayily
coour. This methed of expressing feed
rates is, however, conventional in the
present art, Since commercially used
hydrocarbon gases are generully miztures
of the mnormally gasecus hydroearbona,
the operator will fix the feed rate of a
given gus Tesponsive 10 its anctual compo-
sition and the throughputs given above.

T recapitulate, this invention involves
improvements  in the formation of
(0 + H,-containing_gas which may be
adapted for use in h; Arnearbon synthesis

process wherein the rulio of hydrogen to
{0 may be readily adjusied to 2 {0 1
down t0 1 tn 1 and even lower and higher
it desired.
resides in the following featmres:—

1. A two-stage conversion in the first
stape of . whivh steam, hydrocarbon-
containing process gas and (O, are re-
tormed in tha presence of a suitnble
catalyst and under super-atmospheric
speserre to give a product containing co,

., 00y, H,O, and some hydrucarbon gas
and (hen passing 1his preduct through an.
oxidizing wzone where it confacts a free
oxygen-containing: gas 10 convert ab
Jenst n poriion of the remaining hvdro-

The gist of the invention 65

70

78
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carbon gas to 0O and H, at highqr {em~
Er&turﬂg than those emploied' in the

i stage ond super-atmospheric pres-

sure egual or lower {due to pressure
& drop) than those in the first stage.

2. Aunther festure which is supple-
izentary o that immediately zbove in-
volves splitling the hydrocarbon process
gas feed stream and forcing merely o por-

10 tion of it hrough the
with steam and GO, while foreing the
oxidizing zone,
One of the chief advantages of the in-

1b vention is the fact that by the combined .
use of relovmation and oxidation it is pos- .
sible to produce H,—CO or N0

mixtures under pressurs and at fempera-

tures higher than ean be oblained by in-

divect heat trausfer (using reformer Fuy-
uace only). Oxygen reduces the.amount
of hest to be transferred in the reforming

furnace thereby i

expensive alloy tube surface reguired in

25 this apparabus. The higher temperatura
obtainable by direet heuting with oxygen
fatg)urs complete conversion, of methane
4L
gas produced,

A0 Since in the oxidizer thers is u com-
bustion or erdinary burning taking place,
together with reformation, there is some
danger of atlaining excessive tempers-
tares. In order to

35 excessive temperpiures in the oxidizing
zone where a stationary hed

to mse Huid catalyst which would ach ss
a sort of ‘" fly wheel > or reservoir o

40 store wp heat releassd during the oxidg.
lion to be employed in the endothermie - [
i . carbon,_containg methane

reuction of reformin
carhon thus contrelli
counter-balancing the two
45 -aelionz against each other,
Having now particnlarly deseribed and
aseertained the nature of the sid inven-

the residwal hydra-

tion end in what mannar the same is o

be perfarmed, as commumiegted to me by
60 my forsign correspondents, I declare that
what I elaim ig:—-

1. The process for manufschuring a
mixture of 0O and H,, which eomprises
reacting fogether in a firsi stage in the

bh presance of a suitahle catalyst a mixture
of steam, normally gaseous hydrocarbon,

reforming stage -

effecting & saving in the -products issuing from

lower carbon dioxide content in fhe-

coanterast ihese -

or beds of
catalyst is employed, it may be advisable

g temperglure by -
vpes of  re--

and carbon dioxide at elevated tempera-
tures and under super-atmospheric Dires-
sure to foriw @ produet confainin 0,
Hy, C0,, H.Q, and unchanged kydro- 6(
carbon and then Passing this produet .
through an oxidizing zone whers it son.
tncts a freo oxygen-containing £a5 caus-
ing burning au.g liberation of heat whera-

by the remaining portion of Hhe hydro- 65
. earbon iz Jargely converied fo €O and

- hiydrogen,

vemginder of the gas divectly to the .

3. The method of claim | in which the
temperatures in the oxi izing zene are
above those in the reforming zone. 70

3. The method set forth in elaim 1 in
vhich a portivn of the hydrocarhon ig fed
directly into the oxidiging rone. ;

4. The method of claim 1 in which o

- pressure of wbout 15—150 pounde per 76

square inch is maintained on the rve-
actants leaving the reforming zone,

9. The method of claim 1 in which the

i the oxidizing zone

aro passed through a heat yecovery sys- 8y
fern.
8. 'he inethed according fo clajm 1 in
whigh not more than 85% of the hydro-
carbon is fod to the first slage,

The wsthod of claim 1 in which B5
from about (.25 10 0.45 moles of vXyZen
per afow of carbon based on the total
hydrocarhon fed to the process, ave fed to
the oxidizing zone.

- 8. The weibod of claim 1 in whick tha )

- reactanis are forced through o plurality

of spaced beds of vatalyst in the oxidizing

zone and in which at lenst a portion of

the oxygen is injected inip the oxidizing

z0ne befwesn the spaced beds of catalyst, g5
8. The process aceording o claims 1 1o

8, in which the normally gaseous hydre-

10, The method set forth in elaim tin
which the reactants contpet o Huidized 100
mass of powdered eatalyst in the oxidis
ing zone.

11. The improved method for the Dro-
duciion of hydrogsn-containing gases
substantially as lereinabove deseribed 105
with “reference to fle accompanying
drawings. '

Dateﬁﬁthis 18th duy of April, 1944.

' D, YOURG & CB.,
28, Bouthampton Buildines
Chencery Lane, London, W.G.2,
 Agenis for the Applicant.

Lieamington Spa: Printed for Bis Majesty’s Stativnery Office, by the Couricr Press.—I1949.
Published at The Patent Office; 25, Sonthempton Brildings, London, W.C.2, from which
: copies, price 9. 0d. each (inland) 2. 14. (nbroad) may be ohtajned. )
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