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Abstract: A process whereby a high viscosity hydrocar bonacg &y eri al
is fed to a gasifier for conversion to synthesis gas. The feed- stock,

st eam oxygen, and recycled gasification systemwater are all fed into the
gasifiel’g‘?Pﬁ/‘Hﬂl’éﬁ a four streamfeed injector (2), whiRHVHYYes a central

cylindrical conduct (4) and second (60, third (8) and outer (10)
cylindrical conducts radically spaced fromeach other. This setup pro-

vi des a center passage (12), and a fjrst (14), a second (16), and an outer
(18) annul ar coaxial concentric annular passage. The upstream ends of

PROCESS FOR THE GASIFICATION OF HEAVY OIL
BACKGROUND OF THE INVENTION

The process and advantages of gasifying hydrocarbonaceous material into synthesis gas

are generally known in the industry. In high temperature gasification processes, synthesis gas is

5. commonly produced from gaseous combustible fuels, such as natural gas, liquid combustible

| fuels, and solid combustible organic fuels, such as coal, residual petroleum, wood, tar sand, shale

-0il, and municipal, agriculture or industrial waste. The gaseous, liquid or solid combustible

organic fuels are reacted with an oxygen-containing gas, such as air, enriched air, or nearly pure
oxygen, and a temperature modifier, such as steam, in a gasifier to obtain the synthesis gas.

10 * In the reaction zone of the gasifier, the contents will commeonly reach temperatures in the
range of about 1,700° F (930° C) to about 3,000° F (1650° C), and more typically in the range of
about 2,000° F (1100° C) to about 2,800° F (1540° C). Pressure will typically be in the range of
about 1 atmosphere (100 KPa) to about 250 atmospheres (25,000 KPz), and more typically in the
range of about 15 atmospheres (1500 Kpa) to about 150 atmospheres (1500 KPa).

15 In a typical gasification process, the synthesis gas will substantially comprise hydrogen
(), carbon monoxide (CO), and lessor quantities of impurities, such as water (H,0), carbon
dioxide (CO,), carbony! sulfide (COS), hydrogen sulfide (H,S), nitrogen (N2) and argon (Ar). A
quench drum located below the reaction zone of the gasifier is used fo cool the synthesis gas and
remove any solids, particularly ash and/or slag and the particulate carbon soot leaving the

20 reaction zone of the gasifier. In the quench drum, the synthesis gas is passed through a pool of

- water and exits the quench drum through an outlet nozzle above the water level. The solid
particulates settle in the bottom of the drum and are removed. Meanwhile, quench water is
continuously removed and added fo the quench drum so as to maintain a steady liquid level in
the drum. #

25 The synthesis gas is commonly treated to remove or significantly reduce the quantity of

 impurities, particulatly H,S, COS, and CO; before being used in a downstream process. The
synthesis gas is produced for a variety of useful processes, such as producing hydrogen for

- refinement, carbon monoxide for chemicals production, or producing fuel gas for combustion
trbines to produce electricity. .

.30 Génerally, the heavier the feed, the higher the carbon to hydrogen ratio. A high C/H ratio

means that the temperature in the reaction zone of the gasifier will be hotter than when feeds of a
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Generally, it is desirable to atomize the feed in order to spray fine particles into the reactor. The

15 finer the particles, the higher the conversion will be. It is difficult, though, to atomize materials
with high viscosities into fine particles, and the additibn of water can produce non-homogeneous .
mixtures. Thus, mixing water with a high viscosity feedstock can also adversely affect
conversion in the gasifier if mixing is poor.

SUMMARY OF THE INVENTION

2 Disclosed herein is a process whereby a liquid hydrocarbonaceous material of high

i viscosity is feed to a gasifier for conversion to synthesis gas. The feedstock, steam, oxygen

- ‘ containing gas, and recycled quench water can all be fed into the gasifier through a four stream

feed injector. The feedstock in this design may be sandwiched between two oxygen streams so

as to provide better atomization of the exceptionally heavy feed and, hence, better conversion to
” synthesis gas. The central bayonet of the feed injector may provide a flow path for the fourth
- stream, the quench water recycle. This arrangement can avoid mixing and cooling the feedstock

that would increase the viscosity and thereby lower conversion in the gasifier.

The present invention provides a continuous process for the the partial oxidation of a high

- viscosity hydrocarbon feedstream comprising:
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quench water is continuously renoved and added to the quencCh Fciiblcum so as to
maintain a steady liquid level in the drum 25 The synthesis gas is
commonly treated to renmove or significantly reduce the quantity of
inmpurities, particularly H2S, COS, and CO2 before being used in a
downstream process. The synthesiszgas is produced for a variety of useful
processes, such as produci ng hydrogen for refinenent, carbon nonoxide for
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20 Di sclosed herein is a process whereby a liquid hydrocarb?gﬁce
material of high viscosity is feed to a gasifier for convefrsion

synt hesis gas. The feedstock, steam oxygen containing gas, and recycled
guench water can all be fed into the gasifier through a four stream feed
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of the feed injector may provide a flow path for the fourth stream the
quench water recycle. This arrangenmdnt can avoid nixing and cooling the
feedstock that would increase the viscosity and thereby | ower conversion
in the gasifier. The present invention provides a continuous process for
the the partial oxidation of a high viscosity hydrocarbon feedstream
conpri sing: 2 NaDESURIPIZION OF IDEESTRA TAVEEMBODIMENTESr t hr ough t he

central conduit of a four-streamfeed injector .mpunted in th er
portion of I Hyseptanveptionperigns Eé‘tl“qvﬁie@@feé# E’Eg’r‘?ﬁ?“iﬁgf %‘squﬁﬁioéﬁ cagﬁgc ed
concepfy lhi%h GiskHPliqui S BFPAEboh ReiflockAB§ defilifdn, BastficR PattBbxi€0e wabtes, and sai d
conduits Dbeing open at’ their downstreamexit orifices for discharge; (2)

si mul vagasifies by ysed diterghangaablyHo Wessuibe theyespjorria vdidiothe padiakexidadipn ©hdough t he
third | ' T i I [y NG g3 St

Fr e ek Lt e SRRHiSk o Bdaskic kit SPERNE gk IARSLUBORGLERIR L
nmoder @&l knovinhin Gheght, hdere deqarnil aridhtion teactimydonditdenscSde, for examhyile, $1.5.(P4. mi xi ng

£r om N 230500 Ashdip sl RT3 Al ieoPeralpnetpln BlrelePing® e ResRRE  rom ()
i n thg LaRGHL QheR@NAIPEn bRFreARSMAMRE -gas, BRtIER: BiESSHRCHE 41 dPeddiEp@RAW NGS

FIG 1 provides an overview of a four-streamfeed injector for use in a
gasi f pxsrgen, 2nd/atenpesremodifien aurb 28 WHETINISERY, Ispgevilienioprasurg thy pynthesis
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the gasifier. Together, the oxygen and the temperature modifier. can impact the composition of
the synthesis gas, but the control of the gasifier is outside the scope of the present invention.
Partial oxidation reactions use a limited amount of oxygen with hydrocarbon feedstocks
15 to produce hydrogen and carbon monoxide (i.e. synthesis gas or syngas), instead of water and
carbon dioxide as occurs in the case of complete oxidation. This reaction is shown in equation
(1) for a straight chain hydrocarbon:
1) {(nt2)/2)0; + CH3(CH2),CHs 4'“_"'_2 (n+3)H, + (n+2)CO
In actuality, this reaction is difficult to carry out as written. There will always be some
2(; production of water and carbon dioxide via the water gas shift reaction (2):
2) H0+CO ;—:_b H; +CO,
This reaction is reversible, i.e., the extent to which it proceeds depends upon the
* conditions of temperature and pressure. High temperature and low pressure favor the production
of synthesis gas.
25 The partial oxidation reaction is conducted under reaction conditions that are sufficient to
convert a desired amount of carbon-containing feedstock fo synthesis gas or syngas. Reaction
temperatures typically range from about 1,700° F (930° C) to about 3,000° F (1650° C), and
more typically in the range of about 2,000° F (1100° C) to about 2,800° F (1540° C). Pressures

typically range from about 1 atmosphere (100 KPa) to about 250 atmospheres (25,000 KPa), and




or gasifier are used interchangeably to describe the reacto? .0 ﬂﬂ}ch t he
~partial oxidation of a 5 feedstock takes place, converting ﬁg feegstock
into synthesis gas. Partial oxidation reactors are well known in the art,
as are the Partial oxi dation reaction conditions. See, for exanple, U S
Pat. N¥Y9 034408383 006, 4,959,080 and 5, 281, 243, al | i A&BUSH%%%Ed herein by
reference. The feedstock of a gasifier is reacted with an
oxygen-cont ai ni ng gas, such as air, enriched air, or nearly pure oxygen,
and a tenperature nodifier, such as water or steam in a gasifier to
produce the synthesis io gas. The G%Vgen Is used to partially oxidize the
carbon in the feedstock into primarily carbon nonoxide and hydrogen gas.
The tenperature nodifier is used to control the tenperature inside the
gasifier. Together, the oxygen and the tenperature nodifier can inpact the
conpogshar tipicelly inttherasgnefabsuts Satsosphares (L HX Kpr te ehtoubtS0tatmospberes(le0 i s
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15 gasifier, the synthesis gas product of the gasification reaction is cooled by being passed through a

pool of quench water in a quench chamber immediately below the gasifier. Slag is cooled and

collects in this quench chamber, from which it and other particulate materials that accumulate in

the quench chamber can be discharged from the gasification process by use of a lockhopper or

other suitable means. The syngas exiting the quench chamber is passed through an aqueous

20 scrubber for additional removal of particulates before further processing. Quench water is

continuously removed and added to the quench chamber so as to maintain a constant lével of
quench water in the quench chamber of the gasifier.

- In the present invention, a four-stream feed injector for a gasifier, such as that found in

U.S. Pat. No. 4,525,175, is used to process a high viscosity liquid feedstock. Referring now to

25 FIG. 1, an illustration of a four siream feed injector tip is provided. The feed injector 2 includes a

central cylindrical conduit 4 and second 6, third 8, and outer 10 cylindrical conduits radially

spaced from each other. This setup provides a center passage 12, and a first 14, a second 16, and

an outer 18 annular coaxial concentric annular passage. The conduits are coaxial with the central

longitudinal axis of the feed injector. All of the conduits and annular passages are closed at the

30 upstream ends and open at the downstream ends. The upstream ends of each conduit have a




feedstock and the reaction conditions. Syngas generally incb%%g 2 H2,
steam CO02, 1125, s COS, CH4, NH3, N2, sone Ar, and, if présent”in the
feed to the partial oxidation reactor at hi gh enough concentrations, |ess
readily_oxidi zable volatile netals, such as those typically found in heavy
oi | fieME34%% as iron, nickel and vandi um Ash-coﬂFaﬂﬁW%EOPéedstocks,
such as the ones used in the present invention, frequently produce

non- gaseous byproducts that include coarse slag and other materials, such
as char, fine 10 carbon particles,_fpd i norgani ¢ ash. The coarse slag and
I norgani ¢ ash are frequently conposed of metals such as iron, nickel,

sodi um vanadi um potassium alum num calcium silicon, and the oxides
and sul fides of these netals. The coarse slag produced in partial oxidation
reactors i s commonly renoved fromthe s%n as in nmolten formfromthe
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material. The inside and oufside dianmeters of t _ centr
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viscosity liquid hydrocarbon fecdstock. The oxygen-containing gas, optionally admixed with

steam or boiler feed water, is directed into the second 6 and outer 10 conduits of the feed
injector, i.e. the first 14 and outer 18 annular coaxial coﬂceﬁtﬁc annular passages. The high
20 viscosity liquid hydrocarbon feedstock is to be introduced into the feed injector through the third
conduit 8 of the feed injector, i.e. the second 16 annular coaxial concentric annular passage. A
water temperature modifier, preferably recycled gasification system water containing carbon soot
from the gasifier, is fed through the center cylindrical conduit 4 of the feed injector into the
center passage 12 of the injéctor. |
25 By definition, a high viscosity liquid hydrocarbon is any one of a number of heavy oils
‘known in the industry. The group of known heavy oils consists, among others, of virgin crude,
residua from petroleum distillation and cracking, petroleum distillate, reduced crude, whole
crude, asphalt, coal tar, coal derived oil, shale oil, tar sand oil, solvent deasphalting bottoms, and
mixtures thereof. Generally, these heavy oils have high sulfur and nitrogen component

30 concentrations, and they usually contain a high concentration of nickel, iron, and vanadium-




shaped nozzle. This is generally representative of a four-s rl\ganidoged
injector that can be enployed for use in the present invenfi"of. i's
within the scope of this invention to use any s four-streamfeed injector
for use in the partial oxidation of a high viscosity feedstock. The feed
injectoWOLS34¥ v is i nserted downward t hrough a topPCHEUSZ28H7t of a
gasifier, for exanple as. shown in U S. Pat. No. 3,544,291. The feed

i njector extends along the central |ongitudinal axis of the gasifier with
t he downstream end di scharging directly into the reaction zone. The
relative proportions of the react art® ¥ eedst r eans i ntroduced into the
gasifier are carfully io regulated to convert a substantial portion of the
carbon in the fuel e.g., up to about 90% or nore by weight, to carbon

oxi des; and to maintain an autogenous reaction zone tenperature in the
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cont aiaffias g catéan stoskoand frudhen sedpepthe vigewsitioofithe feedstocly opsh astEGledecail). st i ng of
silicon andya Il 3Rcks of the present invention share in common a high viscosity that requires
heating to keep the feedstock at a suitable viscosity for pumping. For example, a normal, low
viscosity vacuum resid feed to a gasifier is commonly heated to 480°F prior to introduction to the
20 feed injector. The viscosity of this feed at this temperature is preferably 20 centipoise or less,
well below the limit for adequate pumping. The high viscosity feedstock of the present invention
generally has a viscosity of 600 centipoise or greater at the normal feed temperature of about
480°F (249°C). The high viscosity feedstock would need to be heated using an auxiliary heat
transfer medium, such as DOWTHERM™, to a temperature range of about 550-600°F (288-
25 316°C) in order to keep its viscosity down to adequately pump the feedstock and to atomize the
feedstock in the feed injector. The velocity of the stream of the high viscosity liguid hydrocarbon
feedstock passing through the third conduit of the feed injector (the second annular passage of
the burner) is in the range of about 1.0-100 feed per second, preferably about 25-75 feet per

second.




materials. The feedstocks of the present invention are sorre&il\}f%,s%dr'?%ferred
to as "bottomof the barrel” hydrocarbons, named so becausé of eir
propensity to be the thickest, heaviest conponents of refined crude oil. s
The ash in the feed consists of nickel, iron, and vanadium as well as

cat al ysWXO3E92§ such as those froma fluid catal yti ®CERRERNI unit (FCCU),
from previous processing operations). The conbination of these conponents
produces an ash that will eventually plug the gasifier with a coarse,

vi scous slag that does not readily flow out of the gasifier into the quench
drum during nornmal operation. 10 Commonly, the ash-containing feedstocks
used in the present invention are mxed with a fluxing agent prior to

i ntroduction into the gasifier. The fluxing agent is required to pronote
fluidity of the ash in the feed during gasification. It provides additional
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feedstock stream to thereby provide some atomization of the feedstock stream. The velocity of

the oxygen-containing gas streams (with or without admixture with steam as a temperature

moderator) passing through the first and outer annular passages of the four-stream bumer is in

the range of about 50 feet per second to sonic velocity, preferably about 150-750 feet per second.

20 The use of a four-stream feed injector is imperative in the present invention. The

configuration of sandwiching the hydrocarbon stream between the two oxygen streams provides

better conversion with these heavy feeds by providing for increased atomization and better

mixing of the feedstock with the oxygen containing gas. Sending water, preferably recycled soot

containing water, down the central conduit of the feed injector allows the feedstock to stay hot

25 and avoids mixing and cooling of the feedstock with water that could decrease viscosity and
lower conversion.

In view of the above disclosure, one of ordinary skill in the art should appreciate that the

present invention includes a continuous prdccss for the the partial oxidation of a high viscosity

" hydrocarbon feedstream comprising passing a stream of water through the central conduit of a

30 four-stream feed injector mounted in the upper portion of a gasifier, said feed injector




the water nodifier cannot be m xed with the feedstock priorz%ga'iéhﬁ

I ntroduction into the gasifier. |Inclusion of the water nodifirer"wth the
high viscosity feedstock woul d decrease the tenperature of the feedstock,
thus increasing the viscosity and hindering the processing of the high

vi scosi W‘?’“ﬁ@gﬁstock. The water is still injected i mﬂisg%zsﬁlé(si fier, but

I s done separately fromthe feedstock so as to avoid cooling the
feedstock. This is why the present invention proposes to feed the water
noder ator through the center conduiteof the four-streamfeed injector. The
velocity of the water noderator through the center conduit of the
four-streamfeed injector is in the range of about 10-120 feet per second,
preferably 20-60 feet per second. io The oxygen-containing gas, optionally

adm xegl as an additional tenperature nodifier, is directed into
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second. Free-oxygen containing gas is selected from the group consisting of air, enriched air, and
nearly pure oxygen, optionally admixed with steam, water or an inert gas as the temperature
moderator. The velocity of the oxygen confaining gas passing through the first and outer annular

20 passages of the feed injector is generally in the range of 50 feet per second to sonic velocity,
preferably in the range of about 150-750 feet per second. '

The reaction zone of the gasifier is usually at a temperature between about 1,700°F

(930°C) and about 3,000°F (1650°C), preferably at a temperature between about 2,000° F

(1100°C) and about 2,800° F (1540°C). The gasification pressure is usually between about 1

25 atmosphere (100 KPa) and about 250 atmospheres (25,000 KPa), preferably between about about

15 atmospheres (1500 Kpa) and about 150 atmospheres (1500 KPa).

While the methods of this invention have been described in terms of preferred

- embodiments, it will be apparent to those of skill in the art that variations may be applied to the

process described herein without departing from the concept and scope of the invention. All




-8 conprising radially spaced concentric central, second, t 5&§, d outer
cylindrical conduits, said conduits being open at their downStream exi't
orifice for discharge; sinultaneously passing a high viscosity hydrocarbon
feedstreamthrough the third cylindrical conduit; sinultaneously passing a
stream WP BPUBoxygen containing gas, optionally in BSHUR¥HEYWith a
tenperature noderator, s through the second and outer cylindrical conduits;
m xi ng the above nentioned streans together prior to, at, or downstream
fromthe outer conduit exit orifices; and reacting the mxture in the
reaction zone of the gasifier. In a9preferred enbodi ment, the water used is
recycled gasification systemwater containing carbon soot fromthe
gasifier traveling at a velocity of about 1.0-100 feet per second. 0 The
hi gh viscosity hydrocarbon feedstock is selected fromthe group consisting
of vi sugh Bintitan dhstituies iaskdimofificatione bpmakeatito tHostskillediin tha agtrede decaclitnbg

petrol eum distill ate, reduyced crude, whole. cr .asphalt, coal tar, coa
Gl | VB e st cioptsof the Toveriprigent 88 pGdn e beiMERAmYy bot roms. and

m xtures thereof. Hi gh viscosity hydrocarbon feedstock generally has a
viscosity of 600 centipoise or greater at a tenperature of 480F (249C). It
is fed to the feed injector at a is tenperature between about 550F (288C)
and 600F (316C) and travels through the feed injector at a velocity of
about 10 to 100 feet per second, preferably at about 25-75 feet per

second. Free-oxygen containing gas is selected fromthe group consisting of
.air, enriched air, and nearly pure oxygen, optionally adm xed with steam
water or an inert gas as the tenperature noderator. The velocity of the
oxygen contai ning gas passing through the first and outer annular 20
passages of the feed injector is generally in the range of 50 feet per
second to sonic velocity, preferably in the range of about 150-750 feet
per second. The reaction zone of the gasifier is usually at a tenperature
bet ween about 1, 700F (930C) and about 3, 000F (1650C), preferably at a

t enper ature between about 2,000 F (1100C) and about 2,800 F (1540C). The
gasification pressure is usually between about 1 25 atnosphere (100 KPa)
and about 250 atnospheres (25,000 KPa), preferably between about about 15
at nospheres (1500 Kpa) and about 150 at nospheres (1500 KPa). Wile the
-methods of this invention have been described in terns of preferred

enbodi nents, it will be apparent to those of skill in the art that
variations may be applied to the process described herein wthout
departing fromthe concept and scope of the invention. Al 2 May 2006 WO
03/040028 PCT/ US02/ 25017




-9 such simlar substitutes and nodifications apparent to tg%ag H led in
the art are deened to be wthin the scope and concept of the Phienti on as
it is set out inthe followng clains. 2 May 2006 WO 03/ 040028

PCT/ US02/ 25017 -10 CLAIMS: 1. A continuous process for the the parti al

oxi dat i 8P Gf04W2?hi gh vi scosity hydrocarbon feedstreamPEIHBHI8Ing: (1)
passing a stream of water through the central conduit of a four-streamfeed
injector 5 nmounted in the upper portion of a gasifier, said feed injector
conprising radially spaced concenyrbg central, second, third, and outer
cylindrical conduits, and said conduits bei ng open at their downstream
exit orifices for discharge; (2) sinultaneously passing a high viscosity
hydr ocar bon feedstreamthrough the third cylindrical conduit; 10 (3)

si mul ?ﬂﬁ{iﬁj y passing a stream of free-oxygen containing gas, optionally
in admxture with a tenperature noderator, through the second and outer

cyl i ndr i Azbntinnomdstbdess for thedlle piiaal BEdARhSE S B%g%fgﬁosﬁtg g%é?%@#&gﬁeggbg |312 i ce:

together prior to, at, or downstreamfromt ou
and 1s (B)"P&88ting the nixture from (4) in the reaction zone of the

gasi.fier. 2 pik QR8s LAl erein th ter is recycled

gasi ficati oa% psé;gltgg‘{m wat Z.}fq{’:%%t@?%%mMSdeﬁﬁff?‘gﬁW%%‘i‘}ééﬁw‘ﬁ@r . 3. The
protess of cliupied intiky epper tpheion aif acgdsifieqf sald RedVadjtor dﬁnfpﬁﬁin%?ﬁﬂ%\lhnj ect or
is about 1.0,120, feet .per sagcond. 20 4. The process of claim1l wherein the
hi gh vi scosi £y hy SPEERFS e tropesk Khird and) asgiareqylindrivsl conduitsyraod paidonsi st i ng

of virgin cruoelnits benglotn bt @6 BiHsRERAY RN fHckd foplik@RAND Cracki ng,

pet rol eum 231i.st' | | at EI‘ reduced crude, whole crude, as%’nal t, coal tar, coal
derived oif , S@ﬁ’ia‘P’é"OWYPa%S&g % high visspsity lydracerbon desisipdani thicugh hies tiegs, and
m xtures thee@Rliricat conddf: Process of claim4 wherein the high viscosity
hydr ocar bon f'eedstock has a viscosity of 25 about 600 centi poi se or

gr ¥at er atGhsipulipsoudy rressig 488Fean?2 60 @ee-oxygen containing gas, optionally in
admixture with a temperature moderator, through the second and outer cylindrical
conduits;

(4) mixing said streams from (1), (2) and (3) together prior to, at, or downstream from the
| outer conduit exit orifice; and
15 (5) reacting the mixture from (4) in the reaction zone of the gasifier,
2. The process of claim 1 wherein the water is recycled gasification system water containing

carbon soot from the gasifier.

3. The process of claim 2 wherein the velocity of the water in the feed injector is about 1.0-120
feet per second.
20 4. The process of claim 1 wherein the high viscosity hydrocarbon feedstock is selected from the
' group consisting of virgin crude, residua from petroleum distillation and cracking, petroleum
distillate, reduced crude, whole crude, asphalt, coal tar, coal derived oil, shale oil, tar sand
' oil, solvent deasphalting bottoms, and mixtures thereof,
5. The process of claim 4 wherein the high viscosity hydrocarbon feedstock has a viscosity of
25 about 600 centipoise or greater at a temperature of 480°F (249°C),
6. The process of claim 4 wherein the high viscosity hydrocarbon feedstock is fed to the gasifier
at a temperature between about 550°F (288°C) and 600°F (316°C).
7. The process of claim 4 wherein the velocity of the high viscosity hydrocarbon feedstock in
the feed injector is about 10 to 120 feet per second.




6. The process of claim4 wherein the high viscosity hydr ocar]\gon%é(%edstock
is fed to the gasifier at a tenperature between about 550F7( 88 and 600F
(316C). 7. The process of claim4 wherein the velocity of the high
Vi SCOSi W hydr ocarbon feedstock in the feed injector is about 10 to 120
feet peWEBOINE 2 May 2006 WO 03/ 040028 PCT/ US02/ 25FCAUSY25817 The process
of claim?7 wherein the velocity of the high viscosity hydrocarbon feedstock
is about 25-75 feet per second. 9. The process of claim1l wherein the
free-oxygen containing gas is selected fromthe group consisting of air,
enriched air, and nearly pure oxyg‘elﬂ.“ 5 10. The process of claim9 wherein
the tenperature noderator is either steam water or an inert gas. 11. The
process of claim9 wherein the velocity of the oxygen containing gas
passing through the first and outer annul ar passages is in the_range of
about 8.5Thé eeicesp@f chirs Grichetsin thenietocite bHthie thigh viscpsityThydrqsabem fgdsigckds ai m 11
wherein }he city of the oxygen containing gas passing through to the
first aﬁé"%ag‘%?‘?m%lsﬁm assages is in the range of about 150-750 feet per
secongl. The probBR dFiche@SISwireif kiad fitclowyiar ednfailihg gaxois delestehfiomrihd oup eact i on
zone of the gasifier are at a tenperature between about 1,700F (930C) and
about 3 comiRing ol enrichgher andpeadly Pig OXPReen about 1 at npbsphere (100 KPa)
and a : I HRECERES wafer 67 & ek 3 Wher ei n
e tg&ﬁp@?ég’g‘?ﬁt"oﬁ?ﬁ&gt g@%@%@%%?@%%%%ﬁmgg% 5°000 F is (11000 and
about 2g800 F (1540C). 15. The process of claim 13 wherein the pressure of
528 gfﬁ{’)@alﬁ ﬁ%)éﬁé OF %%i\é:\gﬂ%}g%bﬁ e V%R)%H% of e ofgdR SRRRLES o{ R YheRBhetPRd about
first and outer annular passages is in the range of about 50 feet per second to sonic velocity.

12. The process of claim 11 wherein the velocity of the oxygen containing gas passing through
10 the first and outer annular passages is in the range of about 150750 feet per second.

13. The process of claim 1 wherein the conditions in the reaction zone of the gasifier are at a
temperature between about 1,700°F (930°C) and about 3,000°F (1650°C), and a pressure
betwesn about 1 atmosphere (100 KPa) and about 250 atmospheres (25,000 KPa).

14. The process of claim 13 wherein the temperature of the gasifier is between about 2,000° F

15 (1100°C) and about 2,800° F (1540°C).
15. The process of claim 13 wherein the pressure of the gasifier is between about about 15

atmospheres (1500 Kpa) and about 150 atmospheres (1500 KPa).






