*159159* A process for producing |light olefins and

aromatics Field of the invention The pr
invention pertains to a process for theJBﬁm@MMmmm”mm
conversion of hydrocarbon oils in the a

hydrogen, nore particularly, it pertains tdJdi5&5frocess

for converting heavy feedstaocks into |jight olefins
rich i nApps‘m%&ermedasH}g ﬁggt aw@rﬂégmmﬂ% in
tol uene and xyl ene. Background of the invention Light

ol efins such as ethyl ene, propylene, etc are inportant
chem cal feedstocks, wherein propylene is a synthetic

ERRR TR pBnp g oces) 5, such o5 Pl yoropviene

the demand for_ the derivatives such as pol¥pro yl ene,
et cThe hprasen’anmvrentlonprp@ptﬁmdq A Prseeuplial yhe catalytic
i ncreasi ng year by year, e.g., the demand of the

e?sﬂﬁr It hggfoda&pml §1e A rtﬁedsfbse%ee&eﬁ HfdgénlE’m%re

m 'Ton tons 20 years ago to 51. mlllontonso
2000 h.an average annual 1ncreas te of. 6, 3%
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attained 86 mllion tons by 2010 with an average

lgintielefing Qﬁcﬂﬁhﬁpi‘@pﬁené anfl.etliylefib andraroasstidsaich in toluene
produci ng propylene is mainly steam cracki ng and

%%%&%&fec cracki ng (FCC), wherein steam cracking uses
I'l's such as naphtha, etc as feedstocks to

produce ethyl ene and propylene by thermal 1
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Light olefins such as ethylene, propylene, etc are important chemical
feedstocks, wherein propylene is a synthetic monomer of the products
such as polypropylene, acrylonitrile, etc. Along with the rapid increase of
the demand for the derivatives such as polypropylene, etc, the demand for
propylene is also rapidly increasing year by year, e.g., the demand of the
world market for propylene already increased from 15.2 million tons of
20 years ago to 51.2 million tons of 2000 with an average annual increase
rate of 6.3%. It is predicted that the demand for propylene will have
attained 86 million tons by 2010 with an average annual increase rate of
5.6%.

The process for producing propylene is mainly steam cracking and
catalytic cracking (FCC), wherein steam cracking uses light oils such as

naphtha, etc as feedstocks to produce ethylene and propylene by thermal
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*@00002* cracking with a propylene yield of only about
15% by weight, while FCC uses heavy oils such as
vacuum gas oil (VGO as a feedstock. Presently, 66%
propylene in the world cones fromthe byproducts of
steam cracking for producing ethylene, 32% cones from
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obt ai ned fromthe dehydrogenati on of propane and

e didaeyi siloiuchhas weewmuat gusl e € VAHO) astaefeedstdckt Peesently,
petrochem cal industry produces ethyl ene and propyl ene
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of I'ight feedstocks, deficiency of the processing
wrapkingt for paedutingtethylsoec32%ncanes froncthe bypraduictgyof FCC

i ncreasing attention due to its advantages of w de
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cracking for increasing the production of propylene

betweenethiylpnd and%ubede. No. 4, 980, 053 di scl oses a
conversion process for producing |ight olefins from
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boi | i n%_asr anges and the converting reaction is carried
thooughh the conventianal istasny craaking gobted several sestrigtive factors
the conditions of a tenperature between 500C and 650
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between 0.2 h'1 and 2.0

processing capacity, and high production cost.

FCC is drawing increasing attention due to its advantages of wide
adaptability, flexible operation, etc. In the United States of America,
almost 50% of the demand of the market for propylene comes from FCC

units. The development of the improved techniques of catalytic cracking

for increasing the production of propylene is very rapid.

US Pat. No. 4,980,053 discloses a conversion process for producing
light olefins from hydrocarbons, wherein the feedstocks are petroleum
fractions, residuum, or crude oil with different boiling ranges and the
converting reaction is carried out in a fluidized bed or moving bed reactor
under the conditions of a temperature between 500°C and 650 C, a

pressure between 1.5x10° and 3x10°Pa, a WHSV between 0.2 h! and 2.0



2 h"1, and a catalyst to oil ratio between 2 and 12 by
using a solid acid catalyst. The catalyst returns to
the reactor for cycle use after being regenerated by
burning off coke. By this process, the total yield of
propyl ene and et hyl ene may attain about 40% wherein

the yield of lene.is up to 2 4% V\DOO/31 A1,
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ol efins, which uses a catalyst with ZSM5 and/ or

céfllystl ?l%)ldataﬂystaﬁetuﬁm ity etheorgaet@nfor apdleauge esfter being
anmount of inert substances as substrates, and uses
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obj ective of which is to produce as much ol efins as

propylentds apdo Ip4¥ve the quality of oil distillates
and octane nunber of naphtha. The feedstock is
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rotreati ng un| t hydr ot ted
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by using a catal yst Mﬁth a internedi ate pore size
aztive compenents ragidna greatvamounpof dnert suhetanges s substrates,
enters the second hydrotreating wunit for
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product, and the second hydr otreated product enters

second.catal ytic cracking unit for cracking,
Zzﬂla{elbéﬁ‘ﬁeﬁ%é active conponent of the

US Pat. No. 6,123,830 discloses a combination process consisting
of two-stage catalytic cracking and two-stage hydrotreating, the
objective of which is to produce as much olefins as possible and
improve the quality of oil distillates and octane number of naphtha.
The feedstock is converted into the first hydrotreated product in the
first hydrotreating unit, and the first hydrotreated product enters the
first catalytic cracking unit, wherein naphtha, diesel, and heavy oil are
obtained by using a catalyst with a intermediate pore size zeolite as a
main active component. The heavy oil enters the second hydrotreating
unit for hydrogenation to obtain the second hydrotreated product, and
the second hydrotreated product enters the second catalytic cracking
unit for cracking, wherein the active component of the
catalyét is mainly a intermediate pore size zeolite. The yield of
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catalyst is mainly a internmedi ate pore size zeolite.
The yield of 3 propylene in this process is rather

|l ow. Aromatics are also inportant chemcal feedstocks,
in particular, light aromatics such as BTX (benzene,
tol uene, and xylene), which are used to produce

S ntlhet i.c material s such ?s chem cal fibers, plastics,
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catal yst | onpl | d e_ab Y] ts c
PP chvatliedfs et GRS puc cod LT RE] BpBts SpRe e
exceeding 30% at the same time when naphtha and diesel
Presently; othe ethaj@onprosess hion @rbgueing @irocaties is catalytic

aromatics, but can not produce |ight ol efins and
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rncreast ng or t em cal feedstocks,

propyl ene, ethylene, aro ics, etc, there is
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refining process for sinultaneously producing |arge

Busidey, sthef ppocesy! flow, ofethiey neoveementd and oragenesatiororof the
heavy feedstocks. Brief description of the invention

The Lectl Qf . ent invention is to provide
rgﬁ:{fggﬁé c%?%ﬁgtslgecghﬂﬁ%&%?’nul t aneousl y produci gg

pr&pyl ene, ethylene, and aromatics from heav .

f eddet e prierarts prodecepiapylena onkyhas 9ihé/m0%$ct with low
propyl ene in these

yields not exceeding 30% at the same time when naphtha and diesel are

produced. Some of them only can produce aromatics, but can not produce
light olefins and aromatics simultaneously. In order to meet the increasing
demand for the chemical feedstocks, propylene, ethylene, aromatics, etc,
there is a necessity to develop a chemical industry type oil refining
process for simultaneously producing large amounts of propylene,

ethylene, and aromatics from heavy feedstocks.

Brief description of the invention

The objective of the present invention is to provide several processes
for simultaneously producing propylene, ethylene, and aromatics from
heavy feedstocks based on the prior art, the yield of propylene in these

processes being higher than 20%.



processes being higher than 20% 4 Technical Schene 1
The process for producing |ight olefins and aronmatics
provi ded by the present invention conprises: A
feedstock conies into contact with a catalytic
cracking catal yst and reacts under the conditions of

a reaction tenperature between 400C and 800C, and a
VHSYcheicot Sohéme In° ' and 750 h71. The reaction is

carried out in at |least two reacti on zones, angl thg n
reagtion & girff 1ight bRfivls andn@ronesicsi providedeby the
amiﬂbe S&ge?%?@l{ (?lr(:lhzgg sgat the down stream side of

the first reaction,zone is higher than that of the
piesent MyOROD FORMIECINd its WHSV is |ower than that

of the first reaction zone. The spent catalyst is

sepgriab@stobk @onidicinte@ohtact witlodatalyticoragliast gagalyst and
catalyst returns to the reactor after being

regenerated. The,.J.eact.i ) | BetSRfear406°C and
reaclopn rnt?‘leh‘émdjéé?ﬁ%gf %&8%@% ,?élpfsg t roe: E?ti ns and
aromati cs. Techni cal Schene t her. cess e :
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present invention conprises: (1) A feedstock and fatdoast
opt i on | aht eeadtion tomperatureanti aigeas
Bﬁf {n a@%ﬁ%’f\kﬁg@%{%ﬁﬁaﬁnﬁ??ﬁda hydar'otreati ng catal yst
and hydrogen, and react under _th [ tyi i f
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MPa, a reaction tenperature between 300C and 450C, a,.
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WHSYV is lower than that of the first reaction zone. The spent catalyst is
separated from the reaction product vapor and the catalyst returns to the
reactor after being regenerated. The reaction product vapor is separated to
_obtain the desired products, light olefins and aromatics.

Technical Scheme 2

Another process for producing light olefins and aromatics provided
by the present invention comprises:

(1) A feedstock and optional cycle material come enter the
hydrotreating unit, come into comtact with a hydrotreating catalyst and
hydrogen, and x;eact under the conditions of a hydrogen partial pressure
between 3.0 MPa and 20.0 MPa, a reaction temperature between 300°C
and 450°C, a hydrogen/oil ratio between 300 and 2000 by volume, and a

LHSV between 0.1 h! and 3.0 hl, and then the reaction effluent is



LHSV between 0.1 h'' and 3.0 h71, and then the

reaction effluent is 5 separated to obtain
hydrotreated product, with hydrogen being cycled for
reuse; (2) The hydrotreated product comes into contact
with a catalytic cracking catalyst and reacts under

t he condltlons of . a reagtio ature e
separagabto ohiadn b EeRed aoRug P YQIER?G“?@%A? @‘ﬂl‘%ﬁ?"r
reaction is carried out in at |east two reaction

éR&es, and the reaction tenperature of at |east one
readtl on zone anong the reaction zones at the down

rea ide.,of the,fir ORl,7.0 i
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than that of the first reaction zone. The sp g .
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and the catal yst returns to the reactor after being
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ited products, Iight olefins and

aromati cs. Technical Schene 3 The third pr.o f.o
TSl cThe Teagion & cauried QATAJAAT RO FrASHoRAPDSsy opdl dhe
present invention conprises: (1) A feedstock Comes

fe%ﬁ hgfe&atﬂré hothi l€xge roren eeationdzone emomgy the reaction
cata yst d reacts under the conditions of a hydrogen
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reaction effluent is separated _
reaction zone. The spent catalyst is separated from the reaction product

vapor and the catalyst returns to the reactor after being regenerated. The
reaction product vapor is separated to obtain desired products, light
olefins and aromatics.

Technical Scheme 3

The third process for producing light olefins and aromatics provided
by the present invention comprises:

(1) A feedstock comes into contact with hydrogen and a hydrotreating
catalyst and reacts under the conditions of a hydrogen partial pressure
between 3.0 MPa and 20.0 MPa, a reaction temperature between 300°C
and 450°C, a hydrogen/oil ratio between 300 and 2000 by volume, and a
LHSV between 0.1 h'-3.0 h’, and then the reaction effluent is separated

to obtain H,, CH,, hydrotreated C2°-C4°, hydrotreated naphtha, and



to obtain H2, CH4, hydrotreated C2-C40, hydrotreated

napht ha, and 6 hydrotreated product, w th hydrogen

bei ng cycled for reuse; (2) The hydrotreated product

of step (1) cones into contact with a catalytic

cracki ng cat al yst and reacts under the conditions of a
ctian er at. etvve 400C 800C and a WHSV
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in at |least two reaction zones, and the reaction
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a part of the reaction zones of step (2) after being
LI TR 4eadtivh e Garged iR mTB? 16RAGWEP ReddtiRAutnsR ReId the

|s separ at ed to obt ai n H2, CH4, catalytic cracki ng

C2=; C3~, cat ti n catal ytic a
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cycle oil, wherein C2~-C3- are a part of the desired

Zones at tise doWncsitemlny side ofihachiist geactiofSzanecisdyigheithandkat
to the catal yti c crackl ng reactor; (3) The
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into contact w th steam under grgerature be.tvveen
reatieon @one, Thesnent catalyst @rsqp@wa Quipkhe reaction product
separated to obtain H2, CH4, steam cracking C2 -C3
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cfacki ng naphtha, and fuel 0|I wherein the steam
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obtain H,, CH,, catalytic cracking C,™-C;7, catalytic cracking c0-cy,
catalytic cracking C,-Cs, catalytic cracking naphtha, LCO, and heavy
cycle oil, wherein C, -C3~ are a part of the desired products and catalytic
cracking C4-C;s are cycled back to the catalytic cracking reactor;

(3) The hydrotreated C,"-C,° and hydrotreated naphtha of step (1) and
catalytic cracking C,°-C,? of step (2) come into contact with steam under
a temperature between 700°C-1000°C, and the reaction product vapor is
separated to obtain Hp, CH,, steam cracking C, -C;7, steam cracking
C,’-C3°, steam cracking C4-Cs, steam cracking naphtha, and fuel oil,
wherein the steam cracking C, -C; are a part of the desired products and

the steam cracking C4-Cs are cycled back to the catalytic cracking reactor;



the steam cracking C4-C5 are cycled back to the

catal ytic cracking reactor; 7 (4) The catal ytic
cracki ng naphtha of step (2) and steam cracki ng

napht ha of step (3) are fed to selective hydrogenation
first and then fed to solvent extraction to obtain

GRerhe ol piatking RanBig, oF St 29 srcall preficing

extractlon raffinate returns to step (3) as one of
naphtiacsfistep (B par fesit toasel entveHiydyogdtietiaphirstasnd then fed to
provi ded by the present invention conprise: (1) A
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sEUBREAERLOR, 4l bttt tbiaioh Tnd bR ONEK BalfEE wherein
product are obtained after a , feedst ock cones, i nto
the raramatigst Arenyed petfenfathe desivert qreductsn gneaths ﬁttractlon
(2) A catalytic cracking unit, wherein the
riffHa08 @atmttstes ys) a@@ﬁ@ Bf thefeedsReke f stéenh chacking.
catalytic cracking catal yst. The reaction is carried
ou in at | east re on _zones,...and the. reaction

© b Ahnar oS Proyided 2 e ar8Sect JBVEAE SobPEistng  he
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cat al yt| c Cracking catal ytic cracking naphtha,
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back to the catal ytic
in at least two reaction zones, and the reaction temperature of at least one

reaction zone among the reaction zones downstream of the first reaction
zone is higher than that of the first reaction zone and its WHSV is lower
than that of the first reaction zone. The spent catalyst is separated from
the reaction product vapor, wherein the catalyst returns to all or a part of
the reaction zones of step (2) after being stripped and regenerated, and the
reaction product vapor is separated to obtain H, CHy, catalytic cracking
C, -Cs, catalytic cracking C,0-C3°, catalytic cracking Cs4-Cs, catalytic
cracking naphtha, LCO, and HCO. The C, -C3™ are a part of the desired
products, and the catalytic cracking C,-Cs are cycled back to the catalytic

cracking reactor;



cracking reactor; 8 (3) A steamcracking unit, wherein
the hydrotreated C20-C40, hydrotreated naphtha, and
catal ytic cracking C20-C3 conme unto .contact wth

st eam under a tenperature between 700C and 1000C and
the reaction product vapor is separated to obtain H2,
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fuel oil, wherein the steam cracking 2 -C3- are a
hyarotredted maphdba, andl qatalyitictaracking &zs@a ecbomae into contact
hydr ogenation unit, wherein the catal ytic cracking
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1 is the schematic diagramof the catalytic cracking
desired pxodiictsy echni cal scheme 1. Figure 2 is the
schemati c diagram of a preferred catal ytic cracking

2 AP oS Ao, BIRACR, oy crulin
naphtha and steam cracking naphtha are first fed to selective
hydrogenation to obtain the selectively hydrotreated naphtha;

(5) A solvent extraction unit, wherein the selectively hydrotreated
naphtha is fed to solvent extraction to obtain aromatics and extraction
raffinate. The aromatics are a part of the desired products, and the

extraction raffinate returns to the steam cracking unit as one of the

feedstocks for steam cracking.

Description of the drawings

Figure 1 is the schematic diagram of the catalytic cracking process of
technical scheme 1.

Figure 2 is the schematic diagram of a preferred catalytic cracking
process of technical scheme 1.

Figure 3 is the schematic principle flowsheet of the process of

technical scheme 2.



technical schenme 2. .9 Figure 4 is the schematic
principle flowsheet of the process and apparatus of
techni cal scheme 3. Detail ed description of the

i nvention The process of the present invention is
particul arly acconplished in the foll ow ng ways:

Enbodi ment. 1 The process f.or. prodguci li ol efins
BRI i% S s hPaBg o prinRiBle lavehget R dhe| Brpcess and
conprises: A feedstock cones into contact with the a
apphaitis bf tevhmiddl sghemed.yst  and reacts under the
conditions of a reaction tenperature between 400C and
800C, and a WHSV between 0.1 h" and 750 h"1. The
reaction is <carried. out in at |east two reaction

zones, and the reaction tenperature of at |east one
Detailedddeseviptiomofithe bavendion i on zones downstream of
the first reaction zone is higher than that of the

fi : . | o .
o TR PREAL 1 SeRctad hltn i ooy Abpiniihdied in
ﬁeg rated fromthe reacti on product vapor and the
thefellgwing Bayshs to the reactor after being
regenerated. The reaction product vapor is separated

t o Embéddinteritlle desired products, |ight olefins and
aromati cs. The present process wll be described in

el e £ e ERETE TS o6y e
present invention comprises:

A feedstock comes into contact with the a catalytic .cracking catalyst
and reacts under the conditions of a reaction temperature between 400°C
and 800°C, and a WHSV between 0.1 h! and 750 h™'. The reaction is
carried. out in at least two reaction zones, and the reaction temperature of
at least one reaction zone among the reaction zones downstream of the
first reactioﬁ zone is higher than that of the first reaction zone and its
WHSYV is lower than that of the fitst reaction zone. The spent catalyst is
separated from the reaction product vapor and the catalyst returns to the
reactor after being regenerated. The reaction product vapor is separated to
obtain the desired products, light olefins and aromatics.

The present process will be described in detail as follows.

1) feedstock

Said feedstocks in each reaction zone is petroleum hydrocarbons
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10 and/or other mneral oils, wherein the petrol eum
hydr ocarbon is one selected fromthe group consisting
of vacuum gas oil (VGO , atnospheric gas oil (AR,
coked gas oil (CQO), deasphalted oil (DAO, vacuum
resi duum (VR), atnospheric residuum (AR), cycle oil,

slyrry,. diesel, . naphtha, .hydrocarbons. w - r.-po

L St gmvgstal; DS, v eteiPy e PRrgTain hhkaCafhdif 18 Ghe
thereof and the other mneral oil is liquid products
selevied fioah the grmipcongisting af vaanﬂncgals,oib(Vﬁlﬁgj, atmpspheric
The preferable feedstock of the first reaction zone is

one_s§e d r =10 c LSt

SRR SAR, srbé T SIFCURYE SAUARR, Bl (RO o
oi I, vacuum resi duum  at npspheric_residyum, cycle ..
residuugt (VRy), aineesphericaperiduus, (ﬁr&)t WQTQ ik 8Ty, 1digsel,
preferable feed of reaction zones downstream of the

Hdphtha,  BdlocafborkOngth 8- ogrbonl awines] dikenes etigRadizarbon
consisti'ng of cycle oil, slurry, diesel, naphtha,

hydrocarbons with 4-8 rbgn _atons.; akka « W 3
Bhrmsc martoes urrenf 2ud (6° Ofter dbCTaheE) & ﬁaﬂtﬁ’f@&@&ﬁm
C&O, DAO VR AR, diesel, and naphtha are

¢odh idpuefactiung daosandyoil o shaledilwhol e fraction or

partial fraction. Said naphtha is one selected from

cat [ Kj l %A d Kign

s PreGERER R RAR bERh H8iF sihirfon ZoAETis"Ene seleoted
cracki ng naphtha, thermal cracki rig napht.ha, and .

Ty the geaugicongiating of orackun geesll, aHBpERlieric\gay oil, coked
catal ytic cracki ng naphtha nay be either fromthe

%&}I f@irl}o’gbgs nvagtr‘el:tﬁ: gﬂ,arﬁaaﬁﬁﬁ&eﬁﬁum Anespheric vesituuom, cycle
oil, slurry, diesel, naphtha or mixture thereof .

The preferable feed of reaction zones downstream of the first reaction
zone is one selected from the group consisting of cycle oil, slurry, diesel,
naphtha, hydrocarbons with 4-8 carbon atoms, alkanes with 2-3 carbon
atoms or mixture thereof.

Wherein VGO, AGO, CGO, DAO, VR, AR, diesel, and naphtha are
unhydrotreated or hydrotreated whole fraction or partial fraction.

Said naphtha is one selected from catalytic cracking naphtha, catalytic
cracking naphtha, straight-run naphtha, coked naphtha, steam cracking
naphtha, thermal cracking naphtha, and hydrotreated naphtha, or mixtures

thereof, wherein catalytic cracking naphtha may be either from the

catalytic cracking process of the present invention, or from conventional
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11 catalytic cracking , straight-run naphtha, coked
napht ha, steam cracking naphtha, thermal cracking
napht ha, and hydrotreated naphtha are from outside of
the present process. Said diesel is one selected from
catal ytic cracking LCO straight-run diesel, coked

di esel, thermal cracking diesel, and hydrotreated .
GHATER crakinEne SrBEDERI SABEER SSRGARAINR, SERT piacking
t hereof, wherein catalytic cracking LCO may be either
apihd, Nthepiiad| oratleingr saitithg, anddesivotibatedenapithaearte from
i nvention, or from conventional catalytic cracking,

st.rai prun  diesel . coked diesel, thermal cracking
%@@S%Ttgﬁ&rﬁww?‘é%ed di esel are from outside of
the present process. The hydrocarbons with_4-8 carbon

at Baid diesed ik ane selectad fom catakysic cracking ch&Qesteaightrun
fromthe catal ytic cracking process of the present

' ! J b . Tne
%1§I{§1fngoiﬁtéﬁe8{esﬁf,oﬂie‘f&ﬁlf ed}hblﬁglig -dFRkR! ¥hd %ﬁ{r@ﬁ‘éﬁf&l diesel

rmal " cracki ng rogenating, etc

processes. . The feedstock of each reaction. zane ay .
Shfainedoby ther DisseRlPEGRESS, O SPEWies GEReQt; WhRTeH Pé?ﬁyﬁc

reacti on zone prefers heavier hydrocarbons such as

MfeEkingCOL ClBhapAe eiifkr fbin el datalytidueradkingcprocess of the

sel f-produced slurry, outside cycle oil, outside

Sl R, B o Gy ARt

hydr ocar bons such as hydrocarbons with 4-8 car bgn,
diesels coked aheselhenmab ceacking diesel omd hydrireated diesel are
di esel. 2) Catalytic cracking catal yst

from outside of the present process.

The hydrocarbons with 4-8 carbon atoms and alkanes with 2-3 carbon
atoms can be either from the catalytic cracking process of the present
invention, or from conventional catalytic cracking, coking, thermal
cracking, hydrogenating, etc processes.

The feedstock of each reaction zone may be identical, or different.
The feedstock of the first reaction zone prefers heavier hydrocarbons such
as VGO, AGO, CGO, DAO, VR, AR, self-produced cycle oil,
self-produced slurry, outside cycle oil, outside slurry, diesel, and naphtha.
The reaction zone with higher reaction temperature prefers lighter
hydrocarbons such as hydrocarbons with 4-8 carbon atoms, alkanes with
2-3 carbon étoms, naphtha, and diesel.

2) Catalytic cracking catalyst

12



12 The catal ytic cracking catal yst conprises zeolite,
i norgani c oxide, and optional clay, which account for
the followi ng percent of the total weight of the
catal yst respectively: zeolite 10% 50% by wei ght,
|norgan|c oxi de 5% 90% by wei ght, and clay 0% 70% by
reln zeo i,S an _active panent. 2k C

g catal¥he raning setalnakr ibe it A g RBBElip S, b
optlonal | arge pore zeolite. The internediate pore
optivaal elalyj whick aocouryt foothe felawieg pereent ofithy total weight
50% 100% of the total weight of the zeolite and the

3085001 ASPHUIPESONE Ay fight shpr i
S00r088 Dy eIt A Rla o7 eSO IAEIE: or ZSM and ZRP
zeolites nodified with nonnetal elenents such as

phyphéein axudlite isr ansastivn ooeh neiitervembh 1§ welected from
iron, cobalt, and ni ckel See 'US Pat . 5,232,675

f
BB S5 58 ASTRE LB ogg@rgg%ggfbhgee;;egms The
consi sting of ZSM 5, ZSM 11, ZSM 12, ZSM 23,

imskinsliate SpbBs, sizad z26lites giccanttsotfoer 25%oi1008%, wireferably
simlar structure, or mxtures t hereof. Pl ease refer

10098 Lof MR total/ Grei f e FRORte 4R8ahk9ree pore zeohte
ay ofite pl

escription of | tes. rge por eol it

a8 ofarm 0o VR f{o?é?sr%?xa ToiS0hpRedh) totaf pyeightinfothe

Y and hi gh si I ica Y obtained by different processes
Zeblits. XThy énterimedené porbeaizaaeghity &5 seledizdafrom A Sieseries

is selected fromsilica (Si Q2) and/or

zeolites and/or ZRP zeolites, or ZSM and ZRP zeolites modified with
nonmetal elements such as phosphor and/or transition metal elements
such as iron, cobalt, and nickel. See US Pat. No. 5,232,675 for more
detailed description of ZRP zeolites. The ZSM series zeolite is one
s_elected from the group consisting of ZSM-5, ZSM-11, ZSM-12, ZSM-23,
ZSM-35, ZSM-38, and ZSM-48, and other zeolites with similar structure,
or mixtures thereof. Please refer to US Pat. No. 3,702,886 for more
detailed description of ZSM-5 zeolites. The large pore zeolite is one
selected from the group consisting of rare-earth Y (REY), rare-earth

HY(REHY), ultrastable Y and high silica Y obtained by different

processes or mixtures thereof.

The inorganic oxide as a binder is selected from silica (SiO,) and/or

13



13 alumna (A1203). Clay as a matrix (i.e. supporter)
is selected fromkaolin and/or halloysite. The

catal ytic cracking catalyst in each reactor nmay be
identical or different. 3) Catalytic cracking reactor
The cracking reactor conprises at |east two,

refer -7, nore preferably 2-3 reaction zones
a Hl%@ﬁzbé ction zone is one selected from riser,
fluidized bed, ascending transfer |ine, descending

t r @ay eas la meatrizsndi.ensuppgrteed ivrsedented plrom thaslisofand/or
The connecti on ways anong vari ous reaction zones are
h?.ﬁblyﬁ%e. parallel, or series-parallel. The riser can be

e’ conventional unidianmeter, or various types of
tag_g;ed risers. The struycture glgd di mensi on, of. _each

r eddiei eatabmice cracking catalyst yhicagh 16AFIOETBAY be dentigal or
the velocity of the gas in the fluidized bed is
doffesepen 0.1 ms and 2.4 m's (catalyst is neglected).
Said first reaction zone is a zone wherein a feedstock
Wi a bai]ikn range between 25C and 1200C cones into
coh?act @FM%@”&E?%%&C\.{\& The feedstock for the

first reaction zone may al so be a feedstock of the
comhentiacking ceactby tdampnisesk ah deash emvad, nprefenably 2apumeore
of light hydrocarbons with boiling points | ower than
p%‘f&folgfz-é%ﬁm&& Z%ﬁg% afill etagﬁ re&AMEMALRWUné ﬁél@&ﬁéﬁ' fFom
cracking such as - may be I ncorporated. There may

e other reaction zqQnes upstreamside of this peaction
rfsgﬁ _urdp@pde ge , ascengmg trags er line, descending trans%er ine, and

moving bed or some part thereof. The connection ways among various
reaction zones are series, parallel, or series-parallel. The riser can be the
conventional unidiameter, or various types of tapered risers. The structure
and dimension of each reaction zone may be identical or different,
wherein the velocity of the gas in the fluidized bed is between 0.1 m/s
and 2.4 m/s (catalyst is neglected).

Said first reaction zone is a zone wherein a feedstock with a boiling
range between 25°C and 1200°C comes into contact with the catalyst.
The feedstock for the first reaction zone may also be a feedstock of the
conventional catalytic cracking wherein a small amount of light
hydrocarbons with boiling points lower than those of the feedstock of the
conventional catalytic cracking such as C,-Cg may be incorporated. There

may be other reaction zones upstream side of this reaction zone. The

14



14 feedstock of the conventional catalytic cracking is
one selected fromthe group consisting of vacuum gas
oi |, atnospheric gas oil, coked gas oil, deasphalted
oi |, vacuum resi duum atnospheric residuum cycle oil
slurry, diesel, naphtha or m xture thereof. The first

frschibek RESEE FonNeRbPasloPial e BB T Sdatldion the
nore preferably riser or fluidized bed; the other

greap tdonsistingeof vapmehegabbil, Atmosphesit pesi oil; icoked gasnelil,
nmovi ng bed, nore preferably fluidized bed or riser.

4)

' ndi .l ons erat. di.gds ar :
BB AEC PR ety ABBREEROH RIS G il
500C-700C, WHSV 0.1 h"1-750 if 1, preferably I h"-500
shyrry, dieselcnaphthgrorguixteregtherealiPa- 1. 0 MPa (absol ut e
pressure), ratio of catalytic cracking catalyst to

fequgt Gek JeakblOnd¥oN€iisireferdBRO kLR Jadc@ntilits aRMFESY line,

know edge of the ordinary in the art, the reaction

enpef.at ur e t ube feactor,such as riser £eagtor
deachidifip dréaster Tiney o TR, bédnand imOted Betegibly Hiser or
tenperature of a bed reactor such as fluidized bed
fhedizedr bediathe other aeactige zoneyisraeferablf fhuidizeddbed, rriser,

order to realize the fluidized operation, a lifting

PR Yahnal b REERly PR BN | 281 e from

steamor dry gas w th steam being preferred. The ratio
of 4)st eafpetatingcordifionsck is 0.05-1.0 by weight. The
reaction tenperature of at |east one, preferably 1-6,

andh@réperating conditions are as follows: reaction temperature

400°C-800°C, preferably 500°C-700°C, WHSV 0.1 h'-750 h’,
preferably 1 h™-500 h', reaction pressure 0.10 MPa-1.0 MPa (absolute
pressure), ratio of catalytic cracking catalyst to feedstock 1-150 by weight.
According to the common knowledge of the ordinary in the art, the
reaction temperature of a tube reactor such as riser reactor means the
outlet temperature, and the reaction temperature of a bed reactor such as
fluidized bed reactor means the average temperature of the bed.

In order to realize the fluidized operation, a lifting medium may be
injected from the bottom of the reaction zone and the lifting medium is
selected from steam or dry gas with steam being preferred. The ratio of
steam to the feedstock is 0.05-1.0 by weight.

The reaction temperature of at least one, preferably 1-6, and more

15



15 preferably 1-2 reaction zones out of the reaction
zones downstream of the first reaction zone is higher
than that of the first reaction zone. The difference
bet ween the reaction tenperature of the reaction zone
with a higher reaction tenperature and that of the
figst. reagtion.zone is 0£:,200C, ..preferably 20C-10

s legRbiy T PrTEacHAR 2PBes PRORT HsnisartiPhenes dghstisam ghhe
reaction zone out of the reaction zones downstream of
firse réaction zeaet isohighenethian thaghef thedirst whactiant zome. The
first reaction zone, heat is supplenented to the above
BRI 2 bet AR the Pbadtith WBHE with a
dERECE PorGRRA (B Rtion Repiefurite BP (R Reactth JONE wit
coke deposited catal yst, hot flesh catalyst, and hot |,
Irighers reaction, temeperahirei end zthas, ofr they ﬁr;sﬁu R§cHent ZRge 18
coil pipes in the reaction zone. The total heat

JOPERR 00! i faab R0 CI [W0°E0% 80%  preferably 20% 60%
of the reaction Heat of the total reaction system The

\V of at | east one ref erabl y .1 nd npr.e.
or 25 e that T8 reidtion, Birbetriiee Bt fesf Roe FBAdign one out
zones downstream of the first reaction zone is |ower
dftthe redetiomzoneeddwnstreanaaf therfizst megctiomizons ischigher Hean
WHSV of this reaction zone to that of the first
t[}%?(‘if Wﬁfﬁ%a t?m% zdnd; Heah 39 'sugﬂe?ﬁéaﬂt@@ h¥ the hbovd rédlion
e spent catalyst 'I's separate romreaction product
vapor by conyentional disengaging, .cycl.opne separatio
70¢ By aneansael one QstOPrR of §he vy ialedied ’fgmeﬁm&lb’ﬁg hot
regenerated by burning off coke, before which the
regéiératdd batabp] RoBLbke idePobived icatabpitndiot fresh catalyst, and

hot feedstock to the reaction zone, or equipping heating coil pipes in the
reaction zone. The total heat supplemented accounts for 10%-80%,
preferably 20%-60% of the reaction heat of the total reaction system.

The WHSV of at least one, preferably 1-6, and more preferably 1-2
reaction zones out of the reaction zones downstream of the first reaction
zone is lower than that of the first reaction zone, and ratio of the WHSV
of this reaction zone to that of the first reaction zone is 1:1.1-1:750,
preferably 1:1.1-1:300.

The spent catalyst is separated from reaction product vapor by
conventional disengaging, cyclone separation and the catalyst returns to
the reactor after being regenerated by burning off coke, before which the

catalyst is optionally fed to stripping.
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16 5) Separation of the product Said Iight olefins are
et hyl ene, propyl ene, and optional butene, i.e. 1light
ol efins are ethyl ene and propyl ene or ethyl ene,
propyl ene, and butene. The process for separating
ethyl ene fromthe reaction product vapor is the sane
as {hat for sgparati et.hyl ene which is well known to
t hé5 or dh ?ﬁﬁl? IERiq Id%g%m&q(ﬁe art, and the process for
separating propylene and optional butene fromthe )
r eSatd dighpraldfins arepmhyleme; peogyleneaand roptianal butene, i.e.
separati ng propyl ene and optional butene which is well
t LRAr ' kN e

HERE Sleks’ i stiiehe e ropfRneof Mnfiche, HiGpHIdesnd
fraction of the reaction product vapor is the sane as

€. for separating aromatics, which is well known to
the ordinary skilled in the art, i.e. extraction.
BeThieeproessy furiseparatiogesthylenerfoomt the reattidry praduct vapor is
cracki'ng napht ha obtained by the present process,

-C8 in thi apht.ha .. p flLgt
g sy B, b AT ML AR ¥ RELRRRIE s bR e g, the
enbodi ment conprises the follow ng steps: (1) the
ordimisy skillethin $he ant, emdethef prosess éeirs¢parating dropylene and
the riser, <cone into contact with a regenerated

. . I

oinal Sty i ThY TeAetfOr PRt Rl Mahetd B3 that Dor
500C and 700C, a \V het n 0.1 h"l.and 7 h'l, a
seRai@tingnpPronydens, @\QQS@PM g‘.l’ffﬂﬁ/péi‘r']aﬁla 1§ Welpgnowh to the
(absol ute pressure), a ratio of the
ordinary skilled in the art. The process for separating aromatics from the

cracking naphtha fraction of the reaction product vapor is the same as that
for separating aromatics, which is well known to the ordinary skilled in
the art, i.e. extraction. Before separating aromatics from the catalytic
cracking naphtha obtained by the present process, Cs-Cg in this naphtha
may be separated first as a recycle stream.

The preferred technical scheme of this embodiment comprises the
following steps:

(1) the feedstock and steam enter first reaction zone, i.e. the riser,
come into contact with a regenerated and/or fresh catalytic cracking
catalyst and react under the conditions of a reaction temperature between
500°C and 700°C, a WHSV between 0.1 h'and 750 h”, a reaction

pressure between 0.1 Mpa and 1.0 Mpa (absolute pressure), a ratio of the
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17 catalytic cracking catalyst to the feedstock
between 1 and 150 by weight, and a ratio of steamto
the feedstock between 0.05 and 1.0 by weight; (2) the
reaction effluent fromthe first reaction zone enters
the second reaction zone, i.e. the fluidized bed,

cfieANy Rk op@ys: b, SEARBEG Aol ah8 S30bY Sweight

reacts under conditions of a reaction tenperature
ahdtanatio dleamrio the dewistack/biswasat W85 and. 1.0 byaweighdp
" a reaction pressure between 0.1 Mia and 1.0 Ma

h"1,

(a i ] . : . !

(oY e R 4R SpBPHIEnA] ety ert ek
aratio of sfteamto_ feedstock between 0.05 anc{ 1"81b1¥1
reastign: Zonge Wef the efuidip CAmes, dpfo; jcomtact wi e

tenperature of the second reaction zone and that of

cratedt cathBALS iceacldAp ecdtalyst) GteAnC, etharss, aye, Cs-Cg,
réz%% 100C, caangﬁt hg rati% of tyhe VWHSV of thgp?eycond e

reaction zone tq.that of the. fir I [ |

and Featts gt Conditipifofs seaTipn elipgradis bREd30D°C and
catalyst in the second reaction zone is separated from
7OBEC, neWHS ¥rbgiweendd. | \haand, 75hbr e weactions prassure between
catal yst enters the regenerator after stripping and

o EMb#anq 0 ﬁ\ﬁg;li(é@gqgg%ﬁekaﬁe%%&tﬁﬁ%ﬁ{eecaﬁsg@fwcracmg

I on Zone regefierated by burni'ng off
coke, and the _reaction produci vapoy,is ,separat to
cetnlystiiotiredstesk b@a‘vﬁ%émféb fvij Freieht endratatino Stefh to
aromatics. The preferred technical scheme may further
fE6d506¢16 Hebivedn (0105 andel® by ngeighs eThardifferenoedbetweenhthe

reacti on gas-oil except the desired
reaction temperature of the second reaction zone and that of the first
reaction zone is 10°C-200°C, preferably 20°C-100°C, and the ratio of the
WHSYV of the second reaction zone to that of the first reaction zone is
1:1.1-1:750, preferably 1:1.1-1:300;

(3) the spent catalyst in the second reaction zone is separated from the
reaction product vapor, wherein the spent catalyst enters the regenerator
after stripping and returns to the first reaction zone and the second
reaction zone after being regenerated by burning off coke, and the
reaction product vapor is separated to obtain the desired products, light
olefins and aromatics.

The preferred technical scheme may further comprise step (4):

remaining gases and liquids in the reaction gas-oil except the desired
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18 products, H2 and CH4, are used as recycl e streans,
whi ch conprise ethane, propane, and C4-C6. The
extraction raffinate obtained after the solvent
extraction of the naphtha, returns to the second
reaction zone, and the diesel, cycle oil, and slurry

return th Fest reactjaon zone, Enbodi nment . .
R&ﬂ@‘t‘%f &'g?r & sbﬁ%rmﬁr Hﬁ%ﬁciaﬁgr?qyﬁiﬁ sgiegmsnswhhcﬁ'l comprise
aromatics present invention provided by the present

eithareen tpropangmand 85 Ce( Theaexteamutior ciffinate obtained| after the
recycle streamenter the hydrotreating wunit first,

. ] : a ti
SHHR shRSBSYREE bbb N O Ju skl 038, e
hydr ogen rtj,al pressure between, 3.0 MPa and 20.0
tlwé,les% ,rqyg pUnane parareipm s t IRASHORZPIS0C,  a

hydrogen/oil ratio between 300 and 2000 by vol une, and
a LHSV between 0.1 h-1 and 3.0 h"1. The reaction
effluent is separated to obtain hydrotreated product

n gidro nis recycled for use. (2) the hydrotreated
@F’g’@ me s into contact with a catalytic cracking

catal yst and reacts under the conditions of a reaction
t efpeothen peobesswimn padiicing digiB0olefmsdand \#iSmassswprasent
0.1 h1-750 h'1in at |least two reaction zones,

iﬁ@&ﬁtfé%ﬁf&ﬁdé& B tfhg ?)rtéﬁf}i? St {on &;mgfiseé' east one

reac zone out reacton zohes downstream of
14 e B G AL Sl s
reacti on zone out of the reaction zones downstream of
udiefirst9comes into contact with a hydrotreating catalyst and hydrogen,
and reacts under the conditions of a hydrogen partial pressure between
3.0 MPa and 20.0 MPa, a reaction temperature between 300°C and 450°C,
a hydrogen/oil ratio between 300 and 2000 by volume, and a LHSV
between 0.1 ™! and 3.0 ™. The reaction effluent is separated to obtain
hydrotreated product and hydrogen is recycled for use.

(2) the hydrotreated product comes into contact with a catalytic
cracking catalyst and reacts under the conditions of a reaction
temperature between 400°C and 800°C and a WHSYV between 0.1 h7-750
h'! in at least two reaction zones, wherein the reaction temperature of at
least one reaction zone out of the reaction zones downstream of the first

reaction zone is higher than that of the first reaction zone, and the WHSV

of at least one reaction zone out of the reaction zones downstream of the
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first reaction zone is lower than that of the first
reaction zone. The spent catalyst is separated from
the reaction product vapor. The spent catalyst is
recycled for use after being regenerated and the
reacti on product vapor is separ ated to obtain the

FSFRAHOB AU Helomvercpan e thed it FeBCRY: 407, g sgent

remaining gases and liquids in the reaction gas-oil

catalestiistseparited fien therkaction pdductvapa@-The apentisatalyst is

recycle streans, wherein the gas recycle streans are

(G55 foR 8P AR BRI fehenited BBt vapor i
napht ha, recycled oil and slurry. Ethane, _propane,
separatd weobtavathe desiredipraduets; éugh.t elelinsoandaymnatics.

d| esel, cycle oil, and slurry. Ethane, propane,

Q&Eéﬁteéﬁbédﬁﬁéﬂtﬁlﬁhy Firthef oM ?h@e step @ethe ®@inaining
hydrot eated di esel, and sl urry return to the reaction

gage aid didving i e roAvion SRl Srdeph ShE EERd ofiyls, B

participate reaction are withdrawn fromthe unit. The

ande0BL pate wsriddas recyeler siteams, whiereirtheogas revycler strddmes are
mneral oils, wherein the petrol eum hydrocarbon is

S8 SHR. GG B8, SRR SEER, Sl a2

thereof, and the other mneral oil is |iquid products
eptusetionaraffinate cofdhe onaphtha, seewrled | oiloand hglleryei Ethane,

V\hereln VA0, AGDO CGEO DAO VR, AR, diesel, and
gﬂﬁ@ aari] €,-Cphusll/et erfragtoR frafﬁ‘ﬁ’e{t@tdfeﬁé;ﬂﬁhwhdie@el cycle

ction or partial fraction. Said naphtha IS one
oSLF,I s‘fuf V'R Ealltlea,l %ﬁ:an%[ a(%bg? arf‘m% faa exﬁ%gnon raffinate,

diesel, or hydrotreated diesel, and slurry return to the reaction zone of

step (2), and the cycle oil returns to the hydrotreating unit. The lower
alkanes which do not participate reaction are withdrawn from the unit.

The feedstock said is petroleum hydrocarbons and/or other mineral
oils, wherein the petroleum hydrocarbon is one selected from the group
consisting of VGO, AGO, CGO, DAO, VR, AR, diesel, and naphtha or
mixtures thereof, and the other mineral oil is liquid products from coal
liquefaction, tar sand oil, or shale oil.

Wherein VGO, AGO, CGO, DAO, VR, AR, diesel, and naphtha are
unhydrotreated or hydrotreated whole fraction or partial fraction.

Said naphtha is one selected from catalytic cracking naphtha, ,
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strai ght-run napht ha, coked naphtha, steam cracking
napht ha, thermal cracki ng naphtha, and hydrotreated
napht ha, or m xtures thereof, wherein catalytic
cracki ng naphtha nmay be either fromthe catal ytic
cracking process of the present invention, or from

ohventional, catal ytic craekin strajght-ru
SHEMTN. cBRbE, ke nan kA Seam Sag< M, fplitha, thermal
thermal cracking naphtha, and hydrotreated naphtha
caackihg araphtiha i ahel nydrotreatesr eaphtha poomissiresthieteal, sxlgrein

is one selected fromcatal ytic cracking LCO catal ytic
.ng. di.esel [ - -l Lesehuacl:
BHATHE SR ropBHE oy B Gitel ¥iom. T8¢ RarklyBE Pbracking
m xtures thereof, wherein catalytic cr,acagiégg LCO n@/
mecesst ofcther prosenthinventiany oF &om serventional catalytie qraeking,
present invention, or fromconventional catalytic
sbifa ’E_Lﬁﬂr naphid okt ndpBeRl stefRKE™cRInS Slaphtgr tielmal
cratki ng diesel, and hydrotreated di esel are from
out.si de of. the prese rocess. ,lhe feedstock an
yenEonApkins i HralAE: Barite At earRige of the
reactor together after m xing to reduce the investnent
preséigprogesspnent . The feedstock and cycle oil comne
into contact with a hydrotreating catalyst and
hy n c e A tA.QRIs: gf ;
ny g dleslts bRCIeURA ok RalPRY G LEOy, cgtalytic
MPa,. a reaction, tenpergture be en 300C and 450C, ,.a
argakingetiponl) SiTataNe THaI eSS, SUkPhieselosbemRAl Crarking dicsel,
and a LHSV between 0.1 h"' and 3.0 h"'. The reaction

Aid hyervtrddied ShesetNbt ahixrufesdhbreo] Gthepsigscatabrtic cracking
Sepafation, |ow pressure separation, and 21

LCO may be either from the catalytic cracking process of the present
invention, or from conventional catalytic cracking, straight-run diesel,
coked diesel, thermal cracking diesel, and hydrotreated diesel are from
outside of the present process.

The feedstock and cycle oil in step (1) may enter the hydrotreating
reactor together after mixing to reduce the investment on the equipment.
The feedstock and cycle oil come into contact with a hydrotreating
catalyst and hydrogen, and reacts under the conditions of a hydrogen
partial pressure between 3.0 MPa and 20.0 MPa, a reaction temperature
between 300°C and 450°C, a hydrogen/oil ratio between 300 and 2000 by
volume, and a LHSV between 0.1 h™! and 3.0 h™'. The reaction effluent is

sequentially fed to high pressure separation, low pressure separation, and
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product fractionation to obtain hydrotreated product.
It is preferred to hydrotreat heavy oil and cycle oil
to obtain the optinumreaction effect, but the high
pressure separation, |ow pressure separation, and

product fractionation systens may be shared. Besi des,

prefust Rl ) i et AGET 0T cch

hydrogen and recycl e hydrogen. The conditions in_ the
hy i o qmefermed 66 hydrofreatiheavk cil endngyelege]l fwaobtain the

pressure 3.0 MPa-20.0 MPa, reaction tenperature

=45 : n4Qi | : 2 : 4Ol
gL o R e it o
hydrotreatlng thec cle oil are: hydroge
sppaxationg and @t tz‘@a@mnaﬁ@n SYStEERs Bt bﬁﬁﬁ@r&du st es, the
300C- 450C, hydrogen/oil ratio 300-2000 by volune, and

tWdPéaBtien BystetndmayluseTd camedsretigatievd itndmley 30 shassithe
in the hydrotreatlng unit is a catalyst of the

capBetass Sriroet herede Rd reubly i ded e chpditions in

Sai d non-noble netal of Goup VIBis selected fromNM
the diyaropénation roft thef feadstgekvard: hydrogencpadial f prsssupe 3.0
and/or Ni. H gh hydrosaturation and denitrogenation

l\?lg%l %’q“ JPa, bﬁ‘étac@otx Ség%fé@ %O(ﬁgti#?bycagmsrdi'ﬁ%éiﬂbﬁdrauo
&é@m@r&d{m ﬂﬁé% LB i 2al 2bk copdisicrat the

The preferred catal yst conprises of 0-10% by wei ght
r@&éaﬁmg of tHe 896leyoiletey hydodgempartial pressare8.0aviRg20.0

VI met 12-39% by wei ght of one or nore of G oup
l\gl%a, reaction temperatule 300°C-450°C, hydrogen/oil ratio 300-2000 by
volume, and LHSV 0.2 h"-2.0 b™",

The hydrotreating catalyst used in the hydrotreating unit is a catalyst
of the non-noble metals of Group VIB and/or Group VIII supported on
alumina and/or amorphous silica-alumina. Said non-noble metal of Group
VIB is selected from Mo and/or W and that of Group VIII is selected
from'Co and/or Ni. High hydrosaturation and denitrogenation activities
but a low cracking activity are required for this catalyst to reserve long
straight chain paraffins in the feedstock as much as possible and produce
more propylene in catalytic cracking process. The preferred catalyst

comprises of 0-10% by weight an additive, 1-9% by weight of one or

more of Group VIII metals, 12-39% by weight of one or more of Group
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VIB netals, and bal anced al um na and/ or anor phous
silica-alumna as supports wherein the additive is
selected fromnon-netal elenments and netal elenents
such as fluorine, phosphor, titanium etc. Conpared
with the feedstock, said hydrotreated product contains

R sl i AR 8 ANEOT BBphBRE Ry fifBiine as
yi el d of propyl ene when used as a feedstock for the

snppatty twhersindhe raglditive is Bekeoted dromimorseetk] elpments and
catal yst, catalytic cracking reactor, and catalytic

r@%ﬁgﬁieﬁ‘ﬂexﬂg‘ipﬁféiag%fo‘%ﬁ{& ﬁa?%xgg@n&f ti{d}ﬁﬁﬁil’, 2& 2t techni cal

ne are sane as of "tec schenme 2
respectively, Enbodi nent, 3 The third process for
or Senrepatd Wifhiihe lepdsieckninid fdEptreated mrodHet contains less

i nvention provided by the present invention conprises:

ulr2 digegeh 0 @ndc arBmatios 0 apdntaadtiighért Rohvatooénhpdidgen,

8
hydrotreating catalyst and reacts under the

fomarale 398 ehapiani 1he SRaREE by RBih Snel AR P

and 450C, a hydrogen/oil ratio between 300-2000 by
footheveatalytit erackis@umiét ween 0.1 h-1-3-0 h71, and then
the reaction effluent is separated to obtain H2, CH4,

h i 0 .
hyor: & @glcgfég%q@ g RRegaIgLe, eBAd I@P&‘aﬁﬁgmgtr&féactor, and

ydrotreated pro
hydr qgen bej ng recycled for use; .23 (2) the, |,
aefalyticr@ackmg, pperacingorordifigns 10 thenpresent deedBiicalcscheme
wWth a
are the same as those of technical scheme 2 respectively.

Embodiment 3

The third process for producing light olefins and aromatics present
invention provided by the present invention comprises:

(1) a feedstock comes into contact with hydrogen and a hydrotreating
catalyst and reacts under the conditions of a hydrogen partial pressure
between 3.0 MPa and 20.0 MPa, a reaction temperature.between 300°C
and 450°C, a hydrogen/oil ratio between 300-2000 by volume, and a
LHSV between 0.1 h'-3.0 b, and then the reaction effluent is separated
to obtain H,, CH,, hydrotreated C2°-C4°, hydrotreated naphtha, and
hydrotreated product, the hydrotreated product, hydrogen being recycled

for use;
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catal ytic cracking catal yst and reacts under the
conditions of a reaction tenperature between 400C and
800C and a WHSV between 0.1 h-1-75 0 h'1l in at |east
two reaction zones, wherein the reaction tenperature
of at |east one reaction zone downstream of the first

roJed 1BR BuieRedt B iReb ) Hanky Spld bty i =

zone downstream of the first reaction zone is |ower
datalytichancking batalyst sind reasts: tnder thee conditions pefha reaction
catal yst is separated fromthe reacti on product

. s@l gt ) | tl_
R BeRPELH 400°C RIS IPCIARY ROV Horfleod 2PL-750
sjripped and regenerated, and the_ reaction groduct
lvajaat deast v fractioaanssopigrein the repgtiop fempgrature of at
cracking C2 -C3-, catalytic cracking C2-C3, catalytic

lehsiCkh® Fefetidd zofstddwhdteeam astkiheofirsiarhttion Aonghis higher
cycle oil, heavy cycle oil, wherein the C2 -C3 are a

L

pyrolyzed reactor; (3) the hydrotreated -C4 of ste
{die dovimstreanyof thectinstkieacti@? zose inflowee pharpthat mfethe first
into contact with steam under a tenperature between

0 . r i ' r
450 P, 200 g apRLOD SERRMEh B8RO RSt B
cracki.ng C2-C3, .steam crackin C4- C5, eam cr.ackin
Yeaw: e, SRanb catalyst \pRuming, 10 Al % RATIOLINE Trgetien Zents of
are a part of the desired products and the steam

T BT T SeK! i nan s o1 Erap
v&or* By S8PLAEAL th Gbtain H,, CH,, catalytic cracking C;-Cs,
catalytic cracking C,’-C3°, catalytic cracking Cy4-Cs, catalytic cracking
naphtha, light cycle oil, heavy cycle oil, wherein the C; -C;™ are a part of
the desired products and the catalytic cracking Cs-Cs are recycled to the
catalytic pyrolyzed reactor;

(3) the hydrotreated C,°-C,® of step (1) and catalytic cracking C;’-C;’
of step (2) come into contact with steam under a temperature between
700°C-1000°C and the reaction product vapor is separated to obtain Hy,
CH,, steam cracking C, -C;, steam cracking Cz°-C3°, steam cracking
C,4-Cs, steam cracking naphtha, fuel oil, wherein the steam cracking

C,~-Cs are a part of the desired products and the steam cracking C,-Cs

are recycled to the catalytic cracking reactor;
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napht ha of step (3) are fed to selective hydrogenation
first, and then fed to solvent extraction to obtain
aromatics and extraction raffinate, wherein the
aromatics are a part of the desired products, the
extraction rafflnate returm ng to step (3) as one of

th eedst ocks, of s cr n The, f.eedst

ca§3£ Jﬁ? ccaéﬁﬁ’&& ﬁb”' ‘}75’3&1 zS&a?tﬁPl @f) ‘ilﬁgﬁ?}h cracking
reactor, and catalytic cracking operating conditions
rﬁphﬂlm&oﬁ stepdB) arefdthtocsdlectiahkydrogenatite fstyand shem fedto

of technical schene 2 respectlvely The sol vent used

d02‘r’1s,| s%{}&gé‘ag%ﬁ ﬁw%n ﬁﬁ(l? pyrr OPH? oneﬁa%r (‘Wﬁerem

ycol ether triethyl a coI ether t et raet hyl
rgawcmatm rasetsy pauof the desireth @mduqis,nﬂle e}ﬁtﬁaqim rafdinate

and m xtures thereof. The tenperature in sol vent

elihitgd td’ﬁeES(tS) 1Y bﬁ@%@ﬂq@%ds%krsaﬁ‘ stedth c&'ﬁkﬁ(l’ﬁg' vent

to the extr ed feedstock is 2- vol une
ed, oil vent extra t|o one
o IR ek, CaIvtp Gaciite caaﬁ@lyeﬂ ecaiaéwlgc?r@s%mg reactor,
rafflnate i.e. non-aromatics, is one of the

diek d:ataiytqs tracking aoperatingi conditions f ef dheopkesenbrtechnical
steam cracking are the hydrotreated C2-C4 and

dpt i)

Héh &%*h%@a@"i%*%f%f yfhhicaleRBReHARELeDy: | ons

| n st eam cracki ng are: ngerature 7OOC- 100(1(35loil

" e hrosivent Reed imsolept eXBACtoR i pEasEIscred Siom the group
0.1-1.0 by weight. The reaction product vapor is
&ﬁcf%ﬁ%ﬁfgte%ﬂ Qubfolaie] Nem . PHireslidond; alethyl gygl ether,

eam cracki ng C20- O st eam cr acki ng

t%lle?l?yrr glycol ether, tetraethyl glycol, dimethyl sulfoxide, and N-formyl
morpholine and mixtures thereof. The temperature in solvent extraction is
80-120°C, and the ratio of the solvent to the extracted feedstock is 2-6 by
volume. The extracted oil by solvent extraction is one of the desired
products, aromatics and the extraction raffinate, i.e. non-aromatics, is one
of the feedstocks for steam cracking.

The feedstocks for steam cracking are the hydrotreated C2°-C4° and
hydrotreated naphtha of step (1) and catalytic cracking C,*-Cs’ of step (2).

The reaction conditions in steam cracking are: temperature
700°C-1000°C, residence time 0.05 s-0.6 s, and steam/oil ratio 0.1-1.0 by
weight.

The reaction product vapor is separated to obtain H,, CH,, steam
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cracki ng naphtha, fuel oil, wherein the steam cracking
C3-C3 are a part of the desired products. The steam
cracking C2-C3 are recycled to the steam cracking
reactor and the steam cracked C4-C5 are recycled to

the catalytic pyrolyzed reactor. The present

techpi cgl —schene produces | ight ¢ol efi ns such a
GG Rb.-Cot RPEBh STAGHIE € ot hSIRAT FEBHOPEce Ces Stoam
much as possible by integrating hydrotreating, _

ericking heplethas Biel oil, swherein the kteagn cravkingC, -C,  are a part
extraction, etc, wherein the yield of propyl ene

excee 0] r C r ueho

5 Pk dRsifed prited, TB8 o QRS CENER, o reylER g the
by the present invention conprises: 822 hydrotre?ti ng
sheam craeking meagtor and, theyseamreracked €a-Cy are recycled to the
hydr ot reat ed napht ha, and hydrotreated product are

‘ | d tdagtorf eedst ock cones into contact with
E%%ge an%% {wgr otreating catalyst. (2) Catalytic

cracki ng unit, wherein the hydrotr.eat rodugt comes
"t Bhe avestt téghvical scheme,potuce iRt oot Spl s FfBSlene,
reacts under the conditions of a reaction tenperature

betiylens) et00foantheB0P eadetocks WHBMIdie nswpossibld by- intggating
h" in at |l east two reaction zones, wherein the

enqper ature - 0N '

B laltic | fATin g Srepfif R WWIvEIR BHGRA, et
first reaction zone, and the WISV of at |east one,
werereindthe zoeld ofpropylenenexseednd0lb.rand prosuctsoarogeatios sich
| ower than that of the first reaction zone; the spent

%@tt@il\ﬁéﬁ%,h%ﬁeﬁé,%bﬁéﬁﬁefshﬁi@ fife. 26 reaction product

vapor, spent catalyst returning to all or a part

(L

of I[Jﬂg apparatus provided by the present invention comprises:

(1) hydrotreating unit, wherein H,, CH,, hydrotreated Cl-CS,
hydrotreated naphtha, and hydrotreated product are obtained after the
feedstock comes into contact with hydrogen and a hydrotreating catalyst.

(2) Catalytic cracking unit, wherein the hydrotreated product comes
into contact with a catalytic cracking catalyst and reacts under the
conditions of a reaction temperature between 400°C and 800°C and a
WHSYV between 0.1 h™'-750 h! in at least two reaction zones, wherein the
temperature of at least one reaction zone downstream of the first reaction
zone is higher than that of the first reaction zone, and the WHSV of at
least one reaction zone downstream of the first reaction zone is lower

than that of the first reaction zone; the spent catalyst is separated from the
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reacti on zones of step (2) after being regenerated by
stripping and the reaction product vapor being
separated to obtain H2, CH4, catalytic cracking C
-C3 , catalytic cracking C20-C30, catalytic cracking
catal ytic cracki ng naphtha, light cycle oil,

C4- C5,

heayy cycl.e pil rein t - ar t t
trect Do tprief venon 166 Shncely S retubSoByP B = iy ie
catal ytic cracking reactor; (3) Steamcracking unit
rdmetionnzdnes bf dtep (2nafdr CRig vegensyated: by ateipping and the
napht ha, catal ytic cracking C2 -C30, and catalytic

[N - bt C | stpa d i
FLRBEh7 frodoidt. Fedr TiNe RpRRkd o dikiiny RE2 (ORI Ratdytic
product vapor_is separated,to taipn H2, CHA4, 1 ea
eragking &cCs eacqtaléft@aﬁwﬂ&&i(s‘g-@c-ce%ﬁlgt@aﬁﬁmg CsCs,
cracki ng C4-C5, steam cracking naphtha, fuel oil,

vhalrid ctduking erphtigadightocfele -0if lasavyacypeletoif wheeein the

desired products; (4) selective hydrogenation unit,

Coai e doprnr thec et Brafhes ARG S8R S5 s e Efbvcled to
obtain the sel ectively hydrotreated naphtha; (5)

the eatalytiexerackingweaotor; , wherein the sel ectively
hydrotreated naphtha is fed to the solvent extraction

. | _ | oy o0 g
10 0 Brbad’ OBRIcKig a%ﬁ“\ﬂiﬁ%ﬁ?” thé @ HY(ﬁ‘éfr@ate&heﬁg c,’,

t he are a part of the desired products a

Jataiesated BApDRNG GHEBREaHRCKHIE Ronts 2d r8laly e dgacking
of the present invention will be further described
@39-039Vcome into contact with steam under a temperature between 700°C
and 1000°C and the reaction product vapor is separated to obtain Hy, CHy,
steam cracking C, -Cs, steam cracking C,%-Cy°, steam cracking Cy-Cs,
steam cracking naphtha, fuel oil, wherein the steam cracking C;-Cs™ are
a part of the desired products;

(4) selective hydrogenation unit, wherein the catalytic cracking
naphtha and steam cracking naphtha are fed to selective hydrogenation to
obtain the selectively hydrotreated naphtha;

(5) solvent extraction unit, wherein the selectively hydrotreated
naphtha is fed to the solvent extraction to obtain aromatics and extraction
raffinate, wherein the aromatics are a part of the desired products and the

extraction raffinate returns to step (3) as one of the feedstocks of steam

cracking.
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in conbination with the drawings. Figure 1 is the
schemati ¢ di agram of the catal ytic cracking process of
technical schenme 1. There are 7 reaction zones in this
Figure, wherein the tenperatures of both reaction
zone I'1l and reaction zone V are hi gher than that of

of i BRocsiS 2 be Bressi et Wil eSS AeiiBed bellow

|nJ ected fromthe pre-lifting section of the catalyst

bcahbidationowithrtheidrawagdsi on zone | to carry out
reaction. This pre-lifting section P6 can also be

f o TBNES 178 485 5P RF A8 8Sm SERELARRAR, a8l pRtbcss of
enters pre lifting section of the catalyst P6 at the
teshnipsl seheraedti on zone | through catal yst pipeline

P1, reacts with medium PS2 after being |ifted by

MedTHEReRRé -7 tehctioRasnes in ABRF 1guré afkisreRt thesfengperatures of

into contact with the catalyst stream from
-lifting se on nd rea

be atlen@onsi ressBen e ges higerdas Higteiregotion

h' and 300 h";' an catalyst/oil ratio between 3 and

2&1&11 angi mbir, WAiS Vs aredotiepthan disatiofreabtionemmedd. Medium
‘MPa and 0.6 MPa (absol ute pressure). The reaction

P L L S St o
feedst ock S2 fromother catalytic crackl,ng g[ﬂt corimf?
Patat the hoftom wfineactien zana lyierCagmy oyt Feastion d is pre-litting

reaction zone 1 and reacts under a reaction

S &R P6 ¢aR 2R BE edparded as a reaction zone.

The process flow is as follows:

Regenerated catalyst C1 from the regenerator enters pre-lifting
section of the catalyst P6 at the bottom of reaction zone I through catalyst
pipeline P1, reacts with medium PS2 after being lifted by medium PS1. In
reaction zone I, feedstock S1 comes into contact with the catalyst and
stream from pre-lifting section P6 and reacts under a reaction temperature
between 500°C and 650°C, a WHSV between 2 h” and 300 h™ an
catalyst/oil ratio between 3 and 20 by weight, and a reaction pressure
between 0.12 MPa and 0.6 MPa (absolute pressure). The reaction product
and catalyst then enter reaction zone II together.

In reaction zone II, the C; hydrocarbons feedstock S2 from other

catalytic cracking unit comes into contact with the catalyst and stream
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490C and 640C, a WHSV between 20 h"1 and 750 h'1, an
catalyst/oil ratio between 3 and 20 by wei ght, and a
reacti on pressure between 0.12 MPa and 0.6 MPa

(absol ute pressure). The reaction product and catal yst
then enter reaction zone IIl together. In reaction

58 a0 ML RRER A ST SRR e

and streamfrom reaction zone || fmd the regenerated |
4902Cyaid 6HORCpapWHEY betvesen 284rt endfdkh ™ a anceatalystoil
t enper ature between 510C and 660C, a WHSV between 2 h

Yol P03 st e

and 0.6 MPa (absolute pressure). The reacti,on product
MBa aada0.psMRanabsehite (pregsae -m%tﬁa@tm Prodyet 3@3 .Gafarlyst
reaction zone |V, the C5 hydrocarbons feedstock $S4

R ehRe reRARIEXINSIIPEGERh@OMES into contact with the
catal yst ‘and stream from reaction zone Ill and reacts

Wit saceh 4ehon T B Gachypefihe fehnudth, 83 fgmthe

between 3 and 20 by weight, and a reaction pressure
peésumt process MBmesaindo Ccdhtastawitibshos witalyste sed reiyeantHgom
reacti on product and catal yst then enter reaction

zone: ' . +
FeRgigh KRAE T Ehd h sbEARrpSR ARG SE o AR P2 and reacts
present process come into_contact m ' he

cuder ya t reagtionntemperabires oW e@hck ﬁ)'olzl ?@ﬁe\g&d&c; pBntvHSY
catal yst C5 from pi peline P5,,

between 2 h™ and 150 h™, an catalyst/oil ratio between 3 and 20 by

weight, and a reaction pressure between 0.12 MPa and 0.6 MPa (absolute
pressure). The reaction product and catalyst then enter reaction zone IV
together.

In reaction zone IV, the Cs hydrocarbons feedstock S4 from the
present process comes into contact with the catalyst and stream from
reaction zone III and reacts under a reaction temperature between 490°C
and 640°C, a WHSV between 20 h™ and 750 h”, an catalyst/oil ratio
between 3 and 20 by weight, and a reaction pressure between 0.12 MPa
and 0.6 MPa (absolute pressure). The reaction product and catalyst then
enter reaction zone V together.

In reaction zone V, a part of feedstock and Cs hydrocarbons feedstock

S5 from the present process come into contact and mix with the catalyst
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regenerated catalyst C4 from pipeline P4, and the
catal yst and reaction product after regenerated

catal yst C3 from pipeline P3 contacts and reacts wth
propane PS3, and react under a reaction tenperature
bet ween 510C and 700C, a WHSV between 1 h71 and 100

h'1l, an catalyst/qil rati bet wee 0O by . ..
A o, Seote reesion Aot D et itaeh & Epiiniveling PS,
0.6 MPa (absol ute pressure). The reaction product and

estenleyaied tduealyse (4e frone Ppipelime Pdnendl titeogablyest .anidnreaction
reaction zone VI, C6 feedstock S6 fromthe present

BIREES BtenRES nrbled RAVRF Ca Bt T3 edlts ang oacts
under a reaction tenperature between 510C and 700C, a
with prapane S 3,andrreagh undena reacticntemaperatire bstweer 5i10°C
between 3 and 50 by weight, and a reaction pressure

B84 ERIP ) 4 2W¥EIVaBdtfedh PR GADSTI0 L, Pie Tad19it/oil hatio
reacti on ‘product and catal yst then enter reaction

one VIJ tog er. Ln reagtion zone VI| ter or
BlNeRs? anghal Wohinsiglun e eSS BEthingn 0.12 MPa
catal yst and stream fromreaction zone VI and reacts

and 0.6 Pacabsohe tpressare). Tle teactiorrpredac: and catdgst then
VWHSV between 20 11 -1 and 700 h"1, an catal yst/oi

rajl y weight, and a reaction
Sﬁeeﬁﬁ?cgio\gi?%ééﬁggﬁwa and 0.6 MPa (absolute
pressure). The reaction products vapor and catal yst

t heln eeacsion; zene: ¥ilaCsfeedstoek, &6si§roua ¥ DERSERF RFQGSES comes
system The separated product vapor enters the product

BoV@RMACISRRPhAkEP Wity fHeCtRt ARGt hAd stehA fibin fetction Zdir V

regenerator for

and reacts under a reaction temperature between 510°C and 700°C, a
WHSV between 20 h'! and 700 h, an catalyst/oil ratio between 3 and 50
by weight, and a reaction pressure between 0.12 MPa and 0.6 MPa
(absolute pressure). The reaction product and catalyst then enter reaction
zone VII together.

In reaction zone VII, water or steam S7 cc;mes into contact and mixes
with the catalyst and stream from reaction zone VI and reacts under a
reaction temperature between 450°C and 700°C, a WHSV between 20 n?
and 700 h, an catalyst/oil ratio between 3 and 50 by weight, and a
reaction pressure between 0.12 MPa and 0.6 MPa (absolute pressure).
The reaction products vapor and catalyst then enter the catalyst/products

vapor separation system. The separated product vapor enters the product
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generation optionally after being stripped. Figure 2

is the schematic diagram of a preferred catalytic
cracking process of technical scheme 1. In this
process, the catalytic cracking reactor 40 consists of
the first reaction zone, i.e. riser A the second
reaction zone, i.e. flui d Bin series.

HADOL SeRaEatiatt \YEH R hand etilet CRRYE nfteRs B?geméator for
second reaction zone and that of the first reaction

g@ﬁ@ratmw&ﬁﬂ)@ aferdbeingBiryppet)C- 100C, and the ratio
of the of the second reaction zone to that of

431555 A e g

pre-lifting steamenters fromthe bottomof riser A
pmwgloftmgmncahwhsmmhd the regenerated catalyst nove
upward along riser Awith increasing velocity under
thepp rtﬁig Hbt“o*cbb"% tR6 tdapdl Prﬁf: érﬁélqﬁg%ﬁbto?% cbRAgE! OFthd Birst
injecte nto riser A roughppelne together with
atonj zing steam frqom el i cones . nt on .
#paqilanyeons, é{j'eﬁ’é%geé’lﬁ%g Cheaction P o Tiafaed g B in
the steam from pi peline 55, the regenerated catal yst
bexies. pThel differérices betweer fike weadtiomitemperaties ofi the S&ond
together vvlth C2-C3 and C4-C8 from pi peline 26 and

A S O ofleiRiAe RALADR 2bhd L 65C RIS drgferably

and catalyst fromriser A Steamenters the bottom of
208Cd1 00C band the matéo g the PWHIK ofitheosespad eactian zone to

fluidization and reaction 31 -/
that of the first reaction zone is 1:1.1-1:750, preferably 1:1.1-1:300.

The process flow is as follow:

The pre-lifting steam enters from the bottom of riser A through
pipeline 57 and the regenerated catalyst move upward along riser A with
increasing velocity under the pre-lifting action of the steam. The
feedstock is injected into riser A through pipeline 5 together with
atomizing steam from pipeline 39, comes into contact with the
regenerated catalyst. After being lifted by the steam from pipeline 55, the
regenerated catalyst from pipeline 54 enters the vertical transfer line 56
together with C,%-C;° and C-C; from pipeline 26 and moves upward, and
finally enters fluidized bed B to carry out reaction together with the
product vapor and catalyst from riser A. Steam enters the bottom of

fluidized bed B through pipeline 41 to ensure the fluidization and reaction
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of fluidized bed B. The product vapor produced in
fluidized bed B and the deactivated spent catal yst
enter the cyclone in disengager 43 through pipeline
42 to carry out the separation of the spent catal yst
fron1the pr oduct vapor The product vapor enters

ohitipizeebbiR B of beiafert T BR DRk in AUHERLEER B and

catalyst in the disengager flows towards strippin
slee deactividted spenb ontalyst entercthetcyclons i disengegends fthromgh
pi peline 48. The product vapor stripped fromthe

%ﬁé&lLrb Q?ak ?f Scpger 2 Ir10‘1‘14 otfhﬂl‘%“%btfth@atﬁ t $AGin the

I'pprng enters reg erator
50 through sloped pi pe 49. The main air enters the
produr vapor. henpradust vapok entarstandlespion: chamber 4¢ andqthe

regenerate the deactivated spent catalyst, and the

%ta?a‘l tgﬁﬁe WRler refifins it TRe Bigdhigaget thirough theleg The spent

e regenerated catalyst is divided into two

pai?@ygsmaﬁ@e'cl?s%&&%eﬁowa%%?@% s e B o Yomes

sequentially through sloped pipe 54 and verti cal
tintonedetact with fife steamr froy pipeline. 48 HEhe pootliat wappo stripped
chanber 44 enter subsequent separation system 46,

SRS H S B b e e

catal ytic cracking dry gas (i.e
reataljistegftesStRippiRg Suiers HegRRgRator é&y ﬁ%ﬁ@gé} s qp@d pipe 49. The
catalytic cracking C0-C3 is wthdrawn through

Rh&@ dipenferdnte frb@@ﬂérutdrftb ragcst colte onvitie spamit catalyst and
transter line 2 t he catalytlc cracking C4-C5 is

FeRFAA thrﬂi’%ﬂﬁxeo%df oigretaibr E s Sthdic GaRCed@h: the

fume machine through pipeline 52. The regenerated catalyst is divided
into two parts, wherein one part enters riser A through sloped pipe 53 and
the other part enters fluidized bed B sequentially through sloped pipe 54
and vertical transfer line 56 for recycle use. The product vapor in
chamber 44 enter subsequent separation system 46, wherefrom the
ethylene and propylene obtained through separation are withdrawn
through pipeline 7, the catalytic cracking dry gas (i.e. hydrogen and
methane) is withdrawn through pipeline 6, the catalytic cracking C-C3°
is withdrawn through pipeline 8 and finally introduced into vertical
transfer line 26, the catalytic cracking C;-Cs is withdrawn through

pipeline 9, the catalytic cracking naphtha is withdrawn through pipeline
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10 to separate aromatics such as toluene, xylene, etc,
the catalytic cracking diesel is wthdrawn through

pi peline 11, the catalytic cracking cycle oil and
slurry are withdrawn through pipeline 12. The
catalytic cracking C4-C5 returns to fluidized bed B

sequentially throy i peline. 26 and vertical

19y ghssrfe@prqtpngr%ah% é%Gﬁe%l tojjeng, Pg’at % a‘r%s%art"‘ly“"
catalytic cracking cycle oil, and slurry returns to
cfdckefig Adiésed 45 heithdtawau ﬁhrop.ghepxpahne 41, khewatalgtic crading

schematic principle flowsheet of the process of

cxffe?f‘lﬁ:' isﬁiéﬁfr%ﬂ%@%r@? fifotigh Sfefits' (2 ThEF %’Eélﬂw
i h I h h

c;ad?uﬂge ghféf ;gugét%?ﬁﬁidﬁ%gb@cgb&%fuggaéuy ﬂé&&&h&mﬁ ipe 56

23 through pi peline 22, cones into contact with the

aﬁﬁe HEEPIbAYE Y ¥5! ThEIeRISORgMotRAed dheien, emltic

I 'ons o ogen partial pressure bet ween

.MPa a areac ion t nper tur et
c g&areﬂueﬁ Nﬁmaa%ﬁrﬂ% 9 Tisgy re% 0&531%6 ‘ﬁ'f%‘é%hmﬁﬁgdme
2000 by vol une, and a LHSV between 0.1 h"1 and 3.0

sh71. The oil produced in the hydrotreating unit m Xxes
through pi peline 24 with the recycle streamfrom

I i ne 17 S : Kj e

Bigiae 3 At oo eagnay ntRGPLY Adu G R anECRRifess of
st eam and reacts under the condrtr ons of a
teehrjealasclieme Bet ween 500C and 700C, a pressure between
0.15-0.4 MPa (absolute pressure), a ratio of the

catley iripRC FidW 681 fhkY prodeds Caftel Miydrotreatihig nis biefly

described as follows: the feedstock mixes through pipeline 1 with the
cycle oil from pipeline 15, then enters hydrotreating unit 23 through
pipeline 22, comes into contact with the hydrotreating catalyst and
hydrogen, and reacts under the conditions of a hydrogen partial pressure
between 3.0 MPa and 20.0 MPa, a reaction temperature between 300°C
and 450°C, a hydrogen/oil ratio between 300 and 2000 by volume, and a
LHSV between 0.1 h! and 3.0 h™'. The oil produced in the hydrotreating
unit mixes through pipeline 24 with the recycle stream from pipeline 17,
then enters catalytic cracking reactor 2, comes into contact with catalytic
cracking and steam, and reacts under the conditions of a temperature
between 500°C and 700°C, a pressure between 0.15-0.4 MPa (absolute

pressure), a ratio of the catalytic cracking catalyst to catalytic cracking
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feedstock between 5 and 50 by weight, a ratio of steam
to catalytic cracking feedstock between 0.05 and 1.0
by wei ght. The coked spent catalyst and reaction
product vapor enters catal yst/oil separator 4 through
pi peline 3, the separated spent catal yst enters

regenerator 6 throug i pelLine S. The talys .
focdljtnnds heBesy D g B Veistl: Foutil clovRmity catalytic
activity and selectivity, which returns to reactor 2
ctdvking fepigtotk risetWweenndl.05t med rlechy oveightdlihe sakedr spent
enters product separator 9. The separated ethyl ene

o RS oMt i el IO kBl T

enters solvent extraction wunit 19. The obtaine
pipalinet i3c sther separeted smant watalyst gniees ilﬁgelgqr,atoqq%d thrugh

and met hane are wi t hdrawn through pipeline 10, ethane

pﬁho% OPRERaBilPstWepBAGRANEH b bRraimgPéfIJokeSoktessed 1igher

w t hdrawn through pipeline 13, the cycle oil is
wi.t hdra hrough pipelipe 1 and t S| URTY. kS _ ~
vt AR Asale o Th YRGBT £ reione Pt HipiBe 7, and
C4-C6, the extraction raffinate of naphtha, and

the ueastion epraduch vapar t énterse produat osepaaatar y9.i Ther separatgd
reactor 2 sequentially through pipelines 17 and 18,

he ¢y ' tdsngliaei 19 2
BBk 5oy e, AT ity WESUAE geIie 12240, the
the schematic principle flowsheet of the process and ..
caggkedanaphtba fremnwhich Csc@emer@m‘mi SHESTS SORY &l ‘F’%W%*On
the present process is as follows: feedstock m xes

dgﬁt{ gr@g hrlgéz1 Pebtafifedl avbibties efel withdrawhptirbngh 13ipelias 21,
hydrogen and methane are withdrawn through pipeline 10, ethane and
propane are withdrawn through pipeline 11, C4-Cg are withdrawn through
pipeline 13, the cycle oil is withdrawn through pipeline 15, and the slurry
is withdrawn through pipeline 16. Ethane and propane, C4-Ce, the
extraction raffinate of naphtha, and slurry are all or partly return to
catalytic cracking reactor 2 sequentially through pipelines 17 and 18, and
the cycle oil return to hydrotreating unit 23 sequentially through pipelines
15 and 22.

Figure 4 is the schematic principle flowsheet of the process and
apparatus of technical scheme 3.

The principle flow of the present process is as follows: feedstock

mixes through pipeline 1 with diesel from pipeline 11 then enters
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hydr ogenation unit A H2, CH4, hydrotreated C2-C4,
hydrotreated naphtha, and hydrotreated product
obt ai ned by hydrotreating are wthdrawn from

pi pelines 2, 3, 4, and 5 respectively. The
hydrotreated C2-C4 and hydrotreated naphtha m xes

respectiyvely through pi ines, 3 a ohen enter
hiCEaEREAtER] Wit Uk | P Seblerty RS Gearopt iy Siabisated
23 and 24. The hydrotreated product as a feedstock
rfzaghtli@}t ahit ihydesreated o praducts obtdihed4- By fhiyalropiegiihg nare

then enters catalytic cracking unit B and reacts

t h aiti. f t .
Wibtevs Fra8obibRliBes o b, SIFS Hopiy s TR, A Horrkhted
BASEI byt spomastosbpe it o Bpaipe 3
weight, a ratio of steamto catalytic cracking

JriCATRAE Knfipl WK gc%zc?_ﬁlg?ﬁit]E Qediyeritilghthrotizh pG¥lines 23

catalytic crackin catalytic “cracking C2-C3,
catalytic crackin -C5, catal yti,c, cragckin ht ha, .
ande 34! They by drciraatesh papdics i actkedripekatot GERPAG Bracking
B are wwthdrawmn from pipelines 2, 3, 4, and 5

hPEReWIthVE}Cs £om pipelihe26; thén temeerd acmitalyticoracking,. unit B
The C2-C3 as one of the steam cracking feedstocks

enjers . ste rackij me uni Lial okphe
S5, B dorS oS B S ABoHE’ of & RFHEALLR botwichDSO0°C gnd
m xes through pipeline 9 with steam cracking Cé—CS .
7007G, ippessune beswetre ). 204 MPa dabseluts pressureds @i fgio of
unit B sequentially through pipelines 26 and 27. The

t ki ' [ ' ' t Rrdbtockasativegn 5
B R e e e

M 58 en\?f‘éig‘iﬁd@ ggtgg §{§H{rﬁﬁg$atﬁiﬁ§gcirggk%5g erH&oQk%%%een
0.05 and 1.0 by weight. H,, CH,, catalytic cracking C, -C37, catalytic

cracking C,0-C,°, catalytic cracking C4-Cs, catalytic cracking naphtha,
diesel, cycle oil obtained in catalytic cracking unit B are withdrawn from
pipelines 2, 3, 4, and 5 respectively. C;-Cs_ is one of the desired product.
The C,%-C;° as one of the steam cracking feedstocks enters steam
cracking unit E sequentially through pipelines 8, 22, and 24. The catalytic
cracking C4-Cs mixes through pipeline 9 with steam cracking C4-Cs from
pipeline 18 then returns to catalytic cracking unit B sequentially through
pipelines 26 and 27. The catalytic cracking naphtha mixes with steam
cracking naphtha from pipeline 19 then enters selective hydrogenation

unit C through pipeline 25. The diesel returns to hydrogenation unit A
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sequentially through pipelines 11 and 28. the cycle
oil returns to catalytic cracking unit B through

pi peline 12. The stream from.sel ective hydrogenation
unit C enters solvent extraction unit D. The BTX
obtained in solvent extractlon unit D are w thdrawn

Mlﬁrgﬁ: U % ?)H??ﬁ gleé '1; e]gd %?e umcj% Qﬁ%n&:ﬂﬁ togcatalytic

sequentially through pipelines 13, 22, and 24. The
chicltigg reaite® CnGdgh hgadpeiineeatkd ’I‘imohstheamcﬁcahytse];ectwe

cracking C20-C30, xtraction raffinate first mx

ﬁ%fge(éhtléﬁ %{lggj"%{%gb g(?lgg}yeum % roug% pI pgl'?x ecﬂfzf%ned

st eam cr acked ~- , Steamcr cked C2- 4%3@
nstsebmn(c rexttestiopsugs D @pewhdrmé@pmam@ ae Lh@srdpsired

oil are WI t hdrawn respectively through pipelines 15,

pil@guc’ci  exaPb R raffafae Nelters steamh efakieg GHEt E

dravvn fromthe unit through pipeline 16

as onge,of the desi red raduct t he steam cracked C2
sewm@hrﬁhgovﬁlﬂ%“&meérlg %gn@n‘ig‘lt E through pipeline

17, the steamcracked C4-C5 enters catal ytic cracking
unfThe Bhgémanted! O -CLf dyghotegtedi naphths, casilytiecracking

and the steam cracked naphtha enters sel ective

y o e M .l . .
OSSR Sl B8 bt e iines
invention, the refinery can produc Ilght ol.ef.i.ns
45 8¢ andd 3pang phementesstapie feackng up B ﬂwpgl}rﬂlpm &t
the yield of propyl ene exceeds 20% by. wei ght
s@ééhg' 5 redi dracked 1% steayn eravkedC,-Cs,
can a so

steam cracked naphtha, and fuel oil are withdrawn respectively through
pipelines 15, 16, 17, 18, 19, and 20, wherein the steam cracked C, -C; is
withdrawn from the unit through pipeline 16 as one of the desired
products, the steam cracked C2°—C3° returns to steam cracking unit E
through pipeline 17, the steam cracked C,-Cs enters catalytic cracking
unit B sequentially through pipelines 18, 26, and 27, and the steam
cracked naphtha enters selective hydrogenation unit C through pipeline
19.

By using the several processes provided by the present invention, the
refinery can produce light olefins such as propylene, ethylene, etc to

maximum, wherein the yield of propylene exceeds 20% by. weight,

preferably exceeds 25%, and more preferably exceeds 30%, and can also

36



produce joint products, aromatics rich in tol uene,

xyl ene, etc. Therefore, a technical breakthrough of
the refinery concept is realized, i.e., a conversion
of the refinery fromconventional fuel and
fuel -l ubricant production node into chem cal industry

d d I . and ' '
PRYGIReaORY ROGHFIS, BREAFIG HEh Fh LB Bbsnrah Ge' Therfse, o
downst ream products with high added val ues. This

teubimyedl s bpeakthiougtl yof shevesfinéry monbepin isf resliged, ie., a
shortage of the chem cal feedstocks, but also

cigﬁg{;cgfcgg S%-t F]fe Bgﬁﬁ%lj bmt ??B{é&ﬁ i S fuel"nd Chle®Mibdcant

r desc e present 1 nvention

but not limt it. The feedstock used i thg eﬁgﬁglleﬁ d
preduion nhede infoe chemicad iadystsymods pedavelgpygephan
solvent used in the exanples is sulfolane. The process

e%cﬁ@s%r? Wt}h@gréﬂlférf afratry kinpl6 'k kefiginpatathie tprodadtion of

exanples 1s briefly described as follows: 1) 20 g

of NHACl was,di ssolved in 10Q0 f i e ret
dOUCISeEEr Pro@is ik Tughadserh vaueh S o lbSER fot only
zeolite (produced in the Catalyst Plant of Q

[ u
sBBidsotieepiobiém 6Dthe ShéRdgel afRha@heminalefiedstoakay but also
eart hs 203=4. 0% by wei ght) was added, and a filter

R S S S
Coienfoliewng examgios vaHdtuETlesoTine WEapEssent Spvaption
of water and then dried. The resultant solid was

@I@tm@t 550C for 2 hours to obtain a internediate

The feedstock used in the examples is VGO, the properties are shown
in Table 1, and the solvent used in the examples is sulfolane.

The process for preparing the catalytic cracking catalyst used in the
examples is briefly described as follows:

1) 20 g of NH,Cl was dissolved in 1000 g of water, whereto
100 g (dry basis) of crystallized product ZRP-1 zeolite (produced in the
Catalyst Plant of Qilu Petrochemicals Co., SiO»/A1,05=30, content of rare
earths RE,0;=4.0% by weight) was added, and a filter cake was obtained
after exchanging at 90°C for 0.5 hour and filtration. The filter cake was
impregnated with a solution of 4.0 g of H,PO, (with a concentration of

85%) and 4.5 g of Fe(NOs); in 90 g of water and then dried. The resultant

solid was calcined at 550°C for 2 hours to obtain a intermediate
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pore size zeolite containing phosphor and iron and
having the structure of MFI, the conposition of which
deternmi ned by el ement analysis was

0. 1Na20 5. 1A1203. 2. 4P206. 1. 5Fe2(3. 3. 8RE203. 88. 1 Si (2.
2) 75.4 kg of halloysite (Product of Suzhou Porcel ain

Clay, Co., solid content 71.6% by i ght) wa [ UL ri
paFe 151260 zRgids CouABE hRRatPEE arr S Ravie Sl
pseudo- boehmte (industrial product of Shandong
sthonire aoPIMFI, thel ¢sinpositient of 3thich wsteminedaby adhbanent
PH is adjusted at 2-4 with hydrochloric acid, the

slurry wa | fOr [ ai ige :
oSAH DTS A 000 S 0 s Bl g asio

| owered down to bel ow 60C whi | e maintai ning the pH aé

- 2-2) and t hef75.4kg oafghalloysitertPreduasiof Suzhei Pprgelain Clay
product of Shandong Al umi na Plant, A1203 content

- BBy compeatit y1\ dogbighty) Mwagdskirtied y wigts 250 kg of
C%%‘t a?ié%lgd cﬁ?*?‘feﬂr )Ié,}%riggga%é%mzo m n.S 3) The .
ni

CRRGRTRRPAIRGT H S § herahesaronaenin bg (RARSRIT it
1) (dry basis 45 kg) and DASY zeolite (industri al

of StdudbngfA lumsinGRlaht solilicantend 63% by werghtpuias rdded sPH
unit cell size 2.445-2.448 nm RE203 content

Co. ,

2. 0% b8 14 ' :

i€ peib i A 2By o s B P utSAfly sijred,
resulted slurry was shaped by spray drying, and the
apdokhid tasides fon siging vitt 60-708C1 fon dnhewr. ahe femperature was
di hydr ogen phosphate (phosphor content 1% by wei ght)

e RURSAR (PR o0 AR ing b 004, then
45 rwgo%iftélggligfa storl] e(in(i)’l?strial product of Shandong Alumina Plant,
Al;,O5 content 21.7% by weight) was added. A mixed slurry was obtained
after stirring for 40 min.

3) The intermediate pore size zeolite containing phosphor and
iron and having the structure of MFI prepared in step 1) (dry basis 45 kg) and
DASY zeolite (industrial product of the Catalyst Plant of Qilu
Petrochemicals Co., unit cell size 2.445-2.448 nm, RE,O; content 2.0%, dry
basis 7.5 kg) were added to the mixed shury obtained in step 2) and
uniformly stirred. The resulted slurry was shaped by spray drying, and the
product was washed with a solution of ammonium dihydrogen phosphate

(phosphor content 1% by weight) to remove free Na+. After drying, a sample

of the catalytic cracking catalyst was obtained. The composition of the
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cat al yst was 30% by wei ght of M-l structure

i nternmedi ate pore size zeolite containing phosphor
and iron, 5% by weight of DASY zeolite, 23% by weight
of pseudo-boehnmite, 6% by weight of alumna sol, and
bal anced kaolin. The process for preparing the

treati,ng cat al,yst d in the  exa
AP S o ot ieTert GOV P Srre BRI Bepr s peolite
((NH4V\4013 18H20, chemically pure) and nickel nitrate
cOnfa{iiAg) phasiihor anchirong 5% pypweightvat DAS ¥szdolide, 23% by

water to prepare 200 mM of solution. 50 g of alum na

SPABAROL SR EOBo I 59 b R R TR i

oregnating solution was treated with an ultrasonic
kaeldns unment for 30 m n, and then . cooled, filtered and
dried in a mcrowave oven for about 15 nmin. The

COMRAS t pa@it];@‘xﬁé Beatiby vmhBRt wedVD3, t!
3. %befdmcg?%ﬁ{or g% Ni O~ and }E&anced %\I uma%g TI’?e e

R B BEAS e o O A et
Ammoni um mat atungstate ((NHAWI013-18H20, chemi call
(QVHEW ,01¢ 1 8IL05 Icheiticallye pm)(mlzkel-mrate CNEN 09)21%{20

pure) were dissolved in vvater to prepare 200 niL of

SRS B S i, 200 ot Spion

hours. After separation, he wet ca s drie
50ng afoslumingr suppest s ?féée@at% %éO{WO& At émR}'PS%%de at
with blowing air at 500C for 4 hours. The conposition

r8bmt fnpéraflrésfordshedrs3 Diingipregnation, the impregnating

solution was treated with an ultrasonic instrument for 30 min, and then
cooled, filtered and dried in a microwave oven for about 15 min. The
composition of the catalyst was 30% by weight of WOs, 3.1% by weight
of NiO, and balanced Alumina.

The process for preparing the hydrotreating catalyst used in the
examples is briefly described as follows: Ammonium metatungstate
((NH4W,013-18H,0, chemically pure) and nickel nitrate (Ni(NO3),-6H,0,
chemically pure) were dissolved in water to prepare 200 mL of solution.
100 g of alumina support was added to the solution and impregnated at
room temperature for 4 hours. After separation, the wet catalyst was dried
in a oven for 4 hours and calcined in a tube furnace with blowing air at

500°C for 4 hours. The composition of the catalyst was 25.3% by weight
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of WO3, 2.3% by weight of NNO and bal anced al um na.
Exanpl e 1 The experinent of the present exanple was
carried out according to the flowin Figure 1.
Feedstock A was directly used as the feedstock of
catal ytic cracking and the experinment was carried out

of Lk Saeiieelehs oT MY ot PaaEr atnibe” of * Toact i on

zones |, I, 111, 1V, V, VI, and VIl sequentially were
530C, 520C, 550C, 540C, 640C, 620C, and 580C, and the
VHSVs of reaction zones I, I, III, IV, V, VI, and

V1 | slgwenti ally were 360 h71, 720 h'1, 20 h', 180
%’?p "1, 200 h"1, and 620 h"1, wherein the reaction
tenperatures of reaction zones LIl and V were 20C and
11The ¢xpgranent pfithe peesest example srpsseateied out according to
respectively, the the ratio of WHSVs of reaction

|. | - 1 H . H . f
thE T s rlf%‘ék?g Y. HeleditdickeA wasHireetly hvedods thrafeedstock o

zon were 1:18 and 1:72 respectively, and

the heats supplemented to reaction zones, b1 :
CaAHR CTAORT LIRS SERPOMeTh S I BT ol SGf gaction
total reaction systemrespectively. Finally, the

Rnes ¢ohsistagofvivers and dluidiebé beids. The Sactian teynperatures of
the fluidized beds. The operating conditions of

repaich dmer o ol 35 Vi oo VIELRSHERIALT refe) 530°C,
38091, 5505, 2340 K3 640" G GBS nangh 550 Kopaed el PHSYs of
those of 40 toluene and xylene are 3.95% and 4. 26% by -
ABEGY ZbREPECIHT YH! YV, V, VI, and VII sequentially were 360 h™, 720
ht, 20 hl, 180 n', 5 h, 200 h?, and 620 h!, wherein the reaction
temperatures of reaction zones III and V were 20°C and 110°C higher
than that of reaction zone 1 respectively, the the ratio of WHSVs of
reaction zones III and V (fluidized bed) to that of reaction zone 1 (riser)
were 1:18 and 1:72 respectively, and the heats supplemented to reaction
zones I1I and V account for 11% and 60% of the reaction heat of the total
reaction system respectively. Finally, the products were separated,
wherein Cs-Cs was cycled to the fluidized beds. The operating conditions
of reaction zones L, I1I, and V, and product distribution are shown in Table
2.

It can be seen from Table 2 that the yields of propylene and ethylene

attain as high as 35.21% and 14.56% by weight respectively, and those of
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Exanpl e 2 The experinment of the present exanple was
carried aut according to the flowin Figure 2.
Feedstock B was directly used as the feedstock of
catal ytic cracking and the experinment was carried out
in a nmediumsized riser plus a fluidized bed reactor,

erein,the reactj te f K . i di.zed bed
tof R B e i L4 a8 32 gt FeplectyBL °C,
the WHSV of of the fluidized bed to that of the riser
was 1:360, and the heat supplenented to the fluidized
bed account for 22% of the reaction heat of the total

chien system Finally, the products were separated,
Ev%ﬁ'@rlg%% only the slurry was cycled to the riser and
C4-C6 was cycled to the fluidized bed, ,byt the ot‘gsr
ot Tharaxperisnens o tha Brpsen exapBle.ies Farted quti a550rRe to

catal ytic cracking and product distribution are shown

the qowa Figurd 0. Fasddiel B wdy diredibpheed dshthe febdstock of
yi el ds of propylene and ethylene are as high as 3

0. 46% and,18. 31 .9 by weight .r Y . 3
cetafhin EMinkang pnd bRy, R CEaEo, nf Blppdit ofied
respectively. Exanple 3 The experinment of the presentt
rizep phusea fhidizedrbesdreagtorawdsrein thetreaction temperatyre o the
Figure 3. Feedstock A was first subjected to

r [ yapt 1aBF O th
£ 533 gk, SR Db el te? (P St o Tt I e
by wei ght and_ the content of mat i cs deg ed _fr
WS 3o the Twiniasdubrd i fiales 108 disen vasE 3pheaug Gif heat
of catalytic cracking. The i _
supplemented to the fluidized bed account for 22% of the reaction heat of

the total reaction system. Finally, the products were separated, wherein
only the slurry was cycled to the riser and C4-Cs was cycled to the
fluidized bed, but the other stream were not cycled. The operating
conditions of catalytic cracking and product distribution are shown in
Table 2.

Tt can be seen from Table 2 that the yields of propylene and ethylene
are as high as 30.46% and 18.31% by weight respectively, and those of

toluene and xylene are 2.45% and 7.38% by weight respectively.

Example 3
The experiment of the present example was carried out according to

the flow in Figure 3. Feedstock A was first subjected to hydrotreating, and
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experinment was carried out in a nediumsized riser
plus a fluidized bed reactor, wherein the reaction
tenperature of the fluidized bed was 40C hi gher than
that of the riser, the ratio of the WHSV of the
fluidized bed to that of the riser was 1:30, and the

heat suppl epented tgo the fluidi zed bedq accoupt f
theshydmotreated Brduchihecantent oy drogsh ipesered o 1240%
Finally, the products were separated, wherein only

td N8.54% 5y wiightusd €He iconidif oftdrdatatics Wectésedofrbar 44.1%
stream were not cycled. The operating conditions of

hydrat r.eat i nd cat ' r [ : :
180 o sheh) et i 44, S AROGR GBIl ing. The
from Table 3 that the yields of propylene and ethylgne
eRperiaEnbivgts carried. OMimadnediveBsized fisgrgpius a fludized bed
respectively, and those of toluene and xylene are

o e B S Ao SAREEH! K M FRRTRER s oo
o s omaiga e ot s SV PR b ped t
reactor in a pilot plant, wherein the reaction

thaoreihRl e Whs 1130 dnlduihei ead shpplensentdd @ fthe feridized roed
that of the riser, the ratio of the WHSV of the

fluidize d that..o e £l =30, t
agedut 53 2005t Re eRuricty nbrcof i TardlEagioR syt FiRally
30% of the reaction heat of the total reaction

the Preductsi wetd yeparatedpwshrreins onbr she sBurniveas opleddonthe
only the slurry was cycled to the riser, but the other

B 1 M e g Soditions of
hydrotreating and catalytic cracking and product distribution are shown in
Table 3.

It can be seen from Table 3 that the yields of propylene and ethylene
are as high as 32.97% and 12.63% by weight respectively, and those of

toluene and xylene are 1.93% and 4.05% by weight respectively.

Example 4

The experiment 6f the present example was catried out according to
the flow in Figure 4. The reactor for catalytic cracking is a riser plus a
fluidized bed reactor in a pilot plant, wherein the reaction temperature of
the fluidized bed was 40°C higher than that of the riser, the ratio of the

WHSV of the fluidized bed to that of the riser was 1:30, and the heat
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and sol vent extraction experinents were carried out in

corresponding mddle-sized units. The feedstock used

in the present exanple was the sane as that in

Exanple 3, i.e. feedstock A and the operating

condi tions and product distribution are shown in

Table 3. It can_be, se romT e h the . vi
supplpmepjed e thanBOiiRgd et egresaor 305 Bt PeassiOr R of

20.64% by wei ght respectively, and those of toluene

RN EbIED @B bpsted, FifiaBfirnproducis8 Wy separsted, wherein
respectively. 43 Table 1 Exanples 1, 3,4 Exanple 2

. .of feedstock A Pr.ope f c oS |
0’(}30@13 SEW ﬁﬁaﬁ.cgglﬁ% & ﬁgﬁge&ﬁ%r‘:ﬁgon gln‘f<s “Q%%‘?nwﬁﬁdl ot
5800 Nitrogen content, p pm 1600 2900 Aromatics, n®p
c6led. 241 the Gydrotrefingg camlgtic cracking,iseleetive hydrogenation
oi ling range (ASTM D-1160) , C IBP 312 327 10% 361

aid solvent extraction experiments were carried out in corresponding

middle-sized units.

The feedstock used in the present example was the same as that in
Example 3, i.e. feedstock A, and the operating conditions and product
distribution are shown in Table 3. It can be seen from Table 3 that the
yields of propylene and ethylene are as high as 40.65% and 20.64% by
weight respectively, and those of toluene and C; aromatics are 4.34% and

5.18% by weight respectively.
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30% 412 409 50% 452 450 70% 478 482 90% 506 504
95% 532 526 FBP 546 542 44 Table 2 Exam | et Exanple
2 Exanple 3 No. of feedstock A B A Hdrotreatin unit
Operation condition Reaction tenperature, C- - 370

Hydrogen partial pressure ,

14.0 MPa LHSV, h"'

Tqbfé 153 Hydr ogen/ oil ratio, v/iv - - 800 Product
T oy | BTN B2 |
pﬁf‘iﬂdﬁt%gl tiaon B H

Property of feedstock
Density (20°C), g/em’ 0.8886 0.9134
Sulfur content, ppm 4700 5800
Nitrogen content, ppm 1600 2900
Aromatics, m% 26.3 32.6
C, m% 86.46 86.23
H, m% 12.86 12.69
Boiling range (ASTM
D-1160), C

IBP 312 327

10% 361 363

30% 412 409

50% 452 450

70% 478 482

90% 506 504

95% 532 526

FBP 546 542
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Ri ser reaction zone |

Reacti on tenperature,

C 530 650

580 Catalyst/oil ratio, nf m8 20 12 WHSV, h'' 360
180 120 Steaminjected (to feed), nP 20 10 15

Fl ui di zed bed reaction zone I11/V Reaction
Tenperature, C 550/640 680 620 Catalyst/oil ratio,

Tabie 20/ 30 45 25 WHSV, h''

20/5 0.5 4 \Water injected

(To reed), nvb 20/ 25 60 30 [Texagfslelr|EdmhbR 21 Example 3
A R A A AR AL
drofreatingamnit bution. (1% & O §. 46 6.47 4. 36
Crddpytionohdithén 18. 31 12. 63| Propyl ene 35.21 3(. 46
(‘i{%&t@%&gg %%y&g’ ape 4. 2B 51473 G4 4.54 0 38068
Hydrogen partial pressure , ) ) 14.0
MPa )
LHSV, h* - - 0.6
Hydrogen/oil ratio, v/v - - 800
Product distribution, m%
Gas - - 2.55
Naphtha - - 1.80
Hydrotreated product - - 96.90
Catalytic cracking unit
Operation condition
Riser reaction
zone 1
Reaction temperature, C 530 650 580
Catalyst/oil ratio, m/m 8 20 12
WHSV, b’ 360 180 120
Steam injected (to feed), m% 20 10 15
Fluidized bed reaction
zone JII/V
Reaction Temperature, C 550/640 680 620
Catalyst/oil ratio, m/m 10/30 45 25
WHSV, h’ 20/5 0.5 4
Water injected (to feed), m%| 20/25 60 30
Temperature difference between 20/ 110 30 40
riser and the bed,’C
WHSV ratio (the fluidized bed 1:18 /1:72 1:360 1:30
riser)
Product distribution, m%
H, & CH, 5.46 6.47 4.36
Ethylene 14.56 18.31 12.63
Propylene 35.21 30.46 32.97
Fthane & propane 423 5.17 4.73
C, 4.54 0 18.68
Cs5-Cs 2.53 0 1.86
Toluene 3.95 2.45 1.93

45




Tol uene 3.95 2.45 1.93 45 Xylene 4.26 7.38 4.05
G her single-ring aromatics 2.78 9.76 3.86 Extraction
raffinate o 5.59 1.84 1.09 pyrolyzed naphtha Cycle

oi |

7.04 8.68 3.50 SIIEg 0 0 2.28 Coke 9.85 9.48

8.06_ Table 3 Exanple 4 H otreati unit Reaction
t &0yleh@t ure, C 370 Hydrogen ddfdiall préssgure VER OS5
T fer KRle-Therbpacs?/ O Ta17@. VTV 898 Ctalygee
Qﬁﬁﬂ?ﬁﬁﬁpoil ﬂﬁﬁ%@?er;7;¥ﬁéun l Ifeféiu%§6 LQi?ErL°9
i piyealyzed tiaphtha t o feed), |n® 15 FI di di zed be
Cycle oil 7.04 8.68 3.50
Slurry 0 0 2.28
Coke 9.85 9.48 8.06
Table 3
Example 4
Hydrotreating unit
Reaction temperature, C 370
Hydrogen partial pressure, MPa 14.0
LHSV, h’ 0.6
H,/0il ratio, v/v 800
Catalytic cracking unit
Riser
Reaction temperature, C 580
Catalyst/oil ratio, m/m 12
WHSV, h 120
Water injected (ratio to feed), m% 15
Fluidized bed
Reaction temperature, C 620
Catalyst/oil ratio, m/m 25
WHSV, h* 4
Water injected (ratio to feed), m% 30
Temperature difference between the 40
fluidized bed/riser; 'C
WHSYV ratio (the fluidized bed/riser) 1:30
Selective hydrogenation unit
Reaction temperature, C 200
Hydrogen partial pressure; MPa 4.0
LHSV, b’ 2.5
Hydrogen/oil ratio, v/v 350
Solvent extraction unit
Temperature, C 90
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Reaction tenperature, C 620 Catalyst/oil ratio, mm
25 VWHSV, h"1 4 Water injected (ratio to feed), nt 30
Tenperature di fference between the 40 fluidized
bed/riser, C WHSV ratio the fluidized bed/riser) 1:30
Sel ective hydrogenation unit Reaction tenperature. C

Zgglvéﬁf‘ﬁﬁaenvﬂ)a”' al pressure, MPg 4.0 LH3Y5 h"1 2.5
Hydtegetr-ort—ratt+o,—v/v—850—Sotvernt—extraction unit
Tenperature _C 90 46 Solvent—tatig—wi v 3-5—Yi-eld—of
product , YmeBY«il‘&ﬁ}iradact& h}%rogen 8.6(Q0 FEthyl ene 20.64
PMJLMIQ%Lﬁg,ggagerpenzene 1.28 Tol yene 4. 34 g £
" Ethylene” 20.64
Propylene 40.65
Benzene 1.28
Toluene 4.34
Cg aromatics 5.18
Cy" heavy aromatics 6.03
Fuel oil 2.5
Coke 10.78
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C9' heavy aromatics 6.03 Fuel oil 2.5 Coke 10.78 47
Clainse 1 A process for producing |ight olefins and
aromatics, which conprises reacting the feedstock by
contacting with a catalytic cracking catalyst under
conditions of a reaction tenperature between 400C and
00C and a wei ght hourly space velocity (VWHSV) between
aMB71 and 750 h"1, separating the spent catal yst
fromthe reaction product vapor, regenerating the
spént Ac pratesst fandpnoducing dighthelefae rendatazdmztica) ywhich
to the reactor, characterized in that the reaction

c&ﬁl}rrfs%ﬁ rrb%gtu?%g}é% Te@&st&ﬂ@ﬁ& aci&fﬁé’ctfﬂ?gag{i{lfgaésa?ﬁgﬁg cracking

ernt I on tenpe ure o

reacti on, zone agnong the reacti on zones downstream of
catadysti underreondifions of ohaeaddion tpreperahize befsreenr 4907 and
first reaction zone and its WHSV is | ower than that

800°Chind hrwéighe %h&wﬂ%g@%evelacﬁiﬂ ¢ WHSOBS Bty 01ng tadd

claim1l, characterize that said first reaction

nesqi s a reaction zone rein a feedstock wt .
T80T R gerahie b8 skt ot il 1het trachapabtodcl wepor
the catalyst.. 3 The process according to claim1,
regencaating ithe dpent chtalydttend refantingrthesregenesatetl catalyst to
2-7 reaction zones, wherein the reaction tenperatures
o o SAEHAGRZANSE GRPRR HARLOROGAL BBl SR i gt Jeas

that of, the first_reaction zone and
two reaction zones, wherein the reaction temperature of at least one

reaction zone among the reaction zones downstream of the first reaction
zone is higher than that of the first reaction zone and its WHSV is lower
than that of the first reaction zone.

2 The process according to claim 1, characterized in that said first
reaction zone is a reaction zone wherein a feedstock with a boiling range
0f 25°C-1200°C comes into contact with the catalyst.

3 The process according to claim 1, characterized in that the
reaction is carried out in 2-7 reaction zones, wherein the reaction
temperatures of 1-6 reaction zones among the reaction zones downstream
of the first reaction zone is higher than that of the first reaction zone and
their WHSVs are lower than that of the first reaction zone.

4 The process according to claim 1, characterized in that the

reaction is carried out in 2-3 reaction zones, wherein the reaction
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their WHSVs are |lower than that of the first reaction
zone. 4 The process according to claim1,
characterized in that the reaction is carried out in
2-3 reaction zones, wherein the reaction 48
tenperatures of 1-2 reaction zones anong the reaction
zones ,downs m pf the first rgaction zone | '
ERBETaRS O | 2niBarfibn 2Ofet ahidng GR5a8Ror fe} folldhghm
are lower than that of the first reaction zone. 5 The
ofithe darst reactiod zanet is ighenthan thatofidhe firstegaction zane and
the difference between the reaction tenperature of

| . W ' i enperat ure
thelf WEEEVS A% foOG theh It oG G R fibh YppeT ol A LT
the ratio of the WHSV, of thif,re ctipon zone to.that of
thé filhst precessi aecording ite ¢lainy L. eheracterimed finothatsthe
according to claim1, characterized in that the

diffefepice rsetweeh Ve nrehbion asgipedtuie oPehetredciod zbhe with a
reaction zone with a higher tenperature and that of

the first.reaction zone_i 0C- 1Q0 {he.rati f.
higflen AR AT | nuStatRe ahd, B B0 fia tiSt 1AGtipl; o€ is
reaction zone is 1:1.1-1:300. 7 The process according
108Cs2009€,1and tihe astiexifzhd WHS Vaf thie reatiorezoneto that of
heat for the reaction zone with a higher reaction

0| ne1.15¢le d fromthe group consisting
t%?@ﬁ;ﬁhg{ls?ézgggéfét%g 1621%21 yst, hot coke deposited
catal yst, hot fresh catal yst, ,and hof feedstock, gnd
oné o heBFRcasEABReRyaMS | 10; GRE obc CHARRCIRITAPG: A Fig the

reaction zone, or mxtures thereof.
difference between the reaction temperature of the reaction zone with a

higher temperature and that of the first reaction zone is 20°C-100°C, and
the ratio of the WHSYV of this reaction zone to that of the first reaction
zone is 1:1.1-1:300.

7 The process according to claim 1, characterized in that the sources
of the heat for the reaction zone with a higher reaction temperature is one
selected from the group consisting of the hot regenerated catalyst, hot
coke deposited catalyst, hot fresh catalyst, and hot feedstock, and one or
more heating coil tubes are equipped in this reaction zone, or mixtures
thereof.

8 The process according to claim 1, characterized in that the total
heat supplemented to the reaction zone with a higher reaction temperature

accounts for 10%-80% of the reaction heat of the whole reaction system.
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8 The process according to claim 1, characterized in
that the total heat supplenented to the reaction zone
with a higher reaction tenperature accounts for

10% 80% of the reaction heat of the whole reaction
system 49 9 The process according to claiml1,

char a rlzedlntht the o,tal eat sy te
h@ r’ih@tpr&cpe% AECQHINE @ﬁer, qt%m%i al 1eetota1
accounts for 20% 60% of the reacti on heat of t he whol e

Heapsipplentnsé®o tlidrekbtion zene svitleadigHen@attion t@inpedature
characterized in that the conditions in each said

%Eé?ﬁff‘?ér 20%6RHE ot YR EecR iy AR EE Mol Fegatio Yystem.

ratio of the catal ytic cracki ng catal yst to the
fed@sﬂ”hckptoqefss bocandinghtto claitfhel ,pebaxasterigadorini thatt the

claiml1l, characterized in that each said reaction

c%ﬁﬁﬁldc}“?s Off S&dEclLd fﬂe%ﬁ%}a rL8RE . abd:uidhg ?an%’l gerature

ascending transfer line scendi ng trans

ST TS MEds s Lreabo b achionaiesaie G11G Mpagob s

process according to cl ai m 1, characterized in that

rafio o f the edulwik craokipgt 6a:ﬂagxsﬁt¢1mér fredstoeks! -a50/8r weidar

m neral oils, wherein the petrol eum hydrocarbon is

on 1Rl RO VBT kg e T e

oi | vacuum resi duum at nospheric resjduum cle
reactjors |zomey is dings stlectesbiitom, a tigen, offuidized hed}: hasceading
carbon atons, al kanes with 2-3 carbon atonms or

tiéﬁrlfgg%fg flgﬁéf]?oﬂ‘?hgéeﬁfiﬂg tARsflrNemell B8 An@ihg! Deld! dthd the
connecting ways among various reaction zones are series, parallel, or
mixed.

12 The process according to claim 1, characterized in that said
feedstock is petroleum hydrocarbons and/or other mineral oils, wherein
the petroleum hydrocarbon is one selected from the group consisting of
vacuum gas oil, atmospheric gas oil, coked gas oil, deasphalted oil,
vacuum residuum, atmospheric residuum, cycle oil, slurry, diesel, naphtha,
hydrocarbons with 4-8 carbon atoms, alkanes with 2-3 carbon atoms or
mixture thereof, and the other mineral oil is liquid products from coal
liquefaction, tar sand oil, or shale oil.

13 The process according to claim 1, characterized in that the

feedstock of the first reaction zone is one selected from the group
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i quefaction, tar sand oil, or shale oil. 13 The
process according to claiml1, characterized in that
the feedstock of the first reaction zone is one
selected fromthe group 50 consisting of vacuum gas
oi |, atnospheric gas oil, coked gas oil, deasphalted

oi l, vacu resi duu at.nospheri c .resi duu cycl.e oil
CONSISHPE o YBFIIA, §3b n iloy STHOSPFHC, Be¥ ook, cokedrgas oil,
process accordi ng to claim1l, characterized in that
delasphdlessll giljc kachunh eesidantni, oamphsridowﬁdu&mm ofcleheail,
first reaction zone is one selected fromthe group

[ di esel , napht ha,
oc(f;i%% gﬁhﬁ%écdrjn@& car@{g#élf?orrs al kanes with 2-3
car bon torrs or mxture thereof. 15 The process
accldt du'ﬁ@e fsoeessi aracrding 1to, clamay A¢teharacterized t imathat the
said vacuumgas oil, atnospheric gas oil, coked gas

ﬁedstoa?@‘iﬁ:hé'ﬂeﬁé’u&h Izonf.aé{ o Btieas GE i) fﬁ‘sﬂ?@&lﬁ%ﬁl‘ £one is

resi duum diesel, and naphtha are their

frac t|aI fract. on. cess acc rdi

ol e Hhorh 2a¢ gfoup o3sish o ng&ﬁ*ﬁm{t dieshpaphthe,
napht ha is one selected fromthe group consisting of
hydra¢arbons veitlaclkB ngarbap ttuims, atkanies with (233 negrbdbhaatoms or
coked napht ha, steam cracking naphtha, thernmal

lﬁ]ﬁ‘i‘?}ﬁ}@éﬁ*’?ﬁﬂéﬁ *17 The process aceording o ol aim

or 14, characterized in_that said diesel is
onéSS heqregessraseord dﬁ@ln@éﬂsﬂrsﬁ whargcterized in that said
VZLESQ r;ggs oil, atmospheric gas oil, coked gas oil, deasphalted oil,
vacuum residuum, atmospheric residuum, diesel, and naphtha are their
whole fraction or partial fraction.

16 The process according to claim 12, 13 or 14, characterized in that
said naphtha is one selected from the group consisting of catalytic
cracking naphtha, straight-run naphtha, coked naphtha, steam cracking
naphtha, thermal cracking naphtha, and hydrotreated naphtha, or mixtures
thereof.

17 The process according to claim 12, 13 or 14, characterized in that
said diesel is one selected from the group consisting of catalytic cracking

light cycle oil(LCO), straight-run diesel, coked diesel, thermal cracking

diesel, and hydrotreated diesel, or mixtures thereof.

18 The process according to claim 1, characterized in that said
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l'ight cycle oil (LCO, straight-run diesel, coked

di esel, thermal cracking diesel, and hydrotreated

di esel, or m xtures thereof. 18 The process according

to claim1, characterized in that said 51 catalytic

cracki ng catal yst conprises zeolites, inorganic

oxi des, and, optional clays, and the contents of

catalyic scrasking eeatalysh aomeprisasalzgelites; einorganici osides, and

10% 50% by wei ght, inorganic oxide 5% 90% by wei ght,
idnal tRys04hd B bonteRisIbt varlGusTGemPoA&ES Sn ABE @htilyid are:

o claim18, characterized in that said zeolite is a

28 TR AT gt fPSead GRBerRe00 1) gl dha

ccount s r 25% 100% of the total weight of the
C%bOVrQO%Ethghbrge pore zeolite accounts for 0% 75%
by wei ght of the total anpbunt of the zeolite; the

i ntlor Tadi ptoceporavcordiag ardaine 18 cledracieeizelr hintEaMsaid
series zeolites and/or ZRP zeolites, and the ZSM

i . f r -
2B, § HlebnBgidte JFe Sertddifle A BAMGATIGR pare zeolite,
SM 38, and ZSM 48, or nixtures thereof; the | arge
vgzﬁrel&@m ntermedigtcopars Hze @gokiteorraonats oy Yoo k0% ofithe
of rare earth Y, rare earth HY, ultrastable Y, and
toial weight ofithe zenliteriant dhe dargeipere @toliROaRoemps fored¥%-75%
according to claim 18, characterized in that said

by"efAt 6f B HRtai Snfdtink Gfohe 2! ke ftehAedS Pore size

ay is selecte rom kaol I'n ay an
DRI SR The BUPEERS, 2CG0L000 8,07 EbA M and the
ZSM series zeolite is one selected from the group consisting of ZSM-5,
ZSM-11, ZSM-12, ZSM-23, ZSM-35, ZSM-38, and ZSM-48, or mixtures
thereof’ the large pore zeolite is one selected from the group consisting of
rare earth Y, rare earth HY, ultrastable Y, and high silica Y, or mixtures
thereof.

20 The process according to claim 18, characterized in that said
inorganic oxide is selected from SiO, and/or Al,O;, and the clay is
selected from kaolin clay and/or halloysite.

21 The process according to claim 1, characterized in that said low
olefins is ethylene, propylene, and optional butene.

22 A process for producing light olefins and aromatics, which
comprises the following steps:

(1) A feedstock and optional recycle stream enter the hydrotreating
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olefins is ethylene, propylene, and optional butene.

22 A process for producing light ol efins and

aromatics, which conprises the follow ng steps: (1) A

feedst ock and optional recycle streamenter the

hydrotreating 52 unit, conme into contact with a

hydrotreating catal yst and hydrogen, and react under

utii cosneliinicopentect witly arhydretneating datglysts snd dydeogesrand

3.0 MPa and 20.0 MPa, a reaction tenperature between

reBCuaael 4R Conditidnsd bﬂ&eh&@tdgeha%)hﬁid}eﬁr‘%ﬁﬁ"&@@t_v%& 3.0
y

2000 by volune, and a |iquid hour space vel ocity

. A ' t j f fl
Y S & Sabtbi oo PRS00 Sl 450
hyd [ led f ;. (2) The hydrot ted
A N R TS Uy
process said in claiml1l. 23 A process for producing
sPhqﬁWeflxbceify (EHSW) deoweasn 1 h/'\fthﬂﬁ h''c ahprieaciion (fftuént is

eedstock cones into contact with hydrogen and a

. ¢ .
septsfed &5 obliin R\ IR diolcaRl HiohLS A BYaldiEn, is aycled for
MPa and 20.0 MPa, a reaction tenperature between 300C
I§W¥F:450C, a hydrogen/oil volume ratio between

300-2000, and a liguid hourly space velocjty (LHSY)
befkd, ed?)ﬁ}ﬁﬁrfa@dmnqduﬂ 154l toneatalyitie craglkig egeording to
effluent is separated to obtain H2, CH4, hydrotreated

the Préetss sajtyir ¢lafigdt, ed naphtha, and hydrotreated
product, w th hydrogen being

23 A process for producing light olefins and aromatics, which
comprises: |

(1) A feedstock comes into contact with hydrogen and a hydrotreating
catalyst and reacts under the conditions of a hydrogen partial pressure
between 3.0 MPa and 20.0 MPa, a reaction temperature between 300°C
and 450°C, a hydrogen/oil volume ratio between 300-2000, and a liquid
hourly space velocity (LHSV) between 0.1 h™-3.0 h”, and then the
reaction effluent is separated to obtain H,, CH,, hydrotreated C,°-C/,
hydrotreated naphtha, and hydrotreated product, with hydrogen being
cycled for reuse;

(2) The hydrotreated product of step (1) is fed to catalytic cracking
according to the process said in claim 1 , wherein spent catalyst is

separated from the reaction product vapor, the catalyst returns to all or a

53



cycled for reuse; (2) The hydrotreated product of step
(1) is fed to catalytic cracking according to the
process said in claiml , wherein spent catalyst is
separated fromthe reaction product vapor, the
catalyst returns to all or a 53 part of the reaction

PR DT aRe recifont A0ndh P 11en 2] B, PeBlRCehiPREd andaregenerated,

separated to obtain H2, CH4, catalytic cracking C2
am ¢he ceaction pcoahmiwapmg @Zfépmed tatobtyin El,c CHioatalytic
catal yti c cracki ng naphtha, LCO, and heavy

?“%Kﬁ’e%'épf Lo THE, Rk Bpe S el Al R

cat Iytl c crackl ng reactor 3) The hydrotreated
@@I Qaa@n{ heawr cxeleil(HCOMnwherein the

catal ytic crackl ng C2 C3 of step (2) cone |nto cont act
L 1-T;S heipatt sithe Al ek RO Produéts anatthe e)-Coa @@b%@lé to
the reaction product vapor is separated to ob ain H2,
am cr.ackin CZ C3 , steam cracking C2-C3,
AR REHR

NBACEEOTst eam cr acki ng napht ha, and fuel

oil, vvhereln t he steam cracking C2-C3 are a part of

t he(3)¢Elie dydpotoeated <C,'a05f aind Istdragermted Magxh)ﬂ%#ﬁstep q1)
T

cycled to the catalytic cracking reactor

cr acé gﬁ gﬁ%hggco%m' e oe f%}'—' (?,) &}lﬁé)l %nh steam

‘é&grogenatl on first, and hen fed to sol vent
Gradt CGIDATBIS BEeRROAAY: (o 0RICe Rd abe! Taction product

raffinate, wherein the aromatics are a part of the

‘rzgfolf : ?; s?%@?%&;ip 9EG() B%ﬁ gﬁl e e%ﬁ? (I:?}aé@g e%lgt@%c kg; Ggfa%t ’eaStrﬁam
&faéﬁiﬁg“éz -Cy°, steam cracking C4-Cs, steam cracking naphtha, and fuel
oil, wherein the steam cracking C, -C;~ are a part of the desired products
and the steam cracking C4-Cs are cycled to the catalytic cracking reactor;

(4) The catalytic cracking naphtha of step (2) and steam cracking
naphtha of step (3) are fed to selective hydrogenation first, and then fed to
solvent extraction to obtain aromatics and extraction raffinate, wherein
the aromatics are a part of the desired products, and the extraction
raffinate returns to step (3) as one of the feedstocks of steam cracking.

24 The process according to claim 22 or 23, characterized in that the
hydrotreating catalyst said in step (1) is a catalyst of a non-noble metal of

VIB Group and/or Group VIII supported on alumina and/or amorphous

silica-alumina.
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24 The process according to claim22 or 23,
characterized in that the hydrotreating catal yst said
in step (1) is a catalyst of a non-noble netal of VIB
Group and/or Goup VIII supported on alum na and/ or
anmor phous silica-alum na. 54 25 The process according

to i,m 24, charactetized in,that said nqgn-nqbl .
net € \ArRCRSSo ARCITEIRG (1R E f%ﬂm%@f%{:ﬁﬁm%‘?‘{]\ﬂﬁaﬁ'@t said
that of Goup VIIl is selected from Co and/or N . 26
Hhie-nobl Aretalacf VIBi Geoupicieetied Fromefaghd/or AW dridthat of

that the conditions for steamcracking in step (3)

O VIR T BRI UREN. 0 coconae “and o

steamto oil ratio between 0.1-1.0 by weight. 27 The
pr cesheaqroeesngeeerdingi ton 2Bime 23, acharactesizednin that the
the conditions for selective hydrogenation of step

Sdigofs oD SSSpETRAL o (PP LY B g Wity

¥
MPa, a reactlon-tenpera

a hydr ntoojl ratio between 150 and 6Q0 by
w&@ﬁdﬁﬁgﬁm 68idsach g belTRPI®-05 Secondyrand 0.6
process according to claim 23, characterized in that

seeonds,cindeastean o oil ratiobetwien 8. 10060 Byhvesightel from the
group consisting of sulfolane, N-nethyl pyrrolidone,

et iy PHaPessraPSSrine ) Preinl’ A cheFiRbiord i e e
nmorpholine and m xtures thereof. 29 The process

fiems fon selertivenhydrogenation: of stepd(4)rarereahydragen partial
pressure between 1.2 MPa and 8.0 MPa, a reaction temperature between
150°C and 300°C, a hydrogen to oil ratio between 150 and 600 by
volume, and a LHSV between 1 h™! and 20 h™,

28 The process according to claim 23, characterized in that the
solvent said in step (4) is one selected from the group consisting of
sulfolane, N-methyl pyrrolidone, diethyl glycol ether, triethyl glycol ether,
tetracthyl alcohol, dimethyl sulfoxide, and N-formyl morpholine and
mixtures thereof.

29 The process according to claim 23, characterized in that the
temperature for the solvent extraction in step (4) is 80°C-120°C and the
ratio of the solvent to the feed for extraction is 2-6 by volume.

30 An apparatus for producing light olefins and aromatics, which

comprises:
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tenperature for the solvent extraction in step (4) is
80C-120C and the ratio of the solvent to the feed for
extraction is 2-6 by volune. 30 An apparatus for
produci ng light ol efins and aromatics, which
conprises: 55 (1) A hydrotreating unit, wherein H2,

' rot{reated C20: CA4A0 h ot reat ed napht ha d
nydny oY g Eefe ity vherel e kitter yfRretal Sk
cones into contact with hydrogen and a hydrotreating
Iyedratrgated qaphthag @nal yydroteeadedkiproduct are witaisied after the
hydrotreated product fed to catalytic cracking

BEANDEerIR S oBhBLE ST ok SR e UBHBR Ratalve
vapor,. wherein the catalyst returns to all or a part

of (25&4\ paladytioArackieg usit, hereinche(lpydratresiedoptadyct fed to

stripped and regenerated and the reaction product

oaBal9tici asleing! RIcosding toaBk¥rBeddd/ il in eRliA Y! Wherei

cragfd ngaCZ gC3 cagaloyti ?rc?acks?ri;%lré%g%lﬁcg%’, Wherein spent
1ic ckian -C5, .catalytic cracki,ng napht hg,

GRS senakIEd Rinfe it Prohiel vBGE sbstedy the etatyst

desired products and the C4-C5 are cycled back to the

retras ytoi all pyraipprt of the zedation £8hesSbEalr cteae 52)1 gftenibeing
wherein the hydrotreated C2-C4, hydrotreated naphtha,

MBS A EEARKIN 62 (BB b e yRAPL A Seolhid o
Qo GHoa peblTHR | PgokE (ieCr b icatalytie aotacking,'-Cy),
-C3, steam cracking C4-C5, steam cracking naphtha,

catelytivetraoking @\Ce Satelytic ceaking asipiiikia CLCS, ¥ HCO,
part o e

wherein the C, -C;~ are a part of the desired products and the C4-Cs are

cycled back to the catalytic pyrolyzing reactor;

(3) Steam cracking wunit, wherein the hydrotreated C,%C,°,
hydrotreated naphtha, and catalytic cracking C,%-C5® come into contact
with steam under a temperature between 700°C and 1000°C and the
reaction product vapor is separated to obtain H,/CH,, steam cracking
C, -Cj7, steam cracking C2°-C3°, steam cracking Cy-Cs, steam cracking
naphtha; and fuel oil, wherein the steam cracking C,-Cs;” are a part of the
desired products;

(4) Selective hydrogenation unit, wherein the catalytic cracking
naphtha and steam cracking naphtha are first fed to selective

hydrogenation to obtain the selectively hydrogenated naphtha;
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desired products; (4) Selective hydrogenation unit,
wherein the catalytic cracking naphtha and steam
cracki ng naphtha are first fed to sel ective

hydr ogenation to obtain the sel ectively hydrogenat ed
napht ha; 56 (5) Sol vent extraction unit, wherein the

sel g¢td vel [ a .S :

2ol GarotEsats. BAFeBHOHENAR, PRERe? sefeSikel] Hisirpappted
raffinate. The aromatics are a part of the desired .
maphdba is fechtb theesolusnt exdraction taf obtain eromatichand extraefion
(3) as one of the feedstocks for steam cracking. 57
raffinate. The aromatics are a part of the desired products and the
extraction raffinate returns to step (3) as one of the feedstocks for steam

cracking.
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