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The present invention relates to the enhance-
ment of catalytic activity of catalyst agents when
supported on a char carrier. The invention re-
lates more particularly to the production of gases
from non-gaseous carbonaceous material, and
specifically to the production of gas mixtures con-
taining carbon monoxide and hydrogen, such as
water gas, from such carbonaceous materials as
coke and coals. :

It has long been known that solid fuel mate-
rials, such as coke, coal, and the like, may be
converted into more valuable gases which can
more easily be handled and more efficiently
utilized for a greater variety of purposes. One
of the most widely practiced gas-generating con-
versions is' the so-called water-gas process in
which solid fuels, such as coal or coke of any
origin, are reacted with steam at temperatures
of about 1400° to 2000° P, to produce water gas
‘mixtures of carbon monoxide and hydrogen in
varying proportions, depending mainly on the
time of contact, conversion temperatures, and
steam feed rate. The over-all water gas reaction
being endothermie, heat must be supplied; this
is usually accomplisheq by the combustion of g
portion of the carbonaceous feed with an oxidiz-
ing gas, such as oxygen, at about 1600°-2400° .
The combustion reaction may be carried out
elther simultaneously with the water gas reac-
tion or alternately in a make-and-blow fashion,

The water gas process permits the production
of gas mixtures of varying composition and
B. t. u. content, The brocess as such, therefore,
is suited not only for the production of fuel gases
but also for the production of gases for hydro-
genation processes and particularly for the cata-
lytic synthesis of hydrocarbons and oxygenated
organic compounds from CO and Hs, which proc-
ess requires Hz2:CO ratios, depending on the prod-
ucts desired and reaction conditions to be main-
tained, varying within limits of about 0.5 to 2.5
or more volumes of Hz per volume of CO.

The technical utilization of the water gas
process, particularly for hydrogenation and for
production of synthesis gas has been impeded by
difficulties encountered particularly in heat sup-
ply, continuity of operation, and limitations in
temperature imposed by low ash fusion or sof-
tening points. The problem of continuity of op-
eration has been satisfactorily solved heretofore
by the application of the fluid solids technique
wherein the carbonaceous charge is reacted in
the form of a dense turbulent mass of finely di-
vided solids fluidized by the gaseous reactants and
products. Heat is generated either by partial
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combustion of carbonaceous materials within the
gas generator or a continuous circulation of sus~
pended solid carbonaceous material to a separate
heater in which heat is generated by combustion
of the carbonaceous constituents of the residue,
and recirculation of the highly heated fluidizable
combustion residue to the gas generation zone to
supply the heat required therein.

Whether heat is generated within the gas gen-
erator by combustion or whether it is supplied
as sensible heat of the recirculated solids, it is
generally desirable to operate the water-gas gen~
erating unit at as low a temperature as possible
commensurate with obtaining high yields of Ha
and CO. Thus at the higher temperature ranges,
ash tends to become plastic, making fluidization
difficult. Also, at the higher temperature ranges,
the heat resistance of economical construction
materials available for fluid solids equipment de-
creases substantially. Thus though the highest
yields may be obtained at 2000° F. and above, pro-
longed operation at these high temperatures is
increasingly accompanied by fluidization difficul-
ties and weakening of structural materials.

However, as the operational temperatures are
decreased, not only are the yields of CO and Hs,
and the rate of formation of these gases, also de-
creased, but also, in accordance with equilibrium
considerations, the rate and quantity of CO9
formed is increased. These factors have been
recognized and efforts have been directed towards
finding catalysts which bermit lower tempera-
tures of operation to obtain high ‘yields of Hs
and CO from the water gas reaction, and produce
these gases at high rates, Thus it has been de-
termined in laboratory experiments that the car-
bonates of sodium and botassium caused the
water gas reaction to take place some 180° F.
lower and the carbon monoxide content of the
gases was found to be higher than without the
use of catalyst. When, however, this technique
was transferred to larger scale operations, it was
found that impregnating fresh coke or coal with
catalyst and then subjecting the impregnated
mass to the water gas reaction using the fluid
solids technique gave but indifferent results, and
showed neither markeg reduction of temperature
requirements for broducing water gas nor in-
creased reaction rates at lower temperatures.

These observations have alsg been confirmed in
experimental operations involving the use of the
fluidized solids technique. When & catalytic ma-
terial stuch as sodium or Potassium carbonate is
impregnaj;ed on fresh coa] or coke, there is little
tendency for the catalyst to be adsorbed on the
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coal or coke and it is sufficiently volatile at the
temperature of operation so that it is readily lost
from the reaction zone by the stripping action of
the product gases.

The present invention overcomes the aforemen-
tioned difficulties and affords various additional
advantages. These advantages; the nature of
the invention, and the manner in which it is
carried out, will be fully understood from the
following description thereof read with reference
to the accompanying drawing.

It is, therefore, the principal object of the
present invention to provide an improved process
for the production of gas mixtures containing
carbon monoxide and hydrogen.

Another object of the invention is to provide a
process for the commercial production of water
gas from carbonacecus materials and steam in-
volving the efficient and effective utilization of a
catalyst promoting the gisification of carbon.

A more specific object of the invention is to pro-
vide an improved process for pretreating car-
bonaceous material such as coke or coal prior to
impregnation to provide a highly active surface
for catalyst impregnation. _

-Other objects: and-advantages of the invention
will appear hereinafter. -

Tt has now been found that these objects may
be accomplished by employing in a fluid solids gas
generator solid carbonaceous charging material
of ‘high surface area and -chemical reactivity in
conjunction with a catalyst promoting the gasi-
fication of -carbon. -In this manner, the steam
conversion at a given temperature and under
otherwise equal -conditions may be considerably
increased and the gas generator may he operated
at temperatures considerably below the gas gen-
eration temperatures required for other feed ma-
terials under similar :conditions of pressure,
steam concentration, contact time, carbon con-
centration, ete., without detrimentally affecting
-the-steam conversion. )

_Experi_mental research employing the fluidized
solids technique has now established that where-
.as fresh coke -or cocal has -a very small surface
area, after use for-a relatively short period of time
in the fiuid water gas generator t0 produce water
gas, -the carbonaceous material develops 2 very
large surface area of the order of 500-800 square
meters per grant. “This has been most noticeable
4n -the cage of low temperature coke, such as
“Disco” -coke, and coke produced by the fluid
solids carbonization of coal at §00°-1000° F. Thus
it has heen found that the surface area of a low=
temperature coke undergoing gasification in the
fAnid water gas generator goes through a maxi-
mum, as shownby-the following tabulation:

Surface area vs. coke carbon content

Surface
Area, M?/
gm,

Percent Carbon
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table it is readily seen that coke or
coal, though initially having very low surface

Prom this
area, develops a high surface arez after a rela-
tively minor portion of its carbon -content has
been refnove'd'by -gasification, corresponding to a
relatively short period of time.

This -disecovery has now

‘been. applied to the
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Auid eatalytic gasification of coke or coal by
means of the water gas reaction. Instead of im-
pregnating fresh coke or coal with the gasifica-
tion catalyst, as practiced by the prior art, in ac-
cordance with the present invention a highly ac-
tive coke or coal is first produced, having a high
surface atea, and this material of high surface
area, over 10,000-20,000 times as high as the fresh
coke or coal, is then impregnated with the gasifi-
cation catalyst. Because of the high surface area
and the strong adsorption forces associated
therewith, the impreghated catalyst is firmly held
on the surface of the carbonaceous material
despite the high temperature and the stripping
action of the gases in the generator. Also, the
uniformity of impregnation and the amount of
catalyst that is associated with each unit of car-
hon is of a substantially higher order of magni-
tude than is the case with fresh coke or coal im-
pregnated with cabalyst, and as a result the cata-
Iytic effect of the gasification promoter is greatly
enhanced -as compared with the impregnation of
the promoter on the untreated coal or cokze feed.
In one formof operation of the process accord-

5 ing to the present invention, employing the fluid-

ized solids technique, the operation is carried out
in three steps involving two stages of gasification
and an impregnation step. In the first stage
steam and oxygen are injected into a reactor con-
taining a fAuidized bed-of coal or coke under suit-
able conditions of temperature and pressure to
obiain a conventional water gas reaction, with
the oxygen being the combustion qgent for sup-
nlying the heat of reaction. Fresh coke or coal is
added to the first stage generator as reguired to
maintain the desired inventory of the system. At
the desired level -of high suriace area of the
solids within the generator, corresponding to a
relatively short contact time, coke is continu-
ously withdrawn from the water gas generator
and is impregnated with a suitable catalyst, for

zample, sodium carbonate, to the extent, of about
0.1 to 3% by weight of the ‘coke. The impreg-
nated coke is then sent to a second gasification
stage wherein the ‘carbon content is reduced to

any -desired level to produce high yields of CO and

135 at moderate gasification temperatures.

Water gas may be generated by the so-galled
one or two vessel systems, .depending -upon how
the heat requirements for the gystem -are pro-
vided. “Cne vessel” refers to-a water gas:genera-
tion unit in which ‘heat dis produced within the
gasification zone by an exothermic oxidation re-
action. In a “bwo vessel” system, heat is:.gener-

ated in a separate exothermic reaction zone and

transferred by the circulation of solids to the
gasification zone of the water gas generation
unit. In the present invention, any one-vassel or
two-vessel water -gas generation vnits may be
operated individually-orin stages.

Having set forth its :general nature and ob-
jects, the invention will best be understood from

the subsequent more detailed description in

whieh reference will-be made to the accompany-
ing drawings which illustrates-a system suitable
for -carrying out @ preferred -embodiment :of -the
invention.

Figure I.is a diagrammatic representation .of
a two-stage water gas generation system. For
illustrative, but -not limiting purposes, ‘both
stages incorporate :so~called . “‘one-vessel” :sys-
tems for water gas .generation. It is understood
that the two -stages may comprise two “one-ves-
sel” systems, two “‘two-vessel” :systems -or -any
combination -of :such .systems.
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Figure II represents another embodiment of
the invention wherein g single stage ‘water gas
generator ‘comprising a one or two vessel system
may bé employed. to carry out a modification of
the invention. ‘

Referring now to Figure I, fresh coke or coal
ground to a finely divided form, preferably ca-
pable of passing through a 60 mesh screen and
even through a hundred mesh screen, is fed from
a supply hopper ‘I ‘into’ a standpipe -2 which - is
provided with a plurality of taps 3 through which
slow currents of an aerating -gas such as air,
flue gas, synthesis tail gas, ete. may be: injected
in order to aerate the coke or coal. The sus-
pension after preheating by means not shown
is introduced into line 4 wherein it is dispersed
and suspended in a stream of superheated steam.
The mixture of fresh coke or coal and steam is
discharged into the bhottom of water- gas gen-
erator 5, the suspension entering below grid 6
and then passing upwardly " In some designs
it may be unnecessary to employ a grid. Due to
the superficial velocity of said steam, which is
maintained within the limits of from about
0.2 to 3 feet per second, the coke or coal is
formed into a dense, turbulent ebullient mass,
having a well-defined upper level 1. An oxidiz-
ing gas such as oxygen, is admitted through line
8, and may also be added to the stream in line
4. The steam and carbonaceous material react
to form water gas, a gasiform product contain-
ing CO and Ha. - The temperature in this non-
catalytic zone is in the order of 1500° to 2000° B,
and the gas pressure is preferably from 15 to
100 p. s. i g., though pressure up to 400 p. 5. i. g.
and above may under certain conditions be em-
ployed. The heat required for the reaction is
furnished substantially by the combustion of
part of the carbonaceous solids in reactor 5§ by
the oxygen admitted through lines 8 and/or 4.
The total supply of oxygen is carefully con-
trolied to generate sufficient heat by combustion
to satisfy the heat requirements of the process.

The gaseous products are withdrawn from;
generator § through a dust separator 9, such
as a cyclone which has a dip pipe- {0 extending
below upper level T of the fluidized bed for re-
turning entrained dust particles, The water
gas may be treated for the removal of sulfur or
other impurities and then delivered to storage,
breferably after combination with the product
from the catalytic second stage water gas gen-
erator 17.

The hot carbonaceous solids, now coke, are
allowed to remain within reactor § for a suffi-
cient period of time to attain the surface 'area
desired, usually greater than 500 square gram
meters, and then the hot carbonaceous solids
are continuously withdrawn from water gas
generator 5 through aerated bottom draw-off
line {1 which extends above grid 6. The
period of residence of the coke within reactor
5 to form the high surface ares desired, de-
pends upon a plurality of operating factors, such
as type of coal fed, temperature of gas genera-
tion, ratio of steam to ‘carbon, solids hold-up

. time, etc. The withdrawn solids are passed with
the aid of steam to impregnation unit 12, which
comprises a means suitable for impregnating

finely divided carbonaceous solids with chem-'

icals. One preferred method for accomplish-
ing this consists of spraying a solution of the
catalyst onto the char passing through the trans-
fer line connecting both stages. ~Other meth-

ods may be employed in any known manner such’
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8
as by mixing, evaporating, decanting, ete.’ In
unit 12 the high surface area coke is impreg-

‘nated preferably with an aqueous - solution . of

sodium carbonate. 'Other suitable eatalytic ma-
terials ‘may be potassium carbonate and zine
chloride, and as a result of the impregnation the
coke contains. 0.1 t0.39% by weight of salt. Car-
bonate solution of the desired concentration may.
be admitted to {2 through line 13,

The impregnated char basses from impreg-
nation unit 12 through line 4. Steam for sus-
pending .may be admitted through line: i5.  The
suspended stream is passed through line 16 into
the lower portion of g water gas generator {71
which is of essentially the same type ag vessel
5 and is fitted at its lower end with an inlet line
18 for admitting oxidizing gas, preferably oxy-
gen. Said oxidizing gas may also pe added to
the fluidized stream in line i5.

As in reactor 5, the fluidized impregnated car-
bonaceous material in generator 17 is in the form
of a dense, turbulent mass fluidized by the up-
wardly flowing gases and superheated steam.
Because of the catalytic effect, the gasification
of the carbon by the steam in the catalytic re-
actor proceeds rapidly to form CO and H2 The
heat required for the endothermic gasification
reaction in this “one-vessel” unit is supplied by
the combustion of part of the carbonaceous solids
in reactor 171 by the oxygen admitted through
lines 18 and/or 15. The total supply of oxygen
is carefully controlled to generate sufficient heat
by combustion to satisfy the heat requirements
of the process. The temperature maintained in
catalytic reaction zone i 7 is in the range of about
1300° to 1800° F., which is substantially lower
than that required: for high steam conversion
without the use of a gasification catalyst. Be-
cause of the higher rates of conversion associated
with the use of the catalyst, substantially smaller
reactors may be employed to obtain ' over-all
vields of the same order of magnitude as’ those
obtained without catalyst with large reactor vol-
umes.

The gasification products are withdrawn over-
head through a ‘dust separator 20 and line 2t
and may go directly to product storage, to puri-
fication for sulfur rémoval and to a hydrocarbon
synthesis plant after blending with the gasifica-
tion products from the brimary water gas reac-
tor, or may be used ds a fuel gas.

With catalytic reactor (7 the bulk of the gasi-
fication is accomplished, and the coke is con-
sumed in the gasification reaction to any desired
residual carbon content.

Ash of relatively low carbon content and sur-
face area is continuously withdrawn from re-
actor 17 through line 24. If desired, the carhon
associated with the ‘ash may be completely
utilized by combustion in g separate hurner ves-
sel (not shown) wherein the ‘ash is: burned at a
temperature at least 100° F. above the tempera-
ture level in the gasification zones, and the hot
residue recycled to the latter zones to furnish
sensible heat. - Also, since the catalyst content
of the ash Is very high, it may be ‘desirable to
recycle a minor portion,:say 5-25%, thereof, to
generators § and 17 via lines 22 and 23 -to furnish
a portion of the catalyst requirements of the
system. ‘

In Figure II there is shown another embodi-
ment of the invention wherein g high surface
area is provided for catalyst activation without
operating in two stages; -

Referring now to this figure, fresh-coke or coal
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sground to “the -desired 1Aunidizable ssize »is with-
.drawn from:hopper:30:to .aerated standpipe31.

The aerated. material-after: preheating -hy means
not -shown :is intreduced:into line 532 wwherein it

ig further:dispersed and ssuspended .in-a :stream .

of superheated steam-and.oxygen. {The:mixture
.of steam, and ifresh.coke:or: coal .is «discharged
“into-the lower conical;pertion.of ceylindrical:gas

generator 35, and passes-upwardly (through dis-
tributing: grid :member ~36.

The-gas-generator ismaintained:atia: tempera-
-ture of between:about -1300°and :1800°:F.; prefer-
-ably about 1400°.to 1700°.F..and:-at:a pressure.ef
‘about- 15-to 400 p.~s: ing.st0. permit: the water:gas

‘reaetion to take place between:the steam: and:the .

-coke maintained in-a~ dense,-cbullient:bed. The
heat required: for-the rwater gas. redction is-sup-
-plied by ~ecmbustion of -a:portion of :the -ear-
honaceous solids' by-oxygen: introdueed : through

_lne:3T orin.part:through.lined2, thoughi again,

.if. desired, the: heat-may be rsupplied. in.part-or
whole: by recireulating: hot. residue: from-a com-

(1]

8

:ation -catalyst may e .prepared by first ssub-

Jjecting coke ror :codl to :a water :gas -reaction

ito ;give the material:a high surface -area, and
-then ‘withdrawing the-coke-and impregnating -it

with tungsten or molybdenum sulfide.
In -addition :to impregnation, .other .methods

.of eatalyst-addition to.the char may be used, for
~example, -volatilization: of the catalyst and con-
.densation on the char, or spraying-a solution
of +the  catalyst -onto -the hot.char, within the

credgetor.
“While .the .foregoing .deseription .and exem-

.plary-operations have served to.illustrate.specific
~applications - of -the -invention, other modifica-

tions obvious -to those :skilled -in the .art are
within its-scope.

“What is claimed is:

1. The .process -of .producing gas .mixtures
containing .carbon .monoxide .and hydrogen
.which comprises Dpassing .a stream of finely-

_divided .carbonaceous .solid material Jinto .an

_initial water .gas reaction.zone, forming a. fluid-

pustion zene (net-shewn). ized:mass of solids therein, subjecting said mass
‘Material is-withdrawn from reaetor 35 through to.a gasification reaction with steam at temper-
line+81. Partiof .eaid.moberial is rejected :frem 25 atures of from about .1500° to 2060° F. to pro-
-the system: through: line+45. The unrejected per- .duece a-gas rich in:Hs and CO, withdrawing said
_tien -is recycled .to-the:reactor. threugh.impreg- .gas -from said water-gas reaction .zone, with-
naticn -unit :47 «in which.a -solution- of . catalyst drawing from said water gas reaction zone, finely
.is-sprayed-onto -the ‘moving solid -stream .in a divided char of -high surface .area, .passing at
~manner similar to-that- shown.in the.impregna- -3¢ least-a portion of said. char- into .a catalyst im-
-tien-unit shewn for-the-two stage process. -The pregnation zone, impregnating in. said zone said
impregnated material .is : then - passed through char with 2 catalyst promoting .gasification. of
.line-46 hack to reaetor 35. The material rejected «carbon,. recycling said. impregnated .char of high
-from. the-system-threugh. line~48 may be leached surface-ares to said water gas reaction zone and
.for recovery-of catalytict constituents, or:in: some - g5 -recovering .a .2as rich in .Hs.and CO .from .said
. eases-when:it-has high .residual carbon .of: high last-named zZone.
_surface -area it may <be-used. for. adsorbent.or 2. The process of claim 1 wherein said eatalyst
catalytic. purposes, or:in cases when.it - has low . is sodium carbonate.
restdual carbon centent itmay- be . purned or dis- 3. The.process :of claim .1 wherein-at leass &
-carded.as-ash. 40 :portion.of the:heat requirementsis supplied.to
‘An ~alternative method.of dmpregnating the  said water.gass reaction .zone by withdrawing
- catalyst on-the:char. is-to.inject. a-stream. of.a .char.from said water gas.reaction. zone, passing
-selution-.of .the-l:cata,lyst‘.directly--into.reaetor-:iis . said withdrawn.last-named .char to 2 combus-
through line 48. _tion zone,-.subjecting .said last-named chal to
A.gas consisting mainly of €O and Hz is taken 44 .an. exothermic combustion reaction to.produce
roverhead . from -~generator35-.and freed-in..gas- _an.ash having a high catalyst content .and re-
-solids-separator -:38 - from -entrained -fines -which cycling  at least. .a. portion 6f . said ash to said
_may -be: returned- through . pipe-39 to.the .dense  .water gas reaction zone to supply both catalyst
_phase. The gas is: passed- through:line 49.and  .and-heat for the . endothermic gasification re-
.may he-employed,-after heat. exchange-and co0l- . 50 -action.
ing, for the catalytic production. of:liquid-hydro- 4. The .process .of producing .gas mixtures
_earbons or as-a: fuel gas. containing carbon monoxide and hydrogen from
It -will ~be understood that the _embodiments solid carbonaceous materials and steam, which
of ‘the -invention -as- described -above .admit. of _comprises contacting steam at gasification tem-
numerous modifications apparent to those.skilled ;- meratures. with .a dense fuidized mass of finely
in - the art. ‘Thus -any catalyst:promoting - the ‘divided carbonaceous. solids of initially relatively
gasification -of .carben, -such as. K2COs,. ZnCls, .low sutface area in.a water.gas. reaction zone,
carbonates of alkali and alkaline earth. metals, ‘forming & ¢har of high surface area within said
ete., may be employed -as well as NaeCOs. -Heat  zone,. and incorporating into said highly active
_exchange systems may- be»installed..in.the»process,;uﬁo»-,.char a catalyst .promoting the gasification of
to- effect heat .economies -and - adjust . temper- _carbonaceous materials by “withdrawing 2 por-
_atures in the. respective zones. The manner.ef _tion. 6f.said char from said reaction.zone, im-
conveying -sclids+in an -aerated. or fluidized.con- pregnating at. least a.portion of said withdrawn
dition has ‘been-omitted - in various.-instances char with.said catalyst and recycling said im-
- for- the sake-ofsimplicity. Furthermore, though:gs pregnated wportion to ‘said “reaction “zone.
the present -invention has: been illustrated-in-its "5 The process of elaim 4 in which said catalyst
- application to eatalyzing -the water gas.reac- 15 NasCOs.
tion,-it is: also-within-the scope- of the. invention "'g.""The process of claim 4 wherein said car-
-generally -to -disclose -a Process. for enhancing  bonaceous material of relatively low surface area
catalytic effects by impregnating the char .with g isfreshcoal.
promoters-after a “high-surface-area.-has “heen "7, The, process. of claim 4 wherein said car-
~produced: from -coke-or ecoal. . Material .suitable bonaceous material of rélatively low . surface
- for“this .purpose- is-that- removed.-by.line 25.in area. is a coke. produced by the carbonization of
Figure I and line 45 in-Figure-IL “Thus-.for cosl.at. temperatures of about’ 800° to 1000° F.
“example, -a “highly ~active ~sulfactive~hydrogen--75 -8. The. process 6f claim: 4 wherein 0.1 to 3%

=
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by weight of catalyst is incorporated into said
char.

SUMNER B. SWEETSER.
WALTER G. SCHARMANN.
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