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My inventlon relates %o mn improved method and
apparatns for producing synthesis gas.

Synthesis gas 1s a nixture of carbon monexide and
hydrogen which is appropriate as & charge to 2 gynthesis process
for the production of hydrocarbons and the like. The synthesis
gas, {urthermore, ig a ready source of hydrogen or carbon monoxlde
for use in other chemical processes. The mixture, furthermore, is
an excellent reducing #as agvantageously employatle in the direct
reduetlion of iron ore. The genaratlon of synthesis gas by the
partial oxidetion of hydrocarbons, and partlcularly gaseous
hydrocarbons, by OXy&en of high purity at elevated pressure and
at elevated temperatures 1is known to the art. I have found that
the partial oxldation process under appropriate process conditions
may be aubstantially completed 1n less than e second, and thab
the process reguires no caﬁalyst. 1 have found, further, that the
ghape of the resction zone, that 13, the relationship botween the
surface arsa of the reactlon zone and its volume, does not subgten—
tially effect the process.

4 plant employing the method of the prior art with the
partial oxldation of gaseous hydrocarbons for the generatlon of
the synthesis gas has been built by Carthege Hydrocol atb Browngs=
ville, Texas. This plant has been unahle to operaie contlmously
and has, during its periods of intermittent operation, operated at
only a fractlon of 1ts designed capacliy. The difficulty has.been
occagioned in the synthesis gas generators whers partial combustion
of methane with substantially purs oxygen under conditions for
optimmm generation of syuthesis gas has resulted in repeated burnouts
of the generatoT jots.

The veaction for the partial oxidation of methane may be

represented as follows:
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CH,, 4% Oy > 2H, 4 CO 3 10,000 B.otou.

1§ there is excessive oxygen present, WWo reactions
ocour . First, we have the complete oxidation of methans vhich

may be represented as followsi
GH4 4 202 —5 002 4 2H20 4 345,000 B.t.u.

14 will be noted that there is & tremendous heet
generated by this highly exothermic reastion. The arrangement
of the gemerater jets in the prior srt is guch that there 1s
always present in the reaction chamber 2 local excess of oxygen
permitting the nighly exothermic yeaction of complets oxidation
of the hydroecarbon to oocur. The heat thus generated is the
cause of the difficulty being experienced gt the Brownsville,
Texas, Hydrocol plent. There js an additional gide effect
created by permitting the complete oxldation of methane to oocur.
The local reduction in the oxygen present by the overuse of some
of it results in a local oxygen deficiency with the result thab
some of the methane of the charge will produce free carbon, a8
follows?

GHL -» £ 42l

The cerbon dloxide present will preduce & synthesis

gas mixture by the fellowing reactions
002 + GHA ~y 200 4 2H2

The delstericus effects of the local excess of oxygen
and the accompanying exothermic complete oxidation of methane
cansed thersby wlll producs the excessive heat which causes the

netal of the generator jeots to burn cut. In addition, free carbon

ig formed.
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It will be seon that a gomplete, contimous and rapld
commingling of the veactant gases 1s mecessary if a s'ustained,
continuous production of synthesls gas is to bs obtained upaccompanied
by the deloterions effects pointed out above. The gases cannct be

premixed before entering the reaction %one gince flash backs will

© glways osour if this be attempted. The gases carmot be mixed until
A :

they reach ths reaction zone andthen their commingling mmat take
placé through an extended ares within the reactlon zone. In this
mapner local excesses of oxygen are prevented and the deleterious
highly exothermic complete oxidation of methsne will not ocour
to any substantisl degres.

In general, HY invention contemplates préheating
the reactant gases %o & wmperature of about 1000° F. The hydre-
carbon may be a mixture of bydrcearbon gases or may be a liquid
hydrocarbon, if desired. In the case of 1igquid hydrocarbons, the

average reactlon may be represented by the equation:

CnHZn 4 2 ) —) 0o + ol

The oxygen reachant should heve & high parivy, preferably
of botter then 80%, thoughithe process may operate with an oxygen

content of at least 40 ¥olume ﬁar cént of free oxygen. The pre-

heating temperature in the case of Liquid hydrocarbons will be -

eufficient to vaporize them s0 they may be considered as gagseocus
hydrocarbons for the purpose of my process.

The reaction ’é.ime is substantially independent of preasure,
being completed in mich less than cne second, provided the inter-
mixing, which will ke pointed out more fully herainafter, is
practiced. Any appropriate pressure Day be employed in the gynthesis
reactor, depending upon the presgsure of the after reaction zomes to
which ths synthesis gas 1s to be charged. A prossurs betwean two

hundred pounds per squere inch and four hundred pounds per squars
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inch 15 appropriats, ‘though pressures ranglng fron atmogpheric
pressure Lo pressures as high as sewn hmdred and fifty pounds per
sguare inch may be employed. Lhe temperature within the resction
zone should be mainiained betwesen 1£00° F. end 3000° F. The besh
results are obtaired by maintaining the temperaturs in the vicinity
of 2300°F. 'his temperature is mainteined by controlling the rel-
ative rate of flow of oxygen with respect to ‘the methane and the
conbined :ata of flow of both reactants ag well as the degree of
preheat. It was geen above that the desired reaotion is neot highly
oxothermic snd when the propei‘frates of flow are achieved a temper-
ature of 2300° F. gives optimm process resultss If the_tamperaturs
ia much below 1800° F., the ;ynthasis gas conbaing inereased
guantities of methane. If the temperature of 30000 F. is axceeded,
burnouts are apt to take place and oo large a percentags of carbon
dloxide will appsar in the final product as woll as concomitant
froe carbon., With the ald of my method end apperatus proper
conditions can be readily achiaved by adjusting the ralative flow
of oxygen to the methane and e stable, contlpuous process condition
can be readily schieved. Increasing the quantity of oxygen indresges
the temperature. Decressing the quanitity of oxygen reduces the
temperature. The exothermic heat of the desired reacticn will
furnish sufficient heat to maintain the temperature at a sub-
stantially conbtant peint.

The preheated reactant gases are introduced through a
plurality of comparatively mimte jots over an extended aresa
within the reaction zone in such mammer that the reactant gages are
jotted against each other and comuingled to permit the reaction to
take place over an extandad proa wlthin the reaction zone and thus
avold lo&al excesses of oxygen which 1ead 4o the deleterious resullts

cutlined sbove.
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In the sccompanylng drsarings whieh £orm part of
the instent specification and which ars to be rand in conjunction
ghepowith and in which 1ike referonce nmerals are used to
indicate like parts in Lhe various views:i

Figure 1 13 & diagrammatic sectional view of & reactor
containing one ambodiment of the apparatus of Wy invention and
eapable of carrying out the process of my invention.

Figure 2 is & gectionsl view drawn on &n enlavged
acale taken slong the line 2-2 of Figure 1.

Figure 3 1s & fragmentary sectional view drawn on &R
enlarged scale taken aleng the line 3:3 of Figure 2.

Fipure 4 1s 2 sectional view similer to Figure 2 showing
another form of apparatus embodying my invention and capable of
carrying cut the process of my invention.

Figure 5 is @ sectionzl view drawn on an exlarged
scale viewed along the line 5L5 of Figure 4.

Pigure 6 18 a soctional view similar to Figure 3
showing & modified form of the apparatus of Wy invention.

Referring now to the dpawings, the reactor, indicated
generally by tha.raferance numaréilﬂ, may have any desired shape
or size dictated by the volume of gases 1o be processed. The
rate of flow of gases and the size of the resction chamber are
gnch thet the gases will pass through the reaction zone in less
than one second. The chamber 12 of the reactor is lined with a
refractory lining material 14 housed by & motal casing 16. It is
to be understood, of course, that heat-axchange colls (not ghowt)
may be positioned in the path of the gases emerging through the
outlet port 18 to utilize some of the heat of the reactlon, if
desired, as is well understood in the art. Oxygen from any

suitalle source is prehaatad in & prehealer (not ghown) end inbro-
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duced into a supply manilfold 20 controlled by a valve 22. The
hydrocarbon "reacta.nt., similarly preneated, 1g introduced Into a
supply manifold 24 con@rollad by a velve 26. Adjacent the bottom

of the reaction zone and e_tppropria.tely supported therein I provide

a plurality of noz 16 menifolds 2€ formed with a plurality of
nozzles 30, as can readily be seen by peference to Figure Z..
Adjacent each of the rozzle manifold gectlons 28 1 ﬁosi”c.ion a

second plurality of no z7le manifolds 32 gimilarly provided with
nozzles 34. BY reference to Figure 3 1t will be seen that the
nozzles 30 axe in apposition with the nozzles 34. It will be

further obssrved thet both tha no mles 30 and 34 are advantageously
formed of converging diverging shape so that the pressure energy
axsting within the mapifold will be éonverted into velocity

energy in jetting through the nozzles. The jetted gases fyom the Jux-
taposed nozzles directed toward each other will intimately com=
mingle, commeneing the reaction. The {ntimate commingling of the
gases through a plurality of comparatively spall nozzles aceomplishes
the unexpected end desirable result in a simpls, converient manner.
The mumber of nozzles is pubstantially _oritical. In the Browns-
ville opsration referred to above, only eight nozzles were smployed
in what are known as Wgurnerst. Actually, 1 do not employ ny nozzles
as "burners". With the use of elght nozzles 1n Brownsville each
nozzle mst handle 12+1/2% of the total gas flow. I have fourd

that ﬁo nozzle shoﬁld handle mors than 3% of the gas flow and that

it is preferalle that no one nozzle should handle more than 1% of
“the gas flow. Optimum resulty can be obtained by having a gufficient
qumher of nomles so thal- sach 1o zzle will handle betwesn 1/2% and
1-1/2% of the gas flow. For oxample, with a reactor as ghown in

¥ gure 1 having an internal dlameter of 6-1/2 feot, a gquantity

of 86,400,000 standard cuble feet per day of natural gas can bo
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charged. Inis gas wlll b8 preheated to & temparature of 1000° F.
and the pressure within the reaction zone is to be meintained et
three tmndred pounds %o the square inch. Zmploying nozzles having
an outlet diameter of three-guarvers of an inch flsposed along &
circle having & diameter of approximately five feet, with the
nozzle centers spaced one inch apart, ons mundred and fifty-thres
pozzles for the natursl gas 8ro provided in fha nozzle manifolds
2& adapted to jet the natural gas into the reaction zome. Thus,
pach nozzle will hendle ,65% of the total guantiiy of the natural
gas charged. The manifolds may be mede of stainless gtesal, the
dismeter of the nozzle manifolds being approximately six inches.
gas from the supply manifold is led te the nozzle manifolds through
pipes 40, 42, 44 46, 48, 50, 52 and Sk. T4 ig to be understood,
of course, that the transfer pipes 40 to 54, inclusive, may enter the
nozzle menifolds ab any appropriate position. ‘The pragsure existing
in the manifold is such that a substantially equal flow ig achieved
through each of the respective nozzles 30 end 34. I desired, a plur-
ality of trenafer pipes may be provided between the supply maniSolds
and the nozzle manifolds, as will be understood by thoss skilled
in the art.

By the arrengement Just deseribed, the plurality of

ENSURE

nozzles in appositicn imeure an intimate ocommingling of the reactant
gases within the reactlon zone, permitting the reaction to teke
place over an sxtended aresa under proper process conditions, In
this memmer, local exgesses of oxygen are avolded and the highly
excthernlc complete oxidation of the methane is minimized. As &
rosult of my method and apparatus the partial oxidation reaction
of methane to produce synthesls gas may procead contiruously
over long pericds of tlme without danger of burning out the nozzles.
The arrangement and method are such as to ;;;QZEGiraot end sub-
stantially instentansous commingling of the roactants. This estab-

1ishes process condltions so that the reactlion will take place

-7 -
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gtoichiometrically to produce the desired prinary reaction, dat
is, the direct partial oxidation of the hydrocarbon to carbon
monoxide and hydrégen in a manner to mindilze the undesirable

ga condary reaction. ‘Thus, excessive amourts of carbon aioxide,
with the accompanying inordinate heat concomitant Lo complete
oxidation, are avolded to a large extent. Similarly, the
cracking of portions of the hydrocarbon feed to form solld carbon
18 likewise minimized.

Referring pow to Figure 4, ancther form of apparatus
capatle of garrying out my process ig thers shown. It will be
obgerved that the oxygen supely manifold 60 supplies oxygen through
feader manifold 62 through pipes bk, 65, &6 and 67 to the nozzle
mamifolds 70, 72, 74 and 76. The manifolds 70 and 72 are disposed y"
on opposite sides of a methane nozle manifold n8, Similsrly, |
the manifolds 74 and 76 are disposed on opposiﬁe giges of a nozzle
nanifold 80. Methame from the supply manifold 81 passes through
feeder pipe 83 and thence through pipes 85 and &7 to the nozzle
manifolds 78 and 80. It is to e understood that the pipes 85
and 87 may enter the nozzle manifolds at any appropriate peint.

The nozzle manifolds 70, 72, T4 and 76 are provided with single
rows of nozzles 30 which are angularly directed toward the nozzle
menifolds 78 and 80: These manifolds ere provided with double rows
of nozzles 34 in apposition with their companion nozzles. The
arrangsment can readily be seen by refersnce to Figure 5. Each
palr of nozmle§ 30 and 34 1s pleced in appoeltion so that the
jets of the resctent gases will provide a mitiplicity of un-
confined streams Jetting against sach other to produce direct and
substantially instantanecus #lxing of the reactants thus to
insure & stoichlomeirie rolation to produce the degired primary
repotion in s manner similar 4o that described in reletion to the

apparatus shown in Pigures 2 and 3.

-8 -




10

15

20

25

30

638386

Fach of the nozzle panifolds may be provided wlth a
spaced jackeb wall 80 to provids a jacket £2, as ghown in Figure 6,
tou provide cooling of the metal. This insures that while proper
process conditions are heing achleved, temporary SXcesses of uxygen
will not result in such high heat as to mnjurs the nozzle manifolds.
Similar unbalanced conditions presuliing in excess 002 producticn
may also regult when shutting down the operation. During these
pericds the ingurance provided by the cooling jackets is of
advantage. I

Tn the form of the spvention shown in Figures 4 and 5
with the same reaction chamber &8 shown in Figure 1, with thérsama
gas flow at a rate of 100 standard cubic feet per second, the total
aren of the nozzles ls about 67 square inches. Witha pregsure
of 20 atmosphsras and & tempsrature of 1000° F., the nozzles of one
manifold will héndle a Tlow of 140 cublc feet .per second. Each
nozzle will have an outlet area of .44 agnare fnch, thus giving
one mindred fifty-three nozzle pairs, enatling each nozzle palr to
handle .65% of the total reactant flow.

Reforring now to Figure 1, I have provided & pipe
90 controlled by & valve 92 adapbed to control the dslivery of
gteam from any suitable source into the methane supply manifold
24. In s gimilar manner plpe 94 commmnlcatea with a source of
¢ arbon dloxide and 48 adapted to deliver carbon dloxide %o the
oxygen supply mapifold 20 under the control of the valve 96. 1f
it ig desired to produce a reducing gas, say for use in the
direct reduction of iron ore, it 1s ndventageous to have an exeass
of carbon monoxide for the resson that in the reduchbion of iron
ore with carbon monoxide we have an sxothermic reaction while the
reduction of iron oxide wlth hydrogen is endothermie. It 18
desirable to operate the reduction shaft furnace at an elavated

tomperature and in order to maintain tnls temperature the generaticn
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of heat by the exothermic reduction 18 adventageous. In order

to produce & wixture of carbon menoxide and hydrogen in whiech
there is a greater propertion of cerbon monoxids thah hydrogen, 1
enrich the synthesls gas with cerbon monoxide.' T open the valve
96 to permit carbon dioxide te be sdded to the oxygen. The net
reaction will be a8 follows:

2CH; + 0, 4 co2 —) 300 & 3H, 4'H20

1t will be seen that the parbial oxidation of methane produces
two volumes of hydrogen to one volume of carbon moncxide. In the
reaction with carbon diexide, however, the proportion of carton
monoxide with respect to the hydrogen is inereased.

The process can slso be employed when it is desired to pro-
duce a gas containing preponderently hydrogen. This is done by
introducing steam through pipe g0 4nto the methana manifold. The
reaction is as followst

208, + 0, + 1,0 =Y CO 4 5H, 4 09,

The carbon monoxide and Lhe carbon dioxlde may be
readily removed and pure hydrogen thus produced.

My process and apparatus are also applicable to the
producing of synthesis gas from carbonaceous fuels such as refinery
bottoms and coal, incloding all grades from sub-lignites to anthra-
cite. In this case the coal, for example, 1is puiverized by grinding
.+ vot mill to form a slurry of finely dlvided coal and water in
which the coal is present 1n an amount of from 40% to 60k bY waight.
The slurry is pumped t-hzjough a heater and the comninuted coal and
steam enters the reactlon chamber at temperatures in the vieinlty
of 1000° F. In this oase, vhe following series of reactions
take place:

C4H0 400 414,

C+1/20, ¥ CO

-~ 10 -
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By the use of & mdtiplicity of uneonfined streems
jetted against each other I aveid the undesiratie complete
oxidation of carbon to carbon dloxide and minimize the secondary
reaction between steam and carbon monoxide %o form carbon dlioxide

and hydrogen. These reactions arve as follows:

c40 — CO
2 2

G0+ HO—CO, 1 H
2 2 2

Tt wiil be found that when using. cosl as & catrbonaceous
resctant that the output gas will have nigher percentages of
earbon dloxide present than when uslng gaseous fuel.

Tt will be seen that I haw accomplished the objects
of my invention. I have provided a method and .apparatus for the
generation of synthesls gas which will operate continuously
at maximum capacity and high efficiency wlthout repeated turning

out of the reactant nozzles. By providing & myltiplieity of

‘nozzles whereby to jgt‘tha remctant streems in fractional un-

confined jets T ilnsure dlrect and instantaneous mixing of the
reactants. Thus, the constituents of the feed will react in
stolchiometric relationship to produce the desired primary
roaction, that is, the direct partlal oxidetion of the carbon-
aceous fuel to carbon monoxide and hydrogsn. My method and
apparatus minimizes the undesiratle secondary reactions, thus
avoiding the formatlon of exceasive ampunts of carbon dioxide and
atesm which accompany complete oxidatlion. At the same time the
unbalance produced by somplete oxidation is avoided, thus
minimizing thexrmel eracking 4o form solid carbon. I am enabled
4o produce a reducing gas rich 1n carbon monoxlde or hydrogen,

ap may be dealred. Yy process 1s applicatle Lo any carbonacecus

- 11 -
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fuel though for synthesis gas more yniform results are obtalned
when charging gaseous hydrocarbons whlch are preponderantly
methane.

Tt will understood that gertain features and sub-
combinations are of utility end may te employed without reference
to other features and subcombinations. This is contemplated by
and is within the scop@ of my claims. It is further obvious that
various changes may be made in detalls within the scope of ¥
¢laims without departing from the spirit of my invention. It is
therefore to be understood that my invwentlon 1s not to be 1imitad

to the specific details shown and described.
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THE embodimenbs of the invention in which an sxclugive property

or privilege is cleimed are defined as follows:

1. A method of producing a mixture of carbon monoxide

and hydrogen 1neluding the steps of eontinuously jetuing over

an extended area in a reasction zZone a preheated carboniferous
remctant in a plurality of unconfined streams against & plurality
of preheated unconfined streams of oxygsn, meinbaining the
reaction zone ab a tmperature between 18000 F. and 3000° F. by
regulating the flow of one of the reactants with regpect to

the other and continuously removing the mixture of carbon monoxide
and hydrogen from the reactlion zone, +the process boing such as
Yo partially oxldize the carboniferous reactant while substen-
t1ally eliminating locel excesses of oxygen and the sccompepying
highly exothermic complete oxidation of the carboniferous
reactant.

2. A method of producing & nizture of carbon monoxide

and hydrogen ineluding the steps of contimuously jetting over

an extended area in a reaction zone prahsated hydrocarbon in &
plurelity of unconfined streams against a plarallvy of preheated
unconfinsd streams of oxygen, maintaining the reaction zone at a
 temperature between 1800° F. and 3000° F. by regulating the flow
of one of the reactants wlth respect to the other and contlm-
ously removing the mixture of carbon monoxide and nydrogen from
the reaction zone, the process baing such as to partially oxidize
the hydrocarbon while subgtantially eliminating lopal excesses

of oxygen and the goeompenying nighly exothermic complete oxldation

of the hydrocarbon.

/3
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. A method of producing & mixture of carbon monoxide and
hydrogen inecluding the steps of continuously Jetting over an
extended area in & reaction zone preheated methane in a plurallty
of unconfined stroeams agalnst a plurallty of preheated unconfined
streams of oXygen, maintaining the reaction zons at a temperature
between 1800° P, and 3000° F. by regalating the flow of one of the
reactants wlth respect to the other and contlnuously removing the
mixture of carbon monoxide and hydrogen from the reactlion zono, the
process belng such as to partlally oxidize the methane while
subatantially eliminating local excesses of oxygen and the
sccompanying highly exothermic complete oxidation of the methane.
le A mebhod of producing & mixture of carbon monoxide and
hydrogen by the partial oxidation of methanse, including the steps
of prehsating methane to 8 tamperature ahoub 1000D Py
preheating OXygen, jetting the oxygen and methane against sach
other over an extended area in a plurality of unconfined streams
within a reaction zone, adjusting the flow of the oxygen with
respect to the methans to maintain the temparatur; in the reaction
zone between 1800° P, and 3000° F. and continuously removing the
mixbure of carbon monoxide and hydrgen thus formed at e rate to
maintain the reactant gases in the reactlon zone for not more
than one second.

Ce A method of producing a mixture of carbon monoxide and
hydrogen 1neluding the steps of preheating oxygen having & purlty
of greater than forty per cent to & temperature about 1000° .,
prehsating a hydrocarbon gas to & temperature about 1000O Fos
jetting the prehoated hydrocarbon gas in a plurallty of
unconfined streams over an exbendged area againat a plurallty

of unconfined streans of preheated oxygen within a reaction

zone, adjusting the flow of oxygen with respect to the

14
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hydroccarbon gas to maintain the temperature within the reactlon
sone about 2300° F. and continuously removing from the
resction zone the mixture of carbon monoxlde and hydrogen thus
formed, Tthe process being such that local excesses of oxygen
5 are minimized snd the highly sxothermic reactlon of complete
oxldation of the hydrocarbon ges is minimized.
6, -A method of producing & mixture of carbon monoxlde and
hydrogen inclnding the steps of preheating oxygean of & purlby
of greaber than forty per cent To a temperature about 1000° F.,
10 preheating methane o & temperature aboub 1000° F.,
dividing the oxygen into & plurallty of unconfined streams
each of whilch is no greater than three per cent of the total
oxygen flow, aividing the reheated methane lnto & plurality of
unconfined stresms sach of which is no greater than three per
15 cent of the total methane flow, Jetting the dilvided unconfined
streams against each other over an extonded area within a
reaction zone, sdjusting the fiow of oxygen with respect to
the flow of methane To maintain the temperature within the
resction zone between 1800° F. and 3000D F. and contlnuously
removing the mixture of carbon monoxide and hydrogen from
20 the reaction zone, the process being such that a continuous
complete and rapld cormingling of the reactant gases 1s achlieved
o aveld local exce3dles of oxygen or local deficiencies thereof
whereby to avoild excosslve production of carbon dioxide and
frees carbon,
Te A method of producing a mixture of carbon monoxide and
25 hydrogen including the steps of preheating oxygen of a purity of
greater than forty per cent to a temperature about 1000° P.,
preheating methane to & temperature aboub 1000° F,, dividing
the oxygen 1into & pluralivy of uneonfined streams each of
which 1s between one=helf per cent end one and one-halfl per
30 cent of the total oxygen flow, dividing the preheated methane

into a plurality of unconfined streams each of which is betwasen
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one-half per cent and one and one-half per cont of the total
methane flow, jetting the divided unconfined streams against each
other over an sxtended area within a reactlon zons, adjusting the .
£1low of oxygen with ragpect to the flow of methsne to malntain the
temperature within the reaction zone betwesen 18000 F. and 3000° F.
and continuously removing the mixture o'f carbon monoxide and
hydrogen from the reaction zone, the process being such that &
continuous, complete end rapid sommingling of the reactant games is
acnieved to svold 1oosl oxcesses of oxygen or local deficiencies
thereof vhereby to avoid excessive production of carbon dioxide
and free carboi.

8. Apperatug for producling synthesis gas including in
combination a reaction vessel, & refractory lining for sald vessel,
a plurality of mozzle panifolds positionsd wlthin the resction
vegsel, sald nozzle menifolds cecupylng an extended area within
the reaction vessel, sald nozzle manifolds being formed with a
piurality of nozzles, the respective nozzles in one manifold being
directed toward the respective apposite nogzzles of an adjecent
manifold, means for gupplying a reactant to one nozzle manifold
and means for supplying another reactant to an adjacent nozzle
manifold, the congtruction being such that the reactants will be
jetted against one another within the reactlon vessel.

9. Apparatus for producing synthesls gas including in
combinatlion & reaction vessel, & rafractory Lining for said vessel,
a plurality of nozzle manifolds positioned within the reaction
vegsel, said nozzle manifolds ccoupying an axtended area within
the reaction vessel, sald nozzle manifolds being formed with ab
lenst thirty-four pairs of nozzles, the respective nozzles in one
manifold being directed yoward the respective apposite nozzles

of an adjacent manifold, means fbr supplylng a roactant to one nozzle
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manifold, meens for supplying another reactant to an adjacent
nozzle manifold and separate means for controlling the flow of

the reactants through seid aupply. meens, the construcvion being
such that the reactants will be jetted against ome anothér within
the reaction vessel.

10. Apparatus as in Claim 9 in which sald nozzle mathfolds
are provided with cooling jackets.

11. Apraratus as in ¢leim 9 in which seid nozzie manifolds
are arranged in a plurality of peirs.

i2. Apparatus as in Cleim g in which one of sald nozzle
mardfolas is provided with a pair of rows of outwardly directad

no xzles adapted Lo jet one of the reactants, thers being & pair of
nozzle manifolds disposed on opposite sides of gaid first manifold,
flanking the sesme, each of said flanking menifolds being provided
with & gingle row of nozzles directlon towar& the nozzles in ‘the.
firgt menifold and belng adapted to recelve the other reactant.

13. Apparatus as in Claim 9 in which seld nozzles are

formed with a converging-di wrging oross gecbion whereby to convert
pregsure energy within the mandfolds to velocity energy.

14, Method of producing a mixture of carbon monoxide and
hydrogen including the steps of continuously jetting methane in

a plurality of unconfined streams against & plurality of uncon-
fined gtreems of oxygen over an oxtonded area in a reaction zone,
maintalning the reactlon zone st a temperature to gsustain the
reaction by regulating the flow of one of the reactants with
respect to the other, continuously iptroducing steam into the methane
repotant and contimiously removing the mixture of carbon monoxide
and hydrogen which 18 preponderantly hydrogen, the process being
guch as to partially oxidize the methane while substantially
minimizing local excesses of oxygen and the accoipamying highly

oxothermic complete oxldation of methane.
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15. A method of producing a mixture of cerbon monoxide

and hydrogen contajning mors then thirty-five per cent of carbon
monoxide by volume, including ths steps of continuously jetting
methane in a pluraiity of unconfined streams zgainst a plurality
of unconfined streams of oxygen over an extended area in a
resction zons, maintaining the reaction zone at the desired
reaction temperature by regulating the flow of ome of the
reactants with reépect to the other, contimmcusly adding carbon
dloxide tc the oxygen resctant and ¢ ontinously removing the
deglred mixture of carbon moroxide and hydrogen from the reaction
zone, the process being such as to partially oxidize the mathane
while substantially eliminating local excesses of oxyegen and

+the accompanying highly exothermic complete oxidation of methane.

Alex. E. MacRae & Co.,

56 Sparks Street,

Ottawa, Canada,

Patent Agents for Applicents.
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16. & method of producing & mixture of carbon
monoxide and hydrogen including the steps of con-
timioualy jetting over an extended area in a reactlon
zone & hydroecarbon in a plurality of unconfined
gtreams agalnst a plurality of unconfined atreams
of oxygen. naintaining the reactlon zone at a
temperature between 1800° F. ana 3000° F. by
regulating the flow of one of the reactants with
respect to the other of the reactents and conbine-
uously removing the mixture of carbon monoxide and
hydrogen from the renction zoné, the process belng
guch as to partially oxidize the hydrocarbon while
gubstantially sliminating local excessSes of oxygen
and the accompanying highly exothermic complete

oxidation of the hydrocarbon.
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17. Apparstus for producing synthesls gas In-
cluding in comblnation a reaction vessel, a plurallty of
nozzle manifolds, nozzles communicating with sald nozzle
manifolds and occupying an extended area within the re-.
action vessel, the respective nozzles communicating with
one manifpld being directed toward the opponlte nozzlea
communilcating with the other manifold, means for supplying
g reactant to one nozzle manifold and means for supplying
another reactant to the other nozzle manifold, the con-
atruction being such that the reactants will be jetbed
agalnst one another over &n extended surface within the

reaction vessel.

18, A method of producing a mixture of carbon
monoxlde and hydrogen including the steps of continuously
jetting over an extended area in a reaction zone & hydro-
carbon in a plurelity of anconfined streams agalnst a
plurality of moeonfined streams of oxXygen, maintaining
the reactlon zone &t & temperature substantially above
the ignition temperature of methans but below its thermal
cracking range by regulating the flow of one of the re~
actants with respect to the flow of the other of the re-
actants and continuously removing the mixture of carbon
monoxide and hydiogen from the reactlon zone, the process
being such as to partielly oxldlze the hydrocarben while
gubstantially eliminating 10cal axcesses of oxygen and
the accompan&ing highly exothermle complets oxidation of

the hydrocarbon,

Alex. E. MacRhes & Co.,
56 Sparks Street,
Ottawa, Canada,

pPatent Agents for fpplicent
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