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The present invention relates to an lmproved

proceas for reactlng hydrocarbons in a fluldized bed of

hot carbonaceous sollds to make a reducing gas
consisting predominantly of carbon monoxlde and
hydrogen. More speclfically, the present lnvention
relates tc an improved process for converting
hydrocarbonaceous gaseou® and liguid fluids into
reducing gases having high CO/COp and high Ho/Hp0
ratios in the presence of an oxidizing gas, such as
alr, and 1n the further presence of a fluidized bed
of hot carbonaceous solids. Still more specilfileally,
the pregent inventilon relates to an improved process
for converting heavy olls and residua 1nfto a gaseous
product richer in Ho and CO than processes presently
avallable,.

Coking hydrocarbons and gasifying the
product with an oxygen-contalning gas, such as alr,
oxygen or steam, is well known by this time. The
processes generally involve subjecting a heavy oll
in the presence of a fluldized particulate maas,

such ag adsorbents, coke, activated carbon, and the

like, in a gasification zZone to contact with an oxidizing

gas, The hydrocarbonaceous materlal 1s cracked, and

the cracked products are oxldized. Though the mechanism

is not too clear, probably the initial reactilon products

are COp and HpO. These interact at least In part with

carbon either present in the bed or formed during the
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cracking step to produce Ho and CO, Reaction
temperatures are about 1800-2000°F. and heat for thia
1z furnished by the combustion process.

An lmportant problem connected with this
rrocess 1la the control of the reaction products' ratios,
In particular when the gases are to be used faor reducing
purposes, a8 in metallurglcal operations, it 1s
Important to recover a gas having the highest posaible
C0/C02 ratio. Ideally, this should be accomplished
by injecting alr and hydrocarbons at such stoichiometric
ratios that essentlally all of the carbon in the feed
is converted to CO, in accordance with the equation
CHy +é02-9cx)+»%— Ho. However, experlence has shown
that substantlal portions of the oxygen in the product
gas are in the form of CO, and H,0 rather than CO and Hs.
The former gases are oxidlzing constltuents and are
undesirable asa constituents of reducing gases.

The present invention in its principal
feature 1s based on the dlscovery that gas quality,

1.e. the carbon recovery, is markedly improved when the
gasification reactor 1s operated under "coke consumption
conditions." '"Coke consumption" means that part of the
coke bed 1in the reactor is consumed continuocusly, and
this 1s accomplished by lowering the carbon to oxygen
ratlo In the feed inlet stream. Thus, for example,

if 1t 1s desired theoretically to convert all of the

carbon 1n the hydrocarbon feed stream to carbon monoxide,
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it would be necessary, theoretically, to introduce into
the reactor two moles of carben for every mele of
oxygen, Again, theoretically, the exit gas ratio of
C/02 wlll then be 2. This exit gas ratlio 1s termed

the "carbon recovery" and 1s a convenient measure of
reducing gas quelity. If the C/Oo ratio of the

feed stream is greater than the C/0, ratlo of the exit
stream, i.e. carbon recovery, coke bullds up in the
reactor in accordance wlth the generalized reactlon
CHy + Op—»C0p + CO + HpO + Hp + C. The conditions
promoting this reaction are referred to as "coke
deposition” conditions. On the other hand, 1f the

C/0O5 ratilo of the feed 1s less than the C/0p ratioc of
the product, coke 1s consumed from the reactor in
accordance with the reactlon CHx + Op=3C0p + CO + Hy0 +
Hy - C. This 1s referred to as "coke consumption”
condltlons, and coke 1s depleted from the reactor, l.e.
1t 1s consumed from the fluildized coke bed,

In actual practice the carbon recovery of the
product 1s a long way from 2 and is governed by the
kinetica of the gasifilcation reactlon, At low temperatures
and short holding times over a relatlively inert solid
such as fluldized coke 1t may be as low as 1 or even
less, At high temperatures, long holding tilmes and
very actlve carbonaceous sollds, such as actlvated
carbons, 1t may be mas high as 1.9. Thus under coke

deposition conditilons, the following have been observed,
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1 TABLE T

2 Carbon Recoveriles

3 Coke: Fluid Coke Actlvated Carbon
4 Holding Time, Secs. 15 55 15

5 1800°F . 1705 1.36 1.55

& 1900°F, 1.22 1.55 1.65

7 2000°F. 1.39 1.74 1.85

8 From these data 1t 1s apparent that it is

9 necessary to go to very high holding times and/or to
10 use very hlgh tempefatures and/or highly activated

11 carbons 1n order fo obtain good carbon recoveries.

12 The gasification of hydrocarbons may be done
13 for a varlety of desired end products, 1l.e., town gas,
1% synthesis gas, hydro gas, reducing gas, etc. It is
15 clear that the end use of the gaseous product will

16 determine ite deslred composition., In many applicatlons,
17 specifically 1n direect 1ron ore reducticn (therefore
18 'reducing gas") the gas must have very high ratlcs of
19 CO/COs and Hp/HoO0 to maintaln an equilibrium over the
20 1ron oxilde favorable for iron formatlon. Ideally, the
21 gas conslists of pure hydrogen and €0. Carbon recovery
22 18 a convenlent measure of the reduclng efficlency of
23 a gas. This is illustrated in the following table,

24 TABLE II
25 Iron Ore Reduction at 1800°F.
26 Carbon Recovery Moles Fe Reduced/Mole € in Gas
27 1.29 0

28 1.6 0.3
29 2.0 0.53
30 Based oun C/H ratlo of gas = 1.6
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These numbers are determined solely by the Fe - 0 =

C - H equllibrium and show that for iron ore redwvction
at 1B00°F., to proceed at all, the gas must have a
carbon recovery of better than 1,3, For economlical
reasons 1t should be better than 1.6, It 1s

important to realize that the gasification of
hydrocarbons with alr 1s not thermodynamically

limited above 180C0°F. At 1B0OO°F, and above the
thermodynamic equilibrium, carbon recovery ls
essentlally equal to 2, l.,e. greatly favors formatlon
of CO and Ho. Desplte this favorable thermodynamic
equlilibrium Table I pointa ocut that high gas guallties
acceptable for 1ron ore reduction are obtained only
with great difficulty over fluld coke and with
decrensed Aifficulty over activated carbon, In

other words, this 1a a rate limlted process affected
by properties of the solid, over which gasification

is conducted., This lnvention teaches the unexpected
result that coke consumption conditlons 1n the reactor
greatly enhance the rate of converslon of hydrocarbons
to CO and Hp, This means that a smaller reactor and
lower temperatures can be utilized,

It is therefore an important obJect of the
present invention to set forth a novel and lmproved
process for making reducing gases from hydrocarbons
and in particular from heavy hydrocarbon olls, and

obtaln high ylelds of CO and HQ.
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It is & further object of the present lnvention
to set forth a two-stage process for effectively
converting hydrocarbons into reducilng gases.

Other and further objects and advantages of
the present inventlon willl be more clear hereinafter.

It has now bsen found that gas quallty, 1in
terms of carbon recovery, is markedly lmproved when
the gasificatlon reactor 1s operated under coke
consumption conditlons., In fact, lmprovement of conversion
of over 45% has been reallzed when, under the same
condltions of temperature and residence tlme, the
gaalficatlon reactor has been operated 1n coke consumption
rather than coke deposition conditions, 1.e., with coke
belng consumed from the fluidlzed bhed rather than
belng depoalted therein. These results are unexpected
for the following obvious reasons., The rate of solld-
gaseous reactlons 1s proportional to the time of
exposure over the active surface. That this 1s a0 for
the gasification sgystem 1s ghown in Teble I, At the
asame temperature, longer holding times over fluld coke
gave better gas qualities. And accordingly, when the
holding time ls decreased, poorer gas qualitles are
obtained.

Under coke consumption conditiens, however,
the reverse 1s found to be true., Due to the fact that
coke 1s consumed from the reactor, the fluid bed level

decreases, Thus, the holding time of the reactants over
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the coke 1s decreased. It would have been expected
therefore that under coke consumption conditlona

the gas quality deterlorates rather than improves,
That the reverse 1s true is shown by the following run

record obtained under coke consumptlon conditions.

TABLE IIT
Roar amree AT joldwpBr. Recovery
3 2hy 70 29.8 1.49
5 " " 28.4 1.50
7 " " 27.1 1.49
9 " " 25.8 1.53
11 " " 24,6 1.55
13 " " 23.5 1.58
15 " " 22.3 1.66

The reasons why operating a gasification zone
under coke consumption conditlons should so markedly
affect the product gas quality are not exactly known,
One explanation may lie 1in the observatlon that,
under coke consumption condiltlons, the surface area
of the coke comprislng the fluildized bed 1s markedly
increased, and this more active coke may be more
efficlently utilized by the reacting gases. Simllarly,
under coke deposition condltions 1t has been found
that the coke surface area is destroyed.

In accordance with the present inventlon,

therefore, a gasificatlon zone whereln an oxldizing
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gas, such as alr, and a hydrocarbonaceous fluld such
as heavy olls, Bunker C, tars and the like, are
contacted at very high temperatures in the presence
of a fluidized bed of coke ls operated under coke
consumption condltlons.

Since coke 1as depleted from the fluldlzed
bed, it must be replenished for a continuous cperatlon.
This can readily be effected by adding fresh coke to
the reactor concomitantly with the additlon -of the
hydrocarvon and the oxldizing gas. In one modifcation,
a low temperature coking process furnilshes the coke
necessary to maintain the coke ilnventory 1n the
gasificatlon zone,

In oparation of the gasification zone, the
fluidizable coke particles have a size of about 40 to
300 microns and form a turbulent dense bed when the
fluldizing gas has a linear veloclity in the range of
0.5 to 4 feet per second through the bed.

For the gasificatlon reactlon 1n which the
hydrocarbon feed material, liquld or gaseous,
dlapersed in the fluldized sollda bed, the bed
temperatures are in the range of 1750° to 2400°F.,
preferably 1750° to 2100°F., with a small temperature
gradient preferably leas than 100°F. throughout the
bed.
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Pressures in the gaslflcatlon reaction zone
are generally slightly above atmospheric, e.g. O to 40
psig., but the presgsure can be lncreased.

The hydrocarbon feed should be admitted 1into
the fluldlzed sollds sufficiently above the bottom of
the bed, l.e, where the alr enters the bed, to avold
direct oxidation of the hydrocarbona by oxygen whlch
causes formation of hot apots that in turn may cause
deactlvation and results in a fine carbon black
formatlion. Such flne carbon black is less than 1 mlcron
in size generally. Also, the hydrocarbon entrance into
the bed should not be too far up toward the top of the
bed, but where sufficlient time of contact is allowed
for the gaseous hydrocarbona from the feed to decompose
ln the presence of the coke-bearing fluld solids, at a
temperature above 1750°F. For example, the hydrocarbons
could be made to enter the bed about 1 foot above a
grid, supporting the bed and through which air is
distrlibuted into the bed while a remalning 3 to 10 or
more feed of the bed l1s above the level where the
hydrocarbon feed enters. Thus, the turbulently
agitated solida recelving carbon and coke deposits
underge sufflclent rapld baclmixing intc contact with
the air enterlng the bottom of the bed to obtain
oxidation of such deposits, thus maintalning practically

a uniform temperature throughout the bed,
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The process of the present lnventlon can be
more clearly understood in connectlon with the drawlng,
wherein Figure 1 shows an apparatus suitable for
carrying out the process of the present invention, and
Figure 2 shows an embodiment employing a two vessel
ayatem including a coker and a gasifier.

The reactor shown in Flgure 1 comprisges
veasel 1 conbalning fluidized solids and having
communicating parts, Vessel 1 may be a heat-reaslstant
ateel shell Mned wlth heat-resistant refractory material.

A central draft tube 2 conatructed of sultable
refractory material; e.g., slllcon carbilde, ceramics,
metal alloy, or metal with refractory lining, 1=
disposed in vessel 1 to partition off an interior
reactlon zone 3 where oxldatlon of coke or carbon
depoalts on the clrculated sollds takea place.

Carbon contalning solids are paased from
fluldized bed 4 of the hydrocarbon decomposition zone
by way of pipe 5 and inlet plpe 6 into zone 3.

A free oxygen containing gas; e.g., alr or
enriched alr, for oxldation of the coke deposits on
the s0llds clrculated to zone 3 1s supplied from line 7.
This alr may be preheated; e.g., to a temperature of
400° to 1000°F,

The fluld hydrocarbon feed, such as methane,
liguid hydrocarbon, or both gaseous and liguld
hydrocarbons, is introduced through feed line 8 into
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solids bed 4 where the hydrocarbon materlal is
decomposed to form hydrogen and coke deposlts at a
temperature in the range of 1750° to 2000°F, A
hydrocarbon feed introduced as liquid may have a
preheat temperature of 200° to 650°F. Gaseous
hydrocarbon feeds may have a hlgher preheat
temperature; e.g. up to 1200°F,

The heat carrylng sc¢lids are maintalned in a
fluldized state 1n both the cracking and oxidatlon
zone, By fluldigzed is meant the malntaining of solid
particles having a size 1ln the range of 25 to 1000
microns in the form of a dense bed having a falrly
distinet upper level using a fluldlzing gas wlth a
superficial gas veloclty in the range of 0.2 to 10
ft./sec., preferably 0.5 to 3 ft./sec., and the
maintalning of such slzed particles in a more dilute
entralined state at such gas wvelocltles, with the
solids in both instances occupying at least 20 vol. %
of the gas sollds mlxture. The fluldized solids
provide turbulent mixing and excellent heat transfer
between the zones, By the turbulent mixing of the
golids, the temperature variation (A T) throughout
the bed 4 1s kept sufficlently small to prevent hot
spot formatlon, Heat 1s added to the solids 1n bed &4
by conduction and radiation from tube 2, from walls of
vessel 1, and from aollds overflowlng from tube 2 at

1ts upper end. A deflectlng baffle 12 may be located
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above the upper outlet of tube 2,

Gaseous produbt is withdrawn from vessel 1
through gas exit line 10, It consists principally of
carbon monoxide formed inside tube 2 and free hydrogen
riging from bed 4, which become admixed 1n the solids
disengaging space above the zonea. Thls gaseous
product passes through one or more cyclone separators
11 having 1nlet ports 13, dip legs 15 for return of
golids separated from the gases back to bed 4, and gas
outlet lines 17 %o main gas line 10 which conducts the
gages to any unlt or plant where they are used; e.g.
for reduclng an lreon oxlde. The product gases may
be glven other treatment 1f desired; e.g. by hot
carbon to lncrease the concentratlion of carbon monoxide
or a catalytlic water gas shlft treatment that increases
the yleld of hydrogen by the reactlon of the carbon
monoxide component wilth water.

Adequate turhulence of the solids in bed 4 to
keep the 4 T low; i.e. below 100°F., throughout the bed
is obtalned by regulated flow rate of the hydrocarbon
feed Into the bed. Even when injecting a liquid
hydrocarbon feed sufflclent gquantities of gaseous
decomposition products, vapors and hydrogen are
formed Instantanecusly and malntaln fluidizatlion of
the solid particles. Thus, the dense bed of solid
particles 4 can be kept free of undesired gases,

especlally oxygen or oxldizlng gases.
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80l11d coke particles of suitable slze for
fluidization, e.g. petroleum coke or actlvated coke,
are added through inlet 19 when the sollids requlre
replenishment. Used solids can be withdrawn through
line Z20.

The air used for reaction with carbon deposita
on the sollds ls preferably introduced 1n a zone
gulficlently separate from the hydrocarbon cracking
zone to prevent partial oxldation of the hydrocarbon
feed, 1In the operatlon of the reactor shown 1in
Fgure 1, alr is introduced into the lower end of
draft tube 2 and converts the carbon on the sollds
clrculated from bed 4 by line 5 to carbon oxldes. The
oxidizing reaction in zone 3 is highly exothermic and
permits a temperature above 2000°F. to be maintalned
1n zone 3. Over 75% of the heat requirements of the
gasificatlion process of this inventlon are supplled by
this oxidation of the carbon deposlts.

The high temperatures in zone 3 favor
formation of a high proportdon cof carbon monoxlde
relative to carbon dioxlde, The reaction in the
oxldizing zone 3 between carbon and oxygen from the
alr is a stepwlse process in which first the carbon 1s
belleved to be oxldized to carbon dioxide. Thils
reactlon i3 very fast and hlghly exothermlc. As carbon
diqxide is formed, a second reaction takes place

hetween carbon dloxlde and carbon to form carbon
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monoxlde, The second reactlion ls endothermlc and
relatively slower than the first reactlon and 1s
favored by high temperatures, preferably temperatures
above 2000°F, to go to completlon. Thus, the conversien
to carbon monoxlde and the temperature in the oxidilzing
zone 1Inside the draft tube are lnterrelated. The
operation of the oxldation zone 3 and preheating
requlirements depend on the carbon monoxide concentratlon
desired in the gas formed, For approximately complete
conversilon of the oxygen from the alr to carbon
monoxlde, temperatures of 2200°F. and above are usually
requlired for a convenlent short helding time in the
oxldation zone. In order to reach such elevated
temperature, the alr should he preheated to above
500°F,

While gas contalning malnly nitrogen and
carbon monoxide flows out at the upward open end of
tube 2 when alr 1s used as the source of oxygen, nearly
pure hydrogen is produced in the bed 4 by the cracking
of the hydrocarbon feed in this bed. A relatively
small amcunt of water is formed inslde the oxidation
zone 3 by oxldetlon of hydrogen in and absorbed by the
coke on the solid particles. In the upper part of the
reactor a small amount of water may be formed by the
reversible reactlion of carbon dioxlide with hydrogen,

The locatlon of the oxidatlon zcne is 1lnside

the vertical draft tub€ 2 of Figure 1 so that it is
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geparated from, but in good heat transfer relationship
to, the hydrocarbon cracklng zone., Much of the heat
formed in the oxidation of the coke deposits can be
conducted through the tube wall and then be radlated
into the surrounding bed Y4 on all sldes. Thus in the
hydrocarbon cracklng zone 3, a temperdture 1n the range
of 1750° to 2000°F. can be malntained with low
varlatlon in temperature throughout the bed,

The helght and dlameter of the draft tube 2
1s deslgned for maximum efflciency in oxidizling carhbon
and coke deposits on the sollds to carbon monoxide wilth
a llnear gas flow rate up through the tube in the range
of 3 to 10 feet per second. With this rate of flow,
the gas products, malnly carbon monoxlde with a small
amount of carbon dloxlde, carry solids 1ln auspension up
to the top of the tube where the solids splll over into
the surrounding cracklng zone bed where the hot solids
add heat, serve to promote the eracking reaction and
accumulate fresh coke deposlts from the cracking of
the hydrocarbon feed.

Vessel 1 1s operated, in accordance with the
present lnventlon, to malntain carbon consumption
conditlons, Table I lists pertinent operatlng
condltions and provides a specific example thereof,

drawn with reference to Figure 1,
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TABLE IV
Operating Conditlons for Cocke Censumptlon

Broad Preferred
Temperature, °F. 1700-2200 1800-2000
Pregsure, pslg Cc-100 20-50
Feed, C/Op mole ratio 0.5-1.5 1.0-1.5
Superfilclal velocity,Ft./Sec. 0.5-4.0 1.0-2.5
Lbs, sollds holdup/mole 02
in air/hr. 100-2000 300-1000

Scllds may be any form of coke or carbonaceous sollds.

In PFlgure 2 there 1s shown dlagrammatically
a simplified scheme for providing coke to replenish
that consumed 1ln the operatlon of the gaslifilcatlion
step. Hydrocarbon feed, such as Bunker C oil, 1s
precoked 1n vesgel 50 at normal coklng temperatures,
in the range of 900° to 1300°F., and 1n a conventional
manner well known per ge, enough alr 1s admltted to
coker 50 solely to maintaln a heat balance. There-
after, both coke and product gases, mostly hydrocarbons
with some oxides of carbon, water, nlitrogen, etc., are
passed via llnes 52 and 53 respectlively to gasification
vessel 60, Here the temperature 1s railsed to the
desired gasiflcatlon temperature by fufther alr
additlion through line 58. In this manner the
gasification stage is always coperated under coke
consumptlon conditions., A further advantage of this

two stage system 1s that the Hp/CO ratlo of the
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product gases may be varled at wlll by wlthdrawing
portiona of the gaseous product from veassel 50 through
line 55 or by admltting further hydrocarbon feed to
vegsgel 60 through line 62, No heat losaes are
incurred because the over-all balance remalns the
game,

The process of the present lnventlon may be
further illustrated by the followlng specific examples.
Example 1

In a gasification process wherein a high
Conradson carbon petroleum fractlon was gasified by
injJection 1into a bed of fiuldlzed coke, a 45% increase
in converslon was obtalned when, under the same
condltions of temperature and holding time, the
gaslficatlon was carrled out under coke consumptlon

conditions rather than coke deposition conditiens.

Carbon Recovery over Fluld Coke at 1915°F,

Coke Consumption Coke Deposition
10 secs. Holding Time 10 secs.
1,57 Carbon Recovery 1,13

At 2000°F., the following results were

obtalned:

Coke Consumptlon Coke Depoaltion
0,017 Feed Rate, W/H/W 0.017
1.85 Carbon Recovery 1.74

These data were obtalned with 35% coke

consumption, based on feed, Depending on the C/0p
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ratioc of the feed, the coke in the reactor may be
consumned rapldly or slowly.
Example 2

The coke holdup in the reactor 1ls 30.9 lbs.
The feed 18 a Bunker C fuel o1l with a gravity of
12,6°4.7,I., a C/H of 8.36 and a Conradson carbon of
16,0 wt.%. It 1s atomlzed 1nto the reactor, one foot
above the grid, wlth an inert Np stream at a rate of
bis g/hr., Air 1s admitted to the reactor below the
grid at a rate of 70 SCFH. This corresponds to a
C/0o molar feed ratic of 1.5 and an inverse space
veloclty (1bs, C/mole og/hr) of 800, Reactor
temperature 1s 1900°F. Superflcial velocity through
the reactor, based on outlet gas rate, 1s 0.67 ft/sec.

The average product dry gas analysias ls:

H, - 8.8
Ny - 72,6
CHy - 1.0
co - 12.5
Cop - 5.1

HpO* - 3.2
*Based on wet gas
This corresponds to a carbon recovery of 1,35,
The carbon/O, ratio of the feed, therefore,
is somewhat higher than the C/0p ratio of the product.
Due to losses of carbon black and entrainment, however,

the coke level in the reactor remalned constant at
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about 30 to 31 lbs.

The feed rate 1s now lowered to 250
grams/hour, with the air rate remaining conetant.
Over the first four to five hours no change in product
gas quallty is noted, in agreement with previous
experience which indicated that product gas quallty
is dependent on the inverse oxygen space veloclty
(1bs. C/mole Op/hr.) only, and independent of
hydrccarhon feed rate,

After several hours, however, the coke level
in the reactor begins to drop significantly because
of the excesa Op, thereby decreasing the inverse space
velocity. The expected decrease 1ln gas guality does
not take place, but on the contrary steadily improves.
After 15 hours of running time the coke holdup in the
reactor has dropped to 22.3 lbs., with an lrwerse
space velooity of 574 lbs. C/mole Op/hr. The dry

product gas now analyzes as follows:

Hy - 7.6
No = 70.6
CHy, =~ 0.3
co - 18.8
Coz - 2.7
HpO* - 1.7

*On wet. basis
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This 1s a radlcal improvemant over the
initial gas preoduct, correaponding to a carbon
recovery of 1,66, Notice that the CO concentration
has risen from 12,5 to 18.8 vol. %, while CO, and
water fell from 5.1 and 3.2 to 2.7 and 1.7
respectively., This corresponds to an lncrease of
C0/COp ratio from 2,5 to 7.0. This has taken place
despite the fact that the total residence time of the

vapors over the coke has decreased by 30%.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED A3
FOLLOWS :

1. In a process whereln s fluldized bed of
coke formed by coking a hydrocarbonaceocus liquid is
gasified in a coking zone in the presence of alr at a
temperature of 1700° tc 2200°F, and in the further
presence of components formed in sald coking atage
to produce a reducing gas containing Hp and CO, the
lmprovement whlch comprises malntalning the
gasiflcation zone under conditions such that the
carbon/oxygen ratioc of the feed components to said
gasification zone is leas than the carbon/oxygen
ratio of the gasificatlon product and ccke carbon 1s
consumed from sald bed at s higher rate than 1t is

depoaslited.

2. An improved process for producing a gas
stream of high reducing capaclty rich in H2 and CO
which comprises maintaining a dense turbulent bed of
fluldized solids in a reaction zone, introducing a
hydrocarbonaceous feed into sald bed, cracking sald
feed to form hydrogen and coke deposits on sald
fluldized solids, introducing air into said bed to
supply oxygen for converting sald coke to oxldes of
carbon, malntaining sald bed at a temperature of from
about 1700° to 2200°F. and O to 100 psig. pressure and
operating said gasification under conditlons such that
the carbon/oxygen ratio of the feed components l1s less
than the carbon/oxygen ratio of the product gases and
coke carbon ls consumed from the bed at a higher rate

]
than it 1s depecsited.

P
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3. A process for producing a hot gas atream
centaining principally Np, CO, and Hp, which comprises
supplying carbonaceous scollds to form a turbulent
dense fluldized solids bed, introducing a hydrocarbon
feed into a cracking zone of sald bed where the
hydrocarbon feed 1s cracked to form Hp and coke
deposits on sald particles maintained at a temperature
in the range of 1700° to 2200°F. by heat radlated and
conducted from an adjacent combustion zone, fluldizing
pald particles carrylng coke deposits 1n sald
combustion zone by alr of which oxygen reacts with
gald coke deposits to form cerbon cxide gases and heat
the particles to a temperature in the range of 1700°
to 2200°F., turbulently admixling heated particles
fluldized from the combuation zone lnto sald cracking
zone, contacting gaseoua hydrocarbon and hydrogen from
the cracking zone and gases containing CO, CO,, with
No from the combustion zone at a temperature In the
range of 1700° to 2200°F, with coke deposits of
upwardly fluildized activated particles from the
oracking zone, making said gases richer in CO and Hy,
and separating a repulting hot gas atream contalning
mainly Na, CO and Hp with relatively small amcunts of
COp, HpO and gaseous hydrocarbon, sald gasification
being carrled out such that the rate of coke depositilon
on sald bed 1s less than the coke consumed from sald

bed.

<3
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1 4, A process for producing a hot gas

2 stream contalning Hn, CO and N, a8 principal

3 components, which comprises maintalnlng a dense

4  turbulent bed of fluidized carbonaceocus solids,

5 introducing a hydrocarbon feed into an Intermedlate
6 part of sald bed between an upper major part and &

T bottom part of said bed, cracking the hydrocarbon

8 freed to form hydrogen and coke deposits on sald

9 solids in saild intermediate part, introducing alr
10 into sald bottom part of the bed to supply cxygen

11 whiech converts said coke deposits to gasecus oxldes
12 of carbon with svolution of heat for maintaining the
13  bed of solida at a temperature in the range of 1700°
14  to 2200°F., admixing gaseous carbon oxides and Np
15 from the bottom part with hydrogen and hydrccarbon
16 gases in the intermediate part, passing the
17 resulting gas mixture up through the upper major

18 part of the bed for further reactlon that enriches
19 the gas mixture in Ho and CO, and maintalning

20 gasifiocation oonditions such that the carbon/oxygen
21 ratlo of the feed 1s less than the carbon/oxygen ratio
22 of the product gas stream and coke 1ls consumed from
23 aald bed at a higher rate than it is deposited in
2k  the coking step.

1 5, The process defined in claim 4 wherein
2 the hydrocarbon feed 1s & liquid hydrocarbon that 1is
3 atomized into the cracking zone with a gas

4 substantially free of oxygen.
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6. The process of claim 4 wherein said coke consumption
conditions include & temperature in the range of 1800° to 2000°F.,
a pressure of 20 to 50 psig., a carbon/oxygen ratic in the feed
of 1.0 to 1.5, a gsuperficial velocity of 1.0 to 2.5 feet/second,

and a solids holdup-mol 0, in air/hour ratio of 300 to 1000 1bs.

7. The process of claim 4 wherein said solids are fluid-

ized coke.

8. An lmproved two-stage procegs for producing a gas
stream of high reducing capacity rich in H, and CO which comprises
passing & hydrocarbon stream into a fluidized coking zone, main-
taining & bed of fluidized carbonaceous solids in said zone,
maintaining a coking temperature of 900° to 1300°F. in said bed by
addition of only enough air sufficient to maintain heat balance,
thereafter passing product gases and fluidized coke to & gasifi.
cation zone, passing air into said zone, maintaining temperatures
of 1700° to 2200°F. in said zone, and maintaining said gasification

zone under coke consumption conditions,
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