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The present lnwvention relates to a process for
the productlon of hydrogen and carbon monoxlde from hydro-
carbons. More particularly, the lnventlon relates to con-
trolled partial combustion of hydrocarbons in the produc-
filen of hydrogen and carbon monoxide,

The Importance of hydrocarbon converslon processes
in whilech hydrogen and carbon moncxlde are produced has
grown rapldly 1n recent years because of the growing re-
quirementa for such prcduct gases in a number of other
processes 1ncluding, for example, the dilrect reductlion of
iron ore and the synthesls of methanol, hydrocarbons by
Fischer—Trbpsch, ammonia, urea and the like,

One of the princlpal converslon processes usad
1n the production of hydrogen and carbon monoxlde 18 non-
catalytic partial combustlon or oxldatlon of the hydrocare
bon feedatock. Eguation {1} 1llustrates the reactlion
which is scught in all such partlal combustlon procesges:

CHp + 1/2 Op —> CO + Hp vuvrounenys(1)
CHo 1s indicated as the hydracarbon reactant merely for
purposes of 1llustrating the general character of reac-
tants and products,

The temperature at which the remctlon of equa-~
tion (1) 1s conducted 1s of subétantial Importance because
temperature strongly Influences the extent of completing

undesirable reactlons whereby hydrocarbons decompose

»2p
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forming carbon or scot and hydrogen. The presence of foot
In the products of partizl combustlon 1s undesirable irres-
pective of the subsequent use of the product gas, Extenslve
and expenslve provislons are frequently necessary to remove
the soot from the products to prevent its accumulation in
equlpment forcing periodic interruptlion of the process for
c¢leaning, |

Generally, as the temparature at whilech partial
combustion 1s conducted is increased, the amount of soot
formed 1s decreased. As the proportlon of oxygen to hydro-
carbon In the feed to the partial combustion zone 1s in-
creaged from values corresponding to stolchlometric partilal
combustion Yo values corresponding to stolchlometric caon-
plete eombustlion, the temperature at which the canbustlon
reactlon proceeds rilses because complete canbustion iz a
much more highiy exothermle reactlon than partial cambus-
tlon. In commercial pertial combustlion processes, the els-
vated temperatures required to lessen soot formation at-
tending the reaction to hydrogen and carbon meonoxlde are
generally obtailned by supplylng oxygen in substantlal ex-
cess of stolchlomebtric partial combustion requilrements,
thereby lncreasing the exobhermiclty of the partial com-
bustlon reactlion. Such an increase in the oxygen to hydro-
carbon ratic affords at hest only a partial solution to the
soot problem whlle Lt has the unfortunate consequences of
inereasing the oxygen requirement for a given volume of
product gag and of tending to lncrease the amounts of car-
bon dloxilde and water appearing in the product gas, In-
creased oxygen consumptlion requires a much larger and more

costly air-separation plant than is othegﬁise necessary to
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provide the process oxygen requirement, For many subse-
quent uses of partial combustion products, suech as the
direct reduction of 1ron ore and the synthesis of methanol,
oxldlzing constituents sueh as water and carbon dlioxide
must be substantlally absent.

In accordance with the present inventlon there
i1s provided a process which comprises introducing & hydro-
carbon feed and a combustion=-supporting gas containing
sufficlent total oxygen to satisfy the stoiéhiometric
total oxygen requirement for conversion of the hydrocarbon
feed to hydrogen and carbon monoxilde Into an externally
heated partial combustion zone maintained at a temperature
above about 2500°F, by burning an auxlliary fuel at a
hlgher temperature in a burning zone maintalned in indirect
heat exchanging relatlonship with the partial combustion
zone, thereby externally heating the partlal combusticn
zone. Hydrogen and carbon monoxide are recovered from the
externally heated partlal combustlon zZone substantislly
free of soot,

Hydrocarbons whlch can be processed in accordance
wlth the Ilnventlon include thoss from natural gas to the
heaviest olls. The gasification of normally liquid hydro~
carbons has been a particularly troublesome brocess to
conduct by conventional technlques because of the low re-
fractoriness of sueh féeds and consequent soot formation,
but the present Invention alsc provides a process by which
guch hydrocarbons are efficlently gasifled without sub-
stantlal soot formatlon.

Partial coﬁbustion of the hydrocarbon feed 1s

rreferably conductad at the lowest possible temperature in

.
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view of acecordingly reduced requlrements for materials of
congtruetlon and for providing heat to the reactants, A%
Temperatures below about 2500°F,, however, substantial
soot formation cccurs in connectlon with partial canbus-
tion, even when otherwlse operating 1n accordance with the
Inventlon, so such temperaturss are to be avolded. The

reactlon in the partlal combustion zone 1s substantlally

- soot-free where any temperature above about 2500°F, 1s

maintained but there is no additional advantage gained by
malntzining the partial combustion zone at very great ele-
vated temperatures, 1,e., above about 3000°F., while, as
Indicated, such very great elevated temperatures are sume-
what disadvantggeoua in increasing requlrements for ma-
terials of construction and for external heating of the
partial comﬁustion Zone, For these reasons, 1t 13 pre-
ferred to maintain the partial combustion zone at a tempera-
ture from about 2500°F. to about 3000°F., and more prefep-
ably at about 2600°F.

Converslon of the hydrocarbons in the parfial

combustion zone L8 obtalned by reaction with a combustlon-

supporting gas under controlled condltions. A4s used here-

in, a combustlon-supporting gas includes molecular oxygen,
carbon dioxide, steam or admixtures thereof. The combus-
tlon-supporting gas provides the total oxygen requirements
of the partlal ccmbustlon process, When steam and/or car-
bon dloxlde 18 used, the desired partlal combustlion reac-
tions are illustrated by eguations (2) and (3) each of which
ls highly endothermic. |

CHp + HpO ==> CO + Z2Hp svvunvvanennsna.(2)

CHp + C02 oy 200 + Hp  suvvvenencsannss(3)

The combustion-supporting gas preferably used is molecular

-5
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oxygen becausg 1ts reactlon with hydrocarbons 1s exother-
mle, thereby providlng a portion of the heat required to
heat the reactants to the elevated temperature at which
the reactlon 183 deslrably maintained, Molecular oXygen can
be lntroduced as the pure component, as oxygen-entriched
alr, or as alr, For many subsequent uses of the product
hydrogen and carbon monoxidae, nltrogen 1s an undesirable
dlluent which when present must be removed, so the partial
combustion 1s preferably earried out with relatively pure
oxygen 1n these Instances and substantlally neo diluent 1z
Introduced.

As 18 seen from equations (2) and (3), the use
of steam tends to faver higher proportions of hydrogen In
The product gas while the use of carbon dioxide tends to
favor hlgher proporticns of carbon monoxide in the product
gas; Thus, relatively wide variation In the ratilo of hy-
drogen to ecarbon menoxlde in the product gas 1s attainable
by appropriate varlation in the camposition of the combus-
tion~supporting gas,

The total oxygen supplied in the combustlon-
suppqrting gas to the partial combustlion zone must be care-

fﬁlly controlled to obtaln scot-free operation., A4t least

'enough total oxygen as molecular oxygen, steam, and/or

carbon diloxlde must be supplied in all c¢ases to éatisfy
the stolchlometry of partlal cambustlon of the hydroearbon
feed to h&drogen and carbon monoxlde, For complete hydro-
carbon converslion, a sllight excess in tobtal oxygen over
thils stoichiometrlc minimum 1s supplled, not more than
about 10 percent and preferably between about 2 and

about 5 percent., Soot-free operation in the externally
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heated partial combustlon zone can also be obtalned where
the total oxygen provided 1s In substantial excess of tle
stolchlometric minimum provided that the above mentioned
temperatures are maintained in the partial combustion zZone
by external heating, Of course, where the subsequent use
of the product gas 1s suech that the concentratlon of car-
bon dloxlde and steam in the product gas be held to a
minimum a8 in the case where the product gas provides re-
duelng gas for the direct reduction of iron ore, only the
above preferred slight excess of total oxygen should be
used, Where steam and/or carbon dloxlde are used to sup-
ply an appreclable part of the total oxygen requlrement,
the partial combustion reaction is much more qhdothermic
than where the combustion-supporting gas 18 prineipally
molecular oxygen, so that 1t 1s necessary te burn substan-
tially greater amounts of auxiliary fuel in the burning
zone in order to malntaln proper temperatures in the par-
tlal combustlon zone., Whille there is no actual limlt to
the amount of auxlliary fuel which can be burned in the
burning zone to supply heat to the partial combustion zone,
Tor reasons of economles 1t 1s preferred %o limit to scme
extent the requlrements for auxillary fuel and forlexter—
nal heating by prdviding at least sufflclent molecular
oxygen 1n the combustion-supporting gas to the partiai com-
buatlion zone to keep the partial combustion reactlon from
belng hlghly endothermloc as would be the case 1f steam
and/or carbon dloxlde alone constituted the combustlon-
supporting gas. Thus, lrrespective of the steam and/or
carbon dloxlde content of the combustion-~supportinz gas,

1t 18 preferred to lnclude thereln sufflclent molecular

....T'..
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oxygen to give a welght ratio of molecular oxygen to hy-
drocarbon feed Iintroduced to the partlal combustlon zone

of about 0.35 to about 1,30, the precime value within this
range belng influenced by the character of the hydrocarbon
feed, in perticular the ratlo of hydrogen to carbon in the
hydrocarbon feed, Normally gaseous hydrocarbons have a
relatively high ratlo of hydrogen to carbon, so that when
convertling these hydrocarbens te hydrogen and carbon monox-
lde, 1t ig preferred to.provide a Welght ratio of molecular
oxygen to hydrocarbon feed introduced to the partial com-
bustion zone of about 0.90 to about 1,30, In the case of
normally llqulid hydrocarbons, the welght ratlo of molecular
oxygen to hydrocarbon feed introduced to the partial cam-
bustlon zone 1s preferably about 0,35 to about 0.90.

Under the condltions of total oxygen introduction
degerlbed above, the reacfion In the partlal combustlon zone
1z only sallghtly exothermle, lsenthalplc, or somewhat endo-
thermlic. The heat requlred to maintain the partial combus-
tlon zone at sultably elevated temperatures 1s not solely
obtained as in previous processes by providing substan-
tially inereased amcunts of pure oxygen to the partial ccm-
bustlon zone to ralse the exothermlclty of the partial caﬁ-
bustion reaction but ls obtalned in part in the present
process by burning an auxiliary fuel, which can always be
done with alr, in the burning zone and thus externally heat-
ing the partial combustlion zone., The advantages of this
meode of operatlon even apart from the aspect of .substan-
tially scot-free converslon are manifold. For example, In

a partial combustlon process where the subsequent use of

the product gas requires pure oxygen to be used exclusilvely
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rather than alr as the combustlon-supporting gas, a sub-
gtantial proportion of the heat requirement of the process
1s obtained by burning an auxiliary fuel in the burning
zone with alr, rather than pure oxygen, so that the con-
sumption of oxygen as pure oxygen i5 at a near minlmum and
slgniflecantly lower than in prior partial combustion
processes, Also as a result of limiting the pure oxygen
supply to the partial combustion zone to a near minimum,
as little as about one mol percent sach of carbon dloxlde
and steam in the product gases can be obtalned.

As Indicated, the heat defilcilency of the partlal
combustlon zone with respect to the malntenance of sultably
elevated temperatures thereln 1s overcome by firing an
auxiliary fuel, preferably wlth alr, in the burning zone
maintained 1n indirect heat exchanging relationship with
the prartlal combustlon zone, Since the temperature in the
partial combustion zone 1s maintained at about 2600°F,,
firing of the auxiliary fuel in the burning zone must pro-
vide temperatures in exeess of about 2B00°F, therein in
order to effect efflelent heat transfer to the partial can-
bustlon zone. Generally, it 1s preferred to msinbain a
temﬁerature difference between the two zones of about 200
to 500°F. The auxiliary fuel fired in the burning zone
can be any sultable fuel, Ineiuding, for example, the same
hydrosarbon or mixture of hydrocarbons as 1s charged to
the partlal combustion zone for conversion to hydrogen and
carbon monoxlde. Where the products of the partial combus-
tion zZone are used iﬁ the direect reduction of iron ore,
the tall gas from the lron ore converters can also be used

as auxiliary fuel in the burning zone. Combustilon 1n the

L




burning zone 18 conducted with sulficlent alr to obtailn

substantlally complete and efficlent combustion of the

auxlliary fuel, The supply of auxiliary fuel and combus-
tlon air to the burning zone le readlly varied to regpond
5 to any changes in the composition of the combustlon-
supporting gas and the hydrccarbon feed to the partial-
combustion zone 8o that sultable temperaturss are always
maintained in the partial combustion zone.
The reascns for which soot forms 1n connectlon
10 wlth conventlonal partlal combustion processes even when
operated at properly elevated temperatures are not fully

understood., It 1s suggeated that perhaps the hot reac-
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tants from the flame combustion are rapldly coocled after

leaving the flame zone. elther by expansion of thehot gases
15 in space or by contact wlth the relatively cold walls of

the partlal combustlon chémber or both. Cooling to tem~

A e e R

peratures in the soct-formation range by these effects

mlght explain the phenomenon, Such an explanation 1s also

conalatent with the substantilally scot-free operation of
20 the inventilcon where indlrect heating of the partilal com-

buation zone maintalns 1t and 1ts surrcunding walls at

temperaftures equal to or greater than the desired partial

corbustion temperature, The hot walls surrounding the pars-

tial combustlon zone may also promote surface caombustion of

! o5 the hydrocarbon feed and thereby lessen carbon formation.

S Irrespective of the reasons which may explain the advantages
obtalined by‘indirect heat exchange in accordance with the
Inventlon, 1ts oreration does permit effilcient qonversion
of hydrocarbons to hydrogen and carbon monoxide without

30 _substantlal scot formation,

The process of the invention oan be conducted in

-10-
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any sultable apparatus. The accompanying drawing 1llus-
trates dlagrammatlcally ona form of such apparatus, The
drawing 1s’provided for 1llustrative purpcses and 18 not
Intended to iimlt the process. Ag seen 1n the drawlng,
reference character 11 denotes a partial canbustlon zone
separated by a heat transfer partition 12 from surrounding
burning zone 13, The hydrocarbon feed and combustion-
supporting gas, each preferably preheated, are separately
injected through lines 14 and 16, respeetively, into the
externally heatsd partlal combustlon zone 11. The physi-
cal dimensions and configuratlon of partlal combustion
zone 11 are such that the reactants flow at rates equal

to or less than the rate of flame propagatlon and so that
they as well as the products can be lmmedilately railsed

to and maintained at a temperature above about 2500°F. by
heat transfer from the burning zone 13, thereby effecting
substantlally complete partial combustilon without appre-
clable soot formation., As indlcated, 1t 1s important that
there be no subatantlal lag between the time when the re=-
actants are Introduced and admixed in the partial combus-
tlon zone and the time when they reach a temperature above
about 2500°F, Otherwlse, the reactlon proceeds in part
with appreciable lrrasveralble soot formation, Thus, faor
example, when a burner having a discharge nozzle, such as
18 shown dlagrammatically at 17 1n the drawing, 1s used to
Introduce the reactants inteo the partlal cambustion zone,
the burner nozzle or lis tip 1s iteelf located within the
externally heated partlal combustlon zone to insure that
the reaétants are rapldly heated to & sultable temperature.

The externally heated partlal combustion zone must be of

~11-
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suffleient slze to glve a mlnlmum residence time of about
0.2 to about 0.5 second, alsc in order that the partial
combustlon reaction will proceed to substantial completion,
Auxillary fuel and alr, each also preferably preheated,

are Introduced Into burning =zone 13 through llnes 18 and

19 respectilvely, and are burned in such a way as to heat

the entlre partlal combustlon zone to malntaln therein a
temperature above about 2500°F, The pressure in partial
combustion zone 11 13 maintained at about 0 to about 500
pslg, depending upon the pressure at whileh the product gas
is desired. Where elevated pressureg are malntained in

the partial combustion zone 11, an equal pressure is prefer-
ably maintained in the burning zone 13 so0 that heat-tranafer
rartitlon 12, already subjected to elevated témperature,
need not be designed with sufficient thickness or strength
to wlthatand substantial differentisl pressures. In prac;
tlee, heat-transfer partition 12 1s not constructed of
metallic materlals but of more refractory materlals, such

as ceramles, because of ﬁhe elevated temperatures maintalnad
Consequently, to design such heat-transfer partitions with
sufficlent strength to withstand substantlal differential
pressures would result in uneconomically reduced rates of
heat transfer from burning zone 13 to partial combustion
zons 11, A pressure balance between the two zénes can bde
convenlently achleved by hleeding a minor pofﬁion of the
product gas fram the partlal combustion zone inte the burn;
ilng zone or by using appropriate pressure controls on the

effluent gases of elther of the two zones responslve to

the pressure in the other of the two zones.

For efflclent operatlon of the process of the

-12-
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inventlon, certaln amounts of preheat of the varlous feeds
to the process are desirable. In the cases of the hydpo-
carbon feed to the partlal combustion zone and‘the auxlli-
ary fuel fired In the burning zone, preheat temperatures

of about 300°F. to about 1C00°F, are preferably used with
best results obtalned at the higher temperatures, provided;
of course, that temperatures at which cracking or polymeri-
zatlon would take place are not exceedsd in preheating,
Pure molecular oxygen supplled as combustlon=-supporting gas
to the partilal combustion zone 1s preferably preheated to a
temperature of 300 to 1000°F, and steam or carbon dioxide,
also as combustion-supporting gases, are preferably pre-
heated to temperatures of 500 to 1600°F, For the air pro-
vided to the burnlng zone or ln some cases to the partial
combustlion gone ag canbustlon-supporting gas, a preheat tem;
perature of 1000 t¢ 1600°F. Lls preferably employed.

The thermal efflclency of the process can be in-
creased by preper heat recovery from the effluents of both
the partlal cambustlon and burning zones, In thlz connec-
tlon, the flue gas made in the burning zone has conslder-
able avallable heatlng potentlal in vlew of the fact that it
tranafers heat to the partial combustion zone only at tem;
peratures above about 28C0°F, The flue gas 1s therefbre
profitably used, for example, prior to venting in genera-
ting steam and in preheating one or more of the feed streams
to the process, as the alr delivered to the burning zone.
Simllar heat récovery can be made from the products 6f the
partlal combustion zone provided, of course, that the prod-
ucts are desirably ccoled before further use, One heat re-

covery arrangement 13 shown in the drawing. Hot flue gases

_13_
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are recovered from burnlng zone 13 and passed through

line 21 to a boller 22 to whiech water 13 passed through
line 23 and from whilch steam 1s withdrawn through line 24.
The partly cooled flue gases from boller 22 are further
cooled 1In heat exchanger 26 with ailr flowing in line 19,
to preheat the alr prior to 1ts use in burnlng zZone 13.

It should be apparent that when partlal combustion zone 11
and burning zone 13 are arranged in a furnace structure,
for example, heat recovery from the flue gases can be
convenlently achieved by providing a fiue gas exhaust
sectlon in the furnace with sultable heating colls dis-
posed therein through whilch the water, alr, or other
fluids belng preheated can be passed.

In a process for the dilrect reduction of ilron
ore operating at about 30 pelg and 2000°F., for example,
the partial combustion of hydrocarbona 1s conducted by the
present process In a partial conbustion zone malntained at
a pressure of about 35 psig and at about 2600°P,, the prod-
uct hydrogen and carbon monoxlde are cooled %o about 2000°F,
by Indirect heat exchange generating steam, and the cooled
products are passed to the direct 1ron ore reduction
process as the required reducing gas,

In the accompanying tabulatlon, data are given for
flve specific examples 1n whleh hydrocarbon olls of various
composltions are gasifled with cambustlon-supporting gases
of various compositions in an externally heated partial
combustion zone to produce hydrogen and carbon monoxide
substantialiy free of sSoot, 1In each example, the same oill
18 used for gasification in the partial combustion zene and

for external heatling in the burning zone. Preheat

=14~
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temperatures throughout, where applicable, are: oll,
300°F.; oxygen, 800°F,; ateam, 1520°F,; carbon dlioxide,
1520°F.; alr, 1520°F,

In eaeh of the examples, the partial combustion
zone 1s malintalned at atmospheric pressure and at a tem-
perature of 2090°F, by heat transfer from the burdng zone
from which flue gas 13 recovered at 3000°F. 25 percent
exceas air 1s used in the burning zZone 1n each of the five
examples,

In examples 1-4, pure oxygen provides the molech
lar oxygen in the combustlon-supporting gas introduced into
the partial combustion zone so that the product gas, in
each case, 18 suitable, for example, for direct use in the
reduction of lron ore to sponge iron. In example 5, pure
oxygen 18 replaced by alr in such a proportion as to make
the product gas, upon shift conversion, a sultable ammonla

synthesls gas.
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In example 1, the combustion~supporting gas con-
glats of pure oxygen and carbon dioxlde., A retatlvely hlgh
CO/Hp ratioc 18 obtained 1n the product gas by using carbon
dloxide to supply a portlon of the total oxygen requlrement

5 of the partlal combustlon reaction. The total OXygen sup-
plied as oxygen and carbon dloxlde to the partlal canbus-
tlon zone consbitutes a one percent excess over the

j stolechlometric total oxygen requlrement for converting the

oll introduced into the partial combustion zone to‘nydrogen

10 and carbon monoxide.

The combustion-supporting gases used 1n examples
2-l4 each conslst of pure oxygen and steam and each provide

a 2,5 percent excess in total oxygen over the stolchicmetriec

requlrement, As 18 seen from the tabulated data, the use

SR AT

i5 of steam to supply a portlon of the total oxygen requlrement
leads to relatively low CO/Ho ratios in the product gas, the

value of this ratio decreasing as the proporticn of steam
in the combustlon-supporting gzas rilses,

In the case of example 5, the combustion-supporting

20 gas supplied to the partisl combustion zone 18 a mixturs
conglsting of steam and alr which together provide a ten
% percent excess 1n total oxygen over the stoichlometrilc

total oxygen requirement of the oll gasification occurring

in the partial combustion zone.
25 The examples as a gproup represent partial combus-

tlon reamctlons which are sllightly exothermic, i1senthalple

and slightly endothermie. It ls noted that even in exam-

ples 1 and 2 where the reactlions In the partlal combustion

zone are slightly exothermic, there ls an appreclable ex-

e

; 30 ternal heating requlrement in order to maintain the partial
combustion zone at 2600°F, at which temperature the reac-

tion goes to completion without socot formation.

=17~
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The embodlments of the laventlon In which an
exclusive property or prilvllege 18 clalmed are deflned ag

follows:

1. 4 process Tor the productlon of hydrogen and car-
bon monoxide which comprises inbtroducing a hydrocarbon feed
and a combustlon-gupporting gas 1nto an externally heated
partial combustion-zone maintained at a temperature above
about 2500°F, by burning an auxiliary fuel at a higher tem=
perature in a burning zone malintained in indlrect heat ex-—
changing relatlonship with said partial combustion zone,
sald combustion—supporting gas contalnling sufficient total
oxygen to satlely the stolchiometrlc total oxygen require-
ment for conversion of saild hydrocarbon feed to hydrogen
and carbon monoxide, and rebovering hydrogen and carbon
monoxide from sald partial combustion zZone.

2. A process for the productlon of hydrogen and
cafbon monoxlde which comprises Introduclng a hydrocarbon
feed and a combustion-supportling gas Inte a partial com-
bustion zone, said combustion-supporting gas containing
sufficieqt total oxygen to satlsfy the stolchiometrlc total
oxygen requirement for conversion of sald hydrocarbon feed
to hydregen and carbon monoxlde, firing an auxiiiary fuel
with air In a burning zZone maintalned in indirect heat ex-—

changing relatlondip with sald partial combustion zone,

recovering hydrogen and carbon monoxide from sald partlal

combustion zone at a temperature above about 2500°F, and

separately recovering flue gases from sald burning zone at
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& higher temperature,

3. A procegs for the production of hydrogen and

carbon monoxide which comprlses Introducing a hydrocarbon
i feed and a combustion-supporting gas Iinto an externally
heated partlal combustion zone maintained at a temperature
above about Z500°F. by burning an auxillary fuel with alr
at a higher temperature in a burning zone maintained in
indirect heat exchanging relationship with said partial
combustlon zone, said combustlon-supportirggas containing
4 between 0 and about 10 percent total oxygen In excess of

q the stoichiometric total oxygen reduirement for conversion
A of sald hydrocarbon feed to hydrogen and carbon menoxide,
B and recovering hydrogen and carbon monoxlde from said par-
tilal combustlon zone.,

4. 4 process for the production of hydrogen and

carbon monoxlde which comprises introducing a hydrocarbon

feed and a combustlon-supporting gas into an externally heated
partial combustlon zone maintained at a temperature ahove

about 2500°F. by burning an-auxlilary fuel wilth alr at a

higher temperature in & burning zone malntalned Iln indirect
heat exchangling relationship wilth said partial combustion
zone, sald canbustion-supporting gas contalnlng between
2bout 2 and about 5 percent total oxygen in excess of the
gtolchiometric total oxygen requirement for conversion of

i sald hydrocarbon feed tc hydrogen and carbon monoxlde, and
racoverlng hydrogen and carbon monoxide from said partial

combustion zone,

5. 4 process for the production of hydrogen and
carbon monoxlde which comprises introducing a hydrocarbon

feed and a combustlon-supporting gas into a partial
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combustion zone, sald combustlon-supporting pmas providing
between about 0.35 and about 1,30 pounds of molecular

oxygen per pound of sald hydrocarbon feed and contalning
sufficient total oxygen to satisfy the stolchlometric total
oxygen requirement for converslon of sald hydrocarbon feed
to hydrogen and carbon monoxide, firing an auxillary fuel
with alr 1n a burning zone malntained In indlrect heat ex-—
changing relationship with sald partlal combustion zone, re-
covering hydrogen and carbonr monoxlde from said partial com-~
bustion zone at a temperature above about 2500°F. and se-
parately recovering flue gases from sald burning zone at a
higher temperature.

6, & process for the production of hydrogen and
carbon monoxide which comprises introducing a hydrocarbon
feed and sufficient moleéular oxygen to satlsfy the stolchlo-—
metry of the partlal combustion of saild hydrccarbon feed to
hydrogen and carbon monoxlde into an externally heated par-
tlal combustion zone maintained at a temperature above about
2500°F. by burning an auxlliary fuel with alr at a hlgher
temperature 1n a burning zone maintalned in indirect heat
echanging relatlonshlp wlth sald partilal combustlon zone

and recovering hydrogen and carbon monoxide from said par-
tlal combustion zone,

7. 4 process for the production of hydrogen and
carvon monoxide which comprises introducing a2 hydrocarbon
feed and a combustilon-supporting gas Into a partial com-
bustlon zone mailntalned at a pressure between about 0 and
about 500 psig, sald combustion-supporting gas contalning

sufficlent total oxygen to satlsfy the stolchlometric total

oxygen redquirement for converslon of sald hydrocarbon feed
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to hydrogen and carbon menoxide, filring an auxlllary fusl
wlth air in a burning zone malntained at a pressure sub-
stantlally the same as that meintained in sald partial com-

bustlon zone, sald partlal combustion zone and sald burning

Zone belng maintalned in indirect heat exchanging relation-
shlp wlth one another, recovering hydrogen and carbon monox-
ide from sald partial combustlon zone at a temperature
between about 2500°F, and about 3C00F. and separately re-
covering flue gases from sald burning zZone at a temperature
between about 200 and 50Q0°F. higher.than sald temperature
in sald partlal combustion zone.

5. & process for the production of hydrogen and car-
Lon menoxide which comprises introducing a preheated hydro-
carbon feed and a preheated combustion-supporting gas into
a partlal combustlon zone, sald precheated combustion=-

supporting gas contalning sufficient total oxygen to satlsfy

the stolchlometric total oxygen reguirement for conversion
of sald hydrocarbon feed to hydrogen and carbon monoxlde,
firing an auxiliary fuel with alr in a burnlng zone mailn-

i tained in lndirect heat exchanging relatlonship with said
partial combustion zone, recoverlng hydrogen and carbon mon-
§ oxlde from sald partial combustlion zone at a temperature

i above about 2500°F., sgparately recovering flue gases from

! gald burning zone at a temperature between about 200 and

500°F, hilgher than said.temperature In sald partial cambus-
tion zone, and passing at 1eaét a portion of sald recoversd
flue pases in indlrect heat exchange with at least a portilon
of said combustlon-supporting gas prior to 1ts Introductlon
to sald partial combustion zone, thereby at least partly

preheating said combustion-supporting zas.

g. In a process for preduclng sponge iron by




688Y74

contacting lron oxide in a conversion zone wl.th reduclng gas
rlch In carbon monoxilde and hydrogen at elevaled tempera-

tures, the method of producirg sald reducing gas whlch com-

prilses introduclng a hydrocarbon feed and a combustlon-
supporting gzas into a partlal conbustion zone, sald combus-
tion-supporting gas containing sufficlent total oxygen to
satlsfy the stolchlometric total oxyszen requirement for cone
version of said hydrocarbon feed to hydrogen and carbon

menexide, flring an auxilllary fuel wilth air 1n a burning

zene malntained in indirect heat exchanging relationship
with said partial combustion zone, recovering the products
of sald partial combustion zZone at a temperature above about
2500°F., separately recovering flue gases from sald burning
zone at a higher temperature, and passing said products of
sald partlal conbustlon éone to saild conversion zone to
supply sald reducing gas.

10. 4 process for producing ammonla synthesis gas
which compriges Introducing a hydrocarbon feed and 2 com-

P bustlon~supporting gas intc an externally heated partial

combustion zZone maintalned at 2 temperature above about

250C°F, by burnlng an auxiliary fuel at a higher temperature
in a burning zone maintained in indirect heat exchanglng

relationship with said partial combustion zZone, sald com-

bustlon~supporting gas contalning sufficlent air to provlde

the nltrogen requirement of subsequent ammonla synthesis

and sufficlent total oxygen to satisfy the stolchlometric
total oxygen requirement For conversion of said hydrocarbon

feed to hydrogen and carbon menoxlde, recovering the prod-

ucts of sald partial combustion zone and subjecting them to

sh1ft conversion to produce a gas containing a melar ratio

<2
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of hydrogen to nltrogen of about three,

1. A process for produclng ammonia synthesls pas
which compriges Inbroducing = hydrocarbon feed and 2 combus-
tion-supporting gas into a partial cembustion zZone, said
combustlon-supporting gas consisting of alr and steam 1n
amounts suffliclent to provide the nitrogen requlrement of
subsequent ammonla synthesis and the stoichicmetrlc total
oxygen requlrement for conversion of said hydrocarbon feed
Yolydrogen and carvon monoxide, firing an auxliliary fuel
wlth air in a burning zone maintained in indirect heat ex-
changing relationship with sald partial combustion zone,
recovering the products of szid partial combustion zone at

a temperature above about 2500°F,, separately recovering
flue gases from sald burning zone at a higher temperature,
and subjecting sald products of sald partial combustion =zone
o shlft conversion to produce a gas containling a molar
ratlo of hydrogen to niltrogen of about three.

12, 4 process for the production of hydrogen and
carbon monoxide which comprises introducing a normaliy
gaseous hydrccarbon feed and a combustion-supporting gas
into an externally hesated partlal combustion zone maintained
at a temperature above about 2500°F. by burning an auxiliary
fuel wlth-alr at a higher temperature 1n a burning zone maln
tained In Indirect heat exchanging relationship wilth said
partial combustion zone, sald combustlon~supporting gas pro-
viding between about 0.50 and about 1.30 pounds of molecular
oxygen per pound‘of gald hydreocarbon feed and contalning
gsufflclent total oxygen to satisfy the stoichlometrlc total
oxygen requlrement for converslon of sald hydrocarbon feed

te hydrogen and carbon monoxide and recovering hydrogen and

<3
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carbon monoxlide from sald partial combustlon zone,

i3, A process [or the productlon of hydropgen and
carbon monexide which ceomprises Introduclng & normally 11-
quid hydrocarvon feed and a combustlon-supporting gag inteo
an externally heated partial combustion zZone malntalned at

a temperature above about 2500°1, by burnlng an auxiliary
fuel with alr at a higher temperature in a burning zone
maintainsd in indirect heat exchanging relatlonship wlth
said partlal combustlon zone, sald combustlon~supporting gas
providing between about 0.35 and about 0.90 pounds of molecu-
lar oxygen per pound of said hydrocarbon feed and contalning
sufficient total oxygen te satlsfy the stoichiometric total
oxygen requirement for converslon of said hydrocarbon fsed

to hydrogen and carbon monoxide and recovering hydrogen and

carbon monoxide from sald partlal combustion zone.
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