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fhprocesses are known to be effective for hydrocarbon synthesis

10 ¥

| slevated temperature and pressure in the presence of a suit-
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| carbon monoxide and hydrogen is well known. A number of

_able catalyst, usually an element of the iron group of the

508216

This invention relatss to a process and apparatus
for the generation of gases comprising carbon monoxide from

carbonaceous materials. 1In one of its more specific aspects

it relates to a process and apparatus for the generation of a
" mixture of carbon monoxide and hydrogen, suitable as a feed

' for the synthesis of hydrocarbons, from powdered coal.

The synthesis of hydrocarbons by the interaction of

1
A
!
i
i
8
H

In general liquid hydrocarbons are most effectively produced
by the interaction of carbon monoxide and hydrogen at an !

Periocdic Table of the elements.
The present invention 1s concerned with the genera-

tion of a mixture of carbon monoxide and hydrogen. The in-

for the synthesis of hydrocarbons. Various =0lid carbonaceous
fuels may be used, e.g., coal, lignite, and the like.

An object of this invention is to provide a process
for the generation of carbon monoxide and hydrogen from
carbonaceous materials.

Another object is to provide a process particularly]
suited to the generation of a feed gas for the synthesis of
hydrocarbons from coal.

A further object of this invention is to-provide
apparatus for the generation of carbon monoxide and hydrogen
from carbonaceous materials.

Gasification of powdered coal by partial combustion

in cylindrical generaters has been proposed heretofore. To

vention is particularly suited to the production of a feed gas S
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the best of my knowledge, however, these have not been com-

mercially successful. Reactors of this sort were tried in

" Germany but were not developed beyond the experimental stage.

© Many problems remained unsolved when the work was abandoned.

Difficulties particularly were experienced in obtaining sub-

" stantially complete reaction of carbon and in preventing

15

20

25

30}

" undesirable slag accumulation due to fusion of the ash. The

method and apparatus of my invention provides a high rate of

i
. . toors t
carbon reaction, resulting in efficient carbon utilization.
{

' Handling of slag is accomplished without particular difficulty

i source. Heat for the endethermic reactions may be supplied

due to the improved method and apparatus by which the slag is
maintained in molten condition. %

In the gasification of carbonaceous material with
OXYEEn, pa;ticﬁlarly solid fuels, the reaction between the
oxygen and fuel results in the production of carbon dioxide
according to thelequation: )

7 C40s = COE'

The oxidation reaction, being highly exothermic, releases
large quantities-of heat,

. The carbon dioxide, so produced, in contact with
hot carbon,lin turn, reacts with the carbon to produce carbonl '
monoxide: . ‘

C05+C = 200
Steam also reacts with heated carbon to produce carbonimonox—
ide and hydrogen: ‘ '

HéO+C = CO+lgy

These reactions are endothermic and require heat from another]

from the exothermic reaction. Thus, in a gas generator theré

should be a free transfer of heat between the zone in which
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1
i carbon dioxide is formed and the zone in which carbon dioxidel

5

k} ' ©is consumed by reaction with carbon. i
AN Il

b i

g ’ The water gas shift reaction: i
1

]

3

i
i

5 CO+H 0 = COp+ip
i : y
Halso takes place in the generator., The water gas shift reac-;

i‘tion has 1little influence on the thermal balance in the gen-

erator. At high temperatures, above about 15G0°F., the

|
s
| |
products on the left hand side of the equation tend to pre- i
i 10/ dominate as governed by the well known laws of chemical 1

i

wequilibria whereas the converse 1s true at low temperatures.

p \The quantity of hydrogen in the product gas may be controlled

|
by conmtrol of conditions affecting the water gas shift reac- l

tion. Thus hydrogen may be generated at the expense of

. 15 lcarbon monoxide in a shift converter, as is known in the art,
or the reaction effluent from the generator may be quenched~'I
o substantially prevent the water gas shift reaction on

cooling of the effluent.

i The present invention will be described, for the

20 |sake of simplicity, with reference to coal as a fuel. It will

te understood that coal is used as a apecific example and that
the apparatus and method described is not necessarily limited

n
o the use of coal.

“* 'In accordance with this invention, coal is crushed

25 hnd charged intc the reaction zone in suspension in steam.
Ixygen is introduced into the reactor separately and brought
%nto intimate contact with the particles of coal. Preferably
%he oxygen-containing gas has an oxygen concentration of 90
ﬁer cent by volume or greater and is preheated prior to in-

30 %roduction into the reactor. Oxygen produced by many of the
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" commercial oxygen processes is suited as the oxygen-containing
i |

ﬁ gas fed to the generator. When contacted with c oncentrated

g%oxygen, very vapid oxidation of the exterior surface of the
Ipartlcle of coal takes place. The coal particles are furtheri

p) Mbroken down on heating, The coal and oxygen are fed into the
ﬁgenerator in a novel manner, as is deseribed in detail here-
Ulnafter, which permits operation at high temperature while |
ﬁat the same time protecting the walls of the reactor from

iexcessive localized overheating.

10 1 The exothermic reaction or burning which takes

Eplace upen contact between the coal and oxygen releases heat !

which is utilized in a very effective and efficient manner in

I
i

this invention to supply heat for ensuing endothermic reac-

tions. Gases comprising carbon monoxide, carbon dioxide and
15 Whydrogen result from the oxidation of the carbon in the pres-‘
ence of steam. The steam and carbon dioxide react with the
highly heated carbon in the coal to produce the desired car-

bon monoxide and hydrogen.

Due to the novel manner in which reactants are fed
20 |into and gaseous products are withdrawn from the reaction
zoné, efficient heat transfer and effective reaction condition

bre obtained. This efficient heat transfer is also thought |

b

iy

to be enhanced by effective mixing and unimpeded radiation

from exothermic to endothermic points of reaction.
25 Elevated temperature and pressure are beneficial ‘
10 the deslred reactions in the overall process. Temperaturesl
fithin the range of 2000-4000°F, are desirable; the temperature

s limited by the available materials of construction. Tem~

eratures as high as materlials of construction will permit are

30 desirable to give high reaction fates, particularly in the
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fcase of the endothermic reactions.':ﬁlevated pressure in-

.creases the concentrations of the gaseous reactants. Prefer-

11ably, a pressure in excess of 100 pounds per squarse inch |

fgauge is used.
53 The apparatus described herein and forming a part

gof my invention provides for carrying out the reaction in a
|
most efficient manner as will be more fully brought out in

ithe following detailed description with reference to the

|
iaccompanying drawings.
i
|

10: Fig. 1 is a vertical cross-sectional view of a

preferred embodiment of apparatus forming a part of my inven- |

I TR

;tions.

' Fig. 2 is a horizontal cross-sectional view taken

|
! |
‘along the plane 2-2 of Fig. 1.
15 The generator illustrated in the drawings is par-
ticularly suited for the gasification of powdered coal for
the generation of synthesis gas. For the purpose of facili-
tating the detailed description of the apparatus illustrated,

the description will be made throughout with reference to

20 |powdered coal, Other solid carbonaceous materials may be
uged, for example, coke, lignite, and the like.

With reference to the drawings, the generator is

provided with an outer cylindrical steel shell 5 capable of

lwithstanding the operating pressure and a refractory lining 6

3
I
|
| H
25 |lof a material suited to the temperature conditions encountered|
W
lin operation. Crushed coal in admixture with super-heated

|
lsteam is introduced into the upper end of ths elongated,
1cylindrical, vertical reaction zone 7 through a port 8. Cxy=-

gen is introduced into the reaction zone through a port 9

30 ‘which discharges the oxygen stream directly intc the stream of

¥
H

i
L
h

i
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900&1 and steam. Both the stream of coal and steam and the
1stream of oxygen are introduced into the upper end of the re—3
jaction zone at its periphery and substantially tangent theret@.

'By this arrangement the coal and oxygen are intimately admlxed

Il
5|w1th1n the reaction zone, and the stream of oxygen is prevented

Jfrom directly impinging on the wall of the reactor. The re-
hactor wall is protected from the oxygen introduced through
,port 9 by the stream of coal and steam introduced through

?port 8.

101 The oxygen and coal react immediately with the |
}liberation of large quantities of heat., The gases and heated%
i !

carbon particles resulting from the oxidation reaction are

carried downwardly in reaction zone 7 adjacent its periphary |
or the inner wall of the vessel., The tangential introducticn

15 lof the reactants imparts a swirling motion to the gas stream

and the particles of heated carbon. Carbon dioxide in the

ot gas stream reacts with the heated carbon particles in

rhe lower portion of the zone to produce carbon monoxide.,

E Molten ash ang slag thrown out of the gas stream

20 by the whirling motion of the gases are collected at the

%ower end of the reaction zone from whence they are discharged

Ehrough slag tap 10 into the exit conduit 11. The slag dis-

hosal piping 12 is lined with a refractory material 13.
Product gases comprising carbon monoxide and

25nydrogen are withdrawn from a point along the axis of the

feaction zone below the point of introduction of reactants.
The synthesis gas so produced is withdrawn from the reaction

one through a chimney 14 which extends into the reaction zone

o a point sligntly above its center. The synthesis gases
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" are discharged vhrough the outlet duct 16 into the discharge

! 1ine 17 which is provided with a refractory lining 18. The
ils:,rx’l.*i:hes:'Ls gas may be quenched as by contact with a spray of

water and further cooled by passage through a waste heat

4
-

boiler for the generation of steam.

A pilot burner 21 extends through an opsening in
the upper portion of the vessel abpve the polnt at which t,heE
oxygen and the coal meet. Fuel gas is supplied to the burner
through line 22 and oxygen through line 23.

Any entrained particles of molten ash discharged

with the synthesis gas are converted on cooling to small
golid particles in the form of fly ash which can be readily
removed from the synthesis gas.

fﬁ- In the operation of the generator, crushed coal

15 | having a particle size of about 1/4 inch in diameter is in-

‘ jected into the generator through port 8 by suspension in a
3i stream of super-heated steam at a pressure sufficient to

£ cause flow through port & at a relatively high velocity.

Oxygen under pressure is fed into the generator through port

20| 9 at a velocity sufficient to insure mixing with the coal.
Particles of coal are carried in the gas streams around the

periphery of the reaction zone at the point of introduction

%5 of the reactants, insuring ample opportunity for thorough

5"_ admixture of coal and oxygen.

=3 25 Preferably, the oxygen is heated to a temperature
of LOO-600°F. prior to introduction into the reactor and

& preferably'to a temperature as high as materials of construc-~
tion permit. The steam may be heated to any desired tempera-

| ture, preferably 500°F. or higher. OSteam may be heated to

30 | temperatures of 1000415OO°F. in tube type furnaces and as
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| high as about LOOO°F, by direct contact with hot solids.

E%The pebble heater is suitable for heating steam to tempera-
§ tures above 1000°F.
}l In the description of the apparatus, the coal and
5

1
1

steam enter one of the ports and oxygen enters the other.
|

iiWhile this particular arrangement is very satisfactory and

H probably generally preferred, it is not essential to success-—

|

|

10" example, is suitable either alone or in admixture with steam,|

|
i
ilful operation. A gas other than steam may be used for pro=- E
: pelling the coal intc the generator. A hydrocarbon gas, for }

‘The oxygen-containing gas may also be used subject to the %
iproblems and limitations imposed by preoxidation of the coal !
particles which is sometimes desirable to prevent agglomera=- |
tion. Steam may, of course, be admixed with the oxygen
15/admitted through either port. Regardless of the combination
of entering reactants, it is desirable to introduce the re-
actants tangentially and to include steam, oxygen, and solid
carbon in the feed streams. The particular apparatus and
novel method of this invention offer advantages of simplicity,
20!while retaining efficiency of operation not realized by any
systems of the prior art of which I am aware.

In the interests of simplicity of illustration and

description, auxiliary equipment not necessary to the descrip-

‘tion of the generator has been omitted. Details of the quench
25 kf the synthesis gas and disposal of slag have been omitted
%ince they are not essential to the invention. The synthesis
gas may be quenched by direct contact with a spray of water,
?articles of entrained ash or slag way be separated in con-
ﬁentional manner, e. g., by means of a cyclone type separator.

30 The slag is conveniently disposed of by discharging it into

|
|
'
1
i
i
i
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water in a separate vessel maintained at the same pressure as
the generator. Other forms of apparatus may be used for |
carrying out the process of this inventicn, i
Obviously many modifications and variations of the

invention as hereinabove set forth may be made without de-

parting from the spirit and scope thereof and therefore !
only such limitations should be imposed as are indicated in

the appended claims,
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The embodiments of the inventicn in which an
exclusive property or privilege is claimed are defined as
follows:

1. In a process for the production of a gaseous
mixture comprising hydrogen and carbon monoxide from a solid
carbonacecus fuel by reaction with steam and oxygen, the
improvement which comprises continuously introducing said
reactants into an elongated ¢ylindrical reaction zone adja~
cent one end of said zone in a direction substantially
tangent to the periphery of said zone inducing spiral flow
of said reactants and resulting reaction products along the
wall of sald reaction zone, and withdrawing all of the
gaseous reaction products comprising carbon monoxide and
hydrogen axially through said end of sald reaction zZone from
a point along the axis of said zone intermediate said end
and the center of said zone, all of sald reactants being
introduced into sald reaction zone intermediate said point of
withdrawal of sald reaction products and said end of said

Z0Nne .

2, In a process for the producticn of a gaseous
mixture comprising hydrogen and carbon monoxide from a solid
carbonaceous fuel by reaction with steam and oxygen, the
improvement which comprises introducing a stream of solid
carbonaceous fqel in pafticle form suspended in steam into an
elongated cylindrical reaction zone adjacent one end thereof
in a direction substantially tangent to the periphery of said
zone, introducing a stream of oxygem~-containing gas into said
zone adjacent to and upstream from said stream of steam and
solid fuel into confluence with said stream of steam and

fuel inducing spiral flow of said reactants and reaction
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products along the wall of said reaction zone, and withdraw=
ing all of the gaseous reaction products comprising carbon
monoxide and hydrogen axially through said end of said reac-

tion zone from a point aleng the axis of said gzone inter-

mediate said end and the center of said zone, all of said
reactants being introduced intc said reaction zone inter-
mediate sald point of withdrawal of said reaction products

and said end of said reaction Zone,

3, In the process for the production of a gaseous
mixture comprising hydrogen and carbon monoxide from a solid
carbonaceous fuel by reaction with steam and oxygen, the
improvement which comprises introducing a stream of solid
carbonaceous fuel in particle form suspended in steam into an
elongated vertical cylindrical reaction zone at a point adja-
cent the upper end thereof and in a direction substantially
tangent to the periphery of said zone, introducing a stream
of oxygen-containing gas free from fuel into said zome at a
point adjacent to and upstfeam from said point of introduc-
tion of sald stream of steam and solid fuel into confluence
with said stream of steam and solid fuel whereby the reac-
tants and resulting product gases are given a spiral motion
downwardly along the wall of the reaction Zone, and withdraw=-
ing all of the gaseous products comprising carbon monoxide
and hydrogen axially through the upper portion of the reac-
tion zone from a point within said zone along the axis
thereof below the point of introduction of said reactants and
above the center of said zone, all of the reactants being
introduced into said zone above the level of said point of
withdrawal, whereby the reactants and resulting reaction

products form a stream flowing spirally downwardly in an
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annulus from the upper portion of the reaction zone to the
lower portion of said zome and thence upward along the axis
thereof to said point of withdrawal in direct radiant heat

transfer relation with said downwardly flowing spiral.

k. A process as defined in any of the claims 1,
2 and 3 wherein said oxygen-containing gas contains in

excess of 90 volume per cent oxygen.
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