WD 01/ 83643 PCT/ US01/ 13156 PROCESS FOR UPGRADI NG RESI DUA BACKGROUND 5
[0001] The present invention relates to upgrading a residua feedstock

using a s\Weydisgedaor contact time thermal process unit conpidipewi@lise

hori zontal moving bed of fluidized hot particles. 10 [0002] In a typical
refinery, crude oils are subjected to atnospheric distillation to separate
| ighter materials such as gas oils, kerosenes, gasolines, straight run
naphtha, etc. fromthe heavier materials. The residue fromthe atnospheric
distillation step is tg . w at nospheric
pressure. This later di ] vacuum gas oil distillate
and a 15 vacuum r educed reS|duaI oil that often contalns relatively high

| evel s of asphaltene nol ecul es. These asphal tene nol ecul es usually contain
nost of PRCKGEGR@UNI» Car bon residue and netal conponents of the resid.
They also contain relatively high |levels of heteroatons, such as sul fur
and ntrogen. Such feeds have | ow commercial value, primarily because they
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excessi v as an s content causes
Cata|yStn@@ﬁﬁkﬂ*ﬁﬂdﬂﬁ&udﬁﬁaﬁgt@wﬂﬁﬁ% exists in petroleun1ref|n|ng for a
process for Opgrading residual feeds to nore val uable cleaner and |ighter
feeds. 25 [0003] There are a nunber of techniques used for recovering the
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distillation to separate lighter materials such as gas oils, kerosenes, gasolines,
straight run naphtha, etc. from the heavier materials. The residue from the
atmospheric distillation step is then distilled at a pressure below atmospheric
pressure. This later distillation step produces a vacuum gas oil distillate and a
15 vacuum reduced residual oil that often contains relatively high levels of
asphaltene molecules. These asphaltene molecules usually contain most of the
Conradson Carbon residue and metal components of the resid. They also
contain relatively high levels of heteroatoms, such as sulfur and nitrogen. Such
feeds have low commercial Valﬁe, primarily because they cannot be directly used
20 as a fuel oil because of environmental regulations. They also have little value as
feedstocks for refinery processes, such as fluid catalytic cracking, because they
produce excessive amounts of gas and coke and their high metals content causes
catalyst deactivation. Thus, a need exists in petroleum refining for a process for
upgrading residual feeds to more valuable cleaner and lighter feeds.
25 |
[0003] There are a number of techniques used for recovering the lighter
components from various petroleum residual feeds that contain 'high
* concentrations of alphaltenes. Many such processes involve separation, via
extraction, of the lighter components with a deasphalting solvent such as
30 propane, and thereafter separating and recovering the lighter components from

the solvent. Other processes may use solvents that include lower alkanes,



concentrations of al phaltenes. Many such processes involve separation, via
extraction, of the |ighter conponents with a deasphalting solvent such as

30 propango @rdedsher eafter separating and recovering the lpcag®iis@gponents
from the solvent. Qther processes may use solvents that include | ower

al kanes, WD 01/83643 PCT/ US01/13156 -2 al kenes, and their hal ogenated
derivatives, and even carbon di oxide and anmonia under certain

ci rcunst ances. These processes use conventional physical separation
techniques, with little or no significgnt chem cal reactions occurring. 5
[0004] There is nevertheless a continufng need in the art for an upgrading
and conversion process that yields higher anounts of |iquid products. There
is also aneed in the art for a conversion process that can upgrade an
asphal t - atlemmiesj randg theisi Halagenatedsdertwativieshaund @yengcarbosl wionide wind e
increasing liquid 1o product, yields and w thout causing an increasF in dry
gas and ESKBOpIde|usler SEaviARYCIIUIBBNCcasy tﬁesﬁr PEQERSSPH CoRVEniona

asphal tene_nol ecul es..in the.resid 15 fee . hj i)
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Appl i cant hayuss di scovered that conventional feed patterns and spray
droplets sizes tesult in aggloneration and bogging of the feed within
smal | sareas of the reactor, thus decreasing yields. By controlling the feed
droplet size and ensuring uniformspray distribution to the hot solids,
the totall0004ui d 20Tmredsiveverthelessagotnuing need & thgartdpe ap vpgrdingind coke
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also a need in the art for a conversion process that can upgrade an asphalt-
containing residual feedstock without using a solvent, while increasing liquid

10  product yields and without causing an increase in dry gas and coke yields.
SUMMARY

[0005] In the present invention the asphaltene molecules in the residua
15 feed are the highest boiling materials and are strongly adsorbed on the hot
circulating solids. Applicants have discovered that conventional feed patterns
and spray droplets sizes result in agglomeration and bogging of the feed within
small areas of the reactor, thus decreasing yields. By controlling the feed droplet
size and ensuring uniform spray distribution to the hot solids, the total liquid
20  product yield can be increased and the dry gas and coke yield decreases. By
atomizing the incoming residua feed, the competitive adsorption of the
molecules in the feed can be influenced so that some of the asphaltenes
thermally crack in chemical reactions (unlike the prior solvent-based processes)
to lighter liquid products while other asphaltenes go to coke deposited on the

25  circulating solids.

[0006] Accordingly, one embodiment of the present invention comprises a

process for upgrading a residua feedstock to produce an increase in total liquid



nol ecules in the feed can be influenced so that sone of the asphal tenes
thermally crack in chem cal reactions (unlike the prior solvent-based
processes%mnhgg&bghter | i quid products while other asphal tenassogasise coke
deposited on the 25 circulating solids. [0006] Accordingly, one enbodi nent
of the present invention conprises a process for upgrading a residua
feedstock to produce an increase in total liquid WO 01/83643 PCT/ US01/ 13156
-3 products in a process unit conprising (i) a heating zone wherein solids
cont ai ni ng car bonaceous deposits are received froma stripping zone and
heated in the presence of an oxidizing gas; (ii) a short vapor contact
time reaction zone containing a horizontal moving bed of fluidized hot
solids recycled fromthe 5 heating zone, which reaction zone is operated at
a t enper prodwects rimmaalprotesd 504t camptising (0€ heating ercmee avhenelar seladsi t i ons
such that substantially all of the solids, that are passed fromthe heating
zone passontainingrearbenaceaus deposiis e aeceivethErsl A 188 408¢ ar“@g]['il e time
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reacti on zone and erein lower “boi ling hydrocarbons and” volatiles are

recover edhewiih$ zans,whiehi régetisszoréls opeRAd] at a Wmpaunoe deormtabolif 4505@r i ses
the steps of: (a) atom zing the residua 1s feedstock so that the residua
f eedst ocko aheun 700YUiamddopsybted wides coadisionn smchibait sustantiallgall of thean
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wherein the solids residence time is from about 5 to about 60 seconds, and the
vapor residence time is less than about 2 seconds in the reactor; and (iii) a
10 stripping zone through which solidsAha\}ing carBonacéous deiaosits thererﬁ‘ are
passed from the reaction zone and wherein lower boiling hydrocarbons and

volatiles are recovered with a stripping gas.

[0007] The process itself comprises the steps of: (a) atomizing the residua
15 feedstock so that the residua feedstock has a liquid droplet size less than about
2500 pm Sauter mean diameter; (b) passing the atomized liquid residua
feedstock to the short vapor contact time reaction zone where it contacts the
fluidized hot solids, thereby resulting in high Conradson Carbon components
and metal-containing components being deposited onto said hot solids, and a
20 vaporized fraction; (c) separating the vaporized fraction from the solids; and (d)
passing the solids to said stripping zone where they are contacted with a
stripping gas, thereby removing volatile components therefrom; (e) passing the
stripped solids to a heating zone where they are heated to an effective
temperature that will maintain the operating temperature of the reaction zone;
25 and, (f) recycling hot solids from the heating zone to the reaction zone such that
substantially all of the solids that are passed from the heating zone pass through

the reaction zone and where they are contacted with fresh feedstock.



fluidized hot solids, thereby resulting in high Conradson Carbon conponents
and netal - contai ni ng conponents bei ng deposited onto said hot solids, and a
20 vaporiaehifsz@gati on; (c) separating the vaporized fract ipgr/fidoeasishe
solids; and (d) passing the solids to said stripping zone where they are
contacted with a stripping gas, thereby renoving vol atile conponents
therefrom (e) passing the stripped solids to a heating zone where they
are heated to an effective tenperature that will maintain the operating
tenperature of the reaction zone; 25 aqd, (f) recycling hot solids fromthe

heating zone to the reaction zone such'that substantially all of the

solids that are passed fromthe heating zone pass through the reaction
zone and where they are contacted with fresh feedstock. WD 01/ 83643

PCT/ USO1/BRIEE DESCORINH E FI GURE [ 0008] The figure
Il lustrates an enbodi nent of the present invention. 5 DETAILED DESCRI PTI ON
[ 0009] Residua feedstocks that may be upgraded by using the present

i nventio t hos ' on?lgn | 30C,

pref er abng%glbove gggeﬁiik@fgg%%tr%g%%g?o era L"iﬁpg’%@‘@?‘gﬁﬁt %‘%%9 and even
nore i o preferably above about 560C. Non-limting exanples of such

fracti OnSDEM}_‘!gﬁ} DESCYIPERDNS, at nospheric resids, heavy and reduced
petrolseu € olf, pitch, asphalt, bitunmen, tar sand oil, shale oil,
coal, coal slurries, and coal |liquefaction bottons. These resids nmay al so
contai n D0 amourResidia Ifeedstocksothial myayrereeppgradegdly qising dleediresad” cannot

ni 15, beReO e hosf SApER! FEtATg PO e Bt cabbbn K a1 1 an
undesi raba Sva TR 9&0‘5@} %61%05}%1:&&'9 above about 540°C, and even more
10  preferably above about 560°C. Non-limiting examples of such fractions include
vacuum resids, atmospheric resids, heavy and reduced petroleum crude 6i1,
pitch, asphalt, bitilmen, tar sand oil, shale oil, coal, coal slurries, and coal
liquefaction bottoms. These resids may also contain minor amounts of lower
boiling material. Residua feedstocks cannot be fed in substantial quantities to
15 refinery process units, such as FCC units, because they are typically high in .
Conradson Carbon and contain an undesirable amount of metal-containing
components. Conradson Carbon residues will deposit on the FCC cracking
catalyst and causes excessive deactivation. Metals, such as nickel and
vanadium, also deactivate the catalyst by acting as cataly;st poisons. Such feeds
20 will typically have a Conradson carbon content of at least 5 wt.%, generally

from about 5 to 55 wt.%. As to Conradson carbon residue, see ASTM Test
D189-165.

[0010] Residua feedstocks are upgraded in accordance with the present
25  invention in a short vapor contact time process unit comprising a heating zone, a
short vapor contact time horizontal fluidized bed reaction zone, and a stripping
zone. The short contact time horizontal fluidized bed reaction zone preferably
includes one or more feed nozzles that are configured to control the feed droplet

size and distribution.



conponents. Conradson Carbon residues will deposit on the FCC cracking
catal yst and causes excessive deactivation. Metals, such as nickel and
vanadi um wg @a®sélgacti vate the catal yst by acting as cat al ygir/gehg9ms. Such
feeds 20 will typically have a Conradson carbon content of at least 5 wt.%
generally fromabout 5 to 55 w.% As to Conradson carbon residue, see
ASTM Test D189-165. [0010] Residua feedstocks are upgraded in accordance
with the present 25 invention in a short vapor contact time process unit
conprising a heating zone, a short vapor contact tinme horizontal fluidized
bed reaction zone, and a stripping zoRe. The short contact time horizontal
fluidized bed reaction zone preferably includes one or nore feed nozzles
that are configured to control the feed droplet size and distribution. WO
01/83643 PCT/ US01/ 13156 -5 [0011] Preferably, the residua feed is atom zed
before passing via line 10 into_ reaction zones 1 to achieve a fine spray
pattern i[A0bl] eact i Rueferablys the residuss foed is ptamizederiorsapassingivianitefOof t he
liquid residua feed droplets i than 2500 m. nore r.eferably1 | ess

.|
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patterns, nean eater than about 2
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ypicg Xhiﬁ%!ob Hish, W%i%%blf'% dhat 900Chnd, ThaBie préfislsly aputweaher dry

gas and coke Yyi el ution of the incomng feed io results in

| ocal i zegaaPso Rn and «baat 2080 Ak, emdahoidprefaably Bethieag abpuayo funeandt he
feed nozzle(s) ensures better penetration, m xing and contact between the

liquid fepdutrooghs @agséthiectl aprayopattisns,n.d.heavirget Smrer mean digmated t he
penetrat! g(;gater than about 2500 pm, typically result in lower total liquid product (TLP)
yields and higher dry gas and coke yields. Maldistribution of the incoming feed
10  results in localized bogging and agglomeration of the feed. A fine spray from
the feed nozzle(s) ensures better penetration, mixing and contact between the
liquid feed droplets and the hot solids in the reaction zones 1, and the penetration
of the spray depends on the individual reactor geometry. This provides quicker
heat transfer to the feed without excessive and localized cooling of the hot solids
15 that may cause bogging and agglomeration of the feed. If too much feed is
injected into too small an area within the reaction zones 1, bogging and
agglomeration can result. Therefore, the feed is preferably uniformly distributed
on the hot solids in the reaction zones 1 through the feed nozzles. If there are a

plurality of feed nozzles, the feed is preferably distributed so that equal amounts

20 of feed pass through each feed nozzle.

[0012] Although applicants do not wish to be limited by theory, but
applicants believe that a decrease in feed droplet size increases the liquid droplet
surface area of the feed entering reaction zones 1, improves the heat and mass
95  transfer rate to the feed, and improves the reaction kinetics to achieve the

increase in TLP yield and decrease in yields of dry gas and coke.



of the spray depends on the individual reactor geometry. This provides
qui cker heat transfer to the feed w thout excessive and |localized cooling

of the holvsqlszéls 1s that may cause boggi ng and aggl oner atpcamywi/isiae f eed.
If too nmuch feed is injected into too small an area within the reaction
zones 1, bogging and aggloneration can result. Therefore, the feed is
preferably uniformy distributed on the hot solids in the reaction zones 1
through the feed nozzles. If there are a plurality of feed nozzles, the
feed is preferably distributed so that equal amounts 20 of feed pass

t hrough each feed nozzle. [0012] Although applicants do not wish to be
limted by theory, but applicants believe that a decrease in feed dropl et
size increases the liquid droplet surface area of the feed entering

r egct i on [POBRE 1, iTipe reseduat feed meayt bantbmized i Bithenasbaventional meanmiee f eed,
and inproves the reaction kinetics to achjevye the increase in TLP yield
and decr &46h that tiectlesireds drgplet gige %Mﬁd&ﬂ% utigqply) a¢kigwes opEithuesbesidise - 6
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tip tenperature. It may be desirable to control both the droplet size and
di st ri butdesirablerte qonéfod bath ther dreplassize and distidleutiomeand; prefrigblyi teacter oduct
yield and quality. Preferably, the spra distributign fr the feed
nozzl es T§SIEGREF ¥1P??ﬁ) %@%ﬁen@i@@w J dcad‘ﬁ]ts QE"[‘hté(ndﬁr‘ﬁ%‘f?g’E’aﬁeowrW th the
bed of haof. e Lt hi I 0 | '
nozzl cs Ry TBRPR e e npEAE, 1NADREE syt APBRGE LR ooHabe BhS
penetration with the bed of hot solids within the reaction zones. Examples of
10 suitable nozzles may be found in U.S. Patents 5,188,805 and 5,466,364.
Preferably, an inert gas or steam is used to assist in the atomization of the feed

through the feed nozzle.

[0014] Referring to the Figure, a residua feedstock high in Conradson
15 Carbon and/or metal-components passes via line 10 to one or more short-vapor-
contact-time reaction zones 1 that contains a horizontal moving bed of fluidized
hot solids. A mechanical apparatus, preferably one or more horizontally
disposed mixing screws fluidize the solids in the short vapor contact time
reactor. A fluidizing gas, such as steam, fluidizes the particles. The mixer and
20 the formation of vapors resulting from the vaporization of at least a fraction of
the residua feedstock also assist fluidization. Preferably, the mechanical means
is a mechanical mixing system having a relatively high mixing efficiency with
only minor amounts of axial backmixing. This mixing system acts like a plug
flow system with a flow pattern that ensures that the residence time is nearly
25 equal for all particles. A preferred mechanical mixer is the mixer referred to by
Lurgi AG of Germany as the LR-Mixer or LR-Flash Coker which was originally |

designed for processing for oil shale, coal, and tar sands. The LR-Mixer consists



Preferably, an inert gas or steamis used to assist in the atom zation of
the feed through the feed nozzle. [0014] Referring to the Figure, a

resi dua fﬁ@ﬁﬁysg@ig hi gh in Conradson 15 Carbon and/ or net gcrogmaengat s
passes via line 10 to one or nore short-vapor- contact-time reaction zones
1 that contains a horizontal noving bed of fluidized hot solids. A
nmechani cal apparatus, preferably one or nore horizontally disposed m xing
screws fluidize the solids in the short vapor contact time reactor. A
fluidizing gas, such as steam fl uidi ze7$ the particles. The m xer and 20
the formation of vapors resulting from/the vaporization of at |least a
fraction of the residua feedstock al so assist fluidization. Preferably,
the mechanical nmeans is a mechanical mxing systemhaving a relatively

hi gh mi xigfgtedf hOfiE(:SmKI:ﬂW dtiented| yonptatingascremtss thdt aid an Bhidizing dthe Thi s
m xi ng systemacts like a plug flow systemwith a flow pattern that
ensures tmﬂldﬁheqtb@i&@méywmﬁchémﬁé]a%ﬂ&e@@aé’ &‘PbP(We@cFI particles. A
preferred mechanical mxer is the mxer referred to by Lurgi AG of Gernany
as the LR-M xer or LR-Flash Coker which was originally designed for

pr ocessi oi | . : myl - i WO
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that aid thsy hdyi Slisdicoshprive ardasthet keisablOrbracteey purtioniwte mastesinl. cMonAi xer s
may al so be used. [0015] The solid particles are preferably (petroleumn
coke palr tlimiteg, emampleés vhesnchagther switeblep réfactany mataealss mqla& siliegkr act ory
particulate materjal. Non- limting anpl es, of such ot her suitabl
r ef r act ordfuiRide r FIEFQNIRN ERAENESIE, | Glc g}tﬁﬁ% quﬂa‘?ﬂ%ila' c BRYRATC e é‘?ﬁ%{?ﬁ&
mul lite, syntheticall rep r r Y1 i Lal h as
sand,  purficburigg gytogd BICHERY S PRl ot IiQEEE: BRuRhEEA' cditth

bauxite, and the like. It is within the scope of the present invention that the

10  solids can be inert or have catalytic properties. The solids will have an average
particle size of about 40 microns to 2,000 microns, preferably from about 50

microns to about 800 microns.

[0016] The fluidized hot solids are preferably at a temperature from about
15 590°C to about 760°C, more preferably from about 650°C to 700°C. When the
residua feedstock contacts the hot solids, a substantial portion of the high
Conradson Carbon and metal-containing components will deposit on the hot
solid particles in the form of high molecular weight carbon and metal moieties.
The remaining portion vaporizes on contact with the hot solids. The residence
20 time of vapor products in reaction zones 1 will be an effective amount of time so
that substantial secondary cracking does not occur. This amount of time will
typically be less than about 2 seconds, preferably less than about 1 second, and
more preferably less than about 0.5 seconds. The residence time of solids in the
reaction zone will be from about 5 to 60 seconds, preferably from about 10 to
25 about 30 seconds. Suitable length to diameter ratios (L/D) for the reactor are
preferably greater than or equal to about 5/1, more preferably greater than or

equal to about 11/1 with the L/D for the reaction zone greater than or equal to



bauxite, and the like. It is wthin the scope of the present invention that
the io solids can be inert or have catalytic properties. The solids wll
have an awey@@8ss3particle size of about 40 microns to 2, 0GRTDIANSe
preferably fromabout 50 mcrons to about 800 m crons. [0016] The
fluidized hot solids are preferably at a tenperature fromabout 15 590C to
about 760C, nore preferably from about 650C to 700C. Wen the residua
feedstock contacts the hot solids, a substantial portion of the high

Conr adson Carbon and netal - contai ni ng conponents will deposit on the hot
solid particles in the formof high notecul ar wei ght carbon and net al

noi eties. The remaining portion vaporizes on contact with the hot solids.
The residence 20 tine of vapor products in reaction zones 1 will be an

ef f ecti vebaup g/, mbret preterably %ﬂeater shdisbmequad lto aboontidily and acikh te Bdes not
occur. This anmount of time will tyﬁi cally be less than about 2 seconds,

pr ef er ablfpr Hestsatioamixiegizone gwatardhamoriequabie abewt Hlabl y | ess than about
0.5 seconds. The residence tine of solids in the reaction zone will be

fromabout 5 to 60 seconds, preferably fromabout 10 to 25 about 30

seconds. L tabl e | : ' relrati 05: AL/ r I e

pr ef erabl@HyEat er m‘gkg%@g%(géugﬁﬁésg Ogb%tﬁt Q@}% a%r@%pyéﬁgrr gg%ﬁééé eagtéer t han
or equalipnfghaReptly tLhhiroledh NMb§ fiiidedrbddsrobenes ath degpRe @6 aharthbhan or
equal to WD'01/83643 PCT/US01/13156 -8 about 6/1, nore preferably greater
than or eglids residehoattimi®/dnd dred vapoih residericeDtinfeocannod bedndependerilyg zone
greater than or equal  to about, 1/1. [0017] The residence tinmes of the

sol i ds armontiededagspecigllyricelatively short yanosaetidenqsli@sht r ol | ed. Most
fluidized bed processes are designed so that the solids residence tinme and
t he vapor residence tine cannot be independently

[0018] Preferably, the short vapor contact time process unit operates. so
10 that the ratio of solids to feed ranges from about 30 to 1, preferably from about 5
or about 10 to about 1. The precise ratio of solids to feed will primarily depend
on the heat balance requirement of the short vapor contact time reaction zone.
Associating the oil to solids ratio with heat balance requirements is within the
skill of those having ordinary skill in the art and thus, will not be elaborated
15 herein any further. A minor amount of the feedstock will deposit on the solids in
the form of combustible carbonaceous material. Metal components will also
deposit on the solids. Consequently, the vaporized portion will be substantially

lower in both Conradson Carbon and metals when compared to the original feed.

20 [0019] The vaporized fraction passes via line 11 to cyclone 20 that
removes most of the entrained solids, or dust. The dedusted vapors then pass to
quench zone 13 via line 24 where the temperature of the vapors is reduced to
minimize substantial thermal cracking. This temperature is preferably below
about 450°C, more preferably below about 340°C. Solids, having carbonaceous

25 material deposited thereon, pass from reaction zones 1 via lines 15 to the bed of
solids 17 in stripper 3. The solids pass downwardly through the stripper and past
a stripping zone at the bottom section where any remaining volatiles, or

vaporizable material, are stripped from the solids using a stripping gas,



controlled, especially at relatively short vapor-residence tines. [0018]
Preferably, the short vapor contact tinme process unit operates, so io0 that

the rati owefo1maészds to feed ranges fromabout 30 to 1, prafcgr@dshnzissom
about 5 or about 10 to about 1. The precise ratio of solids to feed wll
primarily depend on the heat bal ance requirenent of the short vapor
contact tine reaction zone. Associating the oil to solids ratio with heat
bal ance requirenents is within the skill of those having ordinary skill in
the art and thus, will not be el aborated 15 herein any further. A m nor
anount of the feedstock w Il deposit of-the solids in the form of
conbusti bl e carbonaceous nmaterial. Metal conponents will also deposit on
the solids. Consequently, the vaporized portion will be substantially

| over i n ghefichatilo Bteaas,ohatChy inorodaned ired ahs stripping aopawezline 16heStoipped nal
feed. 20°[0019] The vaporized fractjon passes via line 11 to c¥cl one 20
that renapesprashictopasshepwandiyimstdipper vessel 3y thiough limpe 2tedeiniere @ por s

then pass to uench_zone.13 via line. wher e .t he t enperature of..the
Vapor 5§ 4o (BandbaoRe 13 i iAE 20 Chere i O R ArmErER P RGced s Lind

t enper at | I r : s e bout
340C. sﬂsgsﬁﬁg\%ﬁ@r @%o‘ﬁ@c%ﬁ% %H%?Q%?é? fﬁ&ég’é%‘?@?ﬁé}r{ e%!sngags from
react lson ﬁ@é‘@ﬁeémvi'saalbb nRtleéfed! RofthePglerth zow Wils1ihé 16 STHe gpipped. The
sol ids pass downwardly through the stripper and past a stripping zone at

t he bot t golidephisoviavitier B8 emijeaten®y which cootaans b dsating zonapori zabl e nateri al ,

are stripped fromthe solids using a stripping gas, WO 01/83643 .
PCT/ US01/ 13156 -9 preferably steam that is introduced into the stripping

T R e S e
light progugladly SHRY&f:, O¥erdedfrettife | {efiferature that will meet the heat
10 requirements of the reaction zone. The heating zone will typically be operated at
a temperature of about 40°C to 200°C, preferably from about 65°C to 175°C,
more preferably from about 65°C to 120°C in excess of the operating
temperature of reaction zones 1. Preheated air may be introduced into the
* hedteér. The heater-will fypically be operated at a pressure ranging from about 0
15 to 150 psig, preferably \at a pressure ranging from about 15 to about 45 psig.
While some carbonaceous residue will be burned from the solids in the heating
zone, preferably only partial combustion occurs so that after passing through the
heater, the solids will have value as a fuel. Excess solids may be removed from
the process unit via line 50. Flue gas passes overhead from heater 2 via line 40.
20 The flue gas passes through a cyclone system 36 and 39 to remove most solid
fines. Dedusted flue gas further cools in a waste heat recovery system (not
shown), scrubbed to remove contaminants and particulate, and passed to a CO
boiler (not shown). The hot inert solids are then recycled via lines 12 to reaction
zones 1.
25
[0021] The following examples are presented to illustrate the present

invention and not to be taken as limiting the scope of the invention in any way.



28. The light product will typically be 510C m nus product stream A 510C 5
plus streamis also collected fromthe quench zone via |line 26. The
stripped wenliisdszpass via line 18 to heater 2, which cont gdsuihisati ng
zone. [0020] The heating zone operates in an oxidizing gas environnent,
preferably using air, at an effective tenperature that will neet the heat
io requirenents of the reaction zone. The heating zone will typically be
operated at a tenperature of about 40C to 200C, preferably from about 65C
to 175C, nore preferably fromabout 65C to 120C i n excess of the operating
temperature of reaction zones 1. Prehed®ed air nay be introduced into the
heater. The heater ill typically be operated at a pressure ranging from
about 0 15 to 150 si at a pressure ranging fromabout 15 to about 45 psig.

gapr ef er qpkymglesvwg,l e sone carbonaceous residue will be burned fromthe
solids in the heating =zone, preferably only partial conbustion occurs so

that after passing through the heater, the solids wll have value_as a
fuel . Exd0622Fol i dsAntegt veasr eonsdusted to detarming rthe esféectref deergasingdhso. Fi ue

R AT E NN R AR OV
[ ve, 9o LA R ERN By BRIl SSROISEH SARE 08 ol
(not  showrizohtfl depdwimiel réRtdidsaang at digmeted Tl 26 iMéldes! arks léibth @f
reaction zones 1. 25 [0021] The folTow ng exanples are presented to
i |l ustratel.fHachesesdite séirawentik@nhand h68 mhoh eixing eengsand @i 12.Aginche scope
of the ! nr\éggtgci; Qoxilen wel}xrge }/\}I?eyfeegvevaglc{o%%z?c%gd \I?vcl:’;rh/ lg(ﬁoslolh%spla“r)r?icles consisting of
sand having a Sauter mean diameter of about 200 pm at operating temperatures
between 560°C and 575°C and a pressure of about 5.2-5.3 psig. The Sauter mean
10  diameter as used herein is calculated by using the empirical equation developed
by Nukiyama and Tanasawa [Trans. Soc. Mech. Eng., Japan, 5, 63 (1939)]. The
solids circulation rate was controlled using a metering screw upstream of the
solids inlet to the screw mixer reactor. The products resulting from the contact
between the solids and the feed were collected and passed to a gas/solids
15  separation unit. The resulting gas, or vapor phase, was partially condensed in a
hot separator operated at 177°C to produce a heavier liquid product stream and a
vapor product stream. The vapor product stream was partially condensed in a
cold separator operated at —2°C to produce a light product stream and a non-
condensable gas stream. The gas stream passed through a wet test meter to
20 measure the volume and collected in a composite gas bag for analysis. The
liquid streams from the hot and cold separators were combined to a make up a

total liquid product, TLP. Table 1 illustrates the results.



-10- Exanples 1-3 [00221 A test was conducted to determne the effect of

decr easi
about 5

Arab light crude to a 5 horizontal
1.26 inches and a | ength of
m xi ng zone and a 12.9 inch

ng the
PRio /8368 t est

14.5 i nches

with hot solid particles consisting of
of about 200 m at operating tenperatures
pressure of about 5.2-5.3 psig. The'Sa]L}t‘er mean 1o di aneter as used herein

is calculated by using the enpirical
Tanasawa [Trans. Soc. Mech. Eng., Japan, 5, 63 (1939)]. The

screw ni xer

react or
The screw m xer
reacti on zone where the feed was cont act ed
sand having a Sauter

average droplet size of the feed at constant pressure of
was conducted by feeding a vacuumpgsusdfis@g an
havi ng a di aneter of

has a 1.58 inch

mean d

i anet er

bet ween 560C and 575C and a

sol i ds

equati on devel oped by Nuki yama and

circulation rate was controlled using a nmetering screw upstream of the

solids inlet to the screw m xer reactgr. The products resulting fromthe
contact between the solids and t helAB¥dl were col Il ected and passed to a
gas/solids 15 separation unit. The resulting gas, or vapor phase, was
parti al 'y, condensed inm a hot separator pperatedlat L//CJ[to pr,oducg a
heavi er X3R4t oduct stream and a  vapor produgt st rearnL_lhé—\La-pqr
product | Tehgpiates (Y ti al |y condensed in as68ol d s&paratjor digér ated at -2C
to prodt@e a _Iight product stream and a hon-. £ond eni{i\ [e |gas §br eam The
gas streaftss $1®hr ough a wet test metpr 22 20 L veasdir et he—v3hure and
col | ect e@olids Titcwlptimni Rategks/taqg for anal ys26.6 The 20i2quijd st26ehnms [fromt he
hot and [ raifars were conbined tof|a e ( t otlal I|yi4i d jproduct,
TLP. Tal)%eglfasgﬁ' Yt es—the resul-ts—WO %@64:%\,./ IS 1311% 21

Solids/Feed Ratio 17.4 18.8 20.5

Hydrocarbon Partial Pressure (bar) 0.77 0.70 0.51

Vapor Residence Time (sec) 2.26 2.12 2.32

Solids Residence Time (sec) 30.1 30.2 29.0

Mean droplet size (um) 914 879 232

(Sauter mean diameter)

Liquid Product (wt%) 70.8 72.0 76.4

Coke (wt%) 19.3 20.1 16.2

5

Examples 4-8

[0023] Another test was run under process conditions similar to those of

Example 1, except that the pressure was raised to about 20 psig and the mean

10  droplet sizes were varied. Table 2 illustrates the results.



Table 1 Exanple # 1 2 3 Tenperature ('C) 568 561 569 Pressure (psig) 5.2
5.3 5.0 Solids Crculation Rate (kg/hr) 21.6 21.2 26.2 Feed Rate (kg/hr)
1.24 1. 13wb @AB3643S0l i ds/ Feed Ratio 17.4 18.8 20.5 Hydrocadaomsoasiss al
Pressure (bar) 0.77 0.70 0.51 Vapor Residence Tinme sec 2.26 2.12 2.32

Sol i ds Residence Time sec 30.1 30.2 29.0 Mean droplet size (nm) 914 879 232
(Sauter nean dianeter) Liquid Product (% 70.8 72.0 76.4 Coke (W% 19.3
20.1 16.2 5 Exanples 4-8 [0023] Another test was run under process
conditions simlar to those of Exarrplf 1, except that the pressure was

rai sed to about 20 psig and the nmean ~ 2 dropl et sizes were varied. Table 2
Illustrates the results. WO 01/83643 PCT/US01/ 13156 -12 Table 2 Exanple #
4567 8 Tenperature C 569 571 569 569 571 Pressure psig) 20.3 20.1 20.2

20.1 20.0 Table 2
Example # 4 5 6 7 8
Temperature (°C) 569 571 569 569 571
Pressure (psig) 20.3 20.1 20.2 20.1 20.0
Solids Circulation Rate (kg/hr) 234 39.3 27.5 38.6 40.0
Feed Rate (kg/hr) 1.58 1.63 1.67 1.58 1.33
Solids/Feed Ratio 14.9 24.1 16.5 24.5 30.2
Hydrocarbon Partial Pressure (bar) 1.52 0.93 1.86 1.06 0.92
Vapor Residence Time (sec) 243 2.05 1.86 1.69 1.52
Solids Residencé Time (sec) 29.7 25.9 242 © 260 25.7
Mean droplet size (um) 2173 1608 1571 971 399
(Sauter mean diameter)
Liquid Product (wt%) -65.1 66.3 66.4 68.3 70.2
Coke (wt%) 22.5 23.2 224 21.7 18.1
[0024] Examples 1-8 in Tables 1-2 illustrate that by decreasing the mean

5 droplet size, an increase in total liquid product is achieved while at the same

time decreasing coke yields.



Solids Circulation Rate (kg/hr) 23.4 39.3 27.5 38.6 40.0 Feed Rate k 1.58
1.63 1.67 1.58 1.33 Solids/Feed Ratio 14.9 24.1 16.5 24.5 30.2

Hydr ocar by (Haséd3al Pressure (bar) 1.52 0.93 1.86 1.06 0. T/0%0Q5156

Resi dence Tine (sec) 2.43 2.05 1.86 1.69 1.52 Solids Residence Tine sec
29.7 25.9 24.2 26.0 25.7 Mean droplet size (m 2173 1608 1571 971 399
(Sauter nean dianeter) Liquid Product (% -65.1 66.3 66.4 68.3 70.2 Coke
W% 22.5 23.2 22.4 21.7 18.1 [00241 Exanples 1-8 in Tables 1-2 illustrate
that by decreasing the nmean'5 dropl et 5 an increase in total liquid
product is achieved while at the sane 4IHE decreasi ng coke yields. WO

01/ 83643 PCT/US01/ 13156 -13- CLAIMS: 1. A process for upgrading a residua

feedstock to produce an increase in total liquid products in a process
unit conCLAIMS:i) a heating zone wherein 5 solids containing

carbonaceous deposits are received froma stripping zone and heated in the
presence of an oxidizing gas; (ii) a short vapor contact tinme reaction

zone contjai ni g prob&si ARNiptraddyg Hdediada Ttedstotldia plotade anlindasedcl ed
fromthe heating zone, whi'ch reaction zone is operated at a tenperature

from abdotal ismd tmodﬂnmtstm?@@ﬁbmd wpt campdisngi€) T hedilng crgeswi hrellhat i 0
substantially all _of the solids that .are passed . fromthe heatin Ee pass

t hr ough sphés COR@NIBY cRAEPRNASRAULAEPQSIIS arRdecaVedidram ¢ SERpEg ZoRe pRdf r om

about 5 12af°H the presence of an oxidizing gas; (ii) a short vapor contact time

reaction zone containing a horizontal moving bed of fluidized hot solids recycled
from the heating zone, which reaction zone is operated at a temperature from
about 450°C to about 700°C and operated under conditions such that
10  substantially all of the solids that are passed from the heating zone pass through
the reaction zone and wherein the solids residence time is from about 5 to about
-60-seconds, and the vapor residence time is less than about 2 seconds; and (iii) a
stripping zone through which solids having carbonaceous deposits thereon are
passed from the reaction zone and wherein lower boiling hydrocarbons and

15 volatiles are recovered with a stripping gas; said process comprising the steps of:

(a)  atomizing the residua feedstock so that the residua feedstock has a

liquid droplet size less than about 2500 pm Sauter mean diameter;

20 (b)  passing the atomized liquid residua feedstock to the short vapor
contact time reaction zone where it contacts the fluidized hot solids, thereby
resulting in high Conradson Carbon components and metal-containing

components being deposited onto said hot solids, and a vaporized fraction;

25 (c)  separating the vaporized fraction from the solids; and

(d)  passing the solids to said stripping zone where they are contacted

with a stripping gas, thereby removing volatile components therefrom;



-60-seconds, and the vapor residence tine is |l ess than about 2 seconds; and
(iii1) a stripping zone through which solids having carbonaceous deposits
t her eon awe o133s&ged fromthe reacti on zone and wherei n | owerr/ i h313§

hydr ocarbons and 15 volatiles are recovered with a stripping gas; said
process conprising the steps of: (a) atom zing the residua feedstock so
that the residua feedstock has a Iliquid droplet size |less than about 2500
m Saut er nean dianeter; 20 (b) passing the atom zed |iquid residua
feedstock to the short vapor contact tinme reaction zone where it contacts
the fluidized hot solids, thereby reslfting in high Conradson Carbon
conponents and netal -containing conponents being deposited onto said hot
solids, and a vaporized fraction; 25 (c) separating the vaporized fraction
fromthe solig¢g)y anshsiidh tR8SEigHedidaeids e hdfeatifgyand wherk Rhéy grezdigedher e
they are contacted” with a stripping gas, thereby renoving volatile
conponentts anheffedtiventenii@rothirs 36at3wRCidisain 1181 6perating teaipepatuss ofj thée
stripped solids to a heating zone where they are heated to an effective

t enper at GeICTOMAONKE endpmj ntain the operating tenperature of the reaction
zone; and 5 (f) recycling hot solids fromthe heating zone to the reaction
zone such that substantially all of the solids that are passed fromthe
heating zone S : i and act ed
W th Fresn tedder odEy GHETHEN SoES iR EHMBURD WHIPLE the adich 26k <

resi dua faellsi-Ackbiastially a0 dfitheiselidly tat sie miszed fromwerhabingtzon® pasand
about 1000 m Sauter nean dianeter. 3. The process according to claim1
wher ei n thmughshe veadtiondzonecndivakerg they are contacted with fresh feedstock.

2. The process dccording to claim 1 wherein the residua feedstock has a
10 liquid droplet size between about 50 pm and about 1000 pm Sauter mean

diameter.

3. The process according to claim 1 wherein the residua feedstock has a
liquid droplet size between about 50 pm and about 700 pm Sauter mean

15 diameter.

4, The process according to claim 1 wherein the vapor residence time of the

short vapor contact time reaction zone is less than about 1 second.

20 5. The process according to claim 1 wherein the residua feedstock is
selected from the group consisting of vacuum resids, atmospheric resids, heavy
and reduced petroleum crude oil, pitch, asphalt, bitumen, tar sand oil, shale oil,

and coal liquefaction bottoms.

25 - 6. The process according to claim 5 wherein the residua feedstock is a

vacuum resid.



liquid droplet size between about 50 m and about 700 pm Sauter nean 15
dianeter. 4. The process according to claiml1l wherein the vapor residence
time of tWweo1@est vapor contact tine reaction zone is | exgtitiisBeut 1
second. 20 5. The process according to claim 1l wherein the residua
feedstock is selected fromthe group consisting of vacuum resids,

at nospheric resids, heavy and reduced petroleumcrude oil, pitch, asphalt,
bitumen, tar sand oil, shale oil, and coal |iquefaction bottons. 25 6. The
process according to claim5 wherein tﬂg residua feedstock is a vacuum
resid. WO 01/83643 PCT/USO1/ 13156 -15°-7. The process according to claim4
wherein the solids residence tinme of the short vapor contact tinme reaction
zone is fromabout 10 to 30 seconds. 8. The process according to claiml
wher ei n tthhe paftd ploesssodcdohdingttorclaiung avherbincthetsatids resideneeaitmieart thone ar e
fluidized with the aid of a nmechanical means. 9. The process according to
cl ai m 8 wherteiapor hentasttimeireastionzons ISCfmmraibgzéEl%ﬁ@Qrseﬁw%- hori zontal |y

di sposed screws within the reactor. io 10. The process according to claim1l
wherein the residua feedstock has a liquid droplet size | ess than about

700 S i J1. i L dst ock
m Sauyl er %1%0@5@3&%30@%1# écpﬁli?%r?ﬁe\%ﬁelfe%g ; 813G Athe RRb AR of[?e stoc

to producé an ease | uid pro I'n a --process uni

conpr ssi R@nfdcl titd RAELHE z6AO BrevIeidRidd wikh thebhidlsf £ afdchhnicabmeansionaceous
deposits are received froma stripping zone and heated in the presence of
an oxidizing gas; (ii) a reaction zone containing a horizontal noving bed
of fluidized solids recycled fromth .heaéi n% zqQne .

The process  according to claim wherein the mechanical means

comprises one or more horizontally disposed screws within the reactor.

10 10. The process according to claim 1 wherein the residua feedstock has a
liquid droplet size less than about 700 pm Sauter mean diameter.
11. A process for upgrading a residua feedstock to produce an increase in
total liquid products in a process unit comprising (i) a heating zone wherein

15 solids containing carbonaceous deposits are received from a stripping zone and
heated in the presence of an oxidizing gas; (ii) a reaction zone containing a
horizontal moving bed of fluidized solids recycled from the heating zone,
wherein the solids residence time is from about 5 to about 60 seconds, and the
vapor residence time is less than about 2 seconds; and (iii) a stripping zone

20 wherein lower boiling hydrocarbons and volatiles are stripped from the solids

using a stripping gas; said process comprising:

(a) atomizing the residua feedstock so that the residua feedstock has a

liquid droplet size less than about 2500 um Sauter mean diameter;

25
(b) passing the atomized liquid residua feedstock to the reaction zone

where it contacts the fluidized solids, thereby resulting in high Conradson



wherein the solids residence tine is fromabout 5 to about 60 seconds, and
the vapor residence tine is | ess than about 2 seconds; and (iii) a

stri ppi ngwoan®seld wherein | ower boiling hydrocarbons and wltatdohg@sisar e
stripped fromthe solids wusing a stripping gas; said process conpri sing:
(a) atom zing the residua feedstock so that the residua feedstock has a
liquid droplet size |l ess than about 2500 m Sauter nean dianeter; 25 (b)
passing the atom zed liquid residua feedstock to the reaction zone where
it contacts the fluidized solids, thereby resulting in high Conradson WD
01/ 83643 PCT/ USO1/ 13156 -16 Carbon conponents and net al - cont ai ni ng
conponents bei ng deposited onto said solids, and a vaporized fraction; (c)
separating the vaporized fraction fromthe solids; and 5 (d) passing the
sol i ds t ocCafvenstompqriends aod metdlecantainiyg componertabemg déndsited onto s3idi ng
gas, thereby renpving vol atil e conponents therefrom (e) passing the
stripped %ﬁldsd%ndévlaﬁ@ﬂﬁ%fmﬁ@o%one; and, 10 (f) recycling the solids from
the heating zone to the reaction zone. 12. The process according to claim

11 wherein the residua feedstock has a |iquid droplet size between about
50 m and about c?@ igshéSva d fisctiinefBintthe sdBds;Hid process accordi ng
to claim 12 whefein the residua feedstock has a |iquid droplet size

bet weén about 50 m and about 700 m Sauter mean )
(d) passing the solids to the stripping zone where they are contacted with

a stripping gas, thereby removing volatile components therefrom;

(e) passing the stripped solids to the heating zone; and,
10

(f) recycling the solids from the heating zone to the reaction zone.

12.  The process according to claim 11 wherein the residua feedstock has a
liquid droplet size between about 50 pm and about 1000 pum Sauter mean

15  diameter.

13.  The process according to claim 12 wherein the residua feedstock has a
liquid droplet size between about 50 um and about 700 pm Sauter mean

diameter.

20

14,  The process according to claim 13 wherein the vapor residence time of

the short vapor contact time reaction zone is less than about 1 second.

15. The process according to claim 14 wherein the residua feedstock is
25 selected from the group consisting of vacuum resids, atmospheric resids, heavy
" and reduced petroleum crude oil, pitch, asphalt, bitumen, tar sand oil, shale oil,

and coal liquefaction bottoms.



di aneter. 20 14. The process according to claim13 wherein the vapor
residence tine of the short vapor contact tine reaction zone is |less than
about 1 se@on@sessS. The process according to claiml1l4 wherpggitigdogsisesi dua
feedstock is 25 selected fromthe group consisting of vacuumresids,

at nospheric resids, heavy and reduced petroleumcrude oil, pitch, asphalt,
bi tunen, tar sand oil, shale oil, and coal liquefaction bottonms. WO

01/ 83643 PCT/ US01/ 13156 -17 16. The process according to claim 14 wherein
the residua feedstock is a vacuun1resi?. 17. The process according to
claim 14 wherein the solids residencet{me of 5 the short vapor contact
time reaction zone is fromabout 10 to 30 seconds. 18. The process
according to claim 17 wherein the solids in reaction zone are fluidized
with the j@.d ofhe presdsariocatdingaosclaim 1O whEneinpthec ssssduec deaddianly tsoacl ai m
18 wherein the nechanical nmeans conprises one or nore horizontally

di sposed @cremsregid hi n the reactor. 20. The process according to claimi11l
wherein the residua feedstock has a I|iquid droplet size | ess than about
700 m Sauter nean dianeter. 15

17.  The process according to claim 14 wherein the solids residence time of

5 the short vapor contact time reaction zone is from about 10 to 30 seconds.

18.  The process according to claim 17 wherein the solids in reaction zone are

fluidized with the aid of a mechanical means.

10 19. The process according to claim 18 wherein the mechanical means

comprises one or more horizontally disposed screws within the reactor.

20.  The process according to claim 11 wherein the residua feedstock has a
liquid droplet size less than about 700 um Sauter mean diameter.
15



