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COMPLETE SPECIFICATION

Improvements in or relating to the Production of Hydmcﬁrbons,
Oxygenated Flydrocarbons and the Iike from Solid Carbonaceous
Materials :

We, HypkocarpoN RESZaRcH, INC., 2
Corporation organised under the laws of the
State of Wew Jersey, United States of
America, of 115 Broadway, New York 6,

5 New York, United States of America, do
hereby declare the mature of this invention
and in what mamer the same 15 to he
performed, to be particnlarly” described and
ascertained in and by the following

10 statement :—

This invention relates to the production
of b
and the Lke from solid carbonacecus
materials suclr as coal, lignite, peat, off

15 shale, coke, and the ke,

The invention broadly comtemplates sub-
jecting solid carbonaceous materials, such
as these mentioned, while in particle,

ular, or ather divided form, to contact

20 In’ = gasification zone with an oxidizing gas,
namely, oxygen which is supplemented
with steam, under conditions so as to
convert combustible constiments of the
material intu gas comprising o substantial
25 amonnt of compounds containing both
carborr. and. hydrogen atoms in the same
molecule, including gaseons kydrocarbors.
Resulting gusified products, including the
aforesaid compounds, arc conducted, at

30 least in part, to a reforming zonc wherein
they ate subjected to contact with oxygen
at an elevated temperature to. convert the
compounds in question imto carbon monoxide
andhydrogen. The gaseous effinent matcrial

85 from the gasification zone may be treated
first with oxygen at elevated temperature to
effect: conversion of the compounds in
question into carbon menoxide and hydrogen
and thercafter treated witl steam in the

40 presence of a shift catalyst also at elevated
temperature so as to form additional hydro-
gen. Steam may be admitted fo the
reforming zoue in which case subsequent
freatment witlh steam may be omiticd.

45 The gas stream confaining carbom monoxide

1P

ydrocarhans, oxygenated hydrocarbuns -

and hydrogen is treated to remove CO; and
gulphur compounds and subsequently passed
to a synthesis reaction zone. Provision may
be made for removing CO, both beiore and.
after the shift conversion. Sulphur com- 50
pounds may be removed before or affer the
shift conversion,

The synthesis reaction is preferably carried
cut under. clevated pressure at a temperabure
in the range of abont 500 to 700° F. with an 55
iron type synthesis catalyst, so as to convert.
carbonn rmonoxide and hydregen into a
product compusing smadnly Cg end higher
molecular weight “hydrocarbons. Gaseous
constituents, inchiding paseous hydrocarbons G0
such as meflane, are separated from the
synthesized products and arc conducted in
substantial amount to the previously men-
tioned refumming zone.

Residual gases, imcloding hydrocarbon 65
gases resulting from the further processing
of the Gy and higher melecular weight
hydrocarbons produced in the synihesis,
ay alse be conducted to the reforming step.

This invention is a process for converting 70
solid vathonaceous material into valuabls
hydrocarbons and the like which comprises
subjecting said “carbonaceous materizl in
solid form o the action of oxidizing gas in a
gasification zone wherein combustible con- 75
stitnents of zaid material are converted into
gas comprising,'at least in substantialamount,
compounds containing both carbon and
hydrogen atoms in the same molecule, with-
drawing resulting gas containing s«id com- 80
pounds from said gasifieation zone, passing
sald compounds at Ieast in part to a separate
reforming zome, introducing exygen {0 said
reforming zone,' effecting conversion of said
compounds into cdrbon monoxide and hydro- 85
gen, subscquently passing resulting carbon
monoxide and hydfogen to a synthesis zone,
subjecting it therein to contact with a
synthesis catalyst under conditions. effective
to convert carbon monoxide and hydrogen 80

ha |
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intc higher molectlar weight compounds,
and removing from said synthesis zone an
effiuent stream containing desired products.
In British Patent Specification No. 635,913
- 5 there is described and claimed a method of
producing 2 mixture of gascs coutalning a
preponderance of carbon monoxide and
hydrogen which comprises providing =
fluidized Dbed of a powdered refractory
10 material in . confined reaction zone, charging
1o said reaction zone a Hquefied bituminous
carbomaceous malerial, separately charging

a mixture of oxygen and steam to sai
reaction gone, maintaining a femperature
15in the flnidized bed of powdered relractory
material sufficiently high to canse a reaction
between the bituminoeus material, the oxygen
and the steam to form a gusvous mixture
containing carbon monoxide, hydrogen, car-
20 bonaceous residue and unconverted carbon-
accous materisl, withdrawing a gaseous
product containing the carbon monoxide,
the oxygen and the hydrogen from the said
fluidized Ded, discherging the mixture into
25 a spacc disposed in the upper portion of said
reaction zone above said dense suspension
of powdered refractory material, supplying
oxygen to said space and converting ihe
carbonaceous residue and uuconverted car-

30 bonaceouns material therein io produce

additional quentities of carbon momoxide
" and hydrogen, and recovering from ‘said
space a gascous material containing a
preponderance of carhon monoxide and
55 hydroger. ' '

“An imporfant feature of this invention

distinguishing it from the prior art is that of
treating the gasified material containing

volatiles in addition to some carbon monoxide

40 and hydrogen in a separate or reforming
zone with oxygen so as to convert the
volatile constituents containing both carbon
and hydrogen atoms in the same molecule
into carbon monoxide and hydrogen and

45 thercby produce aynthesis gas of improved
quality and baving the desired proportions
of lydrogen and carbon monmoxide, The
conversion of hydrocarbons and ather wal-
atilized constituents by partial combustion

50 with oxygen, preferably uxygen of at Icast
about 959, purity, in the separate reforming
zoneisrealized with a high degree of efficiency
and economy., s

A further feature of the lnvention involves

55 vonverting tar, oils, and resinous compounds
by such reforming into valuable synthesis
gas constitvents, The reforming siep is
also advantageouws {rum the standpoint of
converting. suiphur componnds, partienlarly

60 organic sulphur compounds, into a form
more readily removable from the synthesis
gas by scrubbing. '

A still further fsature of the process is
that of recycling to the reforming zonc

residual gases containing C, and C, hydro- G3
cathons removed from the synthesis effuent
and also obtained from the further processing
of G, and higher wwolecular weight hydro-
carbon products of the synthesis oprration.
This forther processing usually involves 70
treatroent of at least a portion of the
hydrocarbens, particularly those falling im
the gasoline range, with clay or other
contact material at an elevated temperature,

.and the catalyiic polymerization of C,-Cy 75

hydrocarhons, These treating operations
and the accompanying fractionating steps
result in the preduction of substantial
amounts of hydrocarbon gas.

The ratic of hydrogen to curbon in these 80
hydrocarbon gases recycled to the reforming
zope Is relatively high. Therefore, the
addition of these gascs to the reformer is
productive of synthesls gas containing a
higher ratio of hydrogen to carbon monaxide 85
than would otherwise be the case, and
therefore reduces the amount of stean used
in the reformer or the amount of subseguent
shift eonversivn that otherwise might he
necessery to produce synthesis gas con- 80
taining about ane mol of carbon monoxide
‘to,favo mols of hydrogen, for example,

. "These and other advantages wifl he
wpparent from the subsequent description of
the invention in connection with the accom- 95
panying drawing,

“The dmwing 15 a disgrammatic illustration
of a preferred method of carrying out the
process of the present invention. This
preferred method is descrbed in detaft to 100
clearly ilustrale various features of the
invention. A number of modifications arc
possible, some of which are suggested herein.

In descobing the fow illustrated in the
drawing, reference will be made to ihe 103
treatment of coal.

The method of flow contemplated in the
drawing involves gasification of the coal
while in a crushed or divided forin, the bulk
of the particles ranging in diameter from 110
aboui two to fifteen millimeters,

-As indicated in the drawiog, the coal in
divided form iz conducted from a spurce not
showst through conduit I info the upper
portion of a gasifier 2 while oxygen and 115
steamn are introduced at the base of the

- gasifier through a pipe 3. The coal is

gasificd m a4 downwardly moving bed,
Fresh ceal is added fo the top of the Ded
a5 ash is withdrawn from the bottom. The 120
oxygen and steam may be Introduced as a
mixturc in the proporiion of about ten
volumes of steam to one volume of uxygen
at a temperature of about 1000° ¥. Sufh-
cient oxygen is added so that the resplling 125
exothermic reaciion heat Liberated will be
sufficlent for the gasification of the coal, A
minimum gueniity of steam is added to
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complete the gasification of the coal, and
frequently an excess of steam is added to
prevent excessive lempersturcs. Oxygen
and steam flow countercirrently to the mass

5 of coal particles moving downwardly through
the gasifier,

‘The gagifier is maintained under a pressure
ranging from atmospheric fo fifty atmo-
spheres or more and ususlly sbout 20 to 30

10 atmospheres. When ogerating with coke
as feed, instead of coal, elevated pressures
are conducive to the production of methane.
The methane is coaverted by the present
process to more valvable products. The

15 temperature at the point of product gas
discharge from the gasifier 1s generally
within the range of from about 400 to 1200°
F. The temperature increases foward the
base of the gasifier and may be as high as

20 2500° to 2800° F. Satisfactory operation
of the gasifier is not generally obtained
unless a temperature of 1200° F. or above
exists at some point in the gasifier. The
temmperature may be regulated by contrel

25 of the rate of feed of oxygen and steam to the
gasifier,

The base of the gasifier iy provided with
means for dischargmg ask or non-volatile
non-carbonaceots coraponents of the feed

30 therefrom either as ash or as a wmolten slag.

The product gas is semoved through pipe 4
to & cooler 6 wherein water, oils, and tar are
condensed. The cocled pasedus efftuent is
passed to a separator 7 whertin condensed

85 water, oils and tar are separated from the
gas stream. The residual gas is then passed
via line 8 to a carbon dioxide separator 9
wherein cazbon dioxide Is remowved and
discharged through pipe 11.

40 The scrubbed gas is removed through
pipe 12 and introduced to a relormer 18
wherein hydrocarbon constituents and other
volafilized components of the coal are
subjected to partial combustion with oxygen.

43 (iis and tars separated frum the gaseous
cfflnent in separator 7 are passed via line 14
to the reformer 13. If desired, a portion
or all of the ofls and tar may be withdrawn
from the system thromgh Iine 16 for the

S0 recovery of wvaluable organic constittents
therefrom. Water is discharged from sep-
aratar 7 through line 17,

Oxygen is introduced to the reforming
zone 13 from pipe 1B, Conditions are

35 maintained so that the conversion comsists
essentially of partizl combustion of com-
pounds containing both carbon and hydrogen
atoms into carben monoxide and hydrogen
at a temperature of ahont 2200 o 2300° F

60or in the range of about 2000 to 2500° F.
The rcforming zone advantageously com-
prises an unpacked chamher with suitable
means for effecting thorongh mixing of the
oxygen and gas upon introduction o the

intérior of the vessel. Oxygen is advantage- 65
ously preheated to an clevated temperature

of 800° F. or higher befors being introduced
to the reforming wvessel. Gases to be
reformed are also advantageously preheated,
preferably to 900° F. or higher.

The resulting product gas is continzously
discharged from the reforming zone through
4 cooler 19 which may take the form of a
waste heat builer wherein sengible bheat of
the product gas is msed to gemerate steam. 75
The gas is thus cocled to a temperatnre of
ahout 600° F,

Since it may be desired to obtwin a syn-
thesis gas confzining about two mols of
hydrogen per mol of carbon monoxide, 80
provision js imade for subjecting the gas tv a
shift conversion wherein stcam is reacted
with a portien of the carbon monoxide in
the presence of a shift catalyst at a tempera-
ture of about 600 to 850° F. A suitablc 85
catalyst for this purpose compiises iron
oxide promoted with small amounts of
chromium “oxide ‘and magnesium  oxide.
The iron oxide comtent of the catalyst may
amount to fram 60 to 9084 Fe, Qg

After cooling of the gas in cooler 19, it is
passed to a shift converter 21 to which
steam is introduced from pipe 22. In the
shift converter, steam and carbon monoxide
are reactéd in’ the presence of a catalyst to 95
produce hydrogen and carbon diexide. The
hydrogen-carbon monoxide ratio can thus
be adjusted to provide a synthesis feed
containing approximately twa mols of hydro-
gen per mol of carbon monoxide. 100

This shift conversion may be effected in
the reforming zone 18 by the introduction
of a suiteble amount of steam thereto,
together with the oxygen. In snch an
Instance, the converter 21 may be omitled, 105
or the amount of conversion caztied out in
the shift converter greatly reduced. In a
preferred embodiment, no steam is admitted
to {he reformer 13 and carbon monoxide
and steam are reacted in the presence of a 110
specific catalyst in a shift converter 21 to
increase the hydrogen content of the stream.
Obvicusly, a porlion of the gas may bypass
the shift converter 21 if desired and a
conventiona] rerycle may be employed if sa lla
desired, -

The resulting gas mixture from shift
converter 2] is passed through pipe 23 to a
scrubbing' ©nit 24. Carbon dioxide and
wost of thie hydiogen sulphide present in the 120
gas are removed by serubbing with water or
other suitable reagents. Scrubbing may be
effected, for example, with cold water at a
temperatvre.of 45° I, and below.

The scriubbed synihesis gas retaining 125
about §%, by volume of carbon dioxide and
2 small amount of hydrogen sulphide is
conducted to a final pwifying zone 26

20
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wherein the gas is subjected to contact with

spungy iron oxide {L.uxmassc) el a tempera-

ture of about 808 to 700° I, so as to cffect
removal of the remainder of the hydrogen
5 sulphide, as well as carbouyl salphide. The
puzificd synthesis gas is thercafter condncted

fhrough pipe 27 te a synthesis reacter 28..

In the reactor 28, the synthesis gas is sub-

" jucted to contact with a fluidized powdered

10 synthesis catalyst of the irom type, for
example, a catalyst comprising iron and
small amounts of silica, alumina and alkali
metal oxide, The comtact between the
synthesis catalyst is effected at a temperature

15in the Tange of about 500 to 700° 7. and
preferably at abowt 600 to 650° F. The
pressure Ioay raoge from zbout 10 to 40
atmospheres, preferably, about 15 fo 30
atmospheres.

20 Under these conditions, of the carbon
monoxide converted (usually 95 to 989,
about 70 to 75% is converfed to C; and
higher molecnlar weight compounds, includ-
ing oxygenated- hydrocarbons. The latter

925 may amaunt to from about 5 to 8% of the C,
and higher hydrocarhons produced.  Inaddi-
tinn, about 15% of thé carbon monoxzide
nmay be converted tv C, and C, hydrocarbons,
while the remainder of the earbon monoxide

30 may be converted to carbon dioxide in the:

synthesis reaction. o
A stream of synthesis products, inclnding
water vapor, is conitnuously removed
through pipe 28 and passed through heat
35 exchanger 51 {v a receiving drm 32 main-
tained under substantially synthesis reaction
pressure, and wherein scpuraljon into gas
and liguid phases ocenrs.
‘The gas phase is removed through pipe 33
40 and recycled in part through exchanger 31
aixd pipe 34 to the synthesis regction zone.
The remainder of this gas is conducted
through pipc 86 {0 a gas separator 357,
suitably an absorption unit wherein it is
45 subjecfed to eontact with an- absorption oil
such as a normally liqnid fraction of the
synthesis product, in order to absorb
Heuetiable hydrocarbons such as bntanes,
butenes and pentanes. The resulting dry
50 gas is removed throngh pipe 38 :
Nitrogen is present in the systerr as zn
impurity in the oxygen slream and as a

constituent of the coal. In order tn avaid:

& buildup of nitrogen in the sysicm. pro-

55 vision is thercfore made for purging through

line 39 a portion of the dry gas leaving
scparator 87 through pipe 38. Purged gas

may be discharged into a fuel gas system.

The gas so purged may amount to abont
80 25%, of the total dry gas.

The remainder of the dry gas is conducted
through pipe 35 to the carbon dioxide
separator 8 for reeycle to the reformer 13.

eparator 32 is maintained at a tempera-

ture which may be in the range of about 80 65
to 150° F. and superatmospherie pressure.
Under these conditions, separation of conden-
sate ‘into liquid bydrecarbon and aqueous

Jayers occnrs, the aqueous layer containing

mainly oxygenated compounds produced by 70

_the synthesis reaction. This aqueous laver

is discharged through pipe 42 and subjected
to further treatment for the recovery of
oxygenated compounds. :

The liquid hydrocarbon layer is removed 75
throngh pipe 43 and conducted to a hydro-
carbon processing nnit or plant 44. Hydro-
carbons separated from the recycle gas in
the gas separator 37 are conducted through
pipe 45 1o plant 44,

The plant 44 may comprise conventional
equipment for {realing, refintng and fraction-
ation of the synthesis hydrocarbons. For
example, the liquid products of the synthesis
reaction are advantageously subjected to 85
contact with a solid absorbent material such
as clay and bauxite af an elevated tempera-
ture in the range of about 700 to 950° F.
and under sibstantially atmospheric pressure

. g0 as to effect dehydration of oxygensted 80

camponnds conteined therein and to improve
the “octane rating of the gasoline hydro-
carbons.

" The C, and C, fraction of the synthesized
products is advantageously subjected to 95
catalytic polymerization as, for example, by
contact-with a polymerization catalyst, stuch
ag phosphoric acid type, at a femperature
of 800 to 500° F. and under pressure ranging
from ahant 10 to 100 atmospheres. 100

- Fither before or after the aforesaid clay
treating, the ligquid hydrocarbons mey be
froctionated to remove a fraction higher
boiling than gasoline and suitable for the
manufacture of Diesel oil.

By way of cxample, the products resulting
froni the various processing sieps in the
plant 44 may comprise syntbesized gasoline
removed through pipe 50. polymer gasoline
removed through pipe 51, fuel v, c.g., 110
Diesel oil, removed through pipe 52, higher
builing ofl Temoved through pipe 53, and
polymer tar removed through pipe 54,

“Tn additivn to the foregoing products,
there i¢ also produced from plant 44 residual 113
gas containing light hydrocarbons, hydrogen,
and carbon dioxide. This residual gas is
céndncted throngh pipe 56 and pipe 38 to
the carhon dioxide separator ¥ and, after

105

removal of carhon dioxide thevefrom, it is 120

returned to the reforming zone i3, Residual
gasi'not so recycled may be dischurged
through pipe 56 and is suitable for use as
fuel'gas,
Instead of effecting the previvusly men- 125

tioned shift conversion prior to purification
of the gas stream, it may be effected at a.
suhsequent point after removai of carbon
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diogide and combined sulphur from the
gas stream. An advantage in effecting the
shift conversion at this latter point in the
system is that the previcus removal of carbon

5 dioxide Teduces the conceniration of carbon
dioxide in the feed to the convertor which
thus facilitates the shift conversion.

In the operation of the overall process,
the individual unit operations of reiornu‘vrﬁ,

10 catalytic shift conversion, impurity removal,
~and synthesis, etc. can be carried out at
pressures substantially the same as or not
greatly lower than that prevailing in the
gasification zome 2. The pressure may be
13 progregsively lower in each suceeeding stage
of the process as a result of pressure differen-
tial through each sneceeding unit. For
example, the pressure prevailing in the
gasifier 2 may be aboui 3850 pounds per
20 square inch gange; in reformer 18, 340
pounds, in scrubber 24, 320 pounds ; in
puzifier 26, 310 pounds; and in synthesis
unit 28, 300 pounds. Pumps and com-
pressors may be provided at intcrmediate
25 points to compensate for pressure losses in
the system,

The drawing is merely schematic and does
not show the nsual anxiliary .eyunipment,
inclading pumps, compressors, heater,

80 coolers and heat exchangers. Likewise, it
. will be nndersiood that the scrubbing and
absorbing wmits referred to in the drawing
will include strippers for ‘demuding the
scrubbing or absorbing liquid of absorbed
35 materials,

In the operation of the gasifier, a small
amount of coke {nies and ash may be carried
over in the efluent gas stream. This
entrained solid material is removed in the

40 separator 7 and, therefore, provision may
be made for removing the solid material from
the liquid by filirafion, settling or a com-
bination of such operations.

The carbon dioxide separator 11 may, in

45 some instances, be eliminated, all of {he
carbon: dioxide being subsequently removed
al a later point in the gystem. It will be
apparent that carbon dicxide may be
remaved from the gas siream following the

50 reforming cperation. and prior to shift

 conversion, is so desired. :

In a modification of this invention, the
o0ils and tar contained in the effluent stream
from the gasifier 2 are passed in the vapor

55 state to the reformer 18. Xun this instance
it is not advisable to cool the gaseous
offinent, The stream of gaseous effiment

from {he gasifier may be heated to prechude.

the possibility of depositivn of tar in the
60 flow line. A preferred mode of supplying
heat to the gas stream comprising com-
pounds containing both hydrogen and carbon
atoms, e.g., the gaseous efluent from the
gasifier 2, is by the addition of oxygen to the

gas stream. The resulting reaction at the 65
clevated temperature is eflective {o increase
the stream temperature and effect a partinl
conversion of sald components fo carbon
monoxide and hydrogen. "When the oils eand
tar are snhjected to reforming without pre- 70
vious ‘condensation, if is generally net
feasible to remove the carbon dioxide prior

to reforming. In the reforming operation,
the reaction of oils, tars, and other hydro-
carbons aod substituted hydrocarbons with 75
oxygen serves to convert substemtially all
such components to carbon monnxide and
hydrogen with incidental formation of carhom
dioxide, Carbon dioxide may be readily
removed from the resulting gas.

It is also contemplated that the gasification
of the solid cerbonaceous feed may be
carried out in a manner other then that
specifically mentioned. For example, the
fluidization techoique may be employed in 85
the gasifier wherein the foed matedal, in
finely divided or powdered form, is main-
tained n o fluidized state during contact
with steam and oxygen.

: XAMP

B

. _ 90

A bituminous chal is processed in accord-
gnce with this “iavention. The uiimate
analysis is as follows :— -

Catbon,. " .. .. B2.1%
Hydrogen - . o A0 95
Oxygen .. .. 1286

Nitroged . .. 08

Salphur . .. 14

Ash .. . .. 193

The coal is crushed to 2-10 mesh and 100
charged to a gasifier. of the Lurgi type
equipped with a rotating grate for discharge
of ash. The gusifier 1s operated at 350
pounds per square inch gsuge. A mixlure
of superheated steam at 1000° F. and 105
oxygen of 955, purity is supplied to the base
of the generator in properlicns of about 7.7 .
volumes of steam per volume of ovxyygen.
About 2.85 standard eun. ft. of oxygen per
pound of coal is'supplied to the generator in 110
the steam-oxygen mixture.

The gaseous efflnent from the gasificr,
withdrawn at 1000° F. has the fellowing
composition i— -

Hydrogen ... .. 22% by volume 115
i cLass, o,
Co, .. e 18%
CH, S0,
HO .. o288,
. Light Hydrorarhons 120

and Impurities .. 1% . _
After removal of tar, olls, and water, the gas
stream is compressed and most of the carbon
dioxide is scrubbed from it. The residual
gas is reacted with oxygen at 2300° ¥, and 125
£75 potnds per square inch gauge.. The raw
gas is preheated to 1000° ¥. before introduc-
tion into the reformer; the oils contzining
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far in solution are atomized by injection into
the reformer, '

The gascous effluent from the reformer is
passed to a shift converter where it is con-

5.1acted with a chromia-magnesia-dron oxide.

catalyst at 800° F. and 560 psig. The
gaseous cfiiuent from (he shift converter is

seriibhed with diethyl amine solufivn at

530 psig. and atmospheric temperature,
10 then passed over a bed of spongy iren oxide
at 770° F..and 515 p.sig. :
The purified synthesis gas so prepared is
esgeniially a mixture of hydrogen and carbon
.monoxide znd bas the following composi-

15 tion f— -
’ IIydrogen .. B23% by volume -
Carbon Monoxide .. 30.0% "
Curbou Dioxide 0.5% I
: Nitrogen .. .. B85% .,
20 Water . o 0% '

" . This synthesis. gas is converted to hydro-
carbuns, wxygenated compounds, and the
ke, hy cantact with a fluidized iron catalyst
at 609° T, and 500 ps.i ?‘

25 The water, conrdensable hydrocarbons and

" oxygenated hydrocarbons are removed from
the synthesis resctor effluent by condensa~
tion ; desirable hydrocarbons, by abserption
in mineral seal oil. Tht dry gas from the

30 mineral seal ofl absorber has the following

- composition - —

co .. . 2.5% by volame
CcO, .. ceraae 121% 0,
CH, .. .- e 7Y%,

35 C, Hydrocarbons .. 3.8% "
C, Hydrocarbons .. 3%
Hydrogen .. o 412% "
Nitrogen .. L. B8B0% L,

About 20 per cent. of this dry gas stream is
40 vented to prevent uitrogen build-up in the
systemn,  The remainder of the stream, after
removal of carbon dioxide is passcd to the
reformer for eonversion of the hydrocarbons
to carboz monoxide and hydrogen for
45 recycle to the synihesls reactor,
The foregoing example is offervd by way
of iltustration only and isnot to be-constmed
s in apy way limiting the invention.
‘Obviously, many modifications and varia-
50 tions of the invention as above set forth may
be made without departing from the spirit
and scope thereef, and therefore only such
livnitations shonld be imposed s arcindicaicd
in the appended claims. - .
85 FHaving now particularly -described and
asvertained the nature of our said invention
and in whaei manner the same is to be
performed, we declare that what we claim
is :—
1. A profess Jor converting solid carbon-

60
‘aceous matcrial into valuable hydrocarbons

and the like which comprisss subjecting
said carbonaceons material in solid form to’

1ke action of oxidizing gas in a gasification

zone whersin combustible constituents of 65
said material are converfed inte gas com-
prising, at least in substantial amount,

‘camponnds eontaining both carbon and

hydrogen atoms in the same molacule,

withdrawing resulting gas contzining said 70

compounds from said gasification zone,
passing said compounds at least in part to a

. scparate reforming zome, introducing oxygen

to said reforming zome, effecting conversion

-6f said compounds into carbon mannoxide 75

and liydrogen, subsequently passing resulting

‘carbon monoxide end hydrogen to a synthesis

zone, subjecting it therein io contaet with

.- a synthesis catalyst under conditions effective

1o convert carbon monoxide and hydrogen 80

. into higher melecular weight cosppounds,

and removing from said synthesis zome an
effluent stream: contaiuing desired products.

2. The process according {eo claim 1,
wherein said selid carbonaceous zmaterial 85
comprises coal and the temperature jn said
gasificationn zome is in the range of about
1200 tv 2800° F.

'3, The process according to claim I or &,
in which said gasification is eflected under 50
a pressure in the vange of 1 (050 atinosphezes.

"4, ‘Ihe process according fto claim 1, 2
or 8, in which said separate reforming zone

_is mumintained under elevated pressure at a

temperature in the range of abomi 200095
to 2500° F.
-5, The process according to any one of

“the preceding claims, in which impurities
 edmprising carbon dioxide and sulphur com-
pounds are removed From the reformed gas 100

prior to passage to the synthesis zone.

. B. The process according to any one of the
Pieceding claims, wherein the synthesis
effluent stream removed from said synthesis
zone contains normatly gaseons and normally 105
Hqudd consiitnents, including anconsumed
reactants, cerbon divxide and hydrocarbon
gas, and paseous constituents are separated
from said efffoent, and a portion of the
separated gascous constituents are recycled 110
to said reforming zone.

7. The protess acccrding to clhim 6, in
which residual gas containing hydrocarbens
vbtained from further processing of said
synthesis Hquid products is passed to said 115
reforming Zone.

8, The process according to-any one of the

.preceding claims, in which beth axygen and
‘steam are intraducedl to the reformiing zone,

‘9. The process according to any one of the 120
preceding claims, in which .oxygen is added
to the het effluent stream of gasificution
products substantially in advance of introdue-
tiom of said sirearn to the reforming zone,

10. The piveess according to uny one of 125
the preceding claims, in which at least part
‘of the resnlting reformed gas, is contacted
with steam wnder conditoms such that
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carbon monoxide and steam Teact to produce Dated the 28th day of October, 1948.
hydrogen, and the resulting product mixture For; HYDROCARBON RESEARCH

of increased hydrogen content, after remaval INC.,
of impuritics, is passed to the synthesis zone. STEVENS, LANGNER, PARRY &
5 11, The process for converfing solid car- - ROLLINSOMN,
bonageous waterial into valuable hydro- Chartered Patent Agents,
carbons, substanfially as hereinbefore 5-8. Quulity Court, Chancery Lane,
described. . London, W.C.2,
and at
120, East 41st Streel, New York 17,
N.Y., US.A.

TRedhill: Trinted for His Majesty’s Stationery Office, by Love & Malcomson Ltd—1851.
Published at The Patent Offce, 25, Sonthampton Buildings, London, W.C.2, from which
coples, pricc s per cony ; by post 2s. 1d. may be cbtalned.
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