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The 1nventiop relates in general to the productlon of
valuable gases especially fuel gases pontaining carbon monoxide
and hydrogen. More particularly, tﬁe invention relates to a
gas producing method of the type which involves gasifying a
suspension of a finely divided fuel, espeaially pulverlzed fuel,
with oxygen by injecting a preformed and highly homogeneaus
suspended mixture of the finely divided solid fuel and oXygen
Into & reaction chamber whille the latter 183 being held above
ignition temperature, snd effecting in the reaction chamber an
endothermic reaction between the residual part of the carbon of
the fuel in suspension on the one hand‘aﬁd?ghdoﬁhermically
reactive gaseous media on the other hand by mqhﬁs of the heat
of the exothemmlc reaction of the oxygen with part-of the fuel
of the suspension introduced intd the reaction chamber,

The term "gasifying in suspension” charaocterizes a
mode of operation wherein a finely divided fuel is suspendsd 1n
a highly homogeneous manner in a fluid gaseous medium, the
rinély divided fuel flowing essentially in the same direction
aas the suspending gaseous médium. ,

Fuels which may be gaslfied by means of the method
according to the invention are pulverized coal, brown-ooal,
younger coal with a high portion of volatlles, lignite, peat,
eto., and degasified products from such fuels, such a3 ooke
‘frem coal or brown cosl, low temperature coke, atc,

Finally, it 1s also‘possibla to gasify by the process,
1liquid fuels in finely divided foxm, such as hydrocarPon_oila.

The term "oxygen" as used in the followiném
siem and claims means pure oxygen, as well as air enriched with
oxygen, or oxygen with s content of inert conteminants of leas

than 20 per cent,
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The term "endothermically reactive media" 1s used to
denote water vapor (steam) as well as carbon dioxlde (waste
combustion gases and fuel gas containing carbon dloxide) or a
mixture of steam and carbon dloxlde.

The invention has for an essential object the pro-
vision of an Improved method for the gasiflcation of a suspen-
sion of finely divided fuels with oxygen and wlth endothermic~
elly reactive media whilch may be performed with a reduced con-
sumption of expensive oxygen and an increased converslon into
gas of the carbon of the fuel to be gaalfied so that the whole
gasifying proceés is more economical,

Another object of the invention is a new gasifying
process wherein the temperature which is to be held during the
exothermioc reaction between oxygen and fuel may be reducead.

| In an sarlier application, we describe the gagifica.
tion of a finely divided solid fuel in suspension in gas com-
ﬁriaing.oxygan, to produce valuable fuel gases by preforming a
highly homogensous suspended mixture of oxygen and the finely
divided fuel, introducing this mixture in the form of a Jet
axially into a reactlon chamber while 1t %s belng helid at
ignition temperature for exothermioc reaction, and simultaneously
flowing an annular stream of steam intc the reaction chamber
through discharge openings which surrcund the fuel-oxygen mix-
ture en%rance, and thus cause the zone of primary exothermic
reaction between oxygen and fuel to be enveloped by a mostly
aoherent or closed envelope of steam. In sald process the
oxygen is present in amount to burn part of the fuel in ambunt
suffioient to provide the heat for the sndothermic reaction of
the rest of the fuel with part of the surrounding steam but
insufficlent to ralse the temperature of the ash of the fuel to
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the melting point of the ash,

The ateam in the primary or interlor reaction zone
which is formed from the volatile compounds of the fuel of the
suspension and/or by evaporation of the natural water content
or moiatura‘of the fuel of the suspension rescts oh a part of
the residual non-oxidized carbon of the fuel under the Influence
of the high temperature of the exothermlc reaction of the oxyger
and part of the fuel in suspension in the exothermic zone, thus
producing water gas in accordﬁnce with the well known reactlon:

¢ 4 H0 = CO ¢ Hp. ’

The unreacted carbon which still escapes from the

primary zone in an unoxidized state 153 also subssgquently ocon-

verted into valuable water gés upon entering by diffusion the

" steam anvelope surrounding the primary zone by endothermic

resction of the envelope in the resction chamber with the

"pesidunl hot un~oxldized carbon to form water gas.-

The reising of the temperature of all of the steam to
be reacted to water gas up to the temperatﬁre for the water gas
reaction may be effected by preheating the envelope steam to
1200 - 1300°C, (2192 - 23729F,) or by the burning of the fuel
while all the steam for the water gas reaction 1s in the sus-
penslion.

The preheating of the stesm to a temperature which is
necessary for the water gas proceas reaction, that ls, a temper-
ature of about 1200 - 13009C. (2192 - 2372°F.), may be performed
by means of regenerators or by admixture to the steam of hot
waste gazes from combaustlon,

A - It may be stated that 1t 1s known to oontinuously
inject aﬁegm and & mixture of finely divided fuel and oxygen

into a resctlon chamber, But this known method 18 based on the

-4
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idea that the steam to be injected together with fuel and
oxygen should contain, in the form of sensible heat, that
smount of heat which is necessary to reach 1200 - 1300°C.
(2192 - 237297,) and maintain such temperature, above the
temperature of 300« 500°C. (572 - 932°F,) at which the water
gas reaction begins to take place,‘that the endothermic reac-
tion between un-oxidized ocarbon and steam can take place to
subatantlal completion in order to form water gaa. There are,
however, at least two points why this known method conld not
be applied with success. The first reason is to be assen from
the faot that 1t is rather diffigult and very expenslve to
preheat the steam outside the reaction chamber to the above-
mentioned degree of 1200 - 1300°C, (2192 - 2372°F.)., The
gecond reason, & more technloal one, consists in that it ia
rathe; impossible to prepare outslde the.reaction chamber a .
sufficiently homogeneous mixturs of fuel and oxygen on the one
hand and such a véry highly preheated ateam on the other hand
without the gasifyiﬁg-reactions starting at once, upon mixing
of the three components at that tempserature, before this three-
fold mixture reaches the reaction chamber,

If all of'the steam for the water gas reaction that
possibly could react thermodynamieslly were introduced, at a
temperature below 300 - 500°C, (572 - 252°F.}, with the fuel
suspension, the preheating and endothermiec reactlon of the same
in the burning suépension would lower the temperaturs of the
peacpion’suspension to the poeint of favoring the prodﬁotion of
earbon dioxida rather than carbon monoxlde,
T Im the process of the aforesaid appliocation, all the
ataﬁﬁ-?aquired for the subsequent endothermic reactlon of the

residual hot unreacted carbon of the suspension, In addltion to
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the steam formed from the volatile oompounds of the fuel and to
such steam as is formed from the natural water or moisture con-
tent of the fuel in suspension, was introduced around the jet
of suspension s a part of the envelope of sndothermic reactlive
medium, Specifically, such steam was preheated to above the
temperaturs 1200° - 1300°C, (2192 - 2372°F.), end in said case
it was very difficult and very expsnsive to preheat the steam
outside the reaction chamber to above 1200°C. (2192°F.).
According to the present invention, the new gasifying
method eonsists in injeoting into a reactlon chamber in which
the gasifying of the fuel In suspenslon iz to be completed,
while asurrounded by the steamm envelope of the aforesald process,
a preformed sugpenaion of a mixture of fuel (finely divided),
oxygen and endothermically reactive medium {steam) that 1s %o
react with a portion of the residusl unreacted fuel of the sus-
pension and wherein compoaitlon, femperatura and spesd of flow
of the mixture and/or its compounds are so chosen that the heat

above 300 - 500°C, (572 - 93207, ) which 1s necessary for the

" endothermio resotion at a temperature above 1200°C, (21920F, )

in thé reaction chamber is produced essentlally by the exo-
thermio reaction between fuel and oxygen within the primary

exothermie¢ resction zone 1n the reaotion chamber,

In contrast to the known methods, the gasifying
process according to the present invention is performed 1n
such & way that the heat ;bove 300 - 5000C, (572 - 9329F,)
required in the endothermic reaction chamber for the endo-
thermic reactlon to substantial completion 1s supplied
essentially by the heat surplus of the exothermie reaction
within the reaction chamber between the oxygen and only

such & part of the fuel as wlll supply the heat for the

-6 -
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endothermlc reaction of the remaining part of the fuel with
steam or 002, and that only part of all of the steam thaet could
be reacted thermodynamically to form water gas 1s introduced
along with the suspension, and both at a temperaturs below
100%¢,, say 50°C, (122°F,).

The exothermlc reaction

2C + 0, = 20C0
causes temperatures to be maintained in the primary exothammic
zone of the reaction chamber of more than 1600°C, (2912°F,) and
within the temperature range 1200 - 1600°C, (2192 - 2912°F.)
the converslon of the non-oxidized carbon of the fusl and steam
with formatlon of water gas proceeds very intensively, 1.e,, to
substantlal completlon, If, according to my inventlon, the
composition, temperature and speed of flow of the threefold
composed gasifying mixture are chosen in a sultable ménner,
then 1% 1s possible to produce a water gas 1nlwhich the portion
of the composition converted to carbon monoxide plus hydrogen.
ia considerably higher than is known from the usual gasifying
processea using finely divided fuel in suspension. Simultane-
ocusly the portion of non-gasified carbon in the ash 1is
decreased,

The part of the steam whlch, sccording to the present
inventlon, 13 introduced intc the reaction chamber at a rather
low temperature, below 300 - 500°C, (572 - 932°F,), together
with an homogeneous suspension of fuel in oxygen is introduced
at temperatures below 100°C, (212°F,), and causes the tempera-
ture in the central primary exothermic zone to sink down to a
certain degree due to the heat conaumption of the endothermic
reaction4 In thils way the danger of a destroying influsnte in

the walls of the reaction chamber, which may be caused by the

- 7.
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very high temperature in the contral zone, will be dlminished.

According to the inventlon, the portions of ateam on
the one hand and oxygen on the other hand in the mixture are
to be provided in such a way that the reaction temperature of
the primary zone as a_reault of the steam may not sink down
below & dagree.where'th§-ro:ﬁatlon of carbon dloxlde 1s favared
and the formation or<puiﬁéﬁﬂﬁonoxide will not be completed with
s sufficlent yleld. 'féé:kin each oase the relative portions of
fﬁel, oxygen and steam In the ﬁixture formed from these com-
ponents are so provided that only the exothermic reaction
between oxygen and fuel suspended therein delivers the heat
energy which will be consumed above 300 - 500°C, {572 - 932°F,)
by the endothanmiu reaction in the formation of water gas at
1200 - 1600°C. (2192 - 2912°F,) but that the ash of the fuel
18 not heated to above its melting point, Although where melt-
ing of the ash is preferred, thén more of the fuel may be
purned with usé of more oxygen, resulting in lesa carbon for
reaotion with steam in the water gas reactlon.

The exact amount of each of the components of the
mixture depends firstly on the analysls of the fuel to be
gasified, It may be mentioned that besides the portion of the
steam which is to be introduced in mixture with oxygen and fuel,
a certain amount of steam resulting from the natural humildity
or molsture of the coal also will be desomposed in the primary
zone to form water ges and, in addition, that amount of steam
which is formed by burning or cracking of the volatile com-
pounds expelled from the fuel also will be decomposad in the
primary zons, In additien, reaidual non-oxldized very hot
carbon of the suspension from the primary exothermic reaction

zone upon diffusion Into the surrounding envelope reacts wlth

- B -
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the steam or COp therseof forming water gas, CO % Hs.

The apesd of flow whieh the fuel-oxygen-ateam mixture
shows on leaving the injector nczzle depends principalily on the
speed of ignition of the mlxture, i.e. it depends on the time
which passes until the ocmparatively ¢old mixture wlll be
heated up by influenoce of heat radiation from the chamber walla
to suech & temperature at which the exothermic reaction between
fuel and oxygen will start. Besides this condition the speed
of flow of the mixture is influenced by the preséure in the gas
feed lines and the speed of flow of the mixture to be provided
as high 88 to exceed the rate of flame propagation to prevent
& back flow of the hot combustion products‘from the reaction
chamber into the feed lines for the sald mixture. A preferred
height of the gas pressure 1s the atmospheric pressure or at
the most 50 ~ 100 mm {(2-4 inches) of water column higher than
atmospheric preasure, B

The temperature of the mixing components, especlally
the temperature of the oxygen and steam components In the sua-
pensaion may be held down, according to the invention, to auch
a low degree, 50° - 100°C, (122 - 2129F.) that a preheating of
tﬁhhe components and the expense thersof especlally of the
steam is no longer necessary. The main limitation in this
régard being that the mixture is held at a temperature at which
the steam oannot condanse on the fuel as the mixture is being
1ntroduced to the reaotor, in order to prevent the rouvzles and
pipe 1lines from plugging due to the formation of a maddy or
slurry mixture of fuel,

The very high temperature caused by the sxothermic
primary reaction in the central zone of the comparatively amall

reaction chamber tends to act very Aintensivsly on the chamber
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" walls. In order to keep this heat influence in allowable

bounds tha.invention provides a preferably preheated gaseous
medium to be injected into the reaction chamber in such & way,
as ﬁzaéht in the earlisr application referred to, that a closed
gaseous envelope is formed surrounding the very hot zone of
reaction between oxygen and oarbon and flowing or moving essen~
tially in the same directlion as the reactive components of the
primary zane‘ The so formed envelops will lay a heat proyec-
tive veil upon the reacting chember walls so that the flow of
heat from the primary zone to the ohambér walls 1s reduced to
thus avold having the chamber wall heated up to an undesired
high degree.

_ In order to form the gaseous envelope aurrounding
the primary. reaction zone, sultable gasea or vapors or a mixu
ture of gaseous media may be used, It 1s possibla for 1nstance,
to use a fuel gas 6ontaining €O, which in a preferred manner .
may be diverted as a portion from the whole fuel gas producéd
in the primary reaction zone. This fuel gas added 1s in no
way altered except possibly 1ts COp, in ths reaction chamber
g0 long as the primary raactions run in the desired way except
that the sensible heat of the addad fuel gsaa will be increased
by recelving heat from the primary zons and the CO0p may be
endothermically reacted to CO. In such case, in the event of
a fallure in feed of the Tinely divided fuel to the primary
zone, the fuel gas introduced in order to foﬁm the protective
anvelope will then react on the free oxygen thus preventing
the . gasifying procese from producing a certain amount of
oxyhydrogen gas (an explosive mixture of oxygen and hydrogen)
in the gas lines.

Instead of a fuel gas it is also possible to use
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water vapor for the gaseous envelope which preferably 1s heated
to a tempesraturs of not more than 300 - 500°C. (572-932°P. ).
The use of water vapor shows another advantage beaides 1ta heat

protective effect, namely a higher yleld of valuable gases from

"the process as the reasidual non-oxldized very hot carbon of the

fuel of the suspension from the primary reactlon zone, when
reaching the envelope, reacts endothermically én some of the
steam of the envelope thus producing more carbon monoxide and
hydrogen.

Finally, it may be mentioned that carbon dioxlde as

‘well as a mixturs of carbon dloxide and steam may also be used

as the endothermic gaseous medla In order to form ths gaseous
en@elope around the jet of fuel and its exothermic zone, as
the fuel issues into and ignites on entering the reaction
chember. In such case they may be introduced at temperatures
above 500°C, {932°F,) if they are at that temperature, and so
do not need preheating of them,

In order to ooﬁplete the invention in respect of the

ratio of H to CO, to the hot gases escaping from the primary

- zons after the endothermi¢ reactions of the steam in the free

mixture is finished, 1s added a certaln amcunt of ateam or

water vapor sufficiently high for the shift reaction for the

© purpose of adjusting the ratio of hydrogen to carbon monoxide

CO + HoO = COg 4 Hg
in the direction of a better yleld of hydrogen. A3 the gases
leaving the reaction chember are very hot, about 1200°C.
{2192°P.), 1t 18 not necsssary to preheat the steam or water
for the shift reaction except to a slight degree, 1if any;
Under certaln éircumstances it is poasible to use water as

1iquid in finely divided form, The essentlial for the shift

- 11 -
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reaction 1s that the gases are not ¢cooled too suddenly or too
low, as then the shift reaction will not take place, &8 1a well
known and conventional.

In general, to gasify coal per pound, a mlxture of
the ocvcal with 8-10 cu. ft. of 02 and 0,05 - 0,3 lbs. Hy0 in
the form of steam are introduced axially in the form a jet
into a reactor while a protective envelope of .gas &"m‘aﬁn
surrounding relation in the form of an annular stream as the
jet lasues Into aﬁd ignites on entering the reactor, in amount
equivalent to about 6.50 - 0.80 pounds of steam per pound of
coal., For the shift reaction 0,3 - 0.5 pounds of steam per
pound of qoal are used in the flnal gas.

The amount of steam introduced in mixture with the
coal is limited mainly by the amount of steam that the mixture
will retain in the asuspension without condensation which would
result in converting the suspended coal to & muddy mass. The
inlet condult 1a usually heated in order to avoid condensatlion,
and the amount of steam admixed may be regulated by instruments,
but preferably the amoupt of steam 13 ragulated by saturating
the-bxygen with steam by bubbling the oxygen through water at
a temperaturs of from 49 - 77°C,, (120 to. 170°F,.). 1In this
manner the mixture contains no more Hy0 than saturates the
oxygen at those tewperatures.

In such amounts, 0,05 to 0.3 pounds of steam per
pound of coal, the steam is suffioclent for the water gas reac-
tion of an amount oflthe non-oxldized carbon, after the exo-
thermic resction, without lowering the temperature of the
reacting Jet to a degrse at which Cdg formation 1s favored at
the expense of CO formation, whlch amount taken wilth the water

gag reaction of the molasture in the coal and water content from

- 12 -
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the burning or cracking of the volatile compounds expelled from
the fuel, and the subseguent reaction of residual unoxidiZeg
carbon with the Hp0 or steam of the envelope, results 1n thé:
oompletion of the gasification of.the fuel to the extent of

B 85-95 per cent of the carbon of the fuel.

With this process the exothermlic reactlon of the
oxygen and fuel generates most of the heat of from 50°C. to
1200°C. - 1600°C. (122°F, to 2192 - 29129F.), required for the
endothermic reactionsa, Thls results in thls heat being pro-

10 A duced more economically than when much of that heat s provided-
from extrinalc sources. '

To this end the final gases are sprayed with steam
or water to create in the gas the shift reaction CO + Hp0 =
COp + Hy, thus 1neraa§ing the ﬁa content and inereeaing the

'15 ratlo of Hy to CO in the final gas to the desired retio.

The following data are to be consldered as =z specific
example of performance of the invention in gasification of a
particular type of eoal:

In order to gasify 1 kilogram (2.2 pounds) of coal,

20 whigh has‘been_dried and pulverized, a mixture of the coal with

| 0,59 normal cublc metres {22 cu. ft.) of oxygen-gas containing
95% of oxygen and 0,08 normal cublc metres (3.0 cu. ft.) of
steam, both gases having a temperature of about $0°C. is flowed
ihto a reaction chamber held at an inoreased temperature,

25 "Simultaneously 0,8 normal cubic metres {30 cu, ft,) of steam of
not more than 300 - 500°C, (572 - 9329F.) is injected into the
reaction chember by ‘an annular nozzle surrounding the injector
nozzle for the befores-mentloned fuel-oxygen-ateam mixture.
This 1s equivalent to 10 ou. ft. of oxygen per found of coal

30 with 0,06 pounda of ateam per pound of coal In the axial Jet,

- 13 =
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and 0.6 pounds of steam per pound of coal for the envelopse.

In the reaction chamber a wdter gas is produced in which, after
the shift reaction, accomplished by the addition of a tertiary
supﬁly of stesm or water in the second reactlon space, for
iﬁﬁ?Ehee 0.4 pounds of steam per pound of coal, the content of
carbon monoxide + hydrogen is as high as 83% or more, the
balance being nitrogen and COp. The portion of non-gasified
carbon in the ash smounts to about 6%.

The drawing shows diagrsmmatically, as an example,
an apparatus sultable for practicing the process of the inven-
tion. The carbon 1s gasified initlally 1n the inlet reaction
chamber 1 the walls of which are constructed of refractory
material. A preferred shape of the inlet reaction chamber 1s
that of & truncated cone, The inlets for the reaction media
are pfovided in the front wall at the smaller end of the
chamber, In the axial center of this front wall thére is
arrﬁnged the 1njsptar nozzle 4 for the mixture of fuel, oxygen
and steam, and the axis of the nozzle extends in the same
direction as the axis of the chamber 1, Instead of only one
nozzle 4 s serles of narrow spaced nozzles may be provided,

" —-The nozzle 4 is surrounded by & number of gas nozzles
5 arranged on ? circle around the nozzle ¢ in such & way that
the gaf-fdown Iin by the nozzles 5 will form a closed envelope
around the central zone of the exothermic reaction medla from
nozzle 1. 1In order to complete the formation of the gus
envelope it is preferred to arrange the nozzles &5 in such a
manner that the jets of the ateam through the nozzles 5 and
the axis of the reaction chamber wall form a certaln angle ao
that the enveloping gas is directed towards the tapered walls
to form a olosed protective layer sliding helically inside the

- 14 =
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chamber walls.

After the heat reaction products have left the reac~
tion chember 1 they enter a second reactlon space 6 where they
react endotharmically‘on slightly superheated steam which has
been introduced into the space 6 through nozzles 9 in amount
to effect the shift resction CO + Hp0 = COg + Hp. Each of ,
the nozzles 9, however, may be constructed as an atomlzer by
which the water will be divided to form finely divided drop-
lets which after their introduction into the space & will ”
react on the hot gases with the formation of water gas by the
shift reactlon. The gases are drawn off from the reaction
space 6 through the outlet 1ine 7 to be further treated in any
of the k¥nown ways,

The unburnable residue, ash or slag, may be removed
from the gas reaction chamber 6 through ash opening 8.

The foregoing pfocess may be practiced under super-
atmospheric pressurae,

From the foregoing it willl be noted that en important
asﬁecp‘cf the present process resides in: Iintroducing the

finely divided fuel at a temperature below 100°C. with the

" fuel in suspenslon in ges comprlslng oxygen and added steam,

the oxygen being in amount sufficient to burn such a part of
fuel as will provide the heat to ralse the temperature from
50%C, to 100°C, - 1200°C, to 1600°C, plus the heat required
for the endothermic reaction of the remainder of the fuel of
the suspension at above 1200°C., and the steam being in an
amount within the range of amounts up to the uppermost amount
of steam which could reaet~endothermieally'with the uncxidized
fual left over after the exothermioc reaction in the exothermic

reaotion zone, along with the endothermis reactlon of the

-15-
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molsture content of the fuel of the suspension and water con-
tent resulting from the burning or cracking of the volatile
content of the fusl in the exothermic reactlon, without lower-
ing the reactlon temperature of the exothermic reactlion zone

5 below a degree at which the formation of carbon dioxide would
be favored at the axpense of carbon monoxide formation 1in the
exothermic reactlon zone; comingling the products of the endo-
thermic reaction zone and its surrounding envelcpe in a second
reactlon zone to further the endothermic reaction of residual

10 anoxidized fuel of the suspension; and adding Hp0 to the gas
in the second reaction chamber in amount to effect the shift
resction €0 + Ho0 = COp + Hy to adjust the ratlio of Hy to o
in the final gas in the direction of a better yvield of hydro;
gon.,

15 The invention as hereinabove set forth 1s embodied
in a partioular form and manner but may be variously embodled

within the scope of the following claimsz.

- 16 =
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The embodiments of the invention in which an

" exclusive property or privilege is claimed, are defined as

follows:~

rl;“. 1s A brocess for the production cf a gas containing
carﬁon monoxide and hydrogen which comprises forming a suspension
ofa finely-divided carbonaceous fuel in a free oxygen-containing
gas at a temperature below the ignition temperature of said
fuel in such proportion that only a part of said fuel will
react exothermically with the oxygen of said gas, introducing
said suspension, together with from 0.03-0.5 1lb. of endothermic
gasifying agent per pound of fuel, as a Jeb axially into a
reaction chamber maintained at a temperatire above the ignition
temperature of said fuel, thereby subjecting said part of
‘said fuel to combustion to preduce a mixture of combustion
products and unconsumed fuel, injecting peripherally of said
Jjet along the wall of said reaction chamber in a direction
copurrent with the direction of said jet an annular stream
of an endothermic gasifying agent which has been preheated
to a temperature of not less than 300° ¢. and not more than
500° C. and mixing and reacting said combustion products and
unreacted fuel and said preheated endothermic gasifying agent
to produce a gas containing carbon monoxide and hydrogen.

2. A process for the production of a gas containing
carbon monoxide and hydrogen which comprises forming a sus-
pension of a finely-divided solid carbonaceous fuel in a
free-oxygen-containing gas at a temperature below the
ignition temperature of gaid fuel in such proportion that
only a part of said fuel will react exothermically with
the oxygen of said gas, introducing said suspension ‘to-

gether with 0.05 to 0.3 1b. of steam per lb. of fuel as a
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jet axially into a first reaction chamber maintained at a
temperature above the ignition temperature of said fuel
thereby subjecting said part of said fuel to c ombustion,
injecting peripherally of said jet along the wall of said
reaction chamber in a direction cocurrent with the directicn
of said jet, an annular stream of an endothermic gasifying
agent which is at a temperature of not less than 3009 C. and
not more than 5000 C., mixing and reacting the combustion
products and the unconsumed fuel with said endothermic
gasifying agent, and adding Hp0 to the resulting mixture in
a second reaction chamber, said Hp0 being added in amount
sufficient to effect the water-gas shift reaction CO+Hp0*CO2+Hp
in the direction of a better yield of hydrogen.

3, The process of claim 2 in which the oxygen is
present in said suspension in an amount suf ficient to provide
the heat necessary for raising the temperature to 1200-16000 ¢,
and for the ensuing endothermic gasification of the fuel uncon-
gumed by the combustion.

4. A process as claimed in Claim 2, in which said
fuél comprigses coal and in which the Hy0 added to the gas in
the second reaction chamber is added in amount of Ce3 - 0.5 pounds
:of steam per pound of coal.

5. A process as claimed in Claim 4, and in which the
istfeam of gas of endothermic gasifying agent comprises steam at
-a_temperature below about 5000 C. in amount equivalent to about
0.50 - 0.80 pounds of steam per pound of coal.

6. A process as claimed in Claim 5, and in which
the H,0 added to the gas in the second reaction chamber is
added in amount of 0.3 - 0.5 pounds of steam per pound of coal.

7. A process as claimed in Claim 3, and in which the

fuel comprises coal, and in which the stream of endothermic
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gasifying agent comprises steam at a temperature below about
5000 C, in amount equivalent to about 0.50 - 0.B0 pounds of
steam per pound of coal.

8. A process as claimed in Claim 3, and in which
the fuel in suspension comprises coal, and in which the Hp0
added to the gas in the s econd reaction chamber is added in
amounts of 0.3 - 0.5 pounds of steam per pound of coal,

' 9., A process as claimed in Claim 3, and in which
the fuel comprises coal, and in which the oxygen is present
in the jet in amount insufficient to raise the ash of the
fuel to a temperature above the melting point of the ash of the
fuel in the suspension.

10. A process as claimed in Claim 3, and in which
the fuel comprises coagl, and in which the oXxygen is present
in the jet in amount to raise the ash of the fuel to a
temperature above the melting point of the ash of the fuel
in the suspension.

11. 4 process as claimed in Claim 3, and wherein
the endothermic gasifying agent comprises fuel gas containing COgp.

12, A process gs claimed in Claim 11, and in which
the fuel gas that comprises the endothermic gasifying agent
is part of the fuel gas produced as an end product of the
process, while still hot therefrom.

13. A process as claimed in Claim 3, and in which
the Ho0 added to the gas for the shift reaction in the second
reaction zone is added in the form of steam without being
preheated to more than about 200° C.

14. A process as claimed in Claim 3, and in which
the Hp0 added tc the gas for the shift reaction in the second

reaction zons is added as water in finely divided ligquid form.
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