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tained in and by the following state-
ment ;—

The present invention relates to the
manufacture of gas mixitures containing
carbon monoxide and hydrogen from
non-volatile carbonaceous materials such
as coal, coke, peat, oil shale, heavy oil
residues, cellulosic materials, including
lignin and the like, and more particu-
larly to the manufacture of such gas
mixtures as are suiable for the catalyviie
synthesis of hydrocarhons from carbon
monoxide and hydrogen.

It has long heen known that non-
volatile earbonaceons materials such as
coal, coke, and the like may be con-
verted into water gas by a high tempera-
ture reacton with steam. The process
vields mixtures of CO and H, in vary-
mg proportions, depending mainly on
the conversion temperatures and the feed
ration of steam. The flexibility of the
process may be iliustrated by a series of
possible chemical reactlons about as
follows ¢

C+9H.0— 2H,+ C0, - 24,700 cal.
C+ H,0—— H,+CO -32.500 eal.

C+ COp—> 2C0 — 40,200 eal.
The overall water gas reaction being
endothermie. heat mwust be supplied.

This is usually accomplished by the com-
bustion of a portion of the carbonaceons
feed with an oxidizing gas, such as air

andfor oxymen, at abowt 1600°--3000°
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production of gas mixtures of varying
composition and BThT content. Further-
more, the process as such is extremely
well suited not only for the production
of fuel gases but also for the production
of feed gases for hydrogenation processes
and particularly for the catalytic syn-
thesis of hydrocarbons andfor oxy-
genated organie compounds from CO and
H,. Depending on the products desired.
the latter synthesis requires H,:C0
ratios varying within the wide limits of
0.5—5 volumes of H, per volume of CO.

However, the techmical utilization of
the water gas process, particularly for
hydrogenation processes and the produc-
Hon of synthesis feed gas. has been
appreciably impeded by difficulties en-
vountered in heat supply and condinuons
operation as well as in the substaniial
removal of sulfur compounds from the
gas, the latier being imperative for the
utilization of the gas in the hydroecarhon
synthesis.

The problem of supplying heat of re-
action with continuity of operation has
been materially eased by the application
of the so-called Auid solids technigque
wherein the ‘carbonaceous charge is re-
acted in the form of a dense turbulent
mass of finely-divided solids fluidized by
the gaseous reactants and products. In
this procedure lent is supplied to the
gas generater by the combustion of car-
bonaceons constituents of the charge with
air andfor oxygen either in the gas
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COMPLETE SPECIETCATION

¢ Process for the Production of Carbon Monoxide and Hydrogen

" I, CoNmap ARworo, a British subject,

of 29, Southampton Buildings, Chancery

FLane, London, W.C.2, do hersby declare

the nature of this invention (@ com-
J munication from Standard 0Qil Develop-
ment Company, a corperation duly
organised and existing under the laws of
the State of Delaware, United States of
America, having an office at Linden, New
Jersey; United States of Amerca), and in
what manner the same is to be performed,
to be particmlarly described and ascer-
tained in and by the following state-
ment: —

The present invention relates to the
manufacture of gns miviures containing
carbon monoxide and hydrogen from
non-volatile carbonaeeous materials guch
as coal, coke, peat, oil shale, heavy oil
residues, cellulogic materials, including
lignin and the like, and more partice-
larly to the mauwufacture of such gas
mixtures as ave suiable for the eatalytic
synthesis of hydrocarbons from carbon
20 monoxide and hydrogen.

It has long heen known that non-
volatile carbonaceous materials such as
coal, coke, and the like may be con-
verted into water gas by 2 high tempera-

30 ture reaction with steam. The process
yields mixtures of €0 and H, in vary-

g proportions, depending mainly on

the conversion temperatures and the feed

rafion of steam, The flexibility of the
85 process may be illusirated by 2 series of
possible- chemieal reactions about as

follows: .

C+2H,0—— 2H, + C0, - 24,700 cal.
C+ H,0—> H,+C0 —32,500 cal.
40 ¢+ CO—> 200 — 40,200 eal.

16

15

20

The overall water gas reaction being
endothermie, heat inust- be supplied.
This is usually accomplished by the com-
bustion of a portion of the carbouaceons
feed with an oxidizing gas, such ag air
and[or oxygen, at about 1600F—300¢°

[Price 2[-]

., in accordance with the following
.overall reactions: -
C+0;—3 00, + 94,400 cal,
30+ 0g—— 200+ 54,200 eal.

The combustion reaction may be
carried out either simultanecously ~with.
the water gas reaction or altermately in
a make and blow fashion,

It will be appreciated from the above 55
that the water gas process permits the
production of gas mixtures of varying
compasition and BThU conient. Purther-
more, the process as such is extremely
well guited not only for the production 60
of fuel gases but alse for the produetion
of feed gases for hydrogenation processes
and particularly for the catalytic By~
thesis of hydrocarbons andfor oxy-
genated organic compounds from (0 and 65
H,. Depending on the products desired,
the latter synthesis requires H,:C0
ratios varying within the wide limits of
0.56—5 volumes of H, per volume of CO.

However, the technical ufilization of TO
the water gas process, -particularly for
hydrogenation processes and the produc-
tion of synthesiz feod gas, has been
appreciably impeded by diffculties en-
countered in heat supply and continuous
operation as well as in the substantial
removal of sulfur compounds from the
gas, the latter bheing imperative for the
utilization of the gas in the hydrocarbon
synthesis, o

The problem of supplying heat of re-
action with continuity of operatiom has
been materially eased by the application
of the so-called fluid “solids technigue
whereir -the carbonaceous charge is re-
acted in the form of 2 dense turbulent
mass of finely-divided solids fluidized by
the gaseous reactants and products. In
this tprocedure heat is supplied to the
zas generator by the combuston of ear-
bonaceous constituents of the charge with
air andfor oxygen either in the gas
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generator itself or in a separate heafer

from-which it -is fransferred to the gas
generator as sensible heat of hot combus-
tion residue. T

5 The procedure involving combustion
‘within the gas generator réquires the use
of highly espensive pure oxygen as the

oxidizing gas in order to prevent dilgtion -

of the produet gas with notrogen. When
10 & separate heater is used, considerable
loss of potential heat is incurred as ‘a
result of high earbon concentraiions in
" the heater requiring grealer quantities of
air  fo_provide the necessary heat for
water gas generation at heater tempera-
tures of sbout 1800°—2200° F. More-
over; the sensible heat of the combustion

15

residue being the only heat source for -

the water gas reaction, the solids circu-
lation rates from. the heater fo the gas
generator are Quife considerable, -ie.,
usually aroend 4 Ibs. or 0.2 cu. ft. of
golidg per cu. ff. of water gas produced.
In additiom, it 1s necessary io operate
the heafer within a few pounds pressure,
say 25, of the generator, thereby requir-
ing compression of large amounts of air
over a considerable pressure range if
water gas of more than 25 lbs. pressure
is to - be produced. . Fn any case, the
water gas produced confaing organie sul-
fur compounds which complicate con-
siderably the gas . desulfurization.
Finally, the steam and cooling water re-
quirements are relatively high.  These
‘difficulties result in a relatively high
cost. of water pas or synthesis gas from

_29

25

30

35

coal, averaging more than §.10 per 1,000 :

10 cu. fb. of gas produced as compared with
‘gas produced by modern methane con-
- version processes. N

The present invention overcomes the
aforementioned difficulties and affords
-45 various additional advantages. These
* advantages,- the nature of the fnvention
and the mauner in whiek it is .carried
oot will be fully wunderstood from the
following .description . thereof read with
reference to the aceompanying drawing.
I is, therefore, the prineipal object of
the invention to provide impreved means
for converting carbonaceous- -materials
into gas mixtures suitable for the eata-
Iytic synthesis -of. hydroearbons from

carban monoxide and hydrogem. . -
A more specific object of the invention

50

85

is. to provide improved means for supply-

ing heat to a water gas geperator using
60 a _carbonacecus charge in the form of -a
. dense fuidized mass of.finely divided
solids. . - . . . .
Other apd further objects will appear

. hereinafter, :
66 In accordahce with the present inven:

. metal oxide is reduced so that it may be

about $.05 per 1,000 cu. ft. of synthesis

tion the gasification of solid carbon-
aceous materials with steam is carried out
in the presence of metal oxides supplying
the oxygen required for heat gemeration
by partizl combustion. FEmploying the
fluid solids technigue the fluidized finely
divided metal oxide is intimately con-
tacted with, and gives off ifs oxygen 1o,
the fluidized solid carbonacecus charge of
the gas generator. The resulting com-~
bhustion may generate at least a sub-
stantial portion of the heat reguired by
the water gas reaction. In addition, the

70

reoxidized in an exothermic reaction %o 80

produce heat required by the gasification
reaction.” . ’ -

A substantial separation of solid gasi-
fieation residue " from reduced metal
“axide mey be effected without appreciable
heat losses and reduced metal oxide may
be continvously or intermittently. circu-

" Jated fo a separate oxidation zome to be

regenerated by oxidation with air at tem-
peratures within the range of about 1400°
to 2500° F. . Regenerated metal oxide
may be returned .ie the gas generatien
zone substantially as the temperature of
the oxidation zone thus supplying
sensible heat of =olids to the gas genera- 95

o0

" tion zone in addition io the heal gener-

ated by partial combusidon within the
as generation zome. L

. In this manner, the volume of solids

it be cireulated through the system.for 100
the purpose of heat supply may be re-
duced, and air rather than pure oxygen
may be used for heat generation, . T}
should be noted that, as indicated above,

in the system in which & separate heater 105
is used end hot ashes- from. the heater
supply the. heat for the water gas re-
action, -the carbon conceniration in-the
Teater must he low in order to prevent
excessive carbon: monoxide . formation 110
therein, To-accomplish this it has heen
necessary to operate the water gas gener-
ator Hkewise at g relatively low carbon
concentration which results in a low rate

of the water gas reaction. JIn accordance 115
with the present inveniien the necessity -
of low carbon concentration in g heafer

is obviated and the waler gas generator
may be operated at highest carbon con-
centrations and rates of reaction. More- 120
over, the mefal oxide may act simul- -
taneously as a cracking catalyst for
organic sulfur compounds, fhas symplify-
ing.the desulfurization of the produet
gas. In additfon, 1t may-.catalyze .the 125
water gas shift reaction, thereby sllow-
ing the production of.larger proporiions -
of H, by reaction of GO with steam,-the
supply of the latter being controlled, if
necessary, fo establish concentrations130
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suitable for high H, content at equili-
brium, toward which the catalytic effect
is directed.  On the other hand, any
methane formed by eracking of the ear-
5 bonaceous feed is more easily reformed
in the presence of metals suck as iron
and nickel, .

The metal oxides which may be used
in the present process are quite generally
16 such oxides as have such an afinity.for
¢xygen at the temperatures of our process
that their oxygen partial pressures at
equilibrium with both higher and lower
stages of oxidation present are less than
15 about (10 atmospheres and preferably less
than 0,01 atmospheres so that substanti-
ally all the oxygen of the air used for
regeneration ean be bound by the lower
stage of oxidation. The metal oxides
20 should also he capable of oxidizing car-
bonacecus  constituents of the solid
earboraceous charge at the temperatures
and pressures of the water pas reaction.
While certain oxides which are reduced
25 o metals such as fervous vxide, cuprous
oxide, and the like, are wuseful for onr
{ifocess, olber suitable oxides are the
higher oxides of metals which are capable
of forming both higher and lower oxides.
30 Typical of these are cuprie oxide, ferrie
oxide ard vanadium pentoxide. Suitable
also are mixtures of these oxides and mix-
tures with carrier materials such as
kieselguhr, aluminag or siliea gels,

38 bentonites, and. the like. -
As indicafed above, spent metal oxide
may be concentrated in the solids with-
drawn from the_gas generation zone for
regeneration. While this cireulating
-40 malerial need not be free from ash intro-
duced with the carbonaceous charge, it
shoild be freed of significant concentra-
tions of oxidizable material other than
the spent metal oxide without incurring
46 appreciable heat losses. For this purpose
any suitable means gsuch as fotafion,
magnetic separation or-the like may be
used. In accordance with a preferred
modification of the invention the linear
50 velocity of the gases in the gas genera-
tion zone may be so adjusted as to agcom-
plish a desired separation of solids by
elutriation. This method may be re-
placed or supplemented by packing the
5B gas generation zone with relatively largs
-gized non-fluidizable refractory aggre-
gate such as ceramie itower packingg,
Raschig rings or the like whereby a segre-
gation or classification of the Huidized
80 solids by density may be accomulished.
Such segrepation "may” be further en-
hanced by maintaining carbonaceous
Solids -and metal oxide in- different “size
distribution, the carbonaceouws material
65 having preferably & smaller size, and/or

by using a metal oxide having a density

significantly different from that of the
carhonaceous solid..

In spite of the effective separation of
eshes and carbonacecus solids from the 70
metal mass withdrawn from the gas
generator by the above procedure, the
metal mass accomplished in the gas
generator for regeneration in a separate
oxidation zone frequently may contain
quantities of oxidizable carbonaceons
matter which interfere with efficient
operation of the oxidation zome. In order
to eliminate these difficulties it is pre-
ferred to carry out the reoxidation of the 80
metal mass in 5 fuidized oxidation zone
packed with relatively large-sized non-
fuidized refractory aggresate such as
the above-menfioned ceramic tower pack-
ings and to adjust the superficial velocity 85
of the fluidizing gas so as to remove
overhead from the oxidation zone, ash and
carbonaceous materials having a lower
density than the metal mass while retain-
ing the concenirated metal mass in the 90
oxidation zone at oxidation conditions,

Having set forth the general nature
and objects, the invention will be best
understvod from the more defailed de-
scription hereidafter, in which reference 95
will be made fo the accompanying draw-
g which shows a semi-diagrammatic
view of apparatus suitable to practice a
preferred embodiment of the invention.

Referring now in detail to the drawing100
the system illustrated therein essentially
colnprises a water gas generator (10), a
metal oxide regenerator (20) and a
separation systém (46), (55), (60), the
functions and cooperation of which will 105
be presenily explained, For the purpose
of the following description, the carbon-
aceous charge will be referred to as coal
and the mefal oxide as irdn oxide, but
other materials may be used, ~

, Coal ground “to 2 fluidizable particle
size, for example, of the order of H0'%,
having & size of less thin 100 mesh per
linear inch is .fed, preferahily ~ cona
tinuously, from feed hopper (1) through 116
line (8) which may have the form of an
aerated standpipe, to water gas generator
(10). Steam, which particularly during
the starting period, may be preheated 1o
temperatures of about 1200—1600° ., is 120
supplied through line (5) to theé bottom
portion - of genetator (1) and passes
through- o distribution grid (7) into gas
generation zone (9) to react with the cozl
at a tenmiperatura of between 1400° and 125
2400° “F., preferably about 1600° to
1800% F. whereby water ‘Tas i¥ formed.
About 0.5 to 8.0 Ibs. of steam per 1b. of
roal to be gasified is generally sufficient
for this purpose, although if high €0 gas 130

110
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. is desired, steam addifion may be dis-

.. pansed with, except as reguired for

fluidization, gasificaiion being "accom-

. plished by the G0y and steam formed by

5 oxidation of the earbon and hydrogen
constitients of part of the coal.

Gas generafion zone (3) alse contains .

finely divided iron oxide of a particle size
. slightly larger than that of the carbon-
10 aceous solids in the gas generatoz, e.g., a
particle size of say about B0 mesh, which
is ‘supplied from métal oxide regenerator
{(20) ‘as will appéar more clearly herein-
after, The amounts of mefal oxide re-
gired- to supply the oxysen necessary
to suppert the heat-generaling combus-

* ion in generator.(10) vary between about

1 and 25 Ibs., preferably about 2—10 Ibs.,
per 1b. of codl -to be gasified, depending
on the character of the coal or othér ear-
bonaceous solid used, the amount of Inerd
" materinl clvévlaiing, and the femperature
desired in generator (10). However, this
ameunt iz preferably” not less than thaf
-which gives wp about 7—8 cu. ff. of
oxygen (measured at standard condi-
tions) per Ib. of coal charged (on an ash
" gnd moisture-free basis). In _addiﬁq%'tn
supplying cxygen to the gas. generation
zoﬂe, yghze circulating golid may also ach

20

29

{25) to the generation zone. The amouni
. of heat so evolved will depend ox the

metal oxide wsed, but up to 500 ibs, of

solids ‘may be circulated per 1b. of coal
. charged fo accomplish this. -A +wide
range. of operable ratios of cireulating
solids to fresh coal addition, therefore,
exists in operation of this process.

The Tinear velocity of the gtesnm is pre-
ferably so_selected that the charge of gas
generation zone - (%) forms a “dense
ebuflient mass of fuidized solids having
a well defined upper level (1) and thai
coal ash ig earried overhead from gener-
ator (10), suspended in the product gases.
Steam, velockies of-abont 0.5—10 fi. per
second, preferably 1—4 ft. per second are
suitable for this purpose.- A% these con-
ditions of particle sizes and gas flow, 2

45

crude classification of fiuidized selids may

be accomplished with the result that the
solids charge of zonme (9)  gradually

©  changes from = lower layer consisfing
55 substantially of reduced and uwnreduced
-iron -oxide of high speeific gravify to a
middie layer counsisting of -a réacting
mixfure of coal and iron and iron o¥ides
and an upper layer consisiing imainly of
coal ondergoing pgasification with -steam.
. While there is no sharp “seéparation be-
tween  these layers the classification _is
sufficiently proncunced fo permif the

N withdrawdl of substantially” spent metal
65 oside containing mingr proportions of

-oxide from generstor (10) to regererator

to carry heat-evolved in reoxidation zome.

-carbonaceous materigl from the botiom
of gasification zone (9) while at the same
time allowing for sufficient -confatt be-
tween coal and iron oxide t¢ produce by
combustion heat requived for the. gasi-
fication reaetion.  If desired, this effect
may be furthered by arranging a refrde-
tory tower packing of relatively -large-
'((ii;}meter ceramic Raschig rings in zone
Ag previously indicated, spenf oxide is
withdrawn from the boitom of zone (%)
and passed downwardly through stand-
pipe {12) aerated -through -taps- (15) by
small amounts of a guitable finidizing gas
such “as alr andor flue gas and under
‘some couditions, steam, and -provided
+with a-slide vilve (17).” This fluwidising
gas may be added in sufficient guantities
to strip the spent oxide of cccluded water
gas. - e T
-I1i desired, a reverse standpipe as illu-
strated at (12a) may be used in place of
standpipe (12) fo transport spens mefal

70

80

8b

90
{25). - This arrapgement has fhe advan-
tage that the spent metal oxide may be
copveyed to regemerator (25) using low
presgure air while, if desired, the gener-
ator may be kept under a high pressure 35
when using a cohventional standpipe of
sifficient height for the Feed of regener-
ated metal oxide ‘from regemerator (25)

to generator (1(). This may be pariicu-
Tlazky desirable from an économic point of 100
view when high-pressure synthesis gas is

to be produced. It should ‘also be noted

in thie connection that the use of metal
oxide in place of ashes or ofher light inert
heat carriers permits the use of stand- 105
pipes of cotisideérably reduced height for
ihe purpose of . establishing the desived
pressures. The spent fluidized iron mass,

it ‘conveyed through a downflow stand-
pipe, “enfers pipe - (19) wherein it 1110
picked up by air t0 forin a dilute suspen-
sion which iz pasied uvder the pseudo-
hydrostatic pressuré of standpipe (12) to
the lower pdrtion of mefal oxida regener-
ator (R0) and through distributing grid 115
(23Y into oxidizing zome (@5). ~ T

" The linear velocity of the air supplied

1o regenerator (30) 15 so selected that o
denso turbulent masy of fluidized solids
having an upper level (L.} 'is formed 120
above grid (23). Sufficient air must be
charged to “permit reoxidation of the
iron mass af the Tate prescribed by the
heat requirement of gasification zone (9).
In general. 40 {o 130 cu. £t. of air per [b. 125
of eoal to be gasified is sufficient for this
‘purpose. ¢ o
. TThe spent mietal oxide mass supplied
thrgugh line (19} may contajn carbon.
aceous constituents Tesulting from #n in- 130
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complete separation in gas generator (10),
This carbonaceous material may be suffi-
cient in amount to eonsnme more 0Xygen
than would be permissible for _efficient
9 operation of regenerator (20). It is pre-
ferred, therefore, to provide reoxidizing
zone (25) with s packing of large-sized
non-fluidizable refractory Raschig rings
while maintaining a superficial gas
10 veloeity of about I—4 ft. per second as
described in connection with gas gener-
ator (19). TIn this manner, s substantial
concentration of metal oxide in zong (25)
and elutriation of any material of lower

15 specific gravity including the carbon-
aceous coustituents are accomplished,

The oxidation temperature in zone (25)
is maintained between 1500° and 2500°
B, preferably at ahout 1700°—1900° F.

20 by a proper control of the air supply.

Residual air consisting essentially of

nitrogen and small proportions of €O, is

withdrawn overhead through a conyen~
tonal gas-solids separator (27) provided
with solids return pipe (29), and through
line (81} to be either vented or passed fo
aty desired uwse such as aeration of stand-
pipe (12) or nitrogen recovery., I1f
desired, cyclone separator (27) may be

80 located downstream of means for cooling
the flue gases. Separator (27) is prefer-
ably operated so as fo return fo zone (25)
only metal oxide entrained in the residual
i,

35  Regenerated oxidized iron is withdrawn
downwardly from regenerator (20) and
Dpassed sul?stantially ab the temperature
of zone (25) into gas meneration zone jch
of generator (10) through a standpipe

40 (38), wherein it is stripped with steam

admitted through taps (35). The rate of

metal oxide circulation through pipe (33)

mey vary within wide limits dep_andu}g

ox: the metal oxide and earhonaceous solid
used and the desired temperature gradient
between zones (9) and (25). It should,

Lowever, be sufficient to make about

0.0L fo 0.5 mols of O, available in zone

(9) pex 1b. of carbon to be gasified. In the

oase of iron oxide and a common bitu-

minous coe] the solids eireulation through
pipe (38) may be about 1 to 25 Ibs. ; Pre-
ferably about 5—10 Ibs. or 0.02—0.67 cx.

1. of water gas produced.

28

4B

bo

55 Fresh metal oxide may be supplied to

regenerator (20) through line_ (87). and
metal oxide fines of undesirably ~small
size may be withdrawn from the system

through line (39).
60  Returning now to gas generator (107,
product gas consisting essenfially of CO
and H. and small amounts not exceeding

~ about 5—159 of (0, and eontaining en-
trained "¢oal ash together with a small

68 amount of unconverted eoal and iron er

iron oxide is withdrawn through Jine g-lil)
and passed fo a conventiona] gas-solids
separator (45), preferably of the centri-
fugal type, wherein g major proportion
of the heaviest entrained solids, parti-
cularly metal and meta] oxide, iz gepar-
ated and refurned through line (47 to
gas generator (10). The gas containing
the remaining entrained solids
Passed through line (50} to a water 75
serubber (56) wherein if is completely
freed of solids by water supplied through
line (57) for comntercarrent flow, Pro.
uch gas is withdvawn overhead from
serubber (55) and passed through line
(58) to conventional gas purification
equipment (not shown) and ultimately to
& synthesis reactor or other uge,
ater containing coal ash and minor
amounts of metal or metal oxide and un-
reacted coal may he withdrawn from the
bottom of serubber (65) through ling (59)
and passed to 5 settling zone (60) wherein
& further ornde classification of the U8
pended solids by density takes place,
Suspension. enriched in coal agh may be
decanted and removed from settler (60)
through line (63). The lower layers of
settler (60) contain o suspension enriched
1o metal or metal oxide and some car- 95
bonaceons material which may be with-
drawn through line (65) and passed into
steam feed ling (6) to be returned to
generator (10). : :

I desired, tail gas from the hydro- 100
carbon  synthesis <may be recycled to
generator (10), for example, via steam
feed line (9) in order to modify the eom-
position of the water gag produced by the
conversion of the gaseons hydrocarbons
and 00, contained in the tail gas.

hile no specific Pressures have been
ilille:;tmned above it should be understood

% pressures varying from slight] sub-
atmospheric to about 400 1bs, ger gl- in, 110
gauge may bhe applied. If fuel gas of
high BiL.T. value 1g desired, the
methang content of the gas may be in. -
creased by using pressures of at least 200
ibs. Per sq. in.” A particular advantage 115
of the invention resides in the fact that
synthesis gas may he produced in gener-
ator (10) at any desireq elevated pressure
while reoxidizer (20) may be operated at
substantially atmospheric pressure, thus 120
savng the cost of compressing  large
volumes of air to Ligh prassures,

It will bo appreciated from the abova
description that the system illustrated
in the drawing permiits a fully continngus 125
conversion of carbonaceous solids into s

70

80

85

105

i

mixture of carbon monoxide and hydwo-

gen of improved purity, affordg opiimum
eat economy and requires a minimam of

solids cireulation. While preferred means 180
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have been shown for récovering.metal

oxide suspended in fhe product gas or

gdmixed with other solids, the invention

iz nof limited "to thesd specific’ means.

5 Numerous veriations and modifications

thereof may appear to those skilled in the

art without departing from the spirit of
the invention. -~ = - - '

The favention will be ~further iilu-

10 strated by the following speeific example.

" .Coat feed - .

20 . - -
' " Process steam feed - - .-
Air feed to regenerator - -
© Solids circulated from regemer-
- gfor to gewerator - -
25 _Generator -temperature - -
* (enerator pressure - - -
. Regenerator temperaturs -
Regenerator pressure - -

" Approximate height of stand-

30 " pipe from regemerator to
gemerzior -~ -7 -~ =
- Preheating  temperature  of
steam and alr - LT -
_While the foregoing --description "zund
exemplary operations have served to illa-

36
. strate specific applieations and resuits of
the invention, other modifications obrvious
to those skilled in the art are within the
scope of the invendion, . ~ -
40 Having now particularly described and
ageertained the nature of the said inven-
tion, and in what manner the same is o
be performed, as commuuicated to me by
my foreign. correspondents, I declare that
what I claim is:— ) B
1. A process for the produstion of miz-
tures of carbon momexide and hydrogen
by treating solid carhonaceous material
) in the form of a demse turbulent fuidized
50 bed of finely divided paxticles with steam
at an elevated temperature’ wherein a
substantial part of the heat reguired for
the reaction betweén ' the said carbon=
- aceous material and the stezm is supplied
55 by the combustion of-a portion of the said
carbonaceous -material -simultaneously

45

with. -the: reaction with the: steain, ‘said -

combustion being” supported by oxygen

liberated from- a fimely divided- solid -

80 oxygen carrier in. the reactioii chamber
in direct contact with the said carben-
aeeouy material, - - 7 o0

2. A process as claimed in Claim 1,
wherein . “the - ameunt-of the said finely

65-divided oxygen carrier in the- réaction’

chamber is-sufficient to supply the major

portion of the heat required for the re--
action: between the-carbonaceous material-

- and the steam. - - -

For the production of 415 milliow ew.
#. of synthesis gas per day_ tonfaining
175 million cu. #. of H, 175 millien cu.
ft. of GO, and 65 million ¢n. 5 of 00, 19
trom a coal containing 4.2 Ibs. of H, per
00 Ibs. of carbon using iron oxide as the
oxygen carrier, the following operating
conditions have Been found to be suifable.

188 tons per hour I 77
440,000 1bs. perhour 7 - .
215,000 standard cu. £t. per-minmute-

1,200 tons per minute

. 1800° T, T
100 1bs. [sg. in.-gauge -

1%00° F. -

1 1b./sq. in. gange

100 it.
1100° F.

8. A proeess as claimed in Claim 1 or 70
2 wherein the perticls size of “the car-
bonsoeons material is smaller than that
of. the oxygen carrier whereby the miz-
turs of solids ‘in.the reaction chamber is
caused to segregats into a plurality. of
layers, the lower of which comprises rela-

7%

fively pure redmced oand umreduced

oxygen carrier,’ o

4. A process as elaimed in Claim 3; n
which the reaction zone is zlso provided 80
with packing elements to assist in-effect-

.ing the separation of the oxygen carrier

from the reaction mixture.-. . -
5. A process as claimed in smy one of

‘Olaims 1—4, wherein the spent ozygen 85

¢arrier is withdrawn from the: lower -
part of the gasification reaction zome and

is passed to a reoxidaiion zoné in-which

it. is treated in the form of a dense tur-
bulent fuidized mass of finely divided 90
solid particles with air or an gxidizing
gas to reoxidize it to ifs initial stats, -and-
the thus regenerated carrier is recyeled:
to the gasification resciion zome, .

6. A process.as. cluimed in (laim 5; 95
whetein  the reoxidation of the oTygen
carrier is carried out &t - a. femperature
higher than that in the gasification zone,
and the regenerated carrier is-recycled: to
the gasification zone at such higher tem- 100
perature whereby part of the entdathermie
heat requirement of thé gasification re-
action is supplied as semsible heaf from
the hot oxygen carrier. ST e T

"7, A process as claimed i Clajms 5 10f
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and 6, wherein the pasification reaction
is carried out at a temperature between
1600 and 1800° F., and the reoxidation
of the oxygen carrier is carried out at 2
6 tempersture between 1700 and 1800° F.
8. A process a5 claimed in any one of
Claims 1~-7, wherein the gasification re-
action is carried out under a pressure of
at least 200 pounds per square inch, and
10 the reoxidation of the oxygen carrier is
carried out at substantially atmospheric
Pressure.
8. A process as claimed in any of
Claims 1—8, wherein the oxygen carrier
15 is o metal oxide capable of oxidizing car-
bonaceous materials under the conditions
of gasification, and is preferably an oxide
of iror or copper.
10. A process as claimed in any of the
20 preceding claims wherein the steam is
passed upwardly through the earbon-
aceons material and metal oxide in the
gasifieation reaction zone at such velacity
that the fine particles of ash formed from
25 the carbonaceous material are ecarried
overhead with the product gases, from
which they are separated in known
1anner.
11. A process as claimed in Claim 10,

in which any oxygen carrier separated 30
from the said produet gas is recycled to
the gamification zone.

12. A process as claimed in any of the
preceding claims in which packing ele-
ments are arranged in the oxygen earrier 85
regeleration zone whereby the oxygen
carrier is caused {o separafe intv layers
of varying density and particle size, and
the veloeity of the oxidizing gas is Tegu-
lated to carry any solids of lower specific 40
gravity than the regenerated oxygen
carrier overhead with the waste gases
therefrom.

18. A process as claimed in Clafm 3,
wherein the recxidation of the oxygen4s
carrier i3 carried out al substantially
lower pressure than the gasification ze-
action, and the spent oxygen carrier
withdrawn from the gasifieation zone is
passed to the reoxidation zone by means 50
of & reverse standpipe.

Dated this 31st day of March, 1947,
D. YOUNG & CO.,
29, Southampton Buildings,
Chancery Lane,
London, Wi.C.2,
Agents for the Applicant,

Leamington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1050.
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies, price 2s. (. cach (inland) 2s. 1d. (abroad) msy be obtained.
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