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COMPLETE SPECIFICATION

Process and Apﬁai;iatus for Pre
ydrogen and

Containmg

We, SHELL INTERNATIONALE RESEARCH
Maarscnarpiy NV, a company <rganised
mder the laws of The Netherlands, of 30
Carel van Bylandilaan, The Hague, The
Netherlands, do hercby declars the invention
for which we pray that a patent may be
granted to us, and the method by which it
is o be performed, to be particnlarly des-
cribed in and by the Iollowing statement:—

The present invention relates o a process
and apparatus for prepating gay mixtures con-
taining hydregen and carbon monoxide by
partial combuston of hydrocarbon material
with un oxygen-contzining ges.

f'rocesses of the above general type are
known, e.g. from British Patent Specigcation
780,20, According fo thet specificaton,
hydrocarbon material is Introduced wnder
pressure Inte 2 vombustion chamber of special
shape together with an ozygen-containing gas,
special means being provided for ensuring
intimate mixing of the basic materials. Similar
processes also require specific arrangements for
ensuring a satisfactory conversion of the
hydrocarbon, for preventing the formation of
wmallowable zmounts of soot, and also for
avoiding harmful effects on the process
apparatus, for instance corrosion, evosion o
meliing of the refractory (e as a resolt of
unequal heat distribution with the occurrence
of bot spols or of & maldisiribution of the
Teaction mediz) ’

The present invention provides 4 process
end apparatus which has a particular ud-
vantage over known processes, namely that
gas mixtures can be prepared in relatively
small amounts in apparatus of reduced size
compared with known instaliations.
vention can he advantageously applied in cases
where the prodnced gases are directly to be
consumed in installations such as gas fuelled

[Pri.

The in-.

aring Gas Mixtures
rbon Monoxide

furnaces {e.gz. blast furnaces), in whick case
apparatus according to the invention can be
located quitc <lose to the gas consuming
installation. In principle, the inventon is
also suitable for the production of a com-
bustible gas for cther purposes.

In the process according to the present in-
ventiom, a hydrocarbon material is injected
into g streamy of hot combustion geses m-
mediately before imiroducing that sircam as
a jet of high velocity via an inlet into a re-
action space, oxygen-containing pas being
supplied to the jet of bot gases containing
the hydrocarbon martcrial (preferably tangenti-
ally around the jet), the resultant gas mizture
being drawn off Ifrom the reaction spacc
through at least one gas omtlet, and the out-
let being so positioned in relation to the fnlet
as to cosurc the zeguired residence time in
the reaction space.

The reaction space may be designed, if so
desired, 1o reccive two or more streams of hot
combustion gases, each supplied with oxygen-
containing gas as descri above, and said
streams arc then introduced in the form of
jet to the reaction space,

The process is preferably camied out at
superatmospheric pressure.

In the presemt invemton, the stream or
streams of hot guses may be intreduced into
the reaction specc at sonic velecity so as ro
prevent pressure differences occutring in the
reaction space influencing the stability in the
combustion chamber communicating with the
teaction &pace, in which chamber the hot
goses are produced.

The hydrocarhon matcrial preferably con-
sists of a Hguid hydrocatbon at a sterage
tempetatiire of about 20° C. end at atmo-
spheric pressure. The exygen-containing gas
may be air or air enriched with oxygen or
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even pure cxygen.  The hot combustion gases
may be obtained by burning a hydrocarbon,
cither guseous or liquid, with air, preferably
in stoichiometric propertions, in a high in-
tensity combustion.

The oxygen-containing gas may be pre-
heated so a5 tor increase the thermal efficiency
of the process. In some cases, particularly
when the produced gases need net be con-
sumed dirsetly, the produced gases may be
employed as the heating medivm by which
the gdual cffect is obtained thar the gases
are cocled and ar the same time the air or
the like is preheated.

Apparatus soitable for carrying out the
above process according to the present in-
venticn comprises a reaction vessel and means
for preducing hot combustion gascs for intro-
ducing inte the reaction chamber at high
velocity, said reaclion vessel comprising (i)
at least one inlet having a central opening
for Inlzoducing o streanmt of hot combustion
eages containing bydrocarbun, and at leest op2
opening for introducing oxygon-contzining gas
inre: said streamy {said opening being in a
plane at right angles to said stream and
tangential to the circumfercace of the. inlet),
and (if) at Ieast one ocutler for the resultant
gas mixrure,

The means for producing the stream or
strezuns of Lot combusiion gases prefersbly
comprise & mainly cylindrical combustion
chamber, axisl to cach centtal iniet o_igenixjg,
with 2 converging gas outlet port terminating
in 2 parrowed outlet orcoing, and a burner
nozele at the opposite end of the chamber
for supplying a mizeure of hydrocarbon fuel
and air, the narrowed outlet opening having
an anmular recess viz which hydrocarhon is
introduced dnte the gas stream. A second
unnubar  recess may be mrovided In the
narrowed outlet opening, for thc optional
introduction of water or steam into the gas
sircam.

The combustion chamber may have a watar-
cooling mantle «r channel in the weall thereof,
gnd the cylindrical part thereof may have a
heat resisting refractory liming. The burmer
nozzle part may <coumsist of a non-ferrous
material, especially in cuses where oxygen or
enviched air is used in the combustion cham-
ber instesd of air so &s 1o decrease the
amoont of imcrt nitrcgen Inm the hot gas
stream,

In 2 preferred embodimeat, the reaction
chamber is elongate, has a rectangular cross-
section, is closed at one end, has at the
opposite end one or more inlets, and has out-
lats arrenged in the side wells pesr each
corner at the inlet ond of the reactor. Mrore
specifically, the reactor may have a sguare
cross-section and an inlet centrally arranged
at one end.

The present invention will now be further
described  with refersnce to the drawings

accompanying the provisional specification, in
which: Figure 1 Is a diagrammatic longi-
tudinal section of apparatus for carrying out
the proccss according to the invention; and
Figure 2 is o detsil on an enlarged scale of
a preferred embodiment of the cumbustion
chamber for crearing the hot gas seream,

In Figure 1, the apparatus comprises a re-
action chember of elongated shape and sqoare
crass-section, The walls thereof may consist
of refractory material surrounded by a steel
mantic. At the bettom, the chamber 1 has
a central opening 2. A stream of hot com-
bustion gases 3 conmaining hydrocarbon is
introduced via the cpening 2 into the space
4 from z central inlet 5 communicating with
& combustion chamber 6. Arcund said stream,
an oxygen-containing gas (e.g. air) is mbo-
duced via a tangential inlet 7. The appararus
also bas gas cutlets 8 arranged in the bottom
CCThRTS,

As indicated by the grrows, the gas stream
rises during operaton to the top of the re-
actor, after which the pases turn putwardly
to the wall part and then remem downwardly
to the gas outlers 8. During the downward
movement, intitmate mingling between ascend-
ing and descending gases takes place, which
promectes a2a cqual hest dismbutien and
vigrrons mixing of the reacrion media. A
sgecial advantage of the sguare cross-section
of tha chamber 1 is thar in the four corners 2
relatively undisturbed siream of gaseons re-
zctica products is allowed to descend towards
the gzs oudess & arranged in the corners,

In Figure 2, the ccmbusiion chamber (ficm
6 in Figare 1} is shown on an cnlarged scale.
The chamber is cylindrical and s partly
double-walled so as to create a2 water-cooling
mantle 10 In the wall patt @ The mantle
10 hes an indet 11 and an outet 12 gr the
opposite side thereof. The cylindrical part
of the combustion chamber has a refracrory
lining 13. Radiant heat refected from the
lining 13 during operation will contribute 1o
equalise the heat disiribution over the length
of the chamber. The chamber is provided at
one znd with a burner, cemprising a supply
tebe 14 for fuel premived with air (e.g. pro-
pane and gir, snd a bumecr noxzle 15 suitable
for introdneing a concial jet of fuel and air into
the c¢hamber. At the oppoesite end, the com-
bustion chamber has 2 converging cutlet port
16 terminating in a natrowed outler ogening
17. The vpening 17 has a first recess 18 con-
neceed to a supply line 19 for introducing
a hydracarbon into the gas stream, and a
secongd recess 20 connecte;gl to a supply line
21 for introducing water into said stream.

The burner nozzle 15 is connected with a
ceqiral barrel 22 having a fuel supoly channel
23 and comrzining at the end 2 noprernm
spring loaded ball valve 24. A fuel distri-
buting chember 25 commmumnicates via ports
26 with a laterally arranged fuel supply sl
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27 iesuing imto a conical supply channel 28
for the air {or oxypen) near the outlet end
thereof, :

An apparetus as described above has been
bailt on pilot plant scale, and dcsts carried
out with this apperatuy gave satisfactory
results.

It is possible ra construct apparatus accord-
ing 1o the present invention in quite different
ways. FPor instance, 6 cylindrical reactor hav-
ing infets situated at right angles and tangenti-
ally to the side wall of said reactors can be
used, each inler comprising an axial com-
busticn chamber of the type described with
reference to Pigure 2. Also, more elongated
shapes of the reactor can be used {enabling
provisions of gas outlets at the top) if suitable
intermixing and sufficiest residence time of the
rezction media can be ensured.

WHAT WE GLAIM IS:—

1. A process for preparing gas mixtures con-
twining hydrogen and cartbon monezide by
partial combustion of hydrocerbon material
with an oxygen-coniaining pas, comprising in-
jecting the hydrocarbon material into a strcam
of hot combustion gases immediately hefore
intreducing that stream as a jet of high
velocity wvia an inlet into a reaction space,
oxygen-containing gas being supplied to the
jet of Lot gases containing the hydrocarbon
materizl, the resultant gag mizture being
drawn off from the reaction space through at
least one gas nutlet, and the outlet being
so positioned In relstion to the inlet as to
vnsure the required residence time in the
reaction space.

2. A process according fo claim 1, in which
the oxygen-containing gas is supplied tangenri~
ally around the jet of hot gases containing
the hydrocasbon material

3. A process according to claim ¥ or 2, in
which streams of hor combustion gases con-
taining hydrocarbon material are introducced
in the form of 7 jet to 2 common reaction
space, each of the streams being suppHed witly
oxygen-containing gas.

4. A process according to any one of claims
1 te 3, in which the process i5 carried out at
superatmospheric pressure,

5. A process according to any one of the
claims 1 1o 4, in which the stream or streams
of hot gases are intwoduced into the rcaction
space at sonic vclocity.

6. A progess according to any onc of claims
1 to 5, in which the hydrovarbon material

is a liquid hydrocarbon at a storage tem-

peratave of about 20° C. and at atmospheric
pressure.

7. A process zccording to any one of claims
1 1o 6, in which the oxygen-containing gas is
air.
8. A process according te claim 7, in
which the oxygen-containing gos is air en-
riched with oxygen,

9. A process yecording to any one of claims
1 to 6, in which the oxygen-containing gas is
pure oxygen,

1. A process according o any onc of
claims 1 o 9, in which the hot combustion
gases are oblained by burning a hydrocarban
with air in a high: intensity combustor.

11. A process according to any one of
claims 1 to 15, in which the oxygen-containing
gas is preheated before being introduead into
the gag sirestus.

12. A process according to claim 11, in
which the oxygen-contalning gas is preheated
by heat cxchange with the produced gases.

13. A process for preparing gas mixurcs
containing hydrogen and carbon monozide,
substantially as describal wirh reference to
the accompanying drawings, :

14, An apparatus suiteble for carrying out

2 process according to any one of claims 1 w
13, comprising a reaction vessel and means
for producing hol combustion gases for intro-
ducmg imto the reaction chamber ar high
velocity, said reaction vessel comprising (1)
an inlet having a central opening for imtro-
ducing a stream of hot combustion gases con-
taining hydrocarbon end. an opening for intro-
ducing exygen-containing gas into said stream
and {ii) an outlet for the resultant ggs mix-
ture,
15, An apparatus according to claim 14, in
which the opening for introducing oxygen-
cenraining gas into the streem of hot com-
bustion gascs is in a plane at right angles 1o
the axis of the inlet and tangeniial to the
circumference of said inlet

16. An apparatus according to <laim 14 or
15, in which the mesus for producing the
stream or streams ©f hot combustion gases
comprisc 2 mainly cylindrical combustion
chamber, axial to each central indet opening,
with a converging gas outlet port rerminating
in a narrowed outlet opening, and o burner
nczzle at the apposite end of the chamber
for supplying & miziure of hydrocathon fuel
and air, the narrowed owtlet opentng being
provided with an ammular recess via which
the hydrocarbon is intreduced into the gas
stredan.

17. An apparatas according v claim 18, i
which a second enmular recess is provided in
the narrowed outler opening for the Intro-
duction of water or steam inte the gas stream.

13, An apparatus acvording to any one of
claime 14 to 17, in which the combustien
charaber has a wvater-cooling channel or manrle
in the wall thereof.

19, An apparams according to any e of
claims 14 1o 18, in which the cylindrical part
of the combustion chamber has a heatte-
sivting refractory lining,

20, An aratns according o any one
of claims fgpw 19, in which the buwmer
nozzle part consists of a non-ferrous material,

Z1. fn apparatus acverding to any one of
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claims 14 1o 20, in which the reaction cham-
ber is clongate, has a rectanguiar cross-section,
is closed ar one end, has at the opposite end
un inlet, and has outlers arranged in the side

5 walls near sach corner at the infet end of the
TEACtOr.

22. An apparatus according to claim 21, in
which the reactor has 2 square cross-section
and an inlet centrally arranged at one end.

i0 23, An apparatus Sor preparing gas mixtures

containing hydrogen and carbon menoxide,
substantially as described with refercnce fo
the drawings accorapanying the provisional
specification.

WILLENS & ROBBINS,
Chartered Patent Agents,
Skeil Centre,
London, S.E.I.,
Agents  [or the Applicants.

Leamington Spa; Printed for Her Majesty’s Stationery Office by the Courier Press.—1966,
Published at The Patent Office, 25, Southampton Buildings, Londen, W.C.2, from which copies may be obiained.
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