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COMPLETE SPECIFICATION

Improvemants in or relating to the Manufacture of Hydrogen-
' coniaining Synthesis .Gas

We, Texaco DevEnoruust (0EPORA-
TION, a corporation organised under the
laws of the State of Delaware, United
States of America, of 100, Weast 10th
Street; Wilmington, Delaware, TUnited
States of America, do hereby declara the
nulnre of thiz Invention and in what
manner the same is to be performed, to
be particularly described und ascertained
in and by the following statement: —

This inventicn relates to a provess for
the manunfsclure of gas containing rarhon
monoxide and hydrogen smitable for

-chargi.nir to a syathesis reaction zone for

the production of hydroearbons, oxygen-
vonlaining compounds and the like,

In accordance with the invention thera
is provided a process for the production
of gas consisting essentially of carbon
monoxide and hydroger without sub-
stantia]l carbon formation by reaction of
carbonaceous material with vxygen in a
reaction zone antogencusly maintained at
a substantially uniform ivmperature of at
least 2000°F. without exiternal heating,
characterized by employing a substan-
tially completely closed unobsiructed and
unpacked reaction zone, the inverse ratia
of whose internal surface to the surtace of
a sphere of the same internal value is at
Lenst 0.63.

The invention also inecludes a con-
tinuows process for producing synthesis
gas containing earbon monoxide and
hydrogen from a hydrocarbon and oxygen
in the ahsence of external heeting and
without substantial carbon formation,
which comprises establishing a reaction
zone formed ag a substaniielly unob-
structed and generally cylindrical space
having & length to radius ratio of 0,67 to
10, maintaining a high temperature and
superalmospleric pressure in said space,
continuonsly introdueing  hydrocarhon
and oxygen intc said gpaee io mix and
exothermnically reucl therein in a pre-
delermined area, continuing the reaction

(Pricc®.

of the products of the exvihermie rezction
in an endethermic reaction in the space
around the area of the exothermic reaction
to utilize heat from the exothermic reac-
tion, and couantinuvously removing from
said reastion zome an effluent siveam of
reaction products conlalving essentially
carbon monoxide and hydrogen.

In the accompanying drawings, Figure
1 Iy 2 section taken along the herizontal
axis of a gag generator, shown somewhat
diagrammatically,

I*siTgure 2 is a-longitudinal section of a
prefarred form of gas feedex.

Figare § i3 a graph representing the
relation of the surface ratios of generators
of different shapes as compared to the
surfaces of spheres of ecorresponding
volumes.

In one embodiment of thiz invention a
hydroearbon  consisting  essentially of
methane s rescted with oxygen, in the
absence of added steam and in the absence
of a ratalyst, at a temperature in the
range of 2000—2600" F'. and in a reaction
zone in whichk the ratic of interior
surface arey to inferior volume is rela-
tively small, as luler explained. The
bydrocarhon gas separately preheated
to at least 800° F., il preheated, and
preferably about 1200° ¥., preferably
with no eracking, is charged at a rale of
1000~-3000 cu. ft./hLr. feu. 4. of rearction
space. Tha oxygen is, if prcheaied,
separntely prelieated fo at least 600° .
and preferably 808" T, or higher and
charged fo the reactivn zone in an amount
such that eombustion or what can be
termed g primary reaction occurs with a
substantially non-lumindus flame within
the reaction zone, except in the relaiively
small region adjacent the point of imitial
coniact belween entering gas and oxygen
streams, this primary reartion being sub-
stantielly exothermic, If preheating is
omitted, the reaction may he initinted by
igniliva of ihe mixturs, Some ot the
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producls of the primary reaction and
excess hydrocarbon then enter iniv w
secondary reaction or renetions which
are substentially endothermie, Tha final
produets of reaction are vontinuousty re-
moved from the reaction zone as
sffluent sbreean comsisting essentially of
earbon manoxide and by lsiru,_g;el:t and von-
{uiping spproximately 5 mol! per cent.
water or Tess and substantiully less thun
% ol per cent, of carbon dloside. The
effuentt stream is substaniially free from
suspended ecarbon in that it contains Iess
then 1 gram {1000 cu. ft. of produet gas
measured under standard conditivns. The

residual methene content of the praduet

gas dnes not exceed 4 or § mol per cent.
It conteing egrbom monoxide and hyd-
rogen in the proporiion of wboné 1 mol
carhon monaxide to 2 mols of hydrogen.
The meolecular preportions depend, how-
ever, npon other factors, such as the com-
position of the feed hydroearbom, and
these faclors may be taken advantage of
in producing gas containing carbon mon-

- pxide and Bydrogen in the desired pro-
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portions,

The temperature of the efluent sireum
leaving the reaction zone is quirkly
reduced by guenching or cooling, It is
desirable ta reduce the temperaiure, for
example, {rom ybout 2600° F. te 1000—
150¢° F. in not more than 1 second, so as
to avoid undesired secondary resetions,
some of which Iead to earbon formatien
et this stage. . .

Oxygen of relatively high pumiy, at
least 80 per cent. and preferably at least
95 per cent., is used, therehy elrminating
a large ameunt of nitrogen from the rese-
tant feed ta fhe gas generatur. This
materially reduces the heat requirements
and also results in a synihesis gas more
suitable for the synthesis operafion.

The proportion of oxygen charged to
the gas generator relative to the T\}-’dm»
varbon feed appenrs critienl from the
standpoint of avoiding free verhon pro-
duction and excessive earban divxide and
water formation. Suitable conditions of
operation are realized st lhe preferred
minimum of 2000° F, by initinlly regu-
lating the oxyvgen vcharged to  the

enerator, or, as it ran be otherwisc
slated, the QJC ratin {atomic ratio of

"total oxymen to fotal carbon in the feed)

i3]

within the relatively bread limils of
approximately 1.0 to 1.2, aud adjusting
the O/C yatio within these limits, so that
the residual mcthane econtent of the

effinent gas from the generator is in the

range of 1.5 to 5 mol per cent. anl prefer-
ably 2 to 8 mol per cent. This principle
applies wheiher {he oxygen he from sub-

stantially pure oxygen, sin oxygen en-

G510, 6545
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riched gas or alr awd the carbon be from
a solid hydrocarhon as coal, a liquid
hydrocarbon as fuel oil or a gaseous
ligdrocarbon as natural gas.

When the residual methane conlent of
the efflnent gas from the generafor
exceeds about ) mol per eemt. nnder the
aforesuld conditions, free carlbou 1s pro-
daced im at least appreciable amount, as
evidenced by noticeable discolouralion of
water used in quenching the effuent
siream. There appears tv be e discoloar-
ation of the quench wafer when the
residual methane eonfent amounts to 5
mnl per cent. or less, Ti is thus desirable
to maintain the residual methane content
of the efftusnt gas in the range 0.5 to 5
mol per cent., this being aecamplished by
maintaining the O/C ratie between 1.0
and 1.2 and adjusiing it within this
range, If sufficient oxygen is charged so
that methane is absent from the eflvent
gas, then a relatively large prouportion of
the oxygen disappears in the form of
carbon. Einxide and water. Iun addition,
the reaction temperaturex tend te he
excessive.

From the standpoint of realizing
meximum conversion of carbon in the
feed gas into synthesis gas fcarbon mon-
oxide and hydrogen) and the formation of
little or no free carhon, maintaining the
wethene confent of the generator eflluent
in the range of 1.5 to 2 mol per cent. is
advantageons. Below the lower figure,
tliere appears to be an excvess produciion
of esrhon dioxide wnd water. On the
other hand, maximum cunversion of
oxymen to synthesis gas appesrs to he
realized when the methane content is
maintained around 2 to 3 maol per ceul.,
the rield deelining outside this range.

TUnder the condifions of femperature
and pressure contemplnted and with a
feed hydrocarbon consisting essentially of
methane, for example, the oxygen nsually
amowmts to about 3 to 13 niol per vent, in
excess of thal steichiometricolly required
to convert all of the rarbon 1n the hydro-
carbon gag to carbon monoxide with the
formation of nv other sxvyenuled cvw-
pounds, The concentration of oxymen is
such that wnder the conditions of femper-
atnra and pressure contemplated in the
generator and with the aforesaid preheat-
ing of the reacionts, the reuelion is
sffected withont necessity for extermal
lieating of the reaction zone. By separ-
ately prelieating the reactant gases amd
effceting mixing of the preheated gaszes
entirely within the reaction zone, back-
firing in the feed Hnes and the preueaters
is prevented,

Mixing uof the reaclant guses Iz secom-
plished eniirely within the reaction zoue
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by introducing the separale sthreams of

hydrocarbon and oxigen so that they

impinge npon each nfther within the reae-
tion zone while flowing at high veloeity,

b i.e., 100 feet per secong or iy the taunge of
30 t0 200 feel per second, _

A portion nfl the total suygen charged
nuy be premixed with the hydrovarbon
gas, providing the resulting mixiure is

10 ineombustible under the pravailing con-
ditions of preliealing. For instance, the
oxygen or oxygen-entiched gas may be
divided into major and minor streams,
the major stream containing 58 to 85 per

15 cent. of the total oxygen supplied, while
the minor stream contains from 15 to 45
per cent., of the total axypen, Preferably,
the division is effecled so that the major
siream comsfitntes 60 to 7B per cent. of

2t the total oxygen and the minor stream 25

to 40 per cent. The major slream of

oxygen is combined with the hydracarbon
such as methune and preheated to u fem-
parature of 1000—1200° F., this {empera-
ture being practicable hecause of the

proportions of the mix. Adeynate mix-

ing is secured by forming the preheater in

a manner to eliect turbulenee of the fweo

reactants.

The minor stream of oxygen cr oxygen-
enriched gas is heated in o separate
jrreheater, the limit of preheat being
governed by the material of which the
preheater and conducting pipes are
formed. Ordinary carbon steel permits
Leating of the oxygen fo only sbout 800°
., whereas with o v;ﬁi,g;h temperature alloy
suclh as that ot present sold under the
Registersd Trade Mazk ** Hastellu%' .
the oxypen wmay he prehsated to about
1500° ¥,, provided there is only a small
pressure differential hetween the imterior
and exterior of the tuhe or pipe in which
the exvgen is preheated. -

45 Mixing of the two streams is ascom-
plished in the reaction zope by intro-
ducing them in & manner {o impings npon
one anether while flowing at high velocity
o3 already described.

50 Another important feature 1w tha
emmployizent of an unpacked reaction zone
with unohstrneted flow of radiant energy
between the adjeccnt walls, all wall sur-
faves being within easy reach of the

85 source or sources of sneh radiant energy
as is evolved by thal portion of the re-
artants undergoing exothermie reacilon,
i.e,, in the primary reaction. With
methune as the hydroeatbon, zs mueh as

80 25 per cent, therenf may undergo com-
bustion forming earbon dioxide and water
vapour, which producis, in burn, react
endnthermically with additional methane
in the reaetion zome to form carbon mon-

66 oxide und hydrogen, This primary cxo-
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thermie combustion, which supplies
energy required for the secondary emdo-
thermic yeactions, appenrs fo be eflected
mainly in the small region of initial
contact between entering gas and oxygen.
T4 has heen found that as regarfiz the
most efficient utilization of the energy
froma the primary or exothermic reaction
in the secondary or endothermic reac-
ions, the generalor, in addition io being
devnid of packing, should be af a shape
such that the intermal surface area is
small relative to the internal volume as
in the ease of a sphere, However, becaunse
of other design requiraments, a sphera is
not always a practical shape, a shape such
us o eylinder with a concave or convex
end or ends heing wsnally preferved,
The surfuce-volume rallo of such =
generator can best be deflned with refer-
ence te ita relation to a sphere of the vor-
responding volume, it heing readily ap-
parent that the surface-valume ratio of
the generator will approach but never
quite reach the surface-volume raiio of a
sphere of equal volume, 'This degree of
approach to the surface-volume ratio of a
sphere can be expressed by a constant K
in ferms of the ratio of the overall length
to the radius of any generslly cylindrical
generator regardless of whether one or
boik ends be fiul, concave or comical. The
constant K can be defined as the ratio of
{he surface of a sphere to the surface of 3
generator, the two being of equal volume. 100
The value of the constant K as related
to the ratio of the overnll length and the
radiuzs of a pure cylindrical generaior,
and considering the feed and produet
ports as o continuous part of the surface 106
in which they are located, can be deter-
mined us follows:

™

()
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90

- 2R 4+ 27RL
Volume of the gencrator (V) =sR* L

Surface of the generator (S;)=
' 116

where B is the radiuy of the geverator and
L iz the overall length.

The surface and volpme of a sphere vf
equal volume can e deternuned as
follows:

115
Burface of the sphere (8,)=4s10*
4
Yelume of the sphere (V=—zB %
3
where B, is the radius of the sphers hut
V.=V, s0 '
1
7Rl =—rR}

3

120
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Since the volumes of the sphere aud the
generator are mssumed equel, K is deter-
& mined as follows, Le.:

Rj=

Surface of the sphere Ss
" Surface of the generator _S5
ar
4=R * MR,

K= =
2=R*+RL) R+ RL

Substituting the vglue of R,,

K= 2(1 R=L)ﬁ
10 4

Rz BRL

The following table illustrates the value
of K for eylindrieal generators of scleeted
ratios of overall length to radius:

Orerall

15 B L Lk K
1 0.1 0.m 0.072%
1 0.1 0.1 0.3234
1 0.2 G2 0.1706
1 0.5 0.5 0.6034

ag 1 1 1 0.8254
1 2 2 0.3736
1 3 3 {1.8048
1 10 10 0.69C5
1 20 20 0.5793

2 1 50 30 0.4394
1 100 100 0.3522

The aforesaid values of B and L/R
are plotted as the solid line in Figure 3
on 8 Jogarithmic seale. Tt will be noted

30 therefrom that in varying the rutio of
LiL. E for the eylinder with Hal ends
approaches and then recedes from a value
of 1, the S{V milv of the sphers never
being attained.

35 The remaining curves in Fisure 3
represent the K versus LJB ratios for
cvlinders of the end shapes indicuted and
A generntar of wquare cruss-section, the
radius of an inscribed eircle in the latter

40 being taken as H. For eylinders of other
.than flat ends, ¥ is tauken as the radius
of the cylindricul saction. In the case
of the comical ends, the included angle
has heen taken as 60°. Such curves can

45 readily be determined in the case of cach

cylinder hy the following formulas.
For a rylindrical generator having one
hemispherical end,
4051 +0.75 L3
e .

382 2RT,

where L i3 the length of the pure eylin- 50
dvieal section.
For o exlindrical generutor with {wo

Iezisphericul ends,
R+ 0,73 B3
K ==
A+ 2RL

whers L is the length of the pure ¢y lin-
drieal seclion. ? ' p

For a eylindrical generator with oue
60° comical end,

HRA0.75T. + 4.4330127 R, iz
\ = -

ngn + 21.
where L is the length of the pure cxlin- B
driral section,
. For a evlindrical generator with tiro
07 conical ends,
2IRM0.T3L + 0.866U234R) 72

R{L+%R)

where L is the length of 1he pire eyiin- gh
drieal seefion, .

For gy rectantgulur parallelopiped i
fquara cross-section of g side dimension .

2417988 (Lud)2

e + 2

In the case of the eylindrical generator 70
with one kemispherival end, the T of the
L{R ratic is taken as the overall length
of the' generator, fe., L+B, the corre-
sponding enrve in Fignre 3 being derived
from the following data . ’ 7

Overall I

o Ia Uf thl}
I turinula R K
1 0 1 0.8399
i G.01 1.0 .84 8p
i 0.1 1.1 i1.9613
1 0.2 12 0.3823
i 1851 1.5 L9118
1 1 2 5. 15383
I 2 3 G.90%1 85
{ .';l){} i 0.8673
. 11 0.6937
1 20 2] 0.5183
1 af) ol 4.43849
] 1110} 1 1,352 8¢
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In the case of the eylindricul generator ) Overall It
with two hamispheriecal ends, the Li of the Lofthe —m —.
T.{R ratio is faken a8 the overal]l length B formulu B X
of the generator, i.e., L+ 21}, the corre-
5 sponding purve on Figure 3 being derived 1 0 3.4641 0.9085 50
trom. the following data: 1 0.01 3.474] {1.9092
: i 01 3.5641 (.0145
Overall L 1 (k2 3.6641 (.9188
_ Lol the ——— 1 0.5 3.9641 (.9239
R formmula B E 1 1 44641 0.9181 55
1 2 5.4641 (0.8878
10 1 0 (a sphere) 2 1.000 1 -'3 8.4641 L7921
1 0.01 201 0.999 1 10 13.4841 0.6868
L 0.1 2.1 09884 1 20 23.4641 0.6740
1 4.2 2.2 09979 1 30 58.4641 (L4375 60
1 0.5 2.5 0.9882 1 100 103.4641 .3514
15 1 1 3 (+.968L
1 2 i n.9210 Tor a rectangular parallelopiped of
1 2 T 0.8073 squuve vross-section, w has been taken ns
1 18 12 0.6942  the diameter of am inseribed ecircle, 1
1 20 2z 0.5722 being also the width of any one side. In g5
ap 1 50 52 0.4385  ealeulating the following data for the
1 160 102 0.3518

In the case of the oylindrical gencrator
with one 60° conical cnd, L of the I.jR
rativ Is tuken as L4+ 1.782058, the corre-

26 sponding curve on Figure 8 being derived
from the following data:

Overadl L
Lofthe —e—mrr
R formula R K
an 1 0 1.78265 07831
1 0.01 1.74205 0.7665%
1 0.1 1.83205 0.7958
1 0.2 1.98205 0.B210
1 0.5 R.23%05 0.8675
g5 L 1 2.78205 0.8948
i A 878205 0.8867
i o 6.79205 0.7983
1 1 11.78205 0.6918
1 A 21.73205 0.5766
40 1 50 51.73205 0.438%
1 100 101, 78205 03316

Tor & eylindrical generator with twe
60° conical ends, T of the L/I ratio is
taken as L+ 8.46410R, the corresponding

45 curve on Figurs 3 being derived from
data sneh as the following:

curve of Figure 3, (b5 w has been taken as
the radius. :

Overall T,

Lutthe —nun-w— ™
w formula 0.5 K
2 0.01 0.01 0.67000
2 g1 0.1 {12883
2 0.2 0.2 0.4834]1
2 (1559 0.5 0.6307 715
2 1 i G.7618
4 2 2 0.8060
2 ] 5 G.7423
2 10 10 0.8427
2 20 20 0.5344 80
Z 50 B0 0.4064
2 100 100 0.3249

With the thus derived eurvas of Fignure
3, it i3 apparent that the value of K cun
he determined for any of the reaciors of 35
different shapes, providing the ratio of
L[R iz Imown, the aetual dimensions of
the reactor are immaterial.

Tor example, if it is desired tn nse a
generator formed as o cylinder with one %0
flat end sud one hemispherical end, one
of the most practical shapes, reference can
he made to the curve for such a shape
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whereupor it will bhe found that (he
closest approach to the surface tn volume
ratio of the sphere of rorrespunding
volume is found where K is abuut (.92.
& The corresponding LB ratio is ghout 2,0,

Thus if the selected reactor is (o be 10

feet long overall, the radiuvs shounid he
5 feet,
For the purpsse of this invention, a
10 range of LR irom 0.67 to 10 is dasirahle,
the preferred ratio haing in the range of
1 to 4. .
In any cuse, it is desirabie for the open
reaction zome to be sufficiently compact so
15 that the temperature is uniform through-
out the entire reaction zone.
Avoidance of external firing of the
reaction zone and the absence of rvefrar-

fory packing material from the interior

thereof overcomes serioms apparatus, con-
siruction and operating limitations that
have existed Leretofore. Ahsence of

packing not only aveids y substaniiul

pressare drop through the rezction zome,
26 but ulso materially reduces the tendensy
- toward carhon formation aud deposition
since it uppears thut lazge surface arca
inereases free carbon farmation. Depusi-
ion of carbon also incregses the pressure

80 differential through the reaction zone.

A further advantage of the absence of
packing and the surface-voluine or length
to radius ratio already desrribed is found
in the fact that the clear umobsivueied

35 =pace zo formed, with ity large volums
relative to ifs internal swrface, enables o
substantially eomplete fzeansier of the
snergy from the primuary exoibermic ve-
action to the secondary endothermic re-

40 actions by radiation. Whalever energy
mey be radisied from the exothermie
reaction onto the surrounding wulls of the
reaotor is immediately re-radiated back
inte the reaction zome, very little omergy

45 being lost, the wall surfuces heing pre-
ferably of o character fo insure maximu
re-radiation. Moreover, all the produvts
of the primery reaction, whetker they be
in the form of radicals or activated

60 molecules, ave free to proeeed iv the
secondary reaction In a Righly mixzed and
eugroized state without interference by
a_physical body smch as packing. The
absence uf packing insures a free path

55 of travel for bhoth the radiant eIy
" from the primary reaeiion and the radiang
energy re-radiated from thas walls {o the
zone of secondary renction, thereby caus-
ing the sceondary reaction or venciions to

60 proveed faster and at a higher and more
miform femperature or emcrgy Jevel ai
which a better product composition is
attained.

This action is in decided conirast tn the

85 aclion in a packed reactor. wherein (1)

the products of the exothermic reaction
come into physical contact with paeking
almost immediately wpon forwation,
causing them to react to form more stable
moleeules, deposit carbor on the packing 70
surfaces, and to deactivate the acrive
moleeules, so losing energy that would
atherwise be available to the secondury
reaction, (2) the products enfering infe
the secondary reaction are shielded fo a 75
materiel extent from the radisnt hear of
ke exothermic resction and any re-
radiation. from the walls, and (3) the
products of the exothermic reactiom tend
ta pocket in the interstices of the packing
with consequent carben deposition aud
oss af ﬁnﬂ? produet,

In Figure 1, the numeral 1 desienates
a eylindrical vessel lined with refruclory
material 2. A haffle formed of walls 31 85
und 3% is provided within the vessel to
divide it into +wo sections, one scetion

at

being the reaction zome § which, for

example, is aboul 8 feet in lengih along

its horizontal axis, while the other section 9
8 is nsed for cooling the resulting pro-
duet gases, With a radivs of 2.5 feet,
the L/R ratic is about 8.2 which is well
within the preferred range. Walls 3a
and 8b are designed fo permit fow of 88
reaction gases therethrough with no sub-
stantial drop in pressure while protect-
ing the interior of the cooling seciion
from direct radistion from tlie renction
seetion and inswring re-radiation baek o
the reaction zone, this being accomplished
by the siaggering arrangement of the
openings Je,

A eooling eoil 7 is embedded in the
refractory lining of the reaction secijon 105
and adapted for the eirculation theva
throngh of water, ur any other fluid heat
carrier, the purpose heing to  prevent
overheating of the meial shell. The heat,
s0 ahsarheld, may De used for preheat1i
purposes and for steam vr power genera-
tion for use elsewhere in the process.

_ The reactant gases ave intredueed #o
the reaction zone througl a plurality of
gas feeders 8 whicl are desevibed in more 113
detnil in cunnection with Figure 2.

The reaction products are discharged
from the geverator thromgh passages 3e

—

L

into cooling seetion G where thev are

redueed {c a ftemperature suitable for 190
Introduction to an intermediate slvrawe
facility or to the synthesis reactor by a
water spray 8, The quench water passes
out through opening Ba with the synihesis
gas. With a synthesia ealalyst of the iron 126
type, ihese gases are reduced in tempera-
ture by the quench water and while still
tuder pressure of 200250 pounds, pass
in contact with the synthesis catalyst at
thai temperature so as to cflect conversion 130
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of earbon menoxide and hydrogen into
hydrocarhons, oxygen-containing eom-
rounds and the like,
he gas feeders B, as indicated in
5 Figure %, eomprise essentially twy com-
ventric fubes 11 and 12 terminating in o
water enoled tip 18. Thus, the tip 18 is
of hollow construetion having 2 water
space 14 fo which water is introduced
16 through o tube 15 and removed through
a tube 16,

One of the reactant gases flows through
the annular space beiween the tubes 11
and 12, while the other reactant Aows

15 throngh the interior of {he innar {abe 12,
Thus methane may flow througll the
aunular  space, while oxygen flows
through the inner bassage, or vice versa.
Thus, the methane and oxygen strenms

20 impinge upon each other at the point of
discharge from the tip 18 which is Just
inside the reaction zone. As indicate in
Figure 1, the feeder $ips may bs substan-
tizlly flush with the imterior sarface of

26 the refractory lining of the vessel 1,

In aperation there is 3 small zone of
blue flame, glow nr radistion immediately
adjacent the tip while in the rest of the
reaction zone fhere is mo visible flame,

30 It is in this small region where blue flams
exiets, und where as much g5 25 per rent,
of the entering methane may undergd
relatively complete eombustion, forming
earhon dioxide snd water vapour which

36 bruducts subsequently react with addi.
tional methane in the reaction zone to
form carbon ymonoxide and bydrogen.

There may he a plurality of the fg(;eders
8. For sxample, (here may be several

40 vniformly disposed in the snd of the
sesge] 1,

By way of example, 2 feed gas consist-
ing essentially of methane is preheated to
o temperature of about 93¢° F.. and a

45 siream of substantially pure OXygen is
separately heated to a temperature of
about 800° F., the preheated zas
streams are passed into sn unpacked
reaction zome, having a L/} rativ of

60 about 2.7 which is within the afore-
said preferred range of 1 to 4, operai-

ing under a pressure of abont 250
pounds per square inch gunge and sub-
jected to rombustion therain at o temypera-

56 ture of aboui 2000° F. in the ubsence of
a catalyst. The hydrocarbon or feed gus
is charged at the rate of ahaut 2000 cubic
feat (S.0\) per hour per cubic foot of
total veaction zone volume. The qaantily

80 of oxyzen charged to the reactor i3 main.
tained et abouf 39.3 mol per cent. of the
tolal gas charged, i.e., hoth ovymen nnd
feed gas. Tke product gas amounts #o
aboul 3.2 mols of total gas per mol nf

86 liydrocarbon feed gans. The compositions

of the hydrocarbon feed gns nnd of the
product gas are:

Mol % Teed Gag Produet Gas

€H, 53.8 2.8

CH, 10.2 —_ 0
aHs éo'ﬁ —
C.H, 0.1 —_
Co, 1.0 1.4
Air .6 —_—

Go — 32.9 74
H, — 56.9
N, — 0.9
H.0 — 8.1
100.0 100.0

Under such rconditions, more than 80 80
per cent, of the oxypen charged is con-
vertell ip carhon monexide and the
quench water wsed for conling the hot
produet gus is substantially free from
solid earhen,

By contrast, when operaiing the reactor
urder substantiaily the same eonditions
of temperature and pressuze but regulat-
ing the oxygen content so that it amannis
to about 85 mol per cent. of the total gas 90
charged, the melhane content of the
produet gas is at least 10 mol per cent.
axd production of solid carbon is exces-
sive as evidenced by the fact thut the
quench water is distinetly black in colonr 85
due to its large content of free carbon,

On the other hand when gperating the
reactur so that the oxygen charpe amonnts
to 42.2 mol per cent. of the total gas
charged, in which case the product gas 100
contains only g trace of methane, substan-
tially less than S0 par cent, of the oxygen
is venverted o carbon momoxide, the
carbor dioxide ynd water heing increased.

The following example shows tha 105
relationship between melhans content of
the affluent gas from the penerator and
the yield of carbon monoxide and hydro-

en when charging hydrocarbon gas of

‘the same composilion as that previously 110

set forth to the generator operuling under
a pressure of aboul 250 pounds and at a
temperature of about 2000° F. The
Lydrocarhon gas was preliested to ghout
830" F., while the oxygen was separately 116
preheated to about 600° F. The oxygen
charge rate was fu the propartion of 53
to G2 volumes per 85 volumes of hydro-
egrhon gas:
Yialdl of GO +H, us120
Mol % CH, in Mol % of Theoretical

Efluent Gus Max, Yield
6.0 71.9
3.2 75.6 )
0.4 70.% 125
0.1 6.0

=
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From the foregoing data it is seen that
a yield of 75.8 per cent. of the muximum
theoretical yield is obtained when con-
ditiong ere maintained so thut the efflyent

5 gas contains 8.2 per cent, methane. When
the methane content of the effluent gas
is either substantially below 3 mwl per
cent. or substantially above if, the yield
of synthesis gas is less. The yield of 75.6

10 per ceat. corresponds fo about 80.5 per
cent. conversion of oxwygen fo earhen
mouoside,

While mention has been made of
guenching the product gas with water,

15 other methods of cooling involving steam
generation may be used. .

" " Mentive has been made of charging
methane or a gas consisling essentially of
methane {o the generator, It is contem-

o0 plated, however, that the hydrocarbm
charga tn the generator may com]irise
higher molceuler weight hydrocarhons
either normally gaseous or normally
liquid. The hydruearbon churge may con-

95 sist essentially of liguid hydrocarbous ur
it may comprise a combination of gaseons
and liguid bydrocarhoms. For the pur-
poses of this invention, Hguid hydro-
carhons may embrace not only rclativelf

30 high boiling hydrocarbon mixtures boil-

~ ing in the of fuel oil, but also
asphait and other sclid bydroearbons
which melt and fiow when heated, Coal
and lignite are examples of solid carbon-
g5 aceous maferials that may be zeacted

with oxygen {o form synthesis gas in n
raaction zone such as described., Buch
material may be introduced to the gener-
tor in the form of finely divided particles

40 suspended in steam or other gas, steam
being prefevably added io supplement the
oxygen, and supply the needed oxygen
whers a hydrogen-curbon monoxide mix-
ture is desired. Obviously sach a genera-

4 tor must be mechanically designed fov
proper feed of solid material such as cual
and the discharge of slag therefrom.

Linguid hydrocarboms when charged to
the renclor undergo some decomiposition

50 inte light hyﬁrucarbuns ineluding
methane, Furthermore, the pases 1n the
reactor tend to produce sorme methane in
apcordance vwith the reaction:

0 +8H,-CH, +H,0

58 Therefore, when charging Mgnid hydre-
carhons, it alse appears that regulation of
the oxygen charge so that the produnct
gas contzins mothing in exeess of fhe
aforementioned small amount of methane

80 aveids forimation of free earhon,

Asz previously mentiomed, it is svatem-
plated employing no preheating, preheat-
ing of only the hydrocarhon, or separafe

preheating of the Iydrocarbon and
oxygen streams, These sireams may he 63
prelieated fu temperaturves as high as cua-
veniently possible having regard te the
inherent limitations in exisiing materiais
of conatruetion. The preheating of an
oxygen stream to relafively high fempera-
tures reguires emplovmeni of preheatiug
apparatns constructed of material resis-
tant fo oxygen at such femperatnres. Tt
Ix advisable fo prebeat sepgrately the
nxyeen stream fo as high as 600 to 800° 75
F. and ligher if possible and the hydro-
carbon stream fo »s high as BO0 fo 1200°

¥, Highey prehieats cause the attainment

of hisher effective reaciion femperatures
which ere desirable in thet higher overall gy
yields are obtained, the production of
undesirable carbon dioxide and methane

iy reduced, aod ibere are reduced ten-
dencies toward earbon formation at low
0JU ratios. 85

T nevessary the hydrovarbou feed may
be treated to remove swlphur compounds
prior to introduction fo the generator.
This is desizable in order to produee a
synthesis feed gas free from or substan- gg
ti;lll_g' free from sulphur eompounds.

Obviously, many modifieations of the
invention as above sei forth may he made
without departing from the scope thereof.

. Having now particularly described and 05
ascertained the nature of our said imven-
tion, and ip what manner the zame is tc

be performed, we declare that whai we
claim is;—

1. A process for the production of gas1{{
consisting essentially of carbon monoxide
and kydrogen without substantial carbon
formation by reaclion of earbonareous
material with oxygen in a reaction zone
autogenously maintained ul a sobstan- (g
tially uniform temperature of at leasi
2000° F. without externel heating, char-
acterized by employing a substuniinily
completely closed nnobstructed and un-
pucked reaction zome, the inverse ratio of 11y
whose internal surfave to the surface of
o sphere of the seme internel volume i-
at least (.85,

2. A continuons process for produeing
synthesis gas containing earhan monoxide 115
and hydregen from a hydroearbon and
oxygen in the absence of sxiernal heai-
ing and without suhstantial earhon furma-
tion which comprises esteblishing & re-
asction zone formed as a substautially 120
onpbsiructed and  generally eylindrical
space haviag a length {0 radius ratio of
67 to 10, maintaining o high tempezra-
tare and superatmospheric pressure in
said spaecs, comfinuously intredueing 125
bydrocarbon and oxygen into said spare
to mix and exothermieally react therein
in a predetermined ares, rontimuing the

70

-
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reaction of {he products of the exothermic
resction in an endothermic reactiom in
the space around the area of the exo-
thermie rsaction to wiilize heat from the
cxothermic reaction, and continucusly
removing from said reaclion zome an
cfluent siresm of reaction products con-
taining essentially carbon monexide and
hydregen,

8. A process sccording to either of
claims 1 or 2 for fhe production of caxbon
monoxide apd hydrogen by pariial com-
bustion of a carbonaceous fuel with
vxygen wherein a portion of the fuel is
reacted exothermivally with oxygen with
the production of some ecarbon dioxide and
water vapour and said last mentioned
rpaction producis are reacted endother-
micaily with a further portion of the
reactant malberials to form carbom mon-
oxide and hydrogen, ckaracterized by the
fact that aa1d reaction zoae has radiation
boundary surfaces substantially uniformly
maintained at 5 temperatura approaching
the reaction temperature so that, by
reason of the shape of eaid surface, said
endothermic resclion is effected in close
proximity to the exothermic reaction and
heat is passed to sajd endothermic re-
action by radistion, said oxygen being
supplied to the reaction zome in & quan-
tify such that both said exothermio and
sndothermic reacticma are effected with-
in the reaetion zome while aulogenously
maintaining said zone uniformly throngh-
ort af paid uniform temperature of at least
2000° ¥,, and an effivent stream of xe-
action products comprising carbon mon-
oxide andg hydrogen substantially free

10 from corbon i8 continnously removed from

45

50

85

said reaction gone,

4. A process aceording to any one of
the preceding claims, in which the re-
action products contain o small amount
not in excess of 4 mol per cent. of
methane.

§. A process as defined in any one of
claims 1 to 4, in which the reaction pro-
ducts coutain from 0.1 to 4 mol per cent.
of methana,

6. A process according io any ome of
the preceding claims, wherein said re-
achtion zome is maintained under a pres-
sure af 2006300 pounds per square inch
zauge, and the proportion of oxygen
telative o hydrocerboms paesing to the
reaction zone is regulated so that said
repction is effected with a substantially

non-luminous flame,

7. A process aecording to awy one of the
preceding claims, in whick the ozygen
is prebeated 1o zn elevaied temperature
of at least 600° B, and the hydrocarhon
is prebeated {0 an elevated temperature
of at least 800° F.

8. A process according to any one of
the preceding claims, whereln said hiydro-
carbon gas consists mainly of methane.

8. A continwnons process for prodacing
synthesis gas containing earbon monoxide
and hydrogen involving reaction of a
earbonacecus material with oxygen, com-
prising possing said material and oxygen
to a non-catalylic unpacked reaction zone
of generally cylindrical shape in whieh
the ratio of internal diameter to internal
radius is within the range (.67 to 10,
effecting non-catalytic conversiva vf car-
bon in gaid earhonaceous material io
carbon monoxide withoul external heei-
ing of gaid reaction zone at & teraperature
of at least 2000° F. and under super-
atmospheric pressure, and continuously
removing from the reaction zome am
efluent stream of products of reaction
consisting essentially of synthesin gas,

10. A process sccording to either of
claim 1 or 2, wherein tha oxygen to car-
bon ratio of the feed to the resction zone
is varied in the Tange of 1.0 to 1.2 to
maintain & methane content in the
efluent of from: 0.5 to & mol per cent,

11. A process according fo any one of
the preceding claims, wherem a stream of
oxygen iy divided into major and minor
gtraame, and the major siream is com-
bined with the hydrocarbon gas, and said
mizture is raised to an elevated tempera-
ture, s2id minor stream of oxygen also

being yaised to an elevated tamperature 100

and szid preheated reactants being separ-
ately introduced into the reaction zone.

12, The process for producing synthesis
gaz eubstantially as hereinbefore de-
scribad.

13. Bynthesis gas whenever obtained
by the process accerding o awmy of the
preceding claims,

Dated the 17th day of December, 1947.
For: TEXACQO DEVELOPMENT
COMPANY.

Stevens, Langner, Parry & Rollinsoen,
Chartered Patent Agents,

5 to 9, Quality Court, Chancery Lane,
London, W.0.2, and a3
120, Wazt 41st Street, New York, 17,
New York, United States of Ameriea,
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648,845 COMPLETE SPECIFICATION

[This Drawing is a reproduction. of the Original on a reduced scale]
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