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An Imérqved Method of Producing Normally Gassous Fuels from
Carbon-containing Materials

We, S8rawparn O Devirorserr Cox-
PANY, a corporation duly -orgamised and
existing under the laws of the State of
Delaware, United States of America, hav-

9 ing ap office at Linden, New Jersey, and
100, - West 10th Street. 'Wilmington,
Delaware, both in the United States of
America, do hereby declara the nature of
this invention, and in what mapmer the

10 same is fo be performed, Io be partica.
larly described and ascertained in and by
the following statement : —

The present invention relates to the art
of producing valuable fuels, particularly

15 to improvements in the production of nor-
mally gaseous fuels from carbonaceous
materials. More specifically, it eoncerns
the manufacture of a fuel gag of high
beating value from gas mistures contain-

20 ing earbon monoxide and hydrogen which
are obfained by the pasification 'of solid
carbonaceons materials, such as coal, coke

" from coal or oil, lignife, peat, tar sands,
shale and the like. A particularly advan-

25 tageous solid carhonaceous material which

 may be used is the residue from a carhoni-
zation process, and preferably a residue
from - a carbonization process ‘operated
according to the so-ealled “* fluidizad

30 solids * technigue, The invention is of
special merit in, and certain of its niovel
features particularly apply to, combina-
tions with processes for gasifying

naturally ocourring carbonacecus mabe

85 rials having an appreciable contemt of
taterial other than carbon. However, in
a broader sense, it may be applied to ges
mixiures containing sybstantial propor-
tions of carbon monoxide and hydrogen
40 obtained from any source,

The present invention is particularly in-
tended fo £ill the need for a process to
make high heat-content gas by the most
economical means and is pariieularly

43 adapted to the economies inherent in a
confinuous process,  Further, the inven-
tlon is particalarly adapted to be used at

[Price 2]-]

i e e e

the source of natwrally oteurying  solid
corbonaceous materials, at +which geo-
graphical location it is freguently desir. 50
able to convert such materials into o more
readily usable fuel gas which may be more
easily handled and transported than coal..
Thus, the method of this invention can he
used to convert low grade coal %o a aas 55
which is substantially all methang and
which can be more readily transported in
gaseons or liquid form. i

The production of fuel zases of gross
heating values of 500 to 600 B.Th 1T, | 60
cu.ft. or more f¥om carbonacesus mate-
tials such as coal has been carried out
heretofors on_a large scale. Ome such
method is to distill coal containing a con.
stderable amount of hydrogen in nrder to 65
make coal gas consisting mainly of high
beat-content gaseons hydrocarbons and
bydrogen. TIn this process, part of the
bydrogen content of the coal is-Tecovered
in by-produets, such as ammonia, benzene, 70
toluene, creosote oils, and the like, The
major part of the carbon content of the
coal is obtained as solid eoke. The proeess
Is usually carried out in colre ovens by a
batch method which doey mot permit of 75
efficient temperature control and which
does not give maximum yields of higher
value produets,

Another method for manufacturing gas
from high earbon-content materialy im. 80
volves contacting the feed materin) with
steam at o High temperature to obtain g
product gas containing carbon monoxide
and hydrogen. The raw material may be
ether a high carbon-content coal or eoke B9
from coke ovens or petroleum processes.
Heat may be supplied by mixing air and/
or oxygen with the stearo to canse com bus-

tlon of part of the carbonaceous charge or

a bateh of carbon-containing material may 90
be blown alternately with air and steam
while segregating the products from the
different blows. In the latter method hent
1s stored up in the baich of solid maberial’
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during the *° air ** blow and utilized for
the ‘* water gas ”’ reaction duwring the
* gteam *’ blow. The product gas from
the “air” blow contains principally
5 oxides of carbon, and, if air is used, also
some nitrogen. The product gas from the
“ steam 7 blow is the sa-called © blue-
water *’ gas which contains about 30—
409, of carbon monoxide, 40—50% of
10 hydrogen, 3—5% of carbon dioxide and,
when_using - air. in the ‘¢ air ¥ blow, 4—
109 of nitrogen. o ]
"o increase the heat-content of °° blae-
water ©’ _gas, high boeiling liguid hydro-
carbons, soeh as gas oil, are usually in-
-jected into the gas generator at a suitable
point for thermaily eracking these hydro-
carbons to principally gaseous products.
However, this mefhod is expensive because

15

20 g
usually yields a gas of only about 500
B.Th.T./cu.ft. . . i

Tt is also known tfo convert ‘‘ blue-
water >’ gas into a gas of higher Leat con-

95 tent by reacting carbon monoxide with

hydrogen fo form largely methane in the
presence of fixed hed catalysts at about
500°—700° F. “This reaction is highly
exothermic and must he carried out with-

80 in a narrow temperafure range in order to.
cbiain the optimmn wield of methane.
This combination of factors leads to diffi-
culiies becanse the heat evolved by the re-
action tends to cause undesirable high

35 temperaiures in some parts of the fixed
hed, whiel fendency .is mnot effectively
eounterncted by the known means of heat
reinovial. Furthermore, the equipinent re-
quired is excessively expensive. There-

40 fore, the proceds has not been commerc:-
ally suceessful on a large scale,

It is the purpose of the present inven-
fion to enhance the heating value of com-
bustihle @as mistures containing carbon

45 mongside and hydrogen by ;passing such a
mixture through a conversion =Zole col-
taining a highly turbulent, dense, flnid-

ized mass of finely divided hydrogenation

catalyst, the chotee of catalyst and con-
50 version ¢onditions of temperature, pres-
sure and throughout Deing adapted to
vield a product contrining predominantly
normally gaseons hydroearbons. =~
- Thé above eonversion reaetion is highly
55 esothermie @nd heretofore the _ synthesis
feed gas has heen admitted fo the conver-
glon zone ai o température sabsfantially
below synthesis temperature in order to
itilizethe. cooling effect of the feed gas.
80 Synthesis feed gas so introdueed has 2
chilling effect on the catalyst with the
result that at the point of gos entry tem-

peratures conducive fo the formation of

high molecular weight hydrocarbons pre-.

g5 vail,  Althongh the proper gas-forming

of .tha high cost of the gas oil and it

synthesis temperature is rapidly attained,
due to the high turhulence of the eatalyst,

it has been found that the localized tem-
peratures condueive to the formation of
tor the formation in appreciable quanti- 70
ties of the high molecular weight produeis
which are converted subsequently to eoke,
thereby contributing to a premature over
earbonization of the catalyst.

The present invention employs a pro- 19
coss of this latter type but overcomes the
disadvantage outlined by preheating the
srathesis gas feed fo fhe conversion zone
ta substantially the conversion tempera-
ture prevailing therein. ‘The synthesis 80
gas feed may be preheated in any desired
marner, preferably by untilizing the heat
of reaction generated in the conversion
zZone. Where a two stage process herein- _
after described and inmvolving an initial 89

' gasification stage for the production of the

synthesis feed gas is employed, preheating

_of the synthesiz gag feed to the conversion

stage may be conveniently achieved by
ufilizing the heat of solids removed. from 90
the gasification zome.

Thus according to the invention a pre-
heated gas misture containing earbon
monoxide and hydrogen is passed, at con- __
version eonditions rondueive to the forma- i3]
tion of predominantly gaseons hydroear-
bons, throngh a reaection zone containing
finely divided solid conversion catalyst in
the form of a relatively dense turbulent
mass fuidized by the gaseouws reactants100
and reactlon products., The dense mass

- fesembles a boiling lHquid as regards uni-

formity of temperature and flow charac-
teristies,  As a result, the temperature .
thynughon{ the veaetion zone may be 0
reasily maintained uniform and constant
at any desired level by the supply and re-
moval of heat af any point of the catalyst
zone, whereby the vields of waseous hydro-
carbons are greatly-inereased.  In addi- 110
fion, the fluid state of the catalyst facili-
tates and simplifies continuons operation,
as will appear hereinafter. -
- The yeactants, ineluding carbon mon-
oxide and hydrogen, preferahly enter at 113
the bottem of the renction zone and the
reaction products are withdrawn gverhead.
However, a porfion of the reactants may
be fed at any other point helow the well-
defined upper level of the fluidized catalyst 120
mass, If the carhon monoxide and
hydrogen in the feed gas are not in the
desive ;. proportion, make-up gas from
another source may be added, preferably
at the hottom of the zome. The renction 125
yroducis are withdrawa overhead through
gquipment designed to vemove the sus-
pended eatalyst and return it to ihe reac-
tion thamber. This equipment may con-
gist of a preferably enlarged space in the 130
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upper part of the reaction chamber in
which the velocity of the xising gas is such
as to permit the solid particles fo drop
back into the dense mass, followed by
mechanical separators, for example, of
the ‘cyclone {ype, and/or electrical pre-
cipitators, and, if desired, by water wash-
ing.

The conversion catalyst may he any
hydrogenation eatalyst capable of catalyz-
ing the hydrogenation of carbon menoxide
to gaseous hydroearbons, partienlarly
methane, including irom group metals,
particularly niekel, oxides and sulfides of
mefals of the fifth and sixth groups of the
Periodic Table, and the like, either alone
or in mixture or supported on ecarrier
materials, sueh as kieselguhr, clay, alu-
mina and natural or synthetic siliceous
gels. The particles have preferably a dia~
nieter of less than 150 microus comprising
not meore than, say, 60% of particles of
0—20 micron diameter. Good resulis are
generally obtained with a particle. size
range of from 5 to 100 microns, at super-
fielal gas velocities of 0.1 to 2 ff. per
second, resulting in an apparent density
of the fluidised_ catalyst mass of 5 ta 150
Ibs. [en.ft., depending on the particle size
and shape, the true density of the catalyst
and the velocity, density and viscosity of
the gas throughout the reaction zone.

The reaction pressure may vary from
about atmospheric to as high as 2000 lbs. [
sq.in., depending partly upon the dis-
position of the products, For example, if
1t is desired to transport the product gas
to the consumer through a high vressure
pipe line or as a compressed liquid, it may
be desirable to operate the reaction zone
at o pressure slightly above the inlet pres-
sure of the pipe line or slightly above the
condensing pressure, for esmnple, 600
lbs. {sq.in, . o

Since heat is liberated by the reaction,
heat must he withdrawn from the reae-
tion zone, This may be accomplished by
several means. A cooling medium mey be
caused to flow through a heat efchange
snrface supported within the reaction zone
in contact with the fluidized catalyst mass.
Or, = strenm of fluidized catalyst
may be withdrawn from the reaction zone,
passed through a heat exchanger in heat
exchange with a cooling medium, _an;l
then returned to the reaciion zone. Since
tlie fluidized catalyst mass Dbehaves in
many ways lilie s ligquid, the siream of
finidized material may be withdrawn
through o conduit from any point below
the upper level of the dense catalyst phase
and passed to a point of equdl or higher
pressure level by means of standpipes
wherein a stream of finely-divided solids is
led downwardly througl a vertical column

of a height such as fo produce at the
bottom of the column a pressure equal to
that required to force 1t through a re-
strieted path into a less dense suspension
and in %Eis form to its final destination.
The downward flow of the relatively dense
vertical catalyst column may be facili-
tated and the density flowing suspension
may be reduced by the addition of any
suitable gas, preferably the gaseons re-
actants. The heat of reaction may be re-
moved ip a further optional manwer by
withdrawing a stream of fluidized eata-
lyst, conducting it through a vertical
downward column and restricted path as
described above, adding to the siream a
cooling gas in direet contact, separating
the cooling gag from the smspended cata-
Iyst by mechanieal or other suitable means
and returning the catalyst to the reaction
chamber as, for example, through a ver-
tical downward column leading back into
the reaction chamber and discharging be-
Iow the upper level of the dense mass.

To give the optimum yield of gaseous
bydrocarhons, particularly methane, the
reaction temperatdrs shounld be main-
tained at a substantially comstant value
within the approximate range of 500° F.
to 700° P, preférably between about 500°
and 575° I, if gds decomposition and car-
bon deposits on the catalyst aze to be
avoided. However, in some cases 1t may
be preferred io operate within a tempera-

70

75

80

85

80

95

ture range of 575° fo 700° F., in which100

ease provision must be made for removing
carbon from the catalyst, either periodic-
ally or continuously. TFor this purpose,
a stream of fluidized catalyst may be with-

drawn from the reaction zone, suspended 105

In air, and conducted fo an oxidation
chamhber in which fthe carbon is burned
off the catalyst. This chamber miay be
similar in construction and operation, to
the reaction chamber deseribed above,
catalyst separated from air and combus-
tion gases being returned to the reaction
chamber. If the catalyst leaving the oxi-
dation chamber contains metal oxide. it
may be desirable To reduce the oxide be-
fore returning the catalyst for further use.
In this case, a stream of fluidized catalyst
may be withdrawn from the oxidation
chamber through 4 standpipe mixed with
a stream of hydrogen, and passed to a re-
duetion chamber, in which the oxide is
reduced to the metal. Construction and
operation of this chamber may again be
similar to those.of the reaction chzmber.
Reduced ratalyst may be returned to the
reactior chamber by any conventional
means. In both the oxidation and redue-
tion chambers the temperature may be
maintained at any desired level by adding
or removing heat by methods similar or

110
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180
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analogous to those used in confrolling the
teniperature in the reaction chamber,

If a reduced metal catalyst, particu-

larly metallic niclkel is used, the feed gas,

5 before entering the reaction chamber, is

preferably desulfurized by any econven-

tional process. - Tfar example, the gas may

be contaeted with a caustie soda solution

to remove H,S8, 80, and 80,. In other

10 cases; for example when it is undesirable

" to employ special desulfurization equip-.

ment or when the desulfurization is in-
eomplete, the sulfor may be periodically
or continuously removed from the catalyst

13 in a manner dmilar o the removal of ear-
bon described above,

Normally, the product gases from the
reaction’ chamber will contain small
amounts = of carbon wonoxide and

20 bydrogen because the conversion to meth-
ane is reversible and cannot go heyond the
equilibrium point. Thevefore, it may be
desirable to pass the product gases
through one or more additional reaction

2% zones and to remove water, between the
reaction zone, in order to react additional
amounts of carbon monoxide and
hydrogen, The removal of water may be
accomplished by auny suifable means such

80 as condensation by cooling. '

As an alternative to using two or more

successive reaction zones, a single reaction
zone may be used with a part of the pro-
duct gas stream continuously reeycled

85 through water removal equipment back o

the reaction zone. ] N
The final composition of the product gas

depends largely npon that of the feed gas. |

QOrdinarily, each mol of carbon monoxide
40 converted to methane will consume
approximetely 1—3 mols of hydrogen.
Thus, in the case of normal +water gas
there is a deficiency of hydrogen leaving
some earbon monoxide uneonverted. How-
45 ever, due to the preponderance of meth-
#ne, the heating volue of the produet gas
is still considerably greater than thaf of
pure carbon monoxide of pure hydrogen,
or mixtures thereof, The amount of earban,
50 monoxide in the product gas may be re-

duced by adding hydrogen from an ex-

teinal source to the feed gas so as {o in-
crease the ratio of hydrogen to carbon
monoxide from, say, 1.3:1 up to about

65 2:1 or 3:1,

The product gas may he freed simul-

taneously of by-product carhon dioxide
and water, for example by means of a
cooler condensing the water in which the

60 carbon dioxide is dissolved, preferably .

under pressure. Further carbon dioxde
removal may be aceomplished by washing

the gas with a caustie soda solution or by .

other convenitionn]l means.
60  'While mixtures of earbon monoxide and

~ hydrogen, such as blue waler gas of any
“origin, may be uwsed in this process, this
-invention affords the greatest advantages

in conmeetion with the carbonization and
pasifieation of coal or other solid car- 70

‘bonaeeous material, resulting in the

Lighly desirable production of high

‘B.Th.U. fuel gas from the non-earboniz-

able constituents of these solid fuels,
More specifieally, this inveution inclndes
the use of gas mixtures containing earbon
monoxide and hydvogen ohiained in such
processes for the gasification of fnely-
divided solid earhomaceous materinls, as
apply to the fluid solids technique. Ex- 80
pressed in Dbroad terms, these proecesses
among other fentures utilize the flow
eharacteristies of fluidized solids to frans-
port continmously hent generated by
partial combustion of the carbenaceous 53
folids in the form of sensible heat of the
Huidized solids heiween conversion zones
exhibitineg  substantial temperature
pradients. It has been found that. due

Uil

-]

‘to the continnity of the procedures and 90

the particular temmnerature gradients in-

volved, these or similar finid processes

may be made o eooperate with particular

advantage in the produetion of fuel gas in

accordance vwith this invention, 95
Having sef forth the general nature and

" ohjects, the invention will be hest under

stood from the wore detailed deseription
hereinafter in which reference will Ye
made fo the accompanying drawing which100
is a partly schematie and a partly dia-
grammatic illustration of an apparatus
suitable for carrying out a preferred modi-
fication of the present inveniion, _
Referring now to the drawing, finely- 109
divided carbonization eoal or the like is ~
fed to hopper 1 by means of screw con-
verar 2 and fluidized with the aid of air,
dry steam or any inert gas admitted
through line 3 to the botfom of hopper 1. 11
Floidizing mas is taken overhead affer
separation of solids fines in separator 4.
The Aluidized coal in the form of a dense
snspension resembling a lguid is passed
through standpipe 5 to dispersing chamber 118
8. The flow through pine § may be faeili-
tated hy the injection of smal] amounts of
fluidizing @as through lines 6. In chamber
8 the solids are picked up by an oxidizing

-gas, such as air and/or oxvgen, supplied 120

by pump 10 throngh line 12 provided with
keater 11 for preheating durine the start-
g perlod. The suspension of enal in air
1z passed from rhamber § throueh 1ine 14
to eaker 16 under the pseudo-hrdrostatic 120
head of the fuidized solids column in line
3. The coal in coker 1§ is maintained st
carbonization  temperatures of about
T00°—1200° F. in the form of 2 turbulent,
dense, fluidized mass of solids having an 13C
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upper level 15. Just enough oxidizing
gas i3 supplied to support a partial com-
bustion sufficient to supply the heai re-
quired for the carbonization of the coal

5 charged. TFluid carbonization products
arg withdrawn overkead through gas-
solids sepurater 17 and line 18 and passed
to a.convenftional produets recovery sys-
fem (not shown),

Bolid fluidized coke is withdrawn down.-
wardly through standpipe 20, further
fluldized if desived Dby gas supplied
throngh lines 21, and passed to disper-
sing chamber 22 where it is picked up by

15 oxidizing gas and for steam or other fuid-
iging gas supplied by lines 24 or 26 and
passed at about the lemperature of the
eoking zone through line 28 fo gas gener-
ator 80 under the pressure of the fluidized

99 solids column in lne 20. A mixture of
oxidizing gas and steam, which may be
preheated during the starting period in
heater 31, is supplied through lina 32 {0
generator 80 in which the coke iz sub-
a5 jected in the form of a fluidized, turbu-
lent mass having an upper level 34 to a
gasifieation reactlon with steam at tem-
peratures within the approximate limits of
1206°—2000° ¥. The absolute und rela-

o tive amounts of oxidizing gos and steam
are such as will produce just enongh heat
Ly combustion to supply the heat required
by the veaction between the coke and
steam to form carbon monoxide and
hydrogen in the desired amounts and pro-
portions, Air may be used as the oxidiz-
ing gas wlen producer gas is the fnel gas
desired, while the production of blue
Water gas requires the use of oxygen or air

40 enriched with oxygen in order to reduce
the nitrogen content of the fuel gas. Blue
water gas, however, is better suited for the
Dresent process and high nitrogen concen-
trations in the produet gas should be

45 avoided, . . ) )

A major portion of the solid gasification
residue, which may now be substantially
free of carbonaceous matter, is withdrawn
downwardly from generator 30 and passed

50 at about the temperature of the gasifica-
tion zome through standpipe 86 to pre.
heater 37, if desired, after further fluidiz-
ofion by way of lines 85. Preheater 37
serves to preheat steam and[or-oxidizing

b5 gas, preferably by direct contact with the
hot gasifieation residue. The preheated
gases are supplied through lines 80, 40
and 26 to the reaction zones 16 and 30. A
winor portion of the fluidized Lot gasifi-

60 cation residue is passed through line 42 to
preheater 44 to prehent the feed gas for
the subsequent cstalytic conversion, as
will appear more clearly lhereinafter.

A gas mixture consisting chiefly of car-

#b bon monoxide and - hydrogern with the

hydrogen preferably preponderating, and
containing small amovnts of earbon di-
oxide, nitrogen and sulfur compounds, is
withdrawn overhead from generator 80
through gas-solids separator 46 and line 70
48 and passed through waste keat boiler
50 ta a gag purification system schematic-
ally indicated at 52. Steam produced in
boiler 50 may be fed to the generator 30
through lines 51 and 82. In the purifica- 7D
tion system 52 the gas is desulfurized and
freed of other impurities, sueh as caybon
tioxide, by any conventional means. The
gas which now consists substantiplly of
carbon monoxide and hydrogen in the 80
Droper proportions is passed to the cata-
Iytie conversion stage as outlined below.
Purified water gas which has lost mosi
of its sensible heat in the gas purification
system is passed through line 54, if de- 85
sired, eariched with hydrogen through
line 35, and conducted 4o preheater 44
where it is heated to a conversion tempera-
ture of between 500° and 375° F., prefer-
ably in direct heat exchange with hot solid 90
gasification residue withdrawn from gasl-
fication zone 80, The preheated gas leaves
preheater 44 through Hne 58 and enters
catalytic renctor 60 through lines 57 and
58 and the conical base 61 of resctor 60, 99
. Beactor 60 is a eylindrical vessel pre-
ferably provided with a conical base 61
and enlarged cylindrieal top section 62.
The conical base 61 is separated from the
cylindrical main section by a distributing
grid 63. A limited amount of Anely-
divided catalyst preferably metallie nickel
stipported om silica gel having a particle
size between 50 and 200 mesh, is supplied
1o _veactor 60 through screw eomveyor or 105
other conveying means 64. The catalyst
is converted by the incoming gas feed into
a dense, ebullient fluidized mass of solids
having nearly perfect heat distribution
characteristics resulting.in g substantially 310
uniform femperaure throughout the egta-
Iyst bed whieh has a well-defined upper
level 63, In order to sccomplish this con-
dition of the catalyst bed, the superficial
velocity of the gases passing through the 115
reactor shonld be maintained between the
approximate limits of 1 to 10 £, per
secend, depending to some extent on the
pressure which may vary between atmos-
pheric pressure and 2000 lbs, per sq. in. 120
Due to their excellent distribution with-
in the catalyst phase, the gases react im-
mediately and completely to form methane
from - available carbon monoxide and
bydrogen in a strongly exothermie reac-195
tion tending to raise the catalyst tempera-~
ture. In order to maintain the reaction
temperaiure constant at the optimum level
of approximately 550° F., fiuidized eata-
yst is coutinupusly withdrawn from a 130

100
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poini above grid 63 through standpipe 68
which may be supplied through lines 69
with additional fluidizing gas, such as
feed gas or steam. The catalyst passes
b through slide valve 70 to dispersing
chamber 72 where it is picked up by fur-
ther feed gas coming from iine 36 through
line 78 or by other Huidizing gas, suck as
steam, supplied through line 74. The cafa-
10- }yst suspension has now o lower density
; It still the charaeteristics of a pseudo-
Iiguid. This suspension is passed under the
pressure of the catalyst column in line
63 to a waste heat boiler or other cooler
15 shown at 76, to give off a substantial por-
tion of its sensible heat and to be adjusted
to the temperature desired for cooling the
reaction zone, and if desired the sensible
_ hent fmparied to the waste heat boiler or
og Other cooler may then be used for preheat-
ing the feed gases to reactor 60. The tem-
temperature desired for cooling the reac-
tion zone depends on the amount of cata-
kyst withdrawn, the size of the reactor and
95 the reaction conditions to be maintained
in the reactor. In general, good results
are obtained when the temperature of the
catalyst suspension, leaving cooling means
76 is by about 80—100° F_ lower thau the
30 desired reaction temperature. The cooled
eatalyst still under the pressure of stand-
Pipe 68 is forced baek through line 78 into
reactor GO at a poing either below or ahove
grid 63 or Loth, In any ease, complete
35 mixing and uniformity of temperature
will be immediately aceomplished due to
the turbulent state of the fluidized cata-
Lyst mass. Spent catalyst may be continu-
ously or perivdieally withdrawn through
40 line 71 and réplaced through feeder 64 by
iresh catalyst, .
Beacted gas passes mpwardly through
reactor 60 and enters the enlarged seciion
62 where its superficial velocity deecreases
45 to such an extent that most of the en-
trained catalyst fines are separated and re-
turned to the Buidized eatalyst bed. The
2ag now contains about 30—50% of meth-
ane, depending on the porportion of
hydrogen available in the feed gas, the
remainder being steam, higher molecular
hydroearbon guses, small amounts of car-
bon dicxide and some unconverted reaect-
ants. TFrom reactor section 62 the pro-
55 duet gas passes through line 80 to gas-
solids separating meang 32 whieh may be
of the centrifugal andfor elecirical type.
Any catalyst fines not removed from the
gas in section 62 are separated by separ-
60.ator 8% and either returned to the reae-
tion zone through lire 38 or removed {rom
the system through line 8f.  Product
gases free of solids leave separator 82
through line 86 and pass through a heat
g8 oxclianger 87 and the. combined steam-

60

condensing and gas-purifying system 88
to storage or consumer, If desired the heat
exchanger 87 may be utilized to provide
indirect heat exchange fo feed gases ad-
witted from line &, Further instead of 7
recovering the whole of the product gases
from the conversion zome for storage or
consumer g substantial portion thereof
may be continuously recycled to the con-
version zone. In system 83 carbon dioxide 75
may be removed by spraying with wafer or
dilute alkali lyes. The gas passed to
storage contains Y0-—9555 of methane and
has o heating value of about 560 B.Th.T.
per cu.ft, 80

The embodiment of this invention des-
cribed above permits of many variations
and modifications apparent to those skilled
in the art. With respeet to.the produe-
tion of the feed gas for the eatalytic con- 8D
version stage, in general all modifieations
and variations made possible by the appli-
cation of the fluid solids technigue may
be applied in this process insofar as the
vonfinuity of the process is mainfained 80
and suficient waste heat is available to
preheat the purvified feed gas for the cata-
Lytic conversion fo snbstantially conver-
sion temperature. The danger of over-
heating is completely eliminated through 95
the efficient temperature conirol by meuns
of circulating cocled catalyst,

To mention a few of the possible modifi-
eations, otheér solid carbonaceous matfe-
rials may be used in place of coal, for ex-10(
ample, oil shale, oil tar sands or coke, if
ne volatile earbonization produets ave de-
sired. The coking and gasifieation reac-
tions may be carried out successively in o
single reacfor. Heal may besupplied to the 10
coker ky cirenlating hot solid gasifieation
residue from the generator to tie coler.
Also, the heat-generating combustion
may be carried out in a separate hurner
and hot solid combustion residue may be 11t
circulated fo the ecker and/or generator
to supply the heat reguired therein. The
fluidization senditions of particle size and
gas velovity in tthe coking, gasification
and combustion zones may vary within 138
wide litnits, good results heing in general
obtained at finidization conditions similar
to those described in connection with the
catalytiec veactor. Other modifications of
this stuge of this process are possible with- 12
in the scope of the present invention,

The equipment illustrated hy the draw-
ing may also be used with mixtures of car-
bon moangzide and hxdrogen derived from
sourees in addition to the fluid coal gasi- 19F
ficaton processes described above. Tor ex~
ample a feed gas containing earbou mon-
oxide and hydrogen may be supplemented
hy a eoal gas mixiure ottained hy the ear-
bonization of finely divided carbonaceousiad

=
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material (preferably in a Auidized state)
and contarning carbon wmenoxide, carbon
dioxide, methane and hydrogen. _Such
feed gases may be supplied by Line 55 and
the total gas mixture passed through heat
exchanger 87 to pick up some of the heat
of reaction of the product gases leaving re-
2ctor 60 through line 86. Leaving heat
exchanger 87 the feed gases may pass
0 through line 90 to Jeat exchanger 92
tiding on line 90 to pick wp further heat of
reaction from steam superheated in waste
heat boiler 76 and supphed io heat ex-
changer 92 through !ine 94, Either heat
16 exchanger may be hy-passed by way of
lines 54, 58 and 91. If the feed gas tem-
perature approaches reaction temperature
the gas may be fed through line 58 and
eorical base 61 to reactor 60. © Due to the
20 turbulent condition of the fluidized ecata-
lyst mass, ibe feed gas will very rapidly
attain the desired conversion temperature
which may be kept at the desired level by
an appropriate control of the catalyst
25 cyele described above. Any suitable pre-
heating means (not shown) for the feed
gas and/or the catalyst may be provided
particularly for starting up the process.
In order further to illustrate this inven-
80 tion, the follewing example is given,
which should not be construed as limiting
the same in any marner whatsoever.

e

Exsvers, .
As an exanple of the operation of this
35 Process, the charee consisfs of one ton per
hour of a West Virginia semi-hituminous
c0al ground to particles of mosily 5—100
microns diameter and having the follow-
Ing analysis:

40 % b
Weig]:{rt Ibs./hr.
Water as moisture 24.5 490
Ash - - . 2.0 40
Carbon - -~ - £6.8 1332
46 Hydrogen - - 3.5 70 .
Sulfur - . - 0.8 12
Nitrogen -~ - 1.2 24
Ozygen - - - 1.6 a2
£ 100.0% 2000 lbs. [hr.

90 The charge is picked up by a stream of
compressed coal gas amounting to 4060
e, it. {hr. measured at aimospheric tem-
perature and 17 1bs. per sq. in, gange pres.
sire and led into a coking chamber in

56 which the average upward velocity of the
gas js 1 ft, per second. The temperature
in the coking chamber is maintained at
1100° - F. by injecting a stream of 7000
Ibs, per hour of ash at 1800° T. from a

80 separate combustion chamber. A stream
of gas including net volatile products and
recyele coal gas and a stream of a dense

suspended solids mass including net coke
product and recycle ash are withdrawn

from the coking chamber. 85
The net volatile products comprise s
1bs, /br.
Water - . - . . 490
Tar - - - - - 200
Light 0f - - - - 11 70
Ammenia - - - . 2
tas:
€0, - - - - _ =50
s - - - . . 7
N = - - « - 12 p)
H, - - . - . 5
€0 - - - . - 18
CH, - - . . . g7
CH, - - - . . '3
CH, - - . _ _ 13 80
CH, - - - . . 4
CGH, - - - . . v
CH, - - - . . 5
_Cz‘Hm - B - = = 3
Tiquid hydrocarbong - 13 85

The net coke products amount to 1140
Ibs./hr.  The volutile produets are pirg.
cessed o remove the water, tar, light oil,
dmmonia, H,8 €0, and liquid Lbydrocar.
bons, A portion of the remaining coal B0
gas is recycled ag previously mentiohed
and the remander is sent #o the eatalytie
wmethanation process. The net produets
and recycle ash are split in a 53 ;45 ratio,
the larger portion going to a water gas 96
chamber and the smaller portion 1o the
combustion. chamber. Alout 1100 Tbs. [hr.
of steam is used to suspend the coke and
the recycle ash stream and +o secomplish
the water-gas veaction whick is carried out100
at 1300° ¥, and slightly superatmospheric
bressure, the heat- bemg supplied by a
stream of 86,000 1bs. Jhr. of ash at 1860°
F. from the combustion chamber. Water
Zas and a suspended solids mass including 105
all the ash from the original egal are

withdrawn from the gas generator,
'he gas comprises:
_ 1bs, [ b,
Co == - = - 1100 110
Co, - - - - 3y '
Nitrogen - . . _ 2
23 = - = - = 2
H.0 - - - . . 162
Hydrogen - - - _ 125 115

The ash amounts to 40 Ibs. [hr. The net
product total ash from the original coal is
withdrawn from the system at this point
and all other ash fed into the water gas
generator is returned ty the combustion 199
chamber,

The other 45% of the nct coke and re-
eyele ash from the coking chamber is sus-

-pended in alr and transported to the com.
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bustign chamber which is maintajued at
1800° F. A total of 79,500 sfandard
cu.ft. [hr, of air is used for the supply
and operation of the combustion chamber
5 from which a flue gas consisting prin-
eipally of carbon dioxide and nitrogen,
and a stream of hot ash are withdrawn.
The ]atter is returned in. part to the ecking
chamber and in part. to the water-gas
10 generator. . . . .
" " The purified gas from the eoking cham-
ber and the water gns (after removal of
water, CO,.and sulfur compounds) from

the water-gas chamber are next combined,

15 preheated and fed info- the methanation
reactor at.substantially the temperature
prevailing therein. « The latfer is operated
at slightly superatmospheric pressure
while the previous-coking and water-gas

g0 chambers are .operated ab sufficiently
higher pressures to- cause their gas pro-
duets 4o flow into the methanation reéactor.
Suspended catalyst.is maintained in the
methanation reactor in the form of re-

95 duced nickel deposited on sinall parﬁcl_es

of kieselguhr of about 4 to HUU) microns in

diameter. The temperature in the metha-
nation chamber iz maintaned at about
570° F. by withdrawing a fluidized stream
of suspended eatalyst, ecirculating 3t
through a cooler to remove about 2 willion

BTh.Ujhr. and returning it to the re-

action chamber. The gas withdrawn from

the methanation renctor is purified hy

35 cooling and caustic serubbing io remove
water and earbon dioxide. The nei pro-
duct gas comprises: '

30.

Ihas. fhr.
CH, - - - = - 403
40 . co - - - - = 311
Co, - - - - TXegligible
Hydrogen, -~ - - - 3
Ethane to Butane - - 40
Water -~ - - -« - 18
45 Nitrogen - -~ - - U4

Its average gross heat content is about
800 BTU [standard cu.fi. e

Higher hydrogen content raw materials
tend to give o final product gas having 2

50 higher methane content, and a higher
heating value, - Omission of the coal gas
teed to the.methanation step will give a
smaller volume of arethanation gas pro-
duet of higher heating value.

55 For purposes of simplification, the heat
Tecovery means have not been described
in the above example, It will be apparent
to auy one #killed in the art that heat can
be recoversd from the process to change

- 80 the overall Leat balonce so as to reduce the
amount of feed to the combustion cham-
bey and ¢ increase the vield of final pro-
duct gas per ton of coal. Alternatively, 2
par or all of ihe heai recovered may be

used to generate steam or for any other &
useful purpose.

From the above deseription, it will he
understood that we may convert carboniz-
akle and non-earbonizable fuels, suech as
coal, coke from oil, -and coal, shale, tar 70
sands, eellulosic materinls, and the like
completely to crude tar, benzol, ammonia,
liguid and liguefiabhle fuels and a high
B.Th.U {fuel gas suitable for compressing,
pumping through lines, heating purposes T8
and for enriching fuel gases of lower BIT
value,

Thiz invention is not to he limited to
any sperific examples presented heve, all
sueh being intended solely for purposes of 80
illustraticn.

Having now particularly described and
ascertained the nature of our said inven-
tion and in what manner the same is fo be
performed, we declare that what we claim 88
1. g p—

1. A proeess for the production of fuel
gases of high heating value which com-
prises passing @ gas mixture containing
carbop monoxide and hydrogen at con- 90
version conditions of temperature, pres-
sure and through-put conducive fo the

nredominant formation of normally
gaseous  hvdrocarbons, particularly

methane, to & conversion zone containing 95
a highly turbulent, dense, fluidized muss
of finely divided =solid hydrogenation
eatalyst eapable of promoting the conver-

.slon of carbon monoexide and hydrogen

predominantly to said wormally gasecus LK
hydroearbons at the conversion conditions,
prehieating the said gas misture to sub-
stantially said conversion temperature
prier to its entry to the conversion zomne,
withdrawing heat from the conversioun 105
zolle to maintnin the eonversion tempera-
ture at the desived level, and recovering
nornally gaseous hydrocarbons-from the
conversion, zone. -~ -

2. A process mecording to Claim 1,
wherein the temperature in the eonversion
zone is conirolled by withdrawing part of
the fluidized catalest therefrom, cooling
the withdrawn catalyst, and returning the
cooled catalyst io the conversion zone at 115
a rate adapted o establish the desired re-
action temperature in the conversion zone,

3. A process according to Claim 2,
wlerein the catalyst is withdrawn down-
wardly from the couversion zome in the 19(
form of a vertical column of dense fluid-
wed catalyst, sid dense catalyst being -
suspended in a fluidizing gas to form a
catalyst  suspension  of relatively low
density and the suspension thus formed 19¢
being retwrned io the conversion zone
under the pseundo-hydrostatic pressure of
suid vertieal columm,

4, A process aceording fo Claim 2 or 3,

1
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wherein the gas mixture is preheated to

the desired reaction temperature by the

heat of reaction generated in the conver-

5101, zone.

9 5. A process according to Claim 4,
wherein ihe gas mixture 1s preheated by
Passing it in indirect heat exchange with
hot catalyst or hot gaseous reaction PO~
ducts removed from the conversion zone.

6. A process according to any ene of
Claimg 1-—86, which comprises preheating
& gas mixfure conteining sbout 1,3—3
volumes of hydrogen per volume of ear-
bon monoxide to a temperature f£allin
within the approximate limits of 500° and
700° F., passing said preheated gas mix-
ture at a superdicial veloeity of about
0.1—2 ft. per second upwardly through a
- conversion zame containing a highly tur-
20 bulent, dense, fluidized mass of finely

divided nickel catalyst having a particle
size of less than 150 microns, with not
wmore than about 60% of the particles
having a size of 0—20 microns, so that
sald mass has an apparent density of about
5—150 lbs, per cu.it., withdrawing a gas
tich in methane overhead from said con-
version zone and withdrawing heat from
sald conversion zone to maintain a tem-
perature therein within the above quoted
range.

7. A procesg according to any one of the
preceding claims, wherein sald gas mix-
ture is passed to the conversion stage from
a_gasification. zone in which a finely
divided fiuidized mass of solid carbon-
aceous material is reacted with steam at
gasification temperatures to produce a gas
mixture containing earbon monoxide and
40 hydrogen. . .

8. A process according to Claim 7,
wherein the gas mixture passed to the con-
version zone is preheated by passing it in
indirect heat exchange with Lot solids re-

45 moved from the gasification zone.

10

15

30

35

9. A process according to any one of the
preeeding claims, wherein coal gas con-
taining carbon monoxide, carbon dioxide,
methane, and hydrogen, obtained by the

cazbonization of finely divided solid car- 50

bonaceous material, preferably aceording
to.the fluidized soltd technique, is added

to the gas mixture feed to the conversion
zone,

10. A process according to Claim 9, b

wherein said coal gas is purified and freed
irom water, sulphur, and nitrogen com-
poundg before being passed to the conver-
sion zome.

1l. A process according to any one of 60

the preceding claims, wherein the product
fuel gag obtained from the conversion zone
is passed through at least ome additional
conversion zone operated ab conditions

similar to those of said first mentioned @b

conversion zone and water is removed from
the product gas between conversion zones,
12. A process according to any one of
Claims 110, wherein a substantial por-
tion of the product fuel gas is continu.
ously recycled fo the eonversion zone.
13. A process acoording to any ome of
the preceding Claims, wherein the eata-
lyst comprises metals of the iron. group,

. or oxides or sulphides of metals of groups

V and VI of the Periodic Classificaiion
alone or admixed with each other or sup-
ported on carrier materials. .

14. A process according to Olaim 13,
wherein the said ecarrier material com-
prises kieselguhr, clay, alumina, or
natural or synthetic siliceous gels,

15. A process according to Claim 14,
wherein the catalyst comprises nickel sup-
ported on kieselguhr.

79
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85
Daied this 10th day of September, 1946,

D. YOUNG & C0,,
29, Sonthampton Buildings,
Chancery Lane, London, W.C.2,
Agents for the Applicants.

Yeamington Spa: Prinied for His Majesty’s Stationery Office, by the Courier Press.—1950.
Published st The Patent Office, 25, Southampton Buildings, London, W:G¢2, from which
copies, price 2s. Od. each (inland) 2s. 1d. (abread) may be obtnined.
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