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PATENT SPECIFICATION

Materialg,

I, Jorm ComRaD ARNOLD, a Bridsh subjeet,
of 29, Southampton Buildings, Chancery Lane,
London, W.C.2, do hcreby declare the nature
of this invention {(a communication frem
STANDARD Oin. DEVRELOPMENT COMPANY, 2
corporatien duly orgenised and existing under
the Iaws of the Stare of Delaware, United States
of America, having an office ar Linden, New
Jersey, United States of America) and in what
manner the same is to be performed, to be
particujarl}i; ‘described and asccrtained in and
by the following statementi—

The present ioventiop relates to  the
production of fucls and more specifically to the
production of gaseous and liquid fuels includin,
fuel pases and motor Iuels from solid an
heavy liquid carbonaceous materials, such as
coal, cole, peat, tar sands, ofl shale, heavy oil
residues and the kike,

Various methods of converting carbonizable
materials, such as coal, coke, oil shale, and the
lilke into fuel gases and liquid fuel products
are known to the art. The conventional pro-
cedurs most widely practiced in the manu-
factured gas industry invelves a carbonizing
or coking tmeatment of carbonizable solids,
such as coal, to produce coal gas together with
valuable normally liquid hydrocarbons end
other valusble gypmdncts followed by a
gasification rreatment of the coke with steam
and oxidizing gases to produce water gas or
producer gas. The carbonization stage yiclds
normally “gaseous and liquid fuel products
prninly consisting of hydrogen and hydrocarbons
of high caorific value in amounts varying be-
tween 1o and 409% of the charge, depending
on the quality of the carbonizable matedul. In
all practical “cases the major portion of the
carbonaceous chirge. is converted into gas mix-
tures containing varying amounts of CO and
H,, the calorific value of which runs about
j00 B.ThU. per en. fr. of gas. In order to
produce liquid of a high clorific value, it has
been prcgoscd to subjcct the gas mixtures con-
taining €O and H, to a catalytic synthesis re-
action to produce liquid hydrocarbons there-
from. The rtail gas from the lhydrocarbon
synthesis which cnosists of normally gascous

hydrocarbons having 1 to 4 carbon atoms per
malecule, unconverted CO and H, and igert
constituents, such as CQO,, may be used as a
high B.ThU. fuel gas, while the Hquid
synthesis ;;roducts represent an additional yield
of motor fuels, This combined carbonizadon,
gasification and ?nrhcsis process affords a
highly efficient and substantially complere con-
version of solid carbonaceous material into fnel
gas and motor fuels of hiph B.Th.U, value
particularly since it has become possible to
overcome the numerous drawbacks of periodic
fized hed operation by the application of the
well known Auid solids technique which per-
mits continuons wperatipn of any one or all of
the conversion stages.
However, even this %reatiy improved con-
version procedure sl
considerable magnitude unsolved. This is the
adjustrment, with the necessary =
ceenemy, of the rate of Tuels production to the
strongly floctuating rate of fuels consumption,
This problem.is greatly complicated by the fact
that the fluctnations of the rates of gas con-
sumption and motor fuel consumption are by
no means parallal: The gas consumption rate
gocs through » magitoum and a minimom at

-different hours of the day; it reaches a peak in

winter and 2 definite low in summer. Motor
fuel consumption, on the other hand, dees not
fluctuate during a day in 4 manner appreciable
for the manufacturer bue has a definite peak in
summer and reacles its minimum during the
winter months. Heretofore, the manufactured
gas industry has coped with the fuctuations of
gas consumption by the use of stand-by equip-
ment which tun be put into operation and taken
out of cperation within a relatively short time.
Such method of production control, if consistent
qualiry specifications of the fuel gas have to be
met, requires stand-by equipment for all con-
version stages, whick is in use only part of the
time and thus constitutes a heavy load on plant
investment and process economy. Moreover, the
production of more or less fuel gas entails a
parallel rise and drop in the motor £rel’ produc-
fion in a manner which is not desirable since
motor fuek demand will normally vary inversely
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as fuel gas demand. This situation calls for
the provision of extensive gas storzge space to
act as 2 buffer for the Aucmations in consump-
tion, which is so expensive as to be impractical.

The present invention overcomes the afore
mentioned difficultios and  affords  vanous
additional advamtapes. These advanmapes, the
namre of the invention and the manner in which
it is perfarmed will be fully understood from
the following description thereof read with
reference to the dmwing which shows semi-
dingramematic views of apparatus particularly
adapied to carry out the invention,

It is the main object of this invention to pro-
vide a process of improved fexibifity for the
conversien  of  solid  and  heavy  liguid

. carbonaccous materials of the type specified
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inty normally gaseous and liquid fuel products.

Another object of the present invention is
the conversion of solid “and heavy liquid
carbonaceous materal into fuel gases and motor
fuels in @ continuous process which may be
operated at a constant opfimum  process
eificiency and readily adapted to fluctizations in
fue] gas and motor fuel consumption rates
withoir 2 change of operating equipment
capacity.

Another object of this invention is an im-
proved process of the type specified which
permits varidtions of {uel gas production and
motor fuel production- in opposite dircctions
without advereely affecting process efficiency,

_operating  equipment capacily or product

A E{ill further object of the inventien is the
conversion of solid and heavy liguid car-
bonaceous materials into fuel ges and motor
fucls by =an improved continuous combined
gasification aud hydreearbon synthesis process
applying the fluid solids technique and per
mitting full and instant adapration of rates of
fue] production to rares of consumprion of
cither fuel without adversely affecting process
efficicacy, operating equipment capacily or
product quality. .

Other and further objects and advantages of
the present invention will appear from the
following more detailed description and claims.

3t has been found that these objects and
advantages may be accomplished quite generally
hy converting the solid and heavy liquid car-
bonzceous starting materials in a first conversion
process into gas mixturcs comprising CO and
H,, subjecting the CO and H, produced to 2
catalytic hydrocarbon synthesis reaction to pro-
duce liquid fuels and fuel wil gas to be used
as city gas and providing means permitting 2
recycle of a portion of the synthesis tail gas to
the first conversion process in such a manner as
will improve the efficiency of the combined
process with respect éo the conversion of the
carbonaceous fuel charge intg liquid and gaseous
fuel products in the desired proportiens.

In accordance with one cmbodiment of the
invendon, the recycled synthesis tail gas is used

as fuel in the first conversion process to supply
at least a portion of the heat veguired for car-
bunization and/or gas gedcration, in place of
a corresponding amount of carbonaceous fuef
charge which otherwise would have to be burnt
for this purpese. Ancther embodiment of the
invention comprises a recycle of synthesis tail
gas-to the water- er producer-gas gefieration
stage of the frst conversion progess in order to
modify, by reforming the hydrocarhons, the
CO and H, content of the gas generated and/or
to enrich the synthesis feed gas and thiss the
synthesis tail gas osed as city gas with gaseous
hydrocgrbons. o
It will be readily appreciated that the amount
of synthesis tai] pas recycled to pnd used in the
conversion process may be  adjusted inf
accordance with the fuel gas requirements of
the marker.  When the fuel gas demand is high
the proportion of synthesis tail gas recyeled
will be small and vice versa. Simultaresusly,
the liquid fuel production may either be main-
tained at n constant absolute rate or adjusted
10 dermand fluctuations by an appropriate control
of the synthesis conditions in 2 manner known
per se, fzr example, by a change of the swnthesis
temperature from optimum for liquid produc-
tion, if it is desired to reduce the curput of
liquid synthesis products, or vice versa. During
the perinds when maximum liguid yield is sot
desired, plant uperation may be adjusted to
reduce. cost, as, for insmance, using cotalyst
langer. without reactivalion or replacement,
decreasing the number of stages in operation,
if more than one is narmally used, erc. If it is
desired to contral the synthesis conditdons so us
to keep the conversion of CO #nd H, low, sa3
below' 9o, for instance in order to assist m
adjustment of heating value and specitic gravity
of the @il gas, or to control distribution. of
synthésized iydmca.rbons, or ratio of climina-
uon of oxygen as H,O and CO,, the synthesis
tail” gas contains €O and H, amd &5 of a
relaiively low B.ThU. valve; in this case, it is
of particular advantage to recycle part of the
synthesis tail gas shrough the generatien
stage of the first comversion process whereby
the hydrecarbon gas vostent of the synthesis
fred gas may be jincreased and the synthesis
tail gas marketed as fuel gas may be enriched
with hydracarbon gases. Tt is evident that these
embediments and medifications of -the present
invention may be .combined in any desired
mznner ta adapt the yields of fiquid and gaseons
fuels to any concetvahle fAucrpativns in the
quantitative and qualitative demands of the
market without any need for stand-hy equip-
ment or excessive storage spece. i
While the utilizeton of synthesis tail gas in
accordance with this invention may be canied
ouit within certain limits in syntlesis gas manu-
facture by conventional fized bed techniques
using-ordinary water gas or producer gas sets
charped with coke, it bas been fouml thar
prachically unlimired flexibility of the process
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may be accomplished and any desired amount
of the synthesis tafl gas may be used in the
synthesis feed gas plant when the latier is oper-
ated by the fluid solids rechnique. Snch a fiuid
techniqne synthesis gas plant may, for instance,
comprisc 4 gas generation stage in which
Huidized finely-divided solid carbonaceous
material is reacted with steam to prodnce warer
s, while the heat requin:d for the water gas
reaciion i3 supplied in the form of seasible heat
af hot solid residue from a separate fnidized
combustion stage or heater wherein a portion
af the carbonaceous solids is subjected to com-
hustion with air. The arrangemenr of a separate

= Deater and gas generator affords the additional

advantage that synthesis tzil gas may be com-
tinuously recycled in any desired proportions
simultaneonsly or alternately as subsdmmre fuel
to the heater and as 2 gas modifier o the gas
generator, thus enhancing the Hexibility of this
process, It should be understood, however,
that this invention is applicable w any other
type of fuid fxed or moving bed synthesis gas
lant.

e Having set forth the general nature and
objects, the present invention wll be best upder-
stood  from the more deriled description
hereinafrer, in which reference will be made o
the accompanying drawing whereini—

tig, 1 is a schematic flow plan illustratng
in a general way a systern suitable for carrying
our the process of this invention; and

Fig. 2 is a parly schemadc and parly
diagrammatic illustration of & syseem suitable
for carrying out a preferred embodiment of this
inventinn.

Referring now in derail w Fig. 1, the system
schematically lustrated thereln essentially comr
prises a synthesls gas plant 2 for manufackiing
synthesis gas containing CO and H; from
carbonaceous fuels, such as coal, il shale, heavy
oil residues, coke or the like, and a hydrocarbon
synthesis plant & for the catalytic conversion of
CO and H; to synthetic liquid and gaseous
fuels, Both the synihesis gas plant 2 and the
hydrocarbon synthesis plant 6, mway be of any
design known w the art.  For example, the
synthesis gas plapt 2 may consist of a single gas
generation stege for the conversion of ceal or
coke with stcamn and oxidizing gases to water
gas, or It may comprise a carbonization stage
for the production of coal gas, lquid carboniza-
tion products and coke, in addition to the water
gas producing stage.  The heat required for
water gas prodocdon andfor carbonization
may be supplied by partial combusiion of
carhonaceous material in 2 make and blow or
continnous manner, within the carbonization
and/or water gas producing zenes or in a
separate heater. Tefnperatures may vary hetween
ahemt 1000° and 2o000°F. for the carbonization,
1400%-2200°F. for the water gas gcnerstion,
and 18un®-2500°F, for separate beaters, de-
pending on the chamacter of the starting
material and the products desired. Fixed bed,

moving bed ur fluid solids technique may be
cmpleyed in a manner known per se. Means
for separating and refining gaseons and iiqnd
carbonization products may be provided. 'The
hydrocarbon synrhesis plant & may compri
conventional means for purifying, particularly
desulfurizing, the synthesls gas, one or more
fixed bed, moving bed or, fiuid caralytic re
actors and a Pl’OdllCt rccm'cry EYSLCIT fOf separat-
ing liquid from gaseous synthesis products, as
well as conventional oil-refining instalations.
The usual synthesis caralysts such as metals of
the iren group, particularly iren or cobalr, if
desired, suppotted on siliccous carriers may e
used at temperatures ranging fram zhour 250"
to sbout 800°F. and pressures ranging from
about  w abour 5 atm. absolute, depending
on the composition of the syntheric preducls
desired. These condidons are well known in
the art and do not as such fonm 2 parc of te
present invention.  However, this invention
includes the proper correlation of all such con-
ditions as affect the relative proportions of
liquid and gaseous final products to the recpele
of synthests tail fras 1o the synthesis gas plant,
as will appear more clearly hereinafter.

In opcration, the synthesis gas plant 2, which
may he kept under the same pressure as the
hydrocarhon, synthesis plant, converts the ecar-
bonaccous charge supplied, as indicated at 1.
to synthesis gas taken off through z and, if
desired, to roa) gas and liquid feels from
carbonization, which may be refined in any
conventional manner, recovered through Jines 4
and 5, und marketed as fuel gas and liquid
motor fucls, respectively. The synthesis gas is
passed o the hydrocarbon syothesis plant awl
converted after - suitable purification to liguid
hydrocarbon  praducts ang tail gas containing
unconverted COand H,, hydrecarbon gases
having T 10 4 carbon atoms per molecule and
inerts such as CO, and N,.

The relative amount and composition of the
synthetic liquid preducts and the synthesis tail

as may be readily adjusted to marker demands
E}r a proper choive of the synthesis conditions.
For example.. the following wbulation compares
typieal Processmg conditions and results, using
2o iron catalyst, invelved in contralling liquid;

seous hydrocarbion selectivity ratio, and un-
saturaion of the lower boiling hydrocarbons

synthesized,
High Il fas I;{'a;:
1

Type Ifigh Low 5 High
Operation Lig. Yid. EBThi’. AT, Uwsds
Synthests Temnp.
B e ol GOl---GTH 825 B{N—iLn
Vaol, fxesh By,
goshenl, cab.
spaceftr. - ... 00 RO h{L1] 1000
Effective ot age  Mederate Moderately [+ Moderate
uld
Pressure, at,,., =0 i w =0
Ratio 0,Th.T, m
U JETHTV, 2
GES . o 12—30 o00—I4 Q413 LE—RD
%  uusats, n
= - — —_— Fa—iit
Tail pas compo- :
sition .o
%% Ha e 215 10—40 1—10 a0
 Co e ¥—=1i 1—5 I—5
o CH,+Ce'3 10—~131 H—E] BE—a 10—n
8, £05 -7, E k- 60 frr. S T
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The desired shilt may sometimes be obtained
by changing only some of the variables in-
ilicated for change sbove. Exact compesition
_ uf catalyst may alse affece preduct distribution
. and  properdes, ially as influenced by

romoters,  Characterstics of the catalyst may

Ee modified without suspending operation of

the plant, if desired, by adding continuously

or perlodically to the resction zone individual
catalyst coimponents as desired.

As mentioned zbove, the liquid syntheric
products may ba refined k‘?r any conventional
method, such as thermal andfor catalytic crack-
ing, hydrogenavion, reforming. isomerizatio:,
alkylation, polymerization, etc, When the
synthesis reattion iy carcied out under cotiditions
conducive to the formation of large proportions
of wosatnrates, the present process permits the
production of highly veluable antiknock motor
and aviation fucls. For this purpose, the liquid
carhonizatioh products recovered in the synthesis
gas plant may be treated th separale the fraction
containing benzene and other suitable aromatics
boiling within the metor fuel range and these
aromatics may then be albylated, wsing un-
saturates from the synthesis rcacdon, io the
presence of a camlyst, such as aluminum
chloride, phusphoric acid or the like in a
manner known per se. G, C,, and C, un

. saturates will pormally be desired for this
purpose, and the alkylation may be carried out

Free from or in the presence of orher synthesis

praducts in the same boiling range as the

alkylating unsaturates,  The fnished liquid
¢ fucl is passcd to storage through line 7.

Synthésis wmil gas of proper composidon and
B.ThU, contert o comply with any desired
market specibications for fuel gas is withdrawn
through line 8. A portion corresponding o
the marker demand is branched off throngh
line 9 and piped to places of consumption.
00, may bc removed using known scrubbing
processes as nec ¥ to assist in  meering
sperifications.  Alternatively, partial removal
of CO, may be accompiished g))? washing the
gas with a basie solvent under pressure and flash
expelling the CO, from the salution at ammes-
pheric pressure without heating. It will also be
understood that composidon, heating value,
and specific gravity of the il gas may be
further adjusted by blending with any desired
amount of synthesis gas bypassed arcund the
synthesis reactor, Other known means of ad-
justing gas composition to assist in meeting
specifications, in such combination and order as
mzy be desired, may also be employed.  Any
cxcess fuel gas produced is passed through re-
cycle line to and rerorned to the synthesis gas
p%ant either to serve as a substitute fuel to
it supply heat therein or o mouiy the com-
position of the synthess gas produced in the
gas generation stage or both, as indicated zhove
and described in more detaill in connection with
Fig. 2 of the dmwing,

Referring now to Fig 2, the system shown

therein illusteztes ¢ preferred embediment of
the present inveition involving the application
of the fluid solids techinique in the synthesis gas
sanufacturing  plant  which, by way o

examtiple, is shown to comprise essentially o 3

fioid-solids gay generator 202 and a Huid
solids heater 210, Some opdenmal and seme
necessary conventional ansxiliary  egquipment.
guch as eoking nr carhonizipg equipment, gay
solids  separaturs, preheaters, means
Huidized solids feed and withdrowal, valves,
ere., have beepr omitted from the drawing 1
the interest of brevity amd simplification be-
czuse this auxiliary equipment and its opera-
tion du net form a part of the present inventios.
In operation, Goely-divided solid carbenaccous
material, such as coal, ail shale, toke or the
ke, of a roughly uniform Auidizable particle
size which may fall between the apptoiimate
Hmits of s00 mesh per linear inch and 1.3
inch diameter is fed in any manner known per
st through line 201 to yus generator zom, If
coke is used %t may be derived from a pre-
vious carbonization stage of the same sysitem.
The, finely-divided solids are 1gaintdined in
generator 202 in the form of 2 dense, mirbulent,
cbullient mass fuidized by steam supplied
thigugh fine 203 to the lower portion’ of
genemtor 202, The amollnt of steam should
be sufhicient ta convert a substantal portien of
the carbomacecus constitwents of the solids inie
water gas at temperatures of between akout
14300" and 2000°F. At least 2 substantial
portion of the heat required for dhe gasification
reaction is supplied as scnsible heat of solid
combustion residue recirctlated from heater
ite, as will appear hereinafter, The supe-
lickal wvelueity of the steam-ges mixture in
geperator 202 is such as will cause the de-
sired fuidization in generator 202 snd may
gencrally vary between o5 and 10 fi per
second, depending on the size and density ef
the solids charged.

Solid fluidized gasification residue, which
may still contain about os to 5% of car-
bonuceous consttuents, is withdrawn down-
wardly from generator 202 through live 204
which may have the form of a Buidized stend-
pipe, and suspended in air or ether oxidizing
gas flowing through line 205. The suspénsion
enters heater 2170 through line 206 which may
réceive synthesis wil gas recycled through lne
208 from the hydrocatbon synthesis plant, as
will appear hereinafter.  The solids faiwn in
heater 210 a dense, turbulent, ebuliiemt bed
fluidized by rhe air, the synihesis @il gas and
the fue gus produced.  Combustion of the
carbonaceous consituents of #he solids and
the ‘CQ, H, ahd gaseous hydrocaibons of he
syrthesis tail gas added chroagh line 208 takes
place &t femIperatires which may vary hetween
abour 18007 and 2500°F., depending vn the
oxygen supply which may be adinsicd w0 the
heat requirements in gas generator zoz. Flue
gos s wken overheand through linc 212 1w be
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used for asy desired purpose including heat
recovery for the system, Fluidized solid com-
bustion residue is withdrawn downwardly and
E{_;:rs;ed substantially at the heator tomperature
through line 213 to gas generator 202 in
smounts sufficient fo supply the heat required
therein.  Excess solid eombustion residue may
be withdrawn threugt line 214 and discirded
after heat recovery for the systenr. ‘Fhe rate of
girculadon of hot solids fom heater 210 to
poncrator 2oz, of course, depends om the tem-
perature difference berween heater 210 and
enerator 202 but. may, in general, wvary
ctween 25 lbs. and zoo lbs. of solids re-
circulated per b of fresh feed to generator 202,
Ti desired, additional heat may be generated by
partial combusfon within ~ generator bz.oz,
o ar 2ir enriched with oxygen bein
slfggﬁid together with the steant, e 5
Raw synthesis gas is taken overhead from
generater 2oz andg;assad through line 215 to
hydrocarbon synthesis plant 218 to be purified
and converted into synthetic liquid fuel and fuel
taif pas recovered through lines z1y and 220 re-
spectively, in a manner similar o that outlined
in connection with synthesis plant 6 of Fig. 1.
The gas required by the market is sent through
line 221 o the pipe lines, while any excess
tail gas is recycled through lines 222 and 208

1o the synthess gas plant. ' As indicated in the

drawing, recycle tail gas may be rcturned to
heater %mez.mugh h'.gues zo% and 206 or to
generator zoz through lines 224 and 203 or to
Bath. In the first case, the tail gas serves as
addidonal fuel in hester 210 with the resulr
thzt the amount of solid carbonaceous feed ta
enerator 202 may be reduced by a correspond-
ing proportion.  In the second case, the tail
gas may be used to modify the compasition of
the syathesis gas with respect to its content of
CO, H, and/or geseous hydrocarhons. If de-
sired, the conditions of generator zoz may be
so controlled, for instance, by raising the
generalor  temperature above about 18007F.
thar a substantial proportion of the hydrocarbons
present in the tail gas is converted 10 additional
amounts of CO and H,.

It will be readily understood from the fore-
going thar systems operated in accordance with'
this invendon are of practcally unlimited
flexibility with respect to possible adjustments
to quantitative or qualitative fiuctuatons of the
requirements of the fuel gas market.  These
changes may be miade by aperating av all times
at a cobstant masumum process efficency by
mere recycle of excess fuel gas without affecting
the outpue of liquid motor fuels which may be
kept at any desired constant, value. Tf desired,
however, the lignid fucl production inay he
likewise varied hy a proper control of the con-
ditons of the hydrocarbon synthesis without
affecting the amount of fuel-gas available for
the marker, Also, certain fractions, particularly
those boiling above the motor fuel range, may
be recycled to the synthesis gas manufacturing

in a similar manner as the tail gas.
Preferubly, the system will be so designed that
there is a safe margin of excess fuel gas to he
recycled at even the highest rate of fuel gas
demand. Operation in this wanner does not
involve a loss i efficieney since the gas recycled
inay be utilized to generate heat required for
the process. Thus, this process may be operated
during the summer to produce minimum
nantities of fucl gas and 2 maximum guantity
of liquid fuel. During the winrer, however,
when gas demand increases and pasoline de-
mand decreases, the gas recavery may be raised
accordingly with a simultancous decrease of the
liquid fuel production and this without deviat-
ing from optimmro plant opersting condirions
thronghour the year.

The present invendon will be further illus-
trated by comparison of the following specific
examples.

EXAMPLE 1.

A plant ‘with ‘a synthesis gas producton
capacity of 100 million cu, fi.fday of CO+H,
is available. Ir is desired for winter operation
to supply to copsumers 37 million cu. ft./day
of manufactured’ gas of 510 BThU.fcu. b
heatng value 'and 0.6 specific gravity. }?
operaring at a temperature of 550°-575°F.
with a catalysc of moderataly grear average age,
80% of the CO+ H; is converted to gaseous and
liquid hydrocarbons and slightly oxygesated
hydrocarbons.” The tail gas from the operation,
including the zo% unconverted H,+CO, s
scrubbed of aboat 10 million cu. ft. fday of CO,,
theréby making available 2 fuel gas meeting
the above specilivations, and having 2 composi-
tdon of 25% CO, 31% H,, 5% N, 20%
CH,, and 9%, higher hydrocarbon pases. No
w15 returned to the synthesis sas manutactur-
ing section. 2400 bbisfday of liquid or
liquefiable product, all of which is or can easily
be converted intc high octane gasoline, and

250 bbls/ day of aleohals, etc. are alsa recovered.

Tutal cual consumodon of the plant 8 1800
tons per day.
EXAMPLE 2.

The plant of Example 1 is required to sup§ly
during the summer enly 15 million cu, f/day
of manofacntred gas to consumers. The operat-
ing temperamure of the synthesis reaciion is
increased to Goo°F., und the catalyst replace-
ment rate is raised undl the average age of the
camlyst in use Is significantly lower than that
of Fxample 1. 95% of the CO+H, is con
verted to gaseous hydrocarbons, liquid hydro-
carbens, and oxygenated compounds. 3800
bbls/day of liquid or liquefiable hydrocarkons
and ge0 bbls Iu"_:l_lz_ty of aleohols, etc., similar to the

- liquid production .of Example 1, arc recovered.
‘13,000 millien B.Th.U./day

_ of rail gas are
available, but only 8,000 millien B.Th.il./day
are required for conszmer supply after treat-
ment to meet specifications. Tail pas equivalent
to 000 million B.ThU.;day is therefore
returned to the synthesis gas manufacturing
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spetion, and total coal consumption of {
is veduced {o 16options perday.; . - s T
While the foregoing "description: and erem-
vlary  aperagons -hate _served o Thustrate
“pecific applications and results of the. present
inventivn; other, madifications obviaus to Haose
ssilled in the,ast are, within the scope_of this
meentione - oL T s 5.
F.2ving new particafarly. described and ascer-
taiged t.eyngbire-of the said invention, anek:in
whar, fnanver, the_same is ¢ be performed, as
comintnicated: to me by my foizign, corres
pondents, | declare that-what, T claim dsim.
1. A prackss for comolling. the- liquids gas
product, distribution in the production of liguid
and paseous fuels by the comversion: of care
bonaceous Toaterials ~into” 4.3 gAFCOUS « MmNt
cpritaining carhon monowide-and hydoogen, ahd
the subsequent caralytic wreatment of said _miz:
wre o produce normally liquid hydrovagbons
and a fgr:l tail gas wherein theisaid fuel tail,
gas is recovered and 2 pertien thereof in, exoess
of the desired requiremcnt of fuel :gas ‘is re-
cycled. to the reacdon for convelling ihe car
bonaceous materiat into..the sarbon, monoxide-
aydrogen migmre. ", . LT
2. A pracess according to Clair 1, wherein
the reaction for gonverfing the carbynaceous
matcrizl to {arbon munoxide and-hydrogen s
cargied ont by“a process compriting 'a gasifica.
tiog-stage, preferably prex:gdedg;r acarhonization
stage, and .3 ‘combustion - spape, whercin the
portiai of the' gaseous products fram the suh:
sequent, syntlesis reaction . recycled: @ this
reaction ixsupplicd to ene-or morg of seid stages:
3 A progess .as chimed in Claim 3 or

- wherein #he fuel ges- fraction obtained. from e
synthests resction.- is 7used as am induvstrial
and for domestie fiel gas, andslhe amount re-
40 cycled 1o the. sypthesis gas preducinp réaction

he plant
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iy, decreased as the dymand.for such -fmel gas
increases, amet i imorcaséd. as the démands for
suck fuel gas decroases.’ or-ibie démand. for
hquid frrels imerenoes . Lo Lo
4. A provess ag claimed inClaim-2, whercin
the provess.fer producing the wmixtuse of carbbn
mencxide and:hydrogen from ‘the earbosazcaits
material. compses 2 L gasification stage -and. a
corptmstide stage whereln theo salid - residue
rom the pasification shige 5. subjected 10 -2
cemnbustion refiction with an oxidizing gas, the
heated solid resddue therefror. being wransferred
tarthe Ig:xsahcmm stagerto supply:ar Madpine
of the’ beat required thescin,

0§ Acprocess as claimied in Cladm 45 wherein
the carbonizasion” stage; 4 used; ‘Ble gasification
stape anch the combiston stage-are exrried out
in separate zonesj with the solid mvatesixd in
each zone in the forny of dense, ehalliont masses
of; Ruidized -solid, and the sqid selids are. trams-
ferred from 2ene 10 Zone in_fuidized Jurrm.
-6, ~A process as claimed dn. any.of the peg-
ceding £lains, wherein the_catalytic conversion
airthe carhon monoxide: and. hydrogen migturs
is.maintained .below abont. 55%, uf -the total
theoretical conversions ... .7 ¢ L .

7. A pracess as claimed in-any ‘of the. pre-
ceding ¢laims, wherein- 2t least 4 part of the
hiat required-- for - fhe. -converstor’- ofe the
catbongteous material info'a mixture-contaiting
carbon. monoxide and- hydrogen-is- suppfied by
the comhustion. of part of the fuel ge recycled
tir the -suid rehoioh fromh fe catalytic syrdests
reaction: R <
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{This Drawing is a reproduction of the On:g'm on ¢ rediced scale]
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