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15 In a typical gasification process, the synthesis gas will substantially comprise hydrogen
(H»), carbon monoxide (CO), and lessor quantities of impurities, such as water (H,0), carbon
dioxide (CO,), carbonyl sulfide (COS), hydrogen sulfide (H;S), nitrogen (N2) and argon (Ar). A
quench drum located below the reaction zone of the gasifier is used to 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 to 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, particularly 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
turbines to produce electricity.

30 Generally, 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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fed to 1&’ é?fsﬁ?' & for conversion to synthesis gas. The feedstock, steam
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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 addition 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
20 The present invention provides a process whereby a liquid hydrocarbonaceous material of
high viscosity is fed to a gasifier for conversion to synthesis gas. The feedstock, steam, oxygen
containing gas, and recycled quench water are all fed into the gasifier through a four stream feed
injector. The feedstock in this design is sandwiched between two oxygen streams so as to
provide better atomization of the exceptionally heavy feed and, hence, better conversion to
25  synthesis gas. The central bayonet of the feed injector provides a flow path for the fourth stream,
the quench water recycle. This arrangement avoids mixing and cooling the feedstock that would
increase the viscosity and thereby lower conversion in the gasifier.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides an overview of a four-stream feed injector for use in a gasifier.
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((n+2)/2)0 CH3 f (n+ %H2+(n+22
Partial ox1dat10n 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)  ((n+2)/2)0, + CH3(CHz),CH; 4___‘_‘_’ (n+3)H, + (n+2)CO

In actuality, this reaction is difficult to carry out as written. There will always be some

20 production of water and carbon dioxide via the water gas shift reaction (2):

2 HO+CO 42 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 to 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
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syngas in molten form from the quench section of a gasifier. In the quench section of the

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 level 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 stream 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
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gasifier, for exanple as, shown in U 'S. Pat. No. 3,544,291. The feed
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t he lrsana}é};% -cggglg{ing gas,;such as air, enrighe% air, or %aqgr pure 'oxygen, g‘%érgpérgtﬁlrecglloldi\ﬁeir,n
such as steam and/or water, preferably recycled water from the gasification system, and the high
viscosity liquid hydrocarbon feedstock. The oxygen-containing gas, optionally admixed with
steam of 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 concentric 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 injector.

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-
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15 introduced into the feedstock as a liquid slurry with a carrying agent (preferably one that can also

act as a cutter stock and further reduce the viscosity of the feedstock, cush as FCC decant oil).
All the feedstocks 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 liquid 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.
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15 allows the oxygen-containing gas streams to provide shearing of the annular hydrocarbon

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 burner 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 pro.cess 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



avoi d cooling the feedstock. This is why the present invention
;?ogzsgg to feed the gmater noder at or through the center conduit of the ]
four-streamoBeen2s njector. The velocity of the water nodecatuse22inmmdpugh 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. 10 The I
oxygen-containing gas, optionally adm xed with steamas an additiona f
tenperature nodifier, is directed into&he second and outer conduits o
the burner, i.e. the first and outer annular coaxial concentric annular
passages. The oxygen-containing gas is fed on either side of the hlgB
viscosity liquid hydrocarbon feedstock, which is introduced into the burner
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15 temperature between abogt 550°F (288°C) and 600°F (316°C) 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 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 containing 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



conduits being open at their downstreamexit orifice for discharge;

si mul t aneously passing a high viscosity hydrocarbon feedstreamthrough the
third cylwodsioemks conduit; simultaneously passing a stre&arafSoi/zmer oxygen
containing gas, optionally in adm xture with a tenperature noderator, s

t hrough the second and outer cylindrical conduits; mxing the above
mentioned streans together prior to, at, or downstream fromthe outer
conduit exit orifices; and reacting thegum xture in the reaction zone of
the gasifier. In a preferred enbodi nent, the water used is recycl ed
gasification systemwater containing carbon soot fromthe gasifier
traveling at a velocity of about 1.0-100 feet per second. io The high

Vi scosi t d bon f eeds s sel ect cons Sti

i rot n SFba sapataer Ao meaa eraRaRGrt 19 oROR I P 75 depbed & Bim
di stil |V€‘1{t1’ﬁn tﬁ@&%?@ﬁl@édﬁ@@pt ol 1ﬁverﬁloﬂg§ it 1980108t {n thé RAlowid clafg@al derived
oil, shale ol ar sand oil, solvent deasphalting bottons, and m xtures
t her eof . Hi gh viscosity hydrocarbon feedstock generally has a vi scosity of
600 centipoise or greater at a tenperature of 480F (249C). It is fed to
the feed injector at a 15 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
cont ai ni ng gas passing through the first and outer annul ar 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 between about

1, 700F (930C) and about 3, 000F (1650C), preferably at a tenperature

bet ween 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
at nospheres (25,000 KPa), preferably between about about 15 atnospheres
(1500 Kpa) and about 150 atnobspheres (1500 KPa). Wile the nmethods of this
i nventi on have been described in terns of preferred enbodinments, it wll
be apparent to those of skill in the art that variations nmay be applied to
the process described herein w thout departing fromthe concept and scope
of the invention. Al



40028 PCT/ US02/ 25017 -9 such similar substitutes and nodifications
Z%Lg?égt to those skilled in the art are deemed to be wthin the scope and
concept oWotohe4domssention as it is set out in the follow n@CElE02BS01MO ]
03/ 040028 PCT/ US02/ 25017 -10- CLAIMS: 1. A continuous process for the t'e
partial oxidation of a high viscosity hydrocarbon feedstream conpri sing:
(1) passing a streamof water through the central conduit of a four-stream
feed injector 5 nounted in the upper pH?tlon_of a gasifier, said feed |
injector conprising radially spaced concentric central, second, third, an
outer cylindrical conduits, and said conduits being open at their ah
downstream exit orifices for discharge; (2) simultaneously passing a hlg 10
vi scosi EAIMS:0car bon feedstreamthrough the third cylindrical conduit;

i mul t anequsl assi ng stream of free-oxygen containing gas,
éﬁ% i i'nZJ‘ 1 ?P(%m&aﬁ% gfpﬁ?Sé r%% 'Eﬁ the pagiigl exigatioe oﬁ@_é@hazasmsm Inydvogirbdnhfee dserend
and outer c@ﬁﬁbﬁgﬂgi cal conduits; (4) mxing said streams from (1), (2) and
(3) together gri or to, at, or downstreamfromthe outer conduit exit
1

ifice: agsi tredm fog vy thiouphiniee Eer@il Cdnduitoft D eouk 886 FEZRANE RS
?Lgflggifﬁggz ?.ﬁﬁﬁ;aer cegg of clai%11 wherein the water is repyé%%ﬁg()
gasi fication sy&"&H ﬁ"fe WRRSE RPFHORgOL 8 gapidisr, swist feedomjectos cgampirisingr radilly The

f cl ai et el.gci -ty t er in the feed injector
< about 1. 0- 1300t ccpudiilo RIS SR it <3 SRCb el pordhityy BE it ne
hi gh vi scosi t y cpRdiits baingowen etttisir downsteeameddicdrifitel f@didchggedr OUp consi sting
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derived oil, sbgimiriedl contlai; sand

10 (3) simultaneously passing a stream of free-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.



oil, solvent deasphalting bottons, and m xtures thereof. 5. The process of
claim4 wherein the high viscosity hydrocarbon feedstock has a viscosity of
25 about wWOM®30¢mk8 poi se or greater at a tenperature of 48PET(UB49¢H176. The
process of claim4 wherein the high viscosity hydrocarbon feedstock is fed
to the gasifier at a tenperature between about 550F (288C) and 600F
(316C). 7. The process of claim4 wherein the velocity of the high

vi scosity hydrocarbon feedstock in thelfeed injector is about 10 to 120
feet per second. WD 03/040028 PCT/ US02/ 25017 -11 8. 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 claim 1 wherein the free-oxygen
cont ai nj n, as 1s select f . I Sit.d ' j @air,
and nedr 1 hoaRetS, S s FIIEE nf A1 ke Rrafbloofidsie s

t enper at ug&uﬂggiesaé%eﬂ&c@mher steam water or an inert gas. 11. The
process of claim?9

erein the velqcity of the .OXégen .coqt ai(fhn]%r@as
passi ng- t Rhepepsessraf claim & iwhesein dbg Hrc-QXrRANaFONFHRIBE a8 1§ selpgieq Hamy, R FLow}
about 50 . . i ' 12. The process of claim1l
wherein t cgﬁilsg %éf%g%gﬂ%@%%)‘%@%&&f@ﬁ%?%gga gas passing through 10 the
first aodThepeieanfdamn Padsrietheitemperatunemodeg®ras cidiey yteahs OaREQr ABaRcrper
second. 13. The process of claim1l wherein the conditions in the reaction
zone of t&8-gasifier are at a tenperature between about 1, 700F (930C) and

about 31000F CLEROE) iR ForBHIASHE i LSy BhQUk ol EBTANSAETARA UP2)

at nospheres (25,000 KPa). he process of claim 13 wherein
t he t enpefiest andowitr dninalag pssshgasris insthd enge efialiys G0 feet perserondity spnieyglopitynd

o D AR TR RS TR RGBT R
150 ,qt nos ple{8Sanld bafk alfiRadr passages is in the range of about 150-750 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
between 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).



