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(54) Title: PROCESS FOR THE GASIFICATION OF HEAVY OIL BACKGROUND OF THE INVENTION

(57) Abstract: A process whereby a high viscosity hydrocatbonaceous
material is fed to a gasifier for conversion to synthesis gas. The feed-
stock, steam oxygen, and recycled gasification system water are all fed
into the gasifier through a four stream feed injector (2), which includes

ZUH -5 a central cylindrical conduct (4) and second (60, third (8) and ocuter (10)
cylindrical conducts radically spaced from each other. This setup pro-

o | vides a center passage (12), and a first (14), a second (16), and an outer
\D:r_ . (18) annular coaxtal concentric annular passage. The upstream ends of
each conduit ave a flanged inlet nozzle (20) for the introduction of ma-

terial. The feedstock in this design is sandwiched between two oxygen
streams so as to provide better conversion for the exceptionally heavy
feed. The further stream down the central layout {12} of the fead injector
(2) provides the fllow path for the recycled water.
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into the gasifier through a four streamfeed injector (2), aghch (ncl udes
a central cylindrical conduct (4) and second (60, third (8) %V% er (10)
cylindrical conducts radically spaced fromeach other. This setup pro-

vi des a center passage (12), and a first (14), a second (16), and an outer
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The feedstock in this design is sandw ched between two oxygen streanms SO

as topprayl de better conversion for the excenlionally Neavy. Jgesd. The
further shheadpdoun:the central | ayoUhe foledon Cobs ahdXBordR8A" dopdir@Ed M begin( 2)
provides the flow path for the recycl-egoveitgilor issve of Bre MIVWG22806 WO 03/ 040028

PCT/ US02/ 25017 -1 PROCESS FOR THE GASI FI CATI ON OF HEAVY O L BACKGROUND OF
THE | NVENTI ON The process and advant ages of gasifying hydrocarbonaceous
material into synthesis gas are generally known in the industry. In high
tenperature gasification processes, synthesis gas is s comonly produced
from gaseous conbustible fuels, such as natural gas, liquid conmbustible
fuels, and solid conbustible organic fuels, such as coal, residual

petrol eum wood, tar sand, shale oil, and nunicipal, agriculture or

i ndustrial waste. The gaseous, liquid or solid conbustible organic fuels
are reacted with an oxygen-containing gas, such as air, enriched air, or
nearly pure oxygen, and a tenperature nodifier, such as steam in a
gasifier to obtain the synthesis gas. 10 In the reaction zone of the
gasifier, the contents will commonly reach tenperatures in the range of
about 1,700 F (930 C) to about 3,000 F (1650 C), and nore typically in the
range of




about 2,000 F (1100 C) to about 2,800F (1540 Q Pressure wlJ, typically be
in the range of about 1 atnobsphere (100 KPa) to about 250 zgt%gg?u(gfes
(25,000 KPa), and nore typically in the range of about 15 atnospheres
(1500 Kpa) to about 150 atnospheres (1500 KPa). is In at g)i cal
gasi fi cAY? B¥4MP¥cess, the synthesis gas will substant?céwgﬁ B¥Hpri se
hydrogen (H2), carbon nonoxide (CO, and | essor quantities of inpurities,
such as water (1120), carbon dioxide (CQ2), carbonyl sulfide (CQOS),
hydrogen sul fide (1125), nitrogen (N2) and argon (Ar). A quench drum

| ocat ed bel ow the reaction zone of the gasifier is used to cool the
synthesis gas and renove any solids, particularly ash and/or slag and the
particul ate carbon soot | eaving the 20 reaction zone of the gasifier. In
the quench drum FRECEFSHQR THIGASIHCAZIONOF FEAYK Alpool of water and
exits the quench drumthrough an outlet nozzle above the water |evel. The

solid particulates setBAGKGERQUND R THEINVENION um and are renoved.
Meanwhi | e, ' C iR CXale | . uench
drum so as I?g‘ﬁﬂrr)glgbﬁ%%? ﬁava %ﬁ%sa%%%lwyoﬁpﬁ:éﬁ&t e ?g]%gs’é@m%lggasgynt hesi s
- gas i sucgmmely knewrenttbelindustrye Irohigh tempeiatynd fasifeatidnyproeseues esyhthesisogsaig i ty of

I mpuritjes articularly H2S .and CO2 before being, used in

downst? %’gr?i"b’?%fe@%"sﬁ? ﬂ?ﬁ]egasg‘ﬁ}ﬁtcﬁ%@b%a@d?’ss s [ 136?’%3“ %F’@W‘%&ﬁ usef ul

- pr ocesuds and sutid cambistibdWedanis 16 5B cbA) residhRi pARNERM, wobARAMATHARX de for

chem cal s production, or producing fuel gas for conbustion turbines to
pr odud®e: énd @vaicyal yerightue oo ndpsjal waste. TBe epepus, Higuideerdsolid rrembnsiibler ¢ he

car bony4.9; Lok s LAl . ture in
Che. r Qo Tls B9 ehelo il anbn iy cllbolabile i, Qpol BT Bl Sl AT 11, ' U
2006 \WRY$B/ 0d@OaBpeRant Rdifiep 50dAs sRampinargagifitd to abthin the gnithass fgased. Thus, the
use.of at erature noder at or ual | y. st.eam ter or an._inert gas such
as q(():ar bon gtl'nigl)e( FggHionzgng ?gaggﬁe{,gﬁwgg\ﬁgtﬁgﬁpwgmpvﬁﬁﬂg@,cg{emp‘graf%qm@er eaction
zone  ra@ige bheboRns a0 am (930/4t)a6 ammeM°w Q6508 ARl h&Hk BBy GARE faRe ér“g t he

tenperature noderator for solid fuels. Water is also commonly m xed with
| i qui @beid080%F BIdA0T Cletb abowt2e8AA% Frihp461 € Ryessure 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




S introduced into the gasifier in adm xture with either the,feed ()Otg?
free-oxygen containing gas stream or both. Cenerally, a pg % t he
guench water renoved fromthe quench drumof a gasifier is processed in a
downst r e&mM03M40028and recycl ed back to be m xed with thectesesart he
gasifier. In nost cases, the mxing of the quench water and the feed does
not cause any problens. Wien to |liquid feedstocks are so heavy that they
need to remain heated so as to keep their viscosities down to punpable

| evel s, however, the m xing of the g@ench water with the feedstocks is no
| onger practical. Viscosity also plays an inportant part in the conversion
of the feedstock in the gasifier. Generally, it is desirable to atom ze
the feed in order to spray fine particles into the reactor. The 15 finer
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Viscosity also plays an important part in the conversion of the feedstock in the gasifier.
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
5 ‘ 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

wscosuy hydrocarbon feedstream comprising:




(1) passing a stream of water through the central conduit o %gguﬁ;streanr
feed injector nounted in the upper portion of a gasifier, Sai ed
injector conprising radially spaced concentric central, second, third, and
outer cylindrical conduits, and said conduits being open at their
downstreamexit orifices for discharge; (2) sinultaneously passing a high
vi scosity hydrocarbon feedstream thgough the third cylindrical conduit;

(3) simultaneously passing a stream of free-oxygen containing gas,
optionally in admxture with a tenperature noderator, through the second
and outer cylindrical conduits; (4% m xi ng said streans from (1), (2) and
(3) toget W} Ppssinga sirgam gf watsy thengh $her eeatmlicondvitt @ fowutierm dendduieetorexi t
orifice; and i r 0 [ e of the
gasifier. Blgfo%}:t (%)E%%%{% ‘%%CII 16H & H SII‘tl\g/r\v %léﬂed 1{}1@&5&9?({)@&3&%(}2%51 vervi ew of
a four - st r eaffareck gorcaijiae ceptral; mecqytéeﬂrlrﬁ, andy gatprf mérndn@ IvBydute oad\a@ido 3/ 040028
PCTI US02/ 2504, RESOBLPTHEN ofnddchSTRATH VEREYEGRIMENTS The pr esent

|nvent|on(5ertarns to a novel process for the partial oxidation, or

gasi fi cat i @hsimulnegush passipg Scligh vigcosity @W@owmno@edsmﬂm theeudt the ihirdpy
definition, gﬁ§ﬂg&§5mmg@rtral oxi dation reactor, or gasifier are used
|nterchangeab to describe the reactor in mhrch the partial oxidation of a
5 f eedst odR) ﬁlm@&@egrsért @assigng eficiR ok Aise-puieds twwalining: gass yapipeatly singas .

Partial oxi daihiQfrd @Ak WOESp@hiBre MdelardtNBhch rt’het g&mﬁlr ind d?lﬁerarfyﬁn&rﬂﬁ partial
oxi dation reaction conditions. See, for exanple, U. Pat. “Nos. 4, 328, 006,
4,959, 080 angomuiggl 243, al | i ncor porated herein by reference The

f eedst ock (@] midn i ik frcin (193] £ (4 tBEEtlﬁppl%fXQ%f‘ of ORI HorfBR, SUCh as
air, enrrched air, or nearly pure oxygen, and a tenperature nodi fier, such
as water or SWEEedYtexioflesder to produce the synthesis io gas. The

~oxygen i's $pRdohg iRikhdd fom O ufthe Raliif JSRIPAR ghiiche feedstock into
primarily carbon BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides an overview of a four-stream feed injector for use in a gasifier.




nonoxi de and hydrogen gas. The tenperature nodifier is used,tg c rol the
tenperature inside the gasifier. Together, the oxygen and gﬁg@¥éﬂ%erature
nodi fier can inpact the conposition of the synthesis gas, but the control
of the gasifier is outside the scope of the present invention. Parti al

oxi dat i W® B84838 ons use a linmted amount of oxygen wWPCHUSRSHEar bon
feedstocks 1is to produce hydrogen and carbon nonoxide (i.e. synthesis gas
or syngas), instead of water and carbon dioxide as occurs in the case of
conpl ete oxidation. This reaction is shown in equation (1) for a straight
chai n hydrocarbon: (1) ((n+2)/2)02+&M3(CH2)"CH3 4 (n+3)H2 + (n+2)CO In
actuality, this reaction is difficult to carry out as witten. There w |

al ways be sone 20 production of water and carbon dioxide via the water gas
shift reaction (2): (2) H2O + CO H2 +CO2 This reaction is reversible, i.e.,
the extent to WhiDESCRIPATONCGHILUEFEFRATTVEEMBOBIMENIES ti ons of tenperature

and pressure. Hi gh tenperature and J ow pressure favor the production of
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car bon-cont ai ni ng 1 tock to synthesis gas or syngas. Reaction
t enperngasifies ateyysed tdrghangaabley tp doseribe Sutreaciorgp whighiothe pafiek exidaienf 8, 000 F

g%gsﬁ?fe%l%%:gqiﬂmi %ﬁfg c@’v% f ltﬂ]eyfejedgtotc?é%c? gjgﬁfe)s;ﬁf g%ge {2l DxidMbnre 900 to

ssures rom about at nosphere
(100 HBmkndvn ialigst, aS4re dtemasipheridsion 2actldCokitidns. Seecf@ eimpld QOS PAD
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feedstock and the reaction conditions. Syngas generally includes CO H2,
st eanpxyge® and 4 femperagiremedifieyiauch g watengr, stegmin ggasifigiig producgsthe sphesisn t he

f e?od g&. tﬂ% Ogi%egli i luse%%gﬁfaﬁ? o{dﬁ%wca?ﬁonqh% feedstock into primarily carbon

monoxide and hydrogen gas. The temperature modifier is used to contro] the temperature inside
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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) fo about 250 ahnospheres (25,000 KPa), and




enough concentrations, |less readily oxidizable volatile net?bﬁ ﬁﬂﬁh as
“those typically found in heavy oil fields, such as iron, n %ﬁ a

vandi um Ash-contai ni ng feedstocks, such as the ones used in the present

i nvention, frequently produce non-gaseous byproducts that include coarse
sl ag an¥WOfBH#02%mt erial s, such as char, fine io car B6AUSEIC es, and

i norgani ¢ ash. The coarse slag and inorganic ash are frequently conposed of
nmetal s such as iron, nickel, sodium vanadium potassium alum num

calcium silicon, and the oxides aqg sul fides of these netals. The coarse
sl ag produced in partial oxidation T®€actors is commonly renoved fromthe
syngas in nolten formfromthe quench section of a gasifier. In the quench
section of the 1is gasifier, the synthesis gas product of the gasification
reaction is cool ed by being passed through a pool of quench water in a
quenc b Bipirely inthethinge of apowtd|S aimaespheres(d 530 opa) tehtwyt 15 atoespbatess(hB00 col | ect s
i|1trﬂ$? uench chanber, fromwhich it and other particulate materials that
accumifate in the quench chanber can be discharged fromthe gasification
pL ocess bK 'ﬂiﬁ%yﬁg‘as anbmkhapmd ftir?ﬁrwﬂlﬁtrdr?rd@ﬁ&@h@ﬂﬁﬁ%;ngﬂiﬁﬁorsysﬂg@ecsi exiti Ing
t he quench c er is pass t hr ou an ueous 20 scr ubber r I tiona
ooy Araocin ARl i rrartiel SRRUTe 1P AEALK GELFG COpten B G HoS

cont i mussliny, Nﬁgg]gzvggo@mﬁ%ﬁaiﬁﬂp&&nt Hlﬁthélf&.%&'%‘th%%ﬂ?ﬂ%xi&ﬁo@?ea&t@r gt ain a

‘constant |evel of ~quench water in the quench chanber of the gasifier. In
t he preasughtcoheppiriionsriessaeddilyoxisizablgrvotatileometalscorch as these wpigally foed in such as

t hat %g#@g)élls ldsusug’hgﬁrﬂfﬂ{élﬁelﬂﬁld‘%gm&;’ Is used to process a high viscosity

I i qui oCk. I'nNg Now s FIG 1, an illustration of a four
st ream f eedsh-npreaitiag feddptotls, puchwisdhe onekheed é&e thel peeat werdion,NBquedly a

central cylindrical ,conduit. 4 and, second 6, third 8, ,and outer 1
ool nrdbls Aelonsie LYRrO the indle coeror et e et THh G ST ovi des

a GRNiRboR PRHAEE add inoRAlicsh. TS leodiéo sldl ARGANGarkS ashahél freqRntBéRpodd annul ar
coaxi al concentric annul ar passage. The conduits are coaxial with the

cent r &F metalsriyeh Pdionamiclekisedipim, Yanadipm spptissipacelominupg, palejpm; siliconand thet s and
oorul seaimReaynalipgd, L 1o 50 upslreaments and open ot e
- 03/ 040028 PH tdadsSGPAg2mOdited in partial oxidation reactors is commonly removed from the
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 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




-5 flanged inlet nozzle 20 for the introduction of naterial.]%9§26&§ide and
outside dianmeters of the central conduit are reduced near t ownst r eam
end of the feed injector to forma conical shaped nozzle. This is
general ly representative of a four-streamfeed injector that can be
enploye3%¥%%”%@% in the present invention. It is w tHG Y8 ope of this
I nvention to use any s four-streamfeed injector for use in the partial
oxi dation of a high viscosity feedstock. The feed injector assenbly is
i nserted downward through a top inlef port of a gasifier, for exanple as.
shown in U S. Pat. No. 3,544,291. The feed injector extends along the
central longitudinal axis of the gasifier with the downstream end
di scharging directly into the reaction zone. The rel ative proportions of
the reactant feedstreans introduced into the gasifier are carfully io
ﬂﬁ§EI e.g.,
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nodi fier, uch _as steam and/or water, preferably recycled water fromthe
gasi ficati gﬁe gfyé frgsrtor aprgublyds ipeied downwerdithrgughi adop tlet pert eEagastierifeedst ock.
The o WalE a t Y ' < WA I | f eed
A e R e g S

i nj ectlowgituding . axisrof the gasifien withte dunnstreab8ersndischanging atireethl intwothe esattianc annul ar

passa high 20 .vis 1ty Liguid hydrocarbon feedstock is . to be

i nt ro%(éceégE ?ﬁetlaéw?%)p 8%18?13 cffﬁﬁeerg%/cgaﬂat &ﬁ#sg’iﬁﬁtﬁs 'Pﬁ% W?fﬁnt? tﬁ?:%‘ﬁﬂ%f ?Iegalé‘flf)yt he feed
i njiectregulatdd t0.cofvest asmbammiallibrifon oty cabld@th te 6D BSE b o Shoan oo df meassage. A
wat er ;te raturﬁ nodi fier, preferably recycled gasification system water

cont aibﬁf! YigetalonBPos st esiang fp OEIER F{aUINRCIOUS IRERPT 30N (RPCraEre de ficer
The | o eEBEL P0G RER0TORD abolf 2000°F (1SER-OP nd 0P iy FEM) SheBBEARRE < any
one of2,M0NB{160° Of tolmbeut 2,8001 B(1540PaMn i n t he i ndustry. The group of known
heavy ofl STﬁg rnesaci:tgrgtss thata arlrrg rt]og beo ltn?rgcrluscéd ?IItO \tﬁer ﬁrpstrga{nlzj %?eii injector assembly are a
15 oxygen-containing gas, such as air, enriched air, or nearly pure oxygen, a temperature modifier,
such as steam and/or water, preferably recycled water from the gasification systenﬁ, and the high
viscosity liquid hydrocarbon fecdstock. 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 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-




residua frompetroleumdistillation and cracking, petrol eunzcluésti'dol ate,
reduced crude, whole crude, asphalt, coal tar, coal derived "o ghale
oil, tar sand oil, solvent deasphalting bottons, and m xtures thereof.
General ly, these heavy oils have high sulfur and nitrogen conponent 30
concent Wax038#428 and they usual ly contain a hi gh conc®eTiUS%E25¢70f ni ckel ,

I ron, and vanadium 2 May 2006 WO 03/040028 PCT/ US02/ 25017 -6 contai ni ng
ash. Sonme feeds nmay al so contain catalyst fines consisting of silicon and
alumna materials. The feedstocks of the present invention are sonetines
referred to as "bottom of the barrd™ hydr ocar bons, naned so because of
their 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 catalyst fines (such as those froma fluid catalytic cracking unit

( FCCUxpnitining ash.e Some feqds owy sdsongniamecatalysd fisgs. cobfistingodfisilicontand aluofina hese

d h i | . J.] h ifi ith
coar saTARAPSE e et itk et Bl ARy MRty Bieard B, HadhmicP g | o
the quaneh ldeonsi T@med Wonbdcamp esfathieR NprofddsiGoneel the thivkeddshesstept ai ni ng

f eedst ocks used in the present invention are mxed wth a fluxing agent
pri or cPBPYReRESEEERsdTudafilh the gasifier. The fluxing agent is required to

progote flryd SjsihtilYtHEffeéd%nﬁﬁp?f ﬂcl&ei‘,ﬁroh%ﬁ v‘éﬁk{dih{ﬁﬂ aggo%ﬁfaé ey A Fined (suddl OVi des

addi tional conponents that alter the "slag flui'd behavior”so that the slag
f | ows ap thosafrom b dluisbestalytisrcraghing ngit (KPCH), fropaerevidus procTisimgfopersfiong). Hgent is

e s B ol ShPortf 8%y Dkor P ok YL A enRRy BT Bt M oY1 g
agent coanefarablsiagale dobaiiot eeidilpfio® ounof tha gadfieihtoghe ghamek damndddritipt her

reduce the viscosity of the feedstock, cush as FCC decant oil). Al the
f eeds GRS OBF@HORe present invention share in common a high viscosity that

reqyi res heghingly! fle k@Entdnd REEARIR K In Be Pibdn® BIvEntibh SAORIY Wil PUNPI Ng.

For exanple, a normal, low Vviscosity vacuumresid feed to a gasifier is
c oo Alung @gens @riootodigBedustieminta theigasifierd ulhei fbingoagertds rapiredédptompisct or . The
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slag fluid behavior so that the slag flows out of the gasifier during normal operation. The fluxing

agent is usually prepared from a blend of calcium oxide and FCCU catalyst fines, and it is

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 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.




well below the |imt for adequate punping. The high viscosi?X&Iqﬁﬁ%tock of
the present invention generally has a viscosity of 600 centipoi'se or
greater at the normal feed tenperature of about 480F (249C). The high
viscosity feedstock woul d need to be heated using an auxiliary heat
transf eWHBEIU® such as DOMHERMIM to a terrperaturé’cffﬁﬁ%z%% about

550- 600F (288 25 316C) in order to keep its viscosity down to adequately
punp the feedstock and to atomi ze the feedstock in the feed injector. The
velocity of the stream of the high v%scosity | i qui d hydrocarbon feedstock
passi ng through the third conduit of"the feed injector (the second annul ar
passage of the burner) is in the range of about 1.0-100 feed per second,
preferably about 25-75 feet per second. 2 May 2006 WO 03/040028

PCT/ US02/ 25017 -7 Because of the high viscosity feedstock that the present
i nventi on iBscanes phthe highovissasitn feedstoelh thatvlie ereser diviendon is designed iebandleed wi t h

the f i its. | ' | nt he. i fd et I .HsSj on of
the et fhobPlauhdt foi i bl Bk o HE 1BRBICHOR o yeieiEy OF' 0

t enperlatlusien oftifie twhter fedifiart wittkthe high sriscosity deeditock windd décsasstht yengegiudé nder i ng
the progcessi f . the high viscosjt .feedst.ock. The ter, is, stjll

| ni ectAdis Fratekdhysigprssie the piscosiy dhd hindespg e mupcossnashiie ik BERStbCk  so
as %0 fRydRioek.CIoR g it ffl hReds 1A6 ke ghkifisy, bt MA¥nd RBaeRSERL He THRRbLEON
proposes to feed the water noderator through the center conduit of the

f our - sworasdmareis goolineethe deedstyrke Tlds écwhy thefpresent inyentien prapases e &edtthe ough t he

center ' £am i Nni I:S: 0, t about
T0- 120" A 3ttt et hE U LhARTOr S5 tuly N P s, 118 VBB Pofthe

oxy genwatarnhaderatorghagh theptentoneduklyit afl thexfour-stiehin feddemiectas isain thelehinpé ofial

t enper at ur difier, is direc i,nto the second and outer conduits of
t he btﬁﬂérlﬁ'lizag‘?et P@{gﬁ@pﬂ,ﬂ&gﬁ@ygﬁ-%&f?e% BFRER°4™ coaxial concentric annul ar
pasgages. The oRypraRbntEiAig dak)ioPGorBiBS adifixb® Gith Rtefintal @h addiliciRl Rfnpefafiee hi gh

viscosity _liquid hydrocarbon feedstock, which is introduced into the burner
thr ougmﬁ% istdiieptad despdha secod andeousuiranaduitsiofdhe byraers e dhel fizh aud avictoaxi al
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the high viscosity liquid hydrocarbon feedstock, which is introduced into the burner through the

=

third conduit of the burner, i.. the second annular coaxial conceniric annular passages. This

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 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




feedstock streamto thereby provide sonme atom zati on of the,f %gﬁﬁ
stream The velocity of the oxygen-containing gas streans 8MA or w t hout
adm xture with steamas a tenperature noderator) passing through the first
and outer annul ar passages of the four-streamburner is in the range of
about 5¥A®EH%Eer' second to sonic velocity, preferabRFTASBRNY50- 750 feet
per second. 20 The use of a four-streamfeed injector is inperative in the
present invention. The configuration of sandw ching the hydrocarbon stream
between the two oxygen streans provigles better conversion with these heavy
feeds by providing for increased atom zation and better m xing of the
feedstock with the oxygen containing gas. Sending water, preferably
recycl ed soot containing wat er, domn the central conduit of the feed

I nj ect e fe dst ock. to 23 and avoi ds m xi ng and cool i ng
of t heﬁpﬁﬂing%ﬂ& PROSOUPAR §etizh & ‘iﬂ’n detbird 400 OWEQY@SM@ conduits, saidr
conv er ainduits Hemgwpm\at@ﬁelﬂdbﬂmé}&@m%xﬂ oRfibOR} hiSeh uﬂfllta%FQJégr u}S,g(I;alnl%lilg]n Iu 2 uts he

t he present | nventi on I nc

art shaul d eci ate that

proces§® CPBIFYa]EﬁéO“FII%“ Fradstream togushdhe id GYlnEinhalghndmtsmms]tdnyoustmﬁs@fgad bon

f eedstg@am I a, er through the ceptral conduit
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of a 30 four-streamfeed
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conpri aced oncentrl C,. cen second, third, and outer
cyli noﬁ{l c% a@gkgbw%sggﬁggr t% B@Pﬁ@l“%?érﬁndtreqcm the guwtwstindeam exi t
ori f i aeaction zatieof the pgdfiersi mul taneousl y passing a high viscosity hydrocarbon

f eedstream t hr ough éhe third cylindrical conduit; sinultaneously passing a
stream of % é‘epﬁiﬁi rPTRROARATH %@ Haier, usﬂét soreaydisd igasifimitibn tsystan Weithr a

{ empercahingTaten 8t ronttnd AR heloife SEFAAL A0S 10Ul Ph 16 kLDGL L car condu ts:

m xXi ng the above nentioned streans

f r dfn tike hightescosityrhydiocarboni feedstack us:mtea rfd;m B gkdu nggzgﬁm?xﬁm chltae t he |
odl men e water used is

;gg;é:rée’s qg{lﬁn?l Ca‘§l Im S?,ig%tlée%r%(gﬁc%lf E %fegélguenclj distillate, reduced crude, whole
crude, asphalt, coal tar, coal derived oil, shale oil, tar sand oil, solvent deasphalting bottoms, and
mixtures thereof. High viscosity hydrocarbon feedstock generally has a viscosity of 600
centipoise or greater ai a temperature of 480°F (249°C). 1t is fed to the feed injector at a

15 temperature between abopt 550°F (288°C) and 600°F (316°C) and travels through the feed

imjector 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 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




cont ai ning carbon soot fromthe gasifier traveling at a veIQ?k%y(ﬁ% about
1.0-100 feet per second. o0 The high viscosity hydrocarbon fe d%tock i's
selected fromthe group consisting of virgin crude, residua from petrol eum
distillation and cracking, petroleumdistillate, reduced crude, whole
crude, WOIHA1%28 coal tar, coal derived oil, shale oi FCTUSNAYAd oil,

sol vent deasphalting bottons, and m xtures thereof. Hi gh viscosity

hydr ocar bon 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 i s tenperature between about 550F9(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
pur e such gienilar syltsiintea lahd madificatids wppakent tocthoge shidlpd in the agtreré desmteddabe as t he

t enper at.ure noderator. e.velocity .of the ox n.cont.ai ni ng gas passing

t hr OB i ePReaRS Sonseisol B itpiinas ibses Al dn BN ERiE BhBc et b 1 s
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 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 atnobspheres (1500 Kpa) and about 150

at nospheres (1500 KPa). While the nethods of this invention have been
described in terns of preferred enbodinents, it will be apparent to those
of skill in the art that variations nmay be applied to the process

descri bed herein wi thout 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 those skilled in the art are
deened to be wthin the scope and concept of the invention as it is set
out inthe followng clains. 2 May 2006




WO 03/ 040028 PCT/ US02/ 25017 -10 CLAIMS: 1. A continuous pr?q\ﬁ%?nzéd%r t he
the partial oxidation of a high viscosity hydrocarbon feedstre

conprising: (1) passing a streamof water through the central conduit of a
four-stream feed injector 5 nmounted in the upper portion of a gasifier,
said fedPPHYet or conprising radially spaced conceGIWSO¥¥BAYr al , second,
third, and outer cylindrical conduits, and said conduits being open at
their downstreamexit orifices for di scharge; (2) sinmultaneously passing a
high viscosity hydrocarbon feedstreggmthrough the third cylindrical
conduit; 10 (3) simultaneously passing a stream of free-oxygen containing
gas, optionally in adm xture with a tenperature noderator, through the
second and outer cylindrical <conduits; . (4) mxing said streans from (1),
(2) ang, foget her prior to, at, or downstreamfromthe outer conduit
exit orifrce; and 1s (5) reacting the m xture from(4) in the reaction zone
of thd. gAsoﬁtmous ocedBr He At ter. is recycled
gasification s strgm wat er cont alag§xﬁgdtﬁ%§%h%ﬁ§%§¢%%g&°¥a\%b@ J?féiﬁtﬁa@r 3. The
process GYPEFSEm 2 wherein the velocity of the water in the feed injector

I s about 1¢9- The s of claim,1 wherein the
hi gh vi scog?tpé/%'alxgdrocar bon %egﬁgﬁ%h %Qc %F%“éiﬂ% fi& %i‘}?id%lﬁﬂ‘éfonm sting
of ¥irgin créepented dsithkiapfer portiortof el gisifies)i satd fe%&‘i J&ﬁ)ol‘%ﬁl ﬁELﬁ% c'?ﬂlty

Ipt ar, coal

petrol eum dist reduced cru oI e crude, ,
derived oil, S"’ﬁ‘L"#é ""Pm‘;t%?fltf@aﬁﬁﬁfomg qm o vaer qrbin mndwgs od tseids, and

mi xtures t heceslits beingl6yRen Rf @68 8GwiRfrednl éhmrﬂic%{‘&'s&aféae high viscosity
hydr ocar bo& feedstock has a viscosity of ’
) simultaneously passing a high viscosity hydrocarbon feedstream through the third

' cylindrical conduit;

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.




25 about 600 centipoise or greater at a tenperature of 480F 3\549@ 6. The
process of claim4 wherein the high viscosity hydrocarbon f& & cq§ is fed
to the gasifier at a tenperature between about 550F (288C) and 600F
(316C). 7. The process of claim4 wherein the vel oci tly of the high
vi scosi WP BP0t ar bon feedstock in the feed inject orPGTASEBAY 10 to 120
feet per second. 2 May 2006 WO 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 claim1l wherein the
free-oxygen containi-ng gas is sel eddéd fromthe group consisting of air,
enriched air, and nearly pure oxygen. 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
passi &g Théaprueess of llnim f7i wissteimthe velocity ofitha bighr vigsasitvdiydeocpbon feedsieckrignge of
about 50 fe%/ F(g% second,to sonic velocity. 12. The process of claim11l
wher ei n 2P 24P &t RS 58P he oxygen cont ai ni ng gas passing through to the
firstgantle priceds oFRRithaAr whaeis dgehed-Gkyn tditainiagnges isfseladielifroh3Be Ziolp f eet per
. second. 13. The process of claim1l wherein the conditions in the reaction
zone of censistingef i, eprichpdainangneatly RS O¥YEFe bet ween about 1, 700F (930C) and
abaout AL stehm Wales Bhar fert 100 KPa)
‘ and a%%t}?lggg)g%??}osp g?@%r 2@?00 f(agué)e.gﬁ;{liﬁ@ﬁ%ﬁ&%r oc%g% of claim 13 wherein
the tenmges.ature of the gasifier is between about 2,000 F is (11000 and

obout 2RO 0 o IR AT Sl S Tl e
150 at ngmphed ager(ahms pdkages 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).




