WD 2010/ 061986PCT/ KR2008/ 006974 [ DESCRI PTION] [l nvention Title]

PROCESS FOR THE PREPARATI ON OF CLEAN FUEL AND AROVATI CS FROM HYDROCARBON
M XTURES WOTBALO61986 CRACKED ON FLUI D BED 5[ Techni cal Fi elPdli/KR2008/00697he
present invention relates to a nethod of producing hi gh val ue-added cl ean
petrol eum products and aromatics froma fluid catal ytic cracked oi
fraction, and nore particularly, to a nethod of producing | ow pollution
petrol eum products including |iquefied petroleumgas (LPG or |owsulfur
gas oil and aromatics SBenzene/ToIuene/Xerne), by passing a fluid

catal yti c 1dDEPEBREAONII fraction through a distillation unit, a

hydr odesul furi zafi on/ hydr odeni trogenati on unit, and a

hydr ocr acki dlpversien fitledf i on unit. [Background Art] Techni ques for
efficiently producing petrochem cal products and internedi ate products
Uhereof from a f PHOSHSSE PRI THE GREBAGAEON DFRGLESN BYELWNE! ROAGMIGD be
(1) subjecting 15 fluid catalytic cracked gasoline to catal ytic reform ng
t hus pr eparﬁRﬂg\’hP@fm%(ﬁﬁABBﬂN HeaT: Tet( @GN CIKRR (BBEL ERi ng
aromatics, &2) subj ecting fluid catal ytic cracked gas oil to

hydr odesul f dTechaicaldiieldhus preparing | owsul fur gas oil products, and (3)
subjecting fluid catalytic cracked gas oil to hydrocracking thus preparing
| ow-sul fur gas oillhe nresentaimgentiap hektes tpiowaediod efhproguciignhigh evaluejaddesl clean
limtedly applied to the fluid catalytic cracked gasoline, 20 in

parti cul ar peeleum progucding atgglatisignpolluid cajel sl qrav&eég qikfEactinn angpere garsicylgly,

oct ane nunber, and is unable to Ppoduce LPG and | owsul fur gas oil, the
denmand f or tQuainedthddsof| predueiag ilowy pollution petrolgunm prpghcts eludiag hiapedig petpgleusn gas
advant ageously correspond to the demand for | ow sulfur gas oil resulting

f r om hydr odbRG) grilow-geltur 625 ailfand premptiesi(Benzanel ohedne/ Xyleadklatbpagurg ilvid ¢alyte nay
be used alone or in conbination with |ight gas oil produced through

at nosphled i ¢ragkesk il fragtipm hrqugh aalistillatign ugit,|a hydrodewihazatipnthysmdenirpgengiogjmit,
increase in the demand for LPG and aromatics. WO

2010/ 06198apET hydrowskingdedkpdation unit. The techni que (3) is advant ageous
because it may correspond to an increase in the demand for | ow sul fur gas
oi I havi ng éBw&gwu@éAﬁhe nunber and LPG and nmay be used to produce napht ha
t he demand for which is continuously increasing. However, with this _
technique it is Aechnigyey foo cfigigntly| Prodycnge et gh Presfucts panda dntepmedisted
thus it cannot be easily adapted to stepw se 5 enhancenent of standard of
gas oi | pr dHsluets ,therqeéfr@@r@eﬂmﬁqatabﬁc scked @il digetipn;aze widely kypwatadie (AbBIsEEE t o
the technique (2), and also it is incapable of producing aromatics,

[ Di scl osur glmd[ péatYiig] caskedpgaseling i catalytic reformapg: Biugipregaing sefosmple el is then

i nvention provides a novel nethod which enables the 10 efficient )

pr epar at i orferafatedo\ihgrehy prddeeing erqmstiey 2 rogieding fud |catalyig qraskedyrggs oil to

| ow-sul fur gas oil and aromatics froma fluid catalytic cracked oil .
fraction. hydrodesplfurizatinnthusrpreparing lowesulirigas il arodnesh apt Gy pupissting Hd seel v
increasing the efficiency of an al kylation unit which is a satellite
process of ceAskes et piblerhydioerpekingthus ppspranglowenitwgas o, L PGand ganhpa obt ai ned

t hrough the above nethod. 15In additiaon, the present invention provides a
met hod of i ncr eadlogvernie dsshmigee (3) wdwatedlyrappliqddn e hyd extalytic cacked 298pl86uci ng

hydr ogen necessary for hydrogenation using fuel gas which is by-produced
t hr ough?@ hdn pasepdarealye giiddle boiling point gasoline fraction having a low octane mimber, and is

unable to produce LPG and low-sulfur gas oil, the demand for which is increasing.

Although the technique (2) may advantageously correspond to the demand for low-
sulfur gas oil resulting from hydrodesulfurization of the fluid catalytic cracked gas oil which may
be used alone or in combination with light gas oil produced through atmospheric distillation of

25 crude oil, it cannot be applied to an increase in the demand for LPG and aromatics.



[ Techni cal Sol ution] According to the present invention, a nethod of
preparing | ow pol lution petroleum 20 products and aromatics froma fluid
catal yti cwonaokemsei | fraction includes (a) distilling &CriKrR2doscmbEHyt i C
cracked oil fraction, thus separating the fluid catalytic cracked oi
fraction into effluent oil and residual oil; (b) subjecting the effluent
oil obtained in (a) to hydrodesul furization/hydrodenitrogenation, thus
renovi ng sul fur and nitrogen conpounds fromthe effluent oil; (c)

subj ecting an aromati ¢ hydrocarbon conmpound i.n the effluent oil subjected
25 to hydrodesul fThs fechrigusnBhjrdrdyaungerrHBRARE iioMay COresRAIdp) & lrlefﬁi}seﬂﬂw}%e

converting the aromatic WO 2010/ 061986PCT/ KR2008/ 006974 hydr ocar bo
conpound i KEBaHosloyrsEir EaHgishaygA W%Hn@efﬁ“{/%cgwd%#z@ﬁ'é P BI9Y8Sfe and

xyl ene are enrjched, and subjecting a_non-aromatjc hydrqcarbop .conpound
t herein to%%?‘i@@ﬁ&r%és@BmﬁlYW&%'n WY rfﬁ'ﬁ}@slﬁ‘? geedt 5ant
conpound into an LPG enriched non-aromati c, hydrocar bon n,ixt re, (C'%H .
separ at el y cAwdevenyoh seveigeondans of pperation, if gannpt b gasil arlaptad fhsienvrise
hydr ocarbon m xture and the LPG enriched non-aronatic hydrocarbon m xture
obt ai ned i franyemeghaf standard e gast qhprofwes, thescaasmption| of JBHRRFRE THCY &2
hydr odesul furi zati on/ hydr odeni t r ogenat.i on, tr%us oht ai ni ng | ow sul fur gas
oi | . [ Advarsempeedis thertechmaas Chapdalen iy in@pablot groducing apmalitss i on, LPG

| ow-sul fur gas oil and aronmatics can be 10 efficiently produced together
froma flui dDSEOMIG i c cracked oil fraction cont ai ning al nost no aromatics

and LPG anci t he. yi el each product can be adjusted through control of
severe condittsHpigalEro ation. Further, a C4 oil fraction obtained

Kyl atfon uni { ARPEHTRY: LHes BEURY G BEED R SV SRRUSTY DI AT ng
Al 50’ a uelepiest BRPERORe iy Bk el e gisde e RS g gt °
[ Descr' pti i BB PRI St ek R 5 schermt | ¢ v} ew Show ng t he
> (e a schonat i ¢ iEUCHBRPRE RECHRBEERens chiIgR g "EEoSRB R mEsef Hont
o e P S VSRR e Siesah SRS L Bl R B e

goilgl 86?32 ih%%iégt\évp%% Vétrrﬂghg({'ocess according to still a further WO

15 In addition, the present invention provides a method of increasing the entire process

efficiency by efficiently producing hydrogen necessary for hydrogenation using fuel gas which

is by-produced through the above method.

[Technical Solution]

According to the present invention, a method of preparing low pollution petroleum
20  products and aromatics from a fluid catalytic cracked oil fraction includes (a) distilling a fluid
catalytic cracked oil fraction, thus separating the fluid catalytic cracked oil fraction into effluent
oil and residual oil; (b) subjecting the effluent oil obtained in (a) to
hydrodesulfurization/hydrodenitrogenation, thus removing sulfur and nitrogen compounds from
the effluent oil; (c) subjecting an aromatic hydrocarbon compound in the effluent oil subjected

25  to hydrodesulfurization/hydrodenitrogenation, to dealkylation, thus converting the aromatic



enbodi nent of the present invention; and FIG 5 is a graph show ng
the change in yield of each product versus tinme when produci ng LPG

| ow sul f wogam/widss and aromati cs through the process aecondkangs/t0e97tthe
present invention. 5* Description of the Reference Nunerals in the Draw ngs
* UL, U21: distillation unit U2, W, U20:

hydr odesul furi zati on/ hydr odeni trogenati on unit U3, U22:

hydr ocr acki ng/ deal kyl ation unit U30: fluid catalytic cracking unit 10U31:

al kyl ation unit U40: hydrogen unit [ Best According to the
present i nyderBbon %?mpev Htgyqn ﬁP@B%hW&%WP&@FW‘PW@&W@U USRIkt s
and aronatlc? froma flyid catalytic cracked 0|£(Iract|on i ncl udes (a

di stilling*¥leps frgy enrcheds and spbyecting ck dpngematica Bydregarbop epmpoyp rtheeﬁg 9 t
into effluent oil and residual oil, (b) s ecting the effluent Oi

obt ai ned .ﬁy fresragking, s SeRySTing ene.n?ataroet?ﬁlﬁ%l*raﬁpé Itqosxgewatlmeﬁn LPfogricksfovi ng
sul fur and nitrogen npaounds, fromthe effluent oil, (c)_ subjecting._an
aromatic hyreears BHY‘gﬁ%H@Br‘P&IX‘PW (h eetarfalyshevesing ﬁehgﬂséé’t aiiacsomaﬂcs from

hydr odesul f uri zat . o dr.odeni t rogenat i t o, deal kyl atjon,. thys convertlng
the above BmAR et aabﬁnmmgtdtﬁ &ﬁ&%ﬂﬁ%ﬁlm etflehlﬁf zft? P Optur
benzene, ue and |l e e en |ched and ectin n-arqmati c
hydrocarboh’@ﬂﬁgodﬂd éﬁe n &% é?ﬁ%@ad&?ndﬁmg s %on QIQhéa abB\ve
conpound i PG enri che g non- aro carb ntxture (d)

separ at el yqv@*e@t?@ﬁi%ﬂ@@é( ro %’étmgﬁll’@éo iﬁl’éﬁ%cl ?‘Bﬁ?storﬁ]e aromatic
hydrocarbon[ntxture a g‘ ge LPG—enrlched non aromati c hydrocarbon m xture
obtained in fﬁym”ﬁﬁﬂmg ?ﬁ ubj ecting the residual oil obtained in (a) to 25
hydrodesulfurlzatlon/ denltro enatl thus taini, ow- syl fur gas
oil. WO 2010/ 061§ BseoBgAon, LPG, Ippigsu Q}Qgrpdoerowgg;csf et

include intr

I t f the fuel d t
e vas s ol i AN
d furth d I t
TSl P o 40y A B e S b T wB PFCS

feedstock for.an a | ation unit mhlch is a satellite process of an

upstream1ﬂqﬁ@P%ﬁP ? Q¢ acki ng un|t LBefuI in (c) a catalyst may
be prepared by X|n %ﬁ 9@ @60 lite h is f ast o sel. ected
fromthe gr oup ?t 4 O fraghg ac é‘tl%g PG Y EGR Gy U‘}?p

zeolite and h ar of s J cal a] ym na of r l.ess h 90

W% of an .%6?659%?0 P i e aaaﬁahﬂtt@macw 9%%*?%3 a&%ﬂm

t hen i egnat.ed with plati .or Iatl m | ead In a

eeor ai T HBR e bt M e lﬁ%s onpy, dah e fuel s P 1% A
reparing | o [l ution,petr.ol cts a matics. fr nta fl ui

catalytic OROMRES “ tu%efip AT P iR B0 R e i R R TR ¢

cracked oi l act 0 15 hydrodesul furization/ hydrodenitrogenation, thus

renovi ng s@ e ﬂ itrogen conpounds fromthe oil fraction, (b)

distilli | ti. bj ted t
h;gredegsﬁfiﬁgfakfBﬁfﬂ@ﬁb@%@ﬁrt{ggeﬁatlgn in (a), thus separatlng t he oi

f ti i nt f d i,dual il t

o TS A R

the ab ve d Jnto an aromati c hydrocarbon m xture in 20 mhlch
benzen xylene are enriched, and subjecting a non aromatic
hydrocarbon conp there| rocr k|n t hus,. conver the apove
conpound into a ‘EB“G RNt S aP Rt Riths cotp Bt Hrasadhi Shoptinent S
separately reco%ﬁrln fuel gas, LPG and aromatics fromthe aromatic
hydrocarboH“HW? e HH the LPG enriched non-aromatic hydrocarbon m xture
obtained in (c), recovering the residual oi.l ed in
Cow sl fur  gas offé]%zé Ao B el R o Heting 4 D B ar
| east partﬂgf the.fu gas

€ presen mventlon

25 FIG. 4 is a schematic view showing the process according to still a further



WO 2010/ 061986PCT/ KR2008/ 006974 recovered in (d) to a hydrogen unit, thus
preparing hydrogen which is then circulated to (a) and (c). Al so,
t he abovewoebtoodi9say further include supplying at | east PpamR2008/084974
paraffinic hydrocarbon in the LPG recovered in (d) as a feedstock for an
al kylation unit which is a satellite 5 process of an upstreamfluid
catalytic cracking unit. Useful in (c), a catalyst nmay be prepared by
m xing 10-95 wt % of zeolite which is at |east one selected fromthe group
consisting of nordenite, beta type zeolite and ZSM5 type zeolite and has a
mol ar rat i sbedigent of hegresent Hyewfono®y or | ess with 5-90 wt % of an i norganic
bi nder, thus obtaining a m xture support, which is then inpregnated with
platinum tin or ¥dGpd as p meaph sbaying the change dn yield of eash produptcvessug dimegwhen
fraction used in the present invention may be hydrocarbon m xtures having a
boi | i ng poibiedurins d&CGetowmrshiuness o, anaemaicy dhrpesht the Pigpes asrordingtethg asent he
fluid catalyti¢ cracked oil fraction containing |less than 2 mass% aromatics
(BTX) i ncl dJd{Afenzene, tol uene and xyl ene and havi ng no LPG may be
efficiently prepared into t 15 only 15 mass% or nore aronmatics and 12
nmass% or> more LP %@ng%ﬁptﬁ%&ﬁfg’iﬁp ungesals githe DWISE fie prooduct i on yiel d of
each product nmay _be ad] ,us}e,d dependi ng on the necessary throughput.
In the present imhiéﬁ?lagoﬁil@{)i |lation unit is used to separate the fluid
a.feedstock into a light oil

catal ytic cracked oil_fraction servin S

fraction and a hW’H?@%ﬁt‘rﬁ&s\l Zé‘%‘}?gwgioﬁﬁnme%‘i‘@namffer ence in the
boiling point, in which the lLight oil fraction is utilized to produce fuel
gas, 20 LPG and &PoHéfivdrocragking/dralkpatiQnungi | fraction is enployed to attain

| ow-sul fur gas oil. The light oj] fraction is conposed of hydrocarbons
having a boili ng%@iil“?%al%‘)f@afkﬂg“@,t and the heavy oil fraction is

conposed of hydrqcarhons, having a boiling point of 220-360 . In the
presentl(? nvent i o3 laa BY&Eul f uri zati on/ hydr odeni trogenation unit is used
to renmove sul fur _and nitrogen conpounds which are inpurities contained in
the oil fractionU40nhyspegpent o produce | ow pollution hydrocarbon fuel in
whi ch gener ggi on _of , SOx and NOx is very WO 2010/ 061986PCT/ KR2008/ 006974

|l ow and to FH dﬁ]the activity of a catalyst for use in a downstream
hydr ocr acki ng/ deal kyl. ation unit. This unit is oger ated nner. such

that the oil fractFIHnEdo thespiesent HvEriony msged 9 rprqpﬁ%ngpiogvs@ gory pet
oo 1 oGP RS B et bR SR el BBEET bR, b
D S  iao HETL i
Deaper at oo Hab Uil 8 BT koS SSTRARBER Y st
Lo U e ot o ) ol SRS e

oy nit Fcgerpe s el o1 ey Byt S Bl bR iE DS, B
componcn: JBykUBhrE o obhehlE Btk S g YBshee Kol RIS
Pyclr odeAl (RS P PR BN g, BTG R PUtREy .8 NP E e BUHRETPm o
e oS B B G LS ol B et e

distillation unit, the effluent oi| obtained by distilling the flui
catal ytic SPeERtip hycishon gy ( SeeEd L Epop Ting hiel g, LA and ormatis from

hydr odesul f uri zat j on/ hydrodeni trogepation, A ternatively, in the case where
the hydr odé%?rPW?‘ilczﬁY‘{;éﬂth?%l‘%?‘t‘{] @sé?#’é%—mﬁ qQn-gramptigehydgeparon @ygFeam
of the distillation unit, the fluid catalytic cracked oi|l fraction nay be
directly s }aéﬁtiednt oz?’}aycﬂ"édegesjl FSYPIRSHE] O%Fhfﬂ?“@ﬁ’gni"éro@@ﬁ‘&?qaohr} Q?Qd E/"nen
separated into the Jight oil fraction and the heavy oil fraction. In the
former <as él,yéfpﬁf‘éufww?on&y rofgnitrqeerAioR RISR@IPREAY-SBHYr spt ekt i on are

respectively subjected to hydrodesul furizati on/ hydrodenitrogenati on.
Wiereas, in the latter case, the whole

4



25 oil fraction is subjected to hydrodesul furizati on/ hydrodenitrogenation
and then separated, thus WD 2010/ 061986PCT/ KR2008/ 006974 advant ageously
achi evi ngve 2dsgicissd pur pose through a sinpler construct ipom/KRugsz064 4t 0 t he
fornmer case. In the present invention, a hydrocracking/deal kyl ati on
unit is used to react the highly refined oil fraction obtained fromthe
upstream hydr odesul furi zati on/ hydr odeni trogenation unit 5 with hydrogen in
the presence of the catal yst, thereby obtaining fuel gas, LPG and
aromati cs. tal i r e X1 0- 95
ﬂ;@ GbGR glte%ﬁg alis{%? ﬂnfhgxe B}%iuﬂ? g%i/(%drgc%nng taﬁ Ee%ét 4 e fu@? gejls

wt % of zeolite which'rs one sel ec roup consi st Png of

of i1 oo ARHERLTR B0t o B in b utesBe PR NPT BB I D

prepari ng E)%&e re support, which is then inplenented with 0.01-0.5 parts
by 10 weig ¥ 907 “Pl ati num based on the total wei ght of the m xture support

0.1-5.0 parts by N Sisovs Sy sl FRKBINARELOER: bt SCTIRRNLC,
parts by5 \A@lggl{%&arboni the LPGre e?e!géfﬁtd)%’lyfegﬁst&%%lj%l aﬁé}la udif @fﬁ%ﬁisﬁ%_&tﬁfgleon

and hydrocr Ing o he Teeds 'n at Teast one reactor wt

%Egﬁgifg gﬁ%%ﬁ%#ﬁé?uﬁng%ﬁﬁg%%ﬁgﬁag%%g@agahe oi | fracti on cont ai ni ng
hydr SCfégki e R X e @?%%%@bf%? bg b PR SAd VBl Sutjchinaty o
o . £
Lo 1t et eHeO0E i hEIREhRNIRNE br SRARE HeuiOfk ARRERHAZRES 1D,
conponent %gégitg Od 1€ a_'}}{%%{i@%f Liﬂ&/a‘iﬁnﬂhlg §£ AP Rith §~§tﬁ0&% Q)?%R ;/@?ga&&{c

under the above reaction conditions i1n presente 0 e ca

t her eby, obt ai.ni fyel. .gas, L r titcs I ncludi ] };BI ene
and xylle(ﬁefbﬁgﬁr’[lﬁlég ((%){ﬁd"llrélrgg haaﬂ"?&l%gnﬁ Oég nver 5esdélglal F‘%P‘!rég%“t@?%oﬁﬁﬁéﬁﬁ‘l ng from
t he hydrocr ?a[%lﬂ?éageal kyl ation may be m xed with the heavy oil fraction of
the fluid data yt1c 25 cracked oil fraction passed through the

DS atseepcr e AUPUEASTEIAG B0 AR PR Rt oo
i SV SBBP R S
t oget her frﬁs)agﬂl%tnﬁe%ﬁﬁgsd é%??a L?/nt]‘lgc!(t:iﬂgrI(;lackeﬂ(l]ﬁd.(;i Icgt#lké(gt icg%ﬁg(gcé)rﬂdi ﬁg&i"g L

caca v oo douiRaPE AN B oy et B SPRYd Rabishphup gl it

catal ytic crac ntroaduce ton unit U

1, so thatthea Iioght %jaét-()];lr act('bf)n i(ﬁ:sﬁﬁ?lgar agh%d i%%lt heﬁjl om of%lLeHeHentgoil
. ¢ i Sy ) s

o g pily S PR 18P WS Woreft esinf 4
nyar odesul AP PIRHERAYERGRRRETEaRonh B s eoring g 3o e SRS i ¢
v ogen S4B O80T B0, 3o BALYEher b ! SPRARIAT LA BR 0,

W to a1 ol RERPILE Folidhe o AUNE AT Hloch R E RS R ™

thus C%Ve%h(la&l ll)err]l%e%e,f t%ﬁllen S xSy éneLall?eG enSn?checE rag(irg&bljé%:%ngs § n%xrll-gro?n%tic hydrocarbon

compound therein to hydrocracking, thus converting the above compound into a LPG-enriched
non-aromatic hydrocarbon mixture, (d) separately recovering fuel gas, LPG and aromatics from
the aromatic hydrocarbon mixture and the LPG-enriched non-aromatic hydrocarbon mixture
obtained in (c), and (€) recovering the residual oil obtained in (b) as low-sulfur gas oil.

25 The above method may further include introducing at least part of the fuel gas



15 unconverted oil fraction S9. On the other hand, the residual oi

S3 separated through the distillation unit U is supplied into an

addi ti onavohlydvesassul f uri zat i on/ hydr odeni t r ogenati on uniPCTER20@/@b470wW it to
react with hydrogen S4 in the presence of a catalyst, thus preparing

| ow-sul fur gas oil S10 having a | ow sul fur content. Further, the | ow sul fur
gas oil S10 may be m xed with at |east 20 part of the unconverted oil
fraction S9 produced through the hydrocracking/ deal kyl ati on unit U3,

resulting in lowsulfur gas oil S11. As shown in FJ]G 2, a fluid catalytic
cracked of Ieepveled inde) tgia I¥grogs %Hﬁ%arepm% hydrogen which s hert circulated o (3) and’
hydr odesul furi zati on/ hydr odeni trogenation unit U20 to allowit to react

W th hydrocj%)n S4 in the presence of a catalyst, thus preparing an oil
fraction S20 in which ugrge anounts of sulfur an ni trogen_ conpounds are

d .25
renoved. The oi | “§0athe;3bavespgthpd may Spithes include supplng o Ipashpdrbaf Ghparalipac  wo
2010/ 061986PCT/ 008/ 006974 so th a light oil fraction . s separated in
the form oglygfgf%}%rw ths; [P Copegovergddn ﬁ%é\ff‘fr'g%‘?qk toranallyigtion unihigh saelii ¢ he
formof residual oil S22. The qperation conditions of the

hydr odesul PIRESEE st Bud mialyisgaackioggatuni t U20 may be adj usted such
that the anmounts Offgf'u' fur %ﬁd ni trogen cqnpounds contained in the effl uent

oi | S21 from t he WFt i (Plap cpYimIay bgPrepgred Ry miging AP a1 a Pl Z5Rkils e ivat £ or
a catalyst for use in doywnst r eam hydr ocracki ng/ deal kyl at.i on it U22.
In the Kydﬂ@e&%%&%gamk% BH0UB FOLL B OB DO PRI A APSZIN S T owed
conver ted" PRI Wb gauolas it oE by B PBY OEBSIRH: SO Ao duueia
fraction S9., 10 t he .ot her hand, the residual, oil S22 se ated t hrough
the i St | P PO atpg & e SHPREY Wheth i ihef dRBRERIL Hgh HAEum N o
unconverted Qi&%ﬁr ction S9 produced through the hydrocracking/ deal kyl ati on
?Eit w2 ﬁﬁyﬁ_ Q@?ar;ng Ipm#rugfur gasloil Sﬁsi | Flg. 3_illgﬁtrates
e process ic u er jncludes, supplying ane produced using e
process accordinah?d£F£émﬁh@§éﬁ¥’9ﬁ¢@ng?gwnd¥ inBARBERt PR BRKyIt i on
Part of butafiscaen BT RSTER Giisomumcnes 0B pr AHGUBIETR HEGH<Th
Part o u i t r t e
e e Tl U bR TRl RS StV MRS
DreEane oo SR S bt SPRPBLG FbGSD Gk 010 7
hydrocracki ng/.deal kyl ation unit U3 has a ratio |,S0-but ane .t o n- hut ane
Y Gher ThaGRSHa RS oo sogentatosi Mmasyhouraedss S sl sbCefisth 48 as
feedstock for the.al kylatiqgn unit U31 which is typically adopted. as a
satell e draratEigilad et gt dandb o fie nisssas hahy:
wher e 1 so-but ane!t GEpEELveniec FHTEHE idubeslacersie fiabid @bueetrtah, «
in an anount | arger than that qf. p-butan 2010/ 061986PCT/ KR2008/ 006974
uhi ch does dEE SFW?%PJJQ?%FFO?HQE’&%%&& ﬁ\éﬁorlég@z &y of e teaﬁnga% )
appar atus necessary .for .separatjon of. n-hutan and..a ate may be
P v ed, CaEERt i e SOTRE POk Tor Pk Rk P OF rihen Sutyredy abdies BoLER

20 LPG and aromatics, and the heavy oil fraction is employed to attain low-sulfur gas oil. The

light oil fraction is composed of hydrocarbons having a boiling point of 170~220C, and the
heavy oil fraction is composed of hydrocarbons having a boiling point of 220~360C.

In the present invention, a hydrodesulfurization/hydrodenitrogenation unit is used to
remove sulfur and nitrogen compounds which are impurities contained in the oil fraction, in

25  order to produce low pollution hydrocarbon fuel in which generation of SOx and NOXx is very



FIG 4 illustrates the process which further includes using part of fuel
gas S6 obtained 5 according to the present invention as a feedstock for a
hydr ogen woi2o1086@sand suppl yi ng hydrogen S4 prepared thPomgR2068200697dr ogen
unit U40 into the hydrodesul furization/hydrodenitrogenation units U2, W
and the hydrocracking/deal kyl ation unit U3. In the nethod according to the
present invention, the fuel gas S6 which is converted 10 and separated

t hrough t he hydrocracki ng/ deal kyl ation unit U3 is conposed of methane,

et hane and the like, having a relatjvely |ower carbon nunper, and thus used
as a feedsi®tkapdr ta hmagan oden Vit UQ% fo calalys yloRy #% gl %e?@%’g%]ﬁrnf or
t he hydrodesul furi zation/ hydrodenitrogenation . and ) ..

hydr ocr ackhréreradine/dealkylation uie {ins[ung ssopeggied in a mageer sychy that thaqikiretion is he
present invention has alnost no olefin and hydrogen sulfide. 15 So, in the
hydr ogen uffastedpysh hydregep gntheprgseneeof thesstalys) foiydegenalien - conpounds may be

omtted, and accordingly th | ant i nyest nen st ma e reduced. .
FIGS. 3 and 4 ar g{‘%égtgld“oﬁi’r ﬁwgr%%@aomﬁmmﬁeﬁﬁgtw I éﬁ%’éh Wg‘?ﬁﬂt is Gypipally
| ocat ed upstream of th drodesul furi zati on/ hydradenjtrogenation units U2,
W as shr’om%“‘i"ﬁn Iﬁ’@yél?feﬁ‘g%(“rﬁﬁip drogenitogerstiopy gﬂﬂ?‘ﬁ@b’ B B CHAVEELe of
performng distillation foll ovm'qr&g Zﬂ X
hydr odesul FishAEMogrs Calioris PRSI oy %n as shown in FIG 2. [Mde for
| nvent i on] A better understandjn the present invention may be
obt ai ned t hr ough® e PreSERtGRRY ‘?‘PBO%}W%gw%éﬂloﬁﬁl@&g&m?%maﬂo? goit MY at e,
but are not to be construed to [imt th presené i nv%ﬁ%ZSEXANPLE WO
2010/ 061986PEatekrod spustiegs AT hydrogen pagtial pregitne, plo 5P rk&rATAYIREeE BROPRlPt 4
fluid catal ytic cracked oil fraction haying a boiling poj Q 60300C
serving as 5&~‘]‘°@eﬂ§’c@€l@%\§ ofi 847119 gﬂ (FRY SFACHOPIEPPREGIIRE ‘&tjoﬂéﬂf‘{)%ﬁs, fifs
obt ai ni.ng two_kinds of oil_ fractions hayin boi | i oi nt. of .160-220C and
a boi | it ﬁ%@%onéﬁfefgeﬂ%woﬂlfdf%é ?}IFQ o fracfion ‘P}E‘g TBROYEIBRUTESIUTEE ¢ he
fluid catal ytic crackin nit and the operation.conditions. t.hereof; e
properti es,sa/l%%r?b%ﬂ’ériog%n ﬁ‘@ icel %ﬂ’etsﬁ‘%“Fye%#ﬁﬁ‘? 280ge FONGItEPNY KSAnGroASe éOct&‘t?';]ltc ked
oil fraction vary,. byt the clajnms Qf the present inventiaqn, are not
i et hemeophe pRBkEon Ty st  cRPhr RTwRR oY ke B b ey 16 Tt
(15/4C) 0.8953 0.8427
product.
In the method according to the  present invention, the
15  hydrodesulfurization/hydrodenitrogenation unit may be located downstream or upstream of the
distillation unit. In the case where the hydrodesulfurization/hydrodenitrogenation unit is
located downstream of the distillation unit, the effluent oil obtained by distilling the fluid
catalytic cracked oil fraction is subjected to hydrodesulfurization/hydrodenitrogenation.
Alternatively, in the case where the hydrodesulfurization/hydrodenitrogenation unit is located
20 upstream of the distillation unit, the fluid catalytic cracked oil fraction may be directly subjected
to hydrodesulfurization/hydrodenitrogenation, and then separated into the light oil fraction and
the heavy oil fraction.
In the former case, the light oil fraction and the heavy oil fraction are respectively

subjected to hydrodesulfurization/hydrodenitrogenation. Whereas, in the latter case, the whole

25  oil fraction is subjected to hydrodesulfurization/hydrodenitrogenation and then separated, thus



0.9297 Sul fur, wtppm 1,800 330 2,700 Nitrogen, wtppm 400 220 500 Aromati cs,
W% 75 65 80 Distillation, D86, r | BP 132 127 231 5% 186 162
WO 2010/061986 PCT/KR2008/006974

advantageously achieving a desired purpose through a simpler construction compared to the
former case.

In the present invention, a hydrocracking/dealkylation unit is used to react the highly
refined oil fraction obtained from the upstream hydrodesulfurization/hydrodenitrogenation unit

5 with hydrogen in the presence of the catalyst, thereby obtaining fuel gas, LPG and aromatics.

The catalyst used therein may be prepared by mixing 10~95 wt% of zeolite which is at
least one selected from the group consisting of mordenite, beta type zeolite and ZSM-5 type
zeolite and has a molar ratio of silica/alumina of 200 or less with 5~90 wt% of an inorganic
binder, thus preparing a mixture support, which is then implemented with 0.01~0.5 parts by

10 weight of platinum based on the total weight of the mixture support and then with tin or lead.
As such, tin may be supported in an amount of 0.1~5.0 parts by weight, or lead may be
supported in an amount of 0.02~5.0 parts by weight.

The catalyst causes dealkylation, transalkylation and hydrocracking of the feedstock in
at least one reactor within the reaction zone.

15 In the present invention, the oil fraction containing aromatic and non-aromatic
components through hydrodesulfurization/hydrodenitrogenation is introduced into the
hydrocracking/dealkylation unit at WHSV of 0.5~10 hr, and thus allowed to react under
conditions of temperature of 250~600C and pressure of 5~50 atm.

In the hydrocracking/dealkylation unit, dealkylation of the aromatic component and

20 the hydrocracking of the non-aromatic component occur under the above reaction conditions in
the presence of the catalyst, thereby obtaining fuel gas, LPG, and aromatics including benzene,
toluene and xylene.

On the other hand, an unconverted oil fraction resulting from the
hydrocracking/dealkylation may be mixed with the heavy oil fraction of the fluid catalytic

25 cracked oil fraction passed through the hydrodesulfurization/hydrodenitrogenation unit and thus
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may be produced in the form of low-sulfur gas oil.

Below, the present invention is described in more detail with reference to the
appended drawings. |

FIGS. 1 and 2 schematically illustrate the process of preparing LPG, low-sulfur gas oil

5 and aromatics together from the fluid catalytic cracked oil fraction according to embodiments of
the present invention.

As shown in FIG. 1, a fluid catalytic cracked oil fraction S1 is introduced into a
distillation unit U1, so that a light oil fraction is separated in the form of effluent oil S2 and a
heavy oil fraction is separated in the form of residual oil S3.

10 The effluent oil S2 is introduced into a hydrodesulfurization/hydrodenitrogenation unit
U2 to allow it to react with hydrogen S4 in the presence of a catalyst, thus removing sulfur and
nitrogen compounds which poison the catalyst, after which the treated oil fraction S5 is supplied
into a downstream hydrocracking/dealkylation unit U3 to allow it to react with hydrogen S4 in
the presence of a catalyst, and thus converted into fuel gas S6, LPG S7, aromatics S8 and an

15 unconverted oil fraction SO.

On the other hand, the residual oil S3 separated through the distillation unit U1 is
supplied into an additional hydrodesulfurization/hydrodenitrogenation unit U4 to allow it to
react with hydrogen S4 in the presence of a catalyst, thus preparing low-sulfur gas oil S10
having a low sulfur content. Further, the low-sulfur gas oil S10 may be mixed with at least

20 part of the unconverted oil fraction S9 produced through the hydrocracking/dealkylation unit
U3, resulting in low-sulfur gas oil S11.

As shown in FIG. 2, a fluid catalytic cracked oil fraction S1 is introduced into a
hydrodesulfurization/hydrodenitrogenation unit U20 to allow it to react with hydrogen S4 in the
presence of a catalyst, thus preparing an oil fraction S20 in which large amounts of sulfur and

25  nitrogen compounds are removed. . The oil fraction S20 is supplied into a distillation unit U21,



314 EP 319 212 321 EXAMPLE 2 The effluent oil of Table 1 of Exanple
1 was subj ected to hydrodesul furization/ hydrodenitrogenation in the
presence wO 2a100mi®wbyst. I n the presence of 15 any one seCEmR2dogwesmt he
group consi sting of commercial avail abl e desul furization catalysts,
hydrogen was added into a hi gh-pressure fix-bed reactor so that

hydr odesul furi zati on/ hydr odeni t rogenati on was perfornmed. The reaction
conditions and WD 2010/ 061986PCT/ KR2008/ 006974 results thereof are shown

b R TR S VR SHTERLEL0), E AL iy
eaction, Broduc, ey oL L Yg Skt 8ot LB Bholds RESRRL, GG Lon
Gperati on Conditl s, Wt agen ParcLal, PLASAHLS ol Bhiila 30 G Suboubel 300
sulfur and nitrogen compounds contained in the effluent oil S21 from the distillation unit U21
5 fall within an allowable limit for a catalyst for use in a downstream hydrocracking/dealkylation
unit U22.

In the hydrocracking/dealkylation unit U22, the effluent oil S21 is allowed to react
with hydrogen S4 in the presence of the catalyst, and thus converted into fuel gas S6, LPG S7,
aromatics S8 and an unconverted oil fraction S9.

10 On the other hand, the residual oil S22 separated through the distillation unit U21 may
be mixed with at least part of the unconverted oil fraction S9 produced through the
hydrocracking/dealkylation unit U22, thus preparing low-sulfur gas oil S23.

FIG. 3 illustrates the process which further includes supplying butane produced using
the process according to the present invention as a feedstock for an alkylation unit is a satellite

- 15 process of the fluid catalytic cracking unit.

Part of butane S31 which is C4 component in the LPG produced through the method
of the present invention may be mixed with a general butane mixture S35, and thus supplied as
a feedstock of an alkylation unit U31, and only propane S30 which is C3 component may be
separated and recovered.

20 In the present invention, because butane produced through the
hydrocracking/dealkylation unit U3 has a ratio of iso-butane to n-butane higher than that of the
general butane mixture S35, it may be supplied as a feedstock for the alkylation unit U31 which
is typically adopted as a satellite process of the fluid catalytic cracking unit U30, thereby
increasing the efficiency of the alkylation unit U31. That is, in the case where iso-butane is

25 contained in the feedstock for the alkylation unit in an amount larger than that of n-butane

10



Reaction Tenp., r 290 300 Reaction Product Result Sulfur, wtppm<1l <1

Ni trogen, wtppm<1l <1 Aromatics, wt%59.3 58.7 EXAMPLE 3 The

reacti on woaduwas19h Exanpl e 2 was subj ected to hydrocr aekirmgr2desalokyisat i on,

t hus preparing LPG and aromatics. 10A m xture support conposed of nordenite
having a nolar ratio of silica/alumna of 20 and y-alum na as a bi nder was
m xed with H2Pt C16 aqueous sol ution and SnCl2 aqueous sol ution such that

t he amount of nordenite in the support with the exception of platinum and

tin was 75 w% _Platinum.and. tjin e respectjvely s orted in anpbunts of
0. 05 par t o Yy es At BHIPIGInAF AL BjorhERaRE A Sete Bhin SRR RSO ohy

wei ght of the m xture, supp . Th S5 mxture, suppor.t thus.obtained S
7ol ded to KERREEN Gl HBREK ﬁ fn% aﬁﬂ‘i%g%g mayh be RhigiAcy, El?‘ﬁ‘ebéfr oS S0 c
for 12 hours, ~and then burned at 500C for 4 hours, thus preparing a

cat al yst . ?ﬁé“qn@é‘bftﬂi"‘cﬂ%nb@lﬁ@rned using a fix-bed reactor under
conditions (370C,_ 30 kg/cuf, H2/HC 5.3, SV 1.0 hr-1). The.re entative
yiel ds are shown FiG 4rilpstrates thegregsss vikgl frther }"\q%%}lﬁn%%ﬁr%%‘?l gésp ééo tanéd

5 according to the present invention as a feedstock for a hydrogen unit U40 and supplying

hydrogen S4  prepared  through the hydrogen unit U40 into  the
hydrodesulfurization/hydrodenitrogenation units U2, U4 and the hydrocracking/dealkylation
unit U3.

In the method according to the present invention, the fuel gas S6 which is converted

10 and separated through the hydrocracking/dealkylation unit U3 is composed of methane, ethane
and the like, having a relatively lower carbon number, and thus used as a feedstock for the
hydrogen unit U40 to supply hydrogen necessary for the
hydrodesulfurization/hydrodenitrogenation and hydrocracking/dealkylation. The fuel gas S6
produced by the method of the present invention has almost no olefin and hydrogen sulfide.

15  So, in the hydrogen unit U40, pretreatment for removal of sulfur compounds may be omitted,
and accordingly the plant investment cost may be reduced.

FIGS. 3 and 4 are based on the case where the distillation unit U1 is located upstream
of the hydrodesulfurization/hydrodenitrogenation units U2, U4 as shown in FIG. 1, but may be
equivalently applied even to the case of performing distillation following

20  hydrodesulfurization/hydrodenitrogenation as shown in FIG. 2.

[Mode for Invention]

A better understanding of the present invention may be obtained through the following
examples, which are set forth to illustrate, but are not to be construed to limit the present
invention.

25 - EXAMPLE 1

11



WO 2010/ 061986PCT/ KR2008/ 006974 H2 -2.68 C + C2 14.35 C3 29.37 ¢4 6.72 C5
+Non- Aromatics 3.81 Benzene 4.81 Tol uene 13. 38 Et hyl benzene 0.52 Xyl ene
13. 29 C9 woArnmmatds6s 16.43 EXAVPLE 4 I n addi ti oRCT(KEER@MOLE43,
using the fix-bed reactor, the reaction was continuously perfornmed for 330
hours or | onger under conditions (370 C, 30 kg/ca?, H2/HC 5.3, WHSV 1.0

As is apparent ﬁom Table 1 below, a fluid catalytic cracked oil fraction having a
boiling point of 160~300C serving as a feedstock was distilled under atmospheric conditions,
thus obtaining two kinds of oil fractions having a boiling point of 160~220C and a boiling
point 0f 220~300C.

5 Depending on the type of feedstock for the fluid catalytic cracking unit and the
operation conditions thereof, the properties, composition and yield of the resulting fluid catalytic

cracked oil fraction may vary, but the claims of the present invention are not limited thereto.

TABLE 1
10
Feedstock Effluent Oil Residual Oil
Sp.Gr. (15/47C) 0.8953 0.8427 0.9297
Sulfur, wtppm 1,800 330 2,700
Nitrogen, wtppm 400 220 500
Aromatics, wt% 75 65 80
Distillation, D-86, C
IBP 132 127 231
5% 186 162 242
10% 194 - 169 246
30% 214 181 251
50% 234 189 261
70% , 259 195 277
90% 294 203 303
95% 309 207 314
EP 319 212 321
EXAMPLE 2

The effluent oil of Table 1 of Example 1 was subjected to
hydrodesulfurization/hydrodenitrogenation in the presence of a catalyst. In the presence of

15 any one selected from the group consisting of commercial available desulfurization catalysts,
hydrogen was added into a  high-pressure  fix-bed reactor so  that

hydrodesulfurization/hydrodenitrogenation was performed. The reaction conditions and

12



5 hi-4). Even after a | apse of the reaction tine, the yields were confirned
to be stably nmaintained. The change in yield depending on the reaction tine
i s depi ctwo 200/060986 5. EXAMPLE 5 The residual oil of TalpCe/KR2068/(seapl e 1
was subjected to 10 hydrodesul furization/ hydrodenitrogenation in the
presence of a catalyst. In the presence of any one selected fromthe group
consi sting of commercial avail abl e desul furization catal ysts, hydrogen was
added into a high-pressure fix-bed reactor so that

hydr od I furj i op/ h denj [ . f d..Th ti

v ool ke PR RO2RAR, Briab s 6 50 RSB, e
f l.al. i ] abl.e 15 d | f.uri zat, tal 1 ti

(vPe, o COMRRE AR ALhAP S, R SRS b OB BB e

| ai f i nvent | t limt .th tq. TABLE 4 T f

OB o RS T R MBS AR, 18T, o Tvpe O

Pressure, kg/cal "713g A0 2010/ 061986PCT/ KR2008/ 006974 Gas/ G1, Nekl 100

LHSV, hi' 1 3.5 Reaction Tenp., r 320 330 Reaction Product Result Sulfur,
wt ppm 66> 46 Ni trogen, wtppm 81

Type of Catalyst/Amount I NiMo/AL O3/ 55¢c
Operation Conditions
Hydrogen Partial Pressure, kg/cit 30
Gas/Oil, Nm'/kl 300
LHSV, hr’ 1.2
Reaction Temp., C 290 300
Reaction Product Result
Sulfur, wtppm <1 <1
Nitrogen, wtppm <1 <1
Aromatics, wt% 59.3 58.7
EXAMPLE 3

The reaction product of Example 2 was subjected to hydrocracking/dealkylation, thus
preparing LPG and aromatics.

10 A mixture support composed of mordenite having a molar ratio of silica/alumina of 20
and y-alumina as a binder was mixed with H,PtCls aqueous solution and SnCl, aqueous
solution such that the amount of mordenite in the support with the exception of platinum and tin
was 75 wt%. Platinum and tin were respectively supported in amounts of 0.05 parts by weight
and 0.5 parts by weight based on total 100 parts by weight of the mixture support. The

15 mixture support thus obtained was molded to have a diameter of 1.5 mm and a length of 10
mm, dried at 200°C for 12 hours, and then burned at 500C for 4 hours, thus preparing a
catalyst. The reaction was performed using a fix-bed reactor under conditions (370°C, 30

kg/art, Hy/HC 5.3, WHSV 1.0hr").  The representative yields are shown in Table 3 below.

TABLE 3
20

Yield (wt%) Ex.3

13



57 EXAMPLE 6 The feedstock of Table 1 of Exanple 1 was subjected to

hydr odesul furi zati on/ hydrodeni trogenation in the presence of a catalyst.

Usi ng a cwobmatiesa 5 of two catal ysts sel ected from t heCgnReposuonitst i ng
of commerci al avail abl e desul furization catal ysts, hydrogen was added into
a high-pressure fix-bed reactor so that

hydr odesul furi zati on/ hydr odeni t rogenati on was perfornmed. The reaction
conditions and results thereof are shown in Table 5 bel ow. Depending on the

type of compercial available desul fw zation catalyst, the reactg®pn
conditionscqqcbj he properties of the reaction product nmy 10 §hkghtTy vary,
but the cl @3ms OT the present | Vet rUn are ot tTmtedt nere 37, |/-\
Type of Catgt yDLI Arroutit—Covb-A-203NHVOF A 2637—55¢¢ Operpat ot dtofs
Hydr ogen Partial Pressure |1n/ ad-42 CGas/ O - N3/ k1 220 !_HS\'/1 hre-1--0.72
Reacti on ] %NOI]’AWU%QPT i nn Product Result Sulfur _wtppm 3.81

Benzene 4.81

Toluene 13.38

Ethylbenzene 0.52

Xylene 13.29

C9 + Aromatics 1643

EXAMPLE 4

In addition to Example 3, using the fix-bed reactor, the reaction was continuously
performed for 330 hours or longer under conditions (370C, 30 kg/aw, Hy/HC 5.3, WHSV 1.0
5 hr'). Even after a lapse of the reaction time, the yields were confirmed to be stably

maintained. The change in yield depending on the reaction time is depicted in FIG. 5.

EXAMPLE 5
The residual oil of Table 1 of Example 1 was subjected to
10 hydrodesulfurization/hydrodenitrogenation in the presence of a catalyst. In the presence of
any one selected from the group consisting of commercial available desulfurization catalysts,
hydrogen was added into a  high-pressure  fix-bed reactor so  that
hydrodesulfurization/hydrodenitrogenation was performed. The reaction conditions and
results thereof are shown in Table 4 below. Depending on the type of commercial available
15 desulfurization catalyst, the reaction conditions and the properties of reaction product may

slightly vary but the claims of the present invention are not limited thereto.

TABLE 4
Type of Catalyst/ Amount I CoMo/Al, O3/ 100cc
| Operation Conditions
Hydrogen Partial Pressure, kg/cnt [ 32

14



6 Nitrogen, wtppm<1l Aromatics, W% 69 EXAMPLE 7
151 nt hefl ui dcat al yti ccrackedoi | fracti onsubj ectedto
hydr odesuwbuniozmidsen/ hydr ocl eni t rogenati on i n t he presemrce/KH2068y@ds7gen and

catal yst as in WO 2010/ 061986PCT/ KR2008/ 006974 Exanple 6, an oil

f eedst ock
bel ow was

distilled under atnospheric conditions, thus preparing an oil

fraction having a boiling point of 160-220 t and another oil fraction

havi ng a boi | i ngGaminiNgfkl 220- 300 . Dependi ng on the type ofiofl ui d

catal yti c[CracKifjgsyggdstock and The operation 5 cpnditions,zghe
roperties,——com SIII T_and-yirerd-of the resutttngftu catatyt oCT ac
(F;| | pfract an_na\ ];1% C’r’ the clains of the prncn'\f |§\21Q\n1‘| on :\r3(§ not
linited thﬁaqhanPrpAmtiReﬂlt Feedst ock Fffluent Q| Residual Q| Sulfur,
6 <1 10.7 Sulfur, wtppm 66 46
Nitrogen, wtppm 81 57
EXAMPLE 6

10

15

The feedstock of Table 1 of Example 1 was subjected to
hydrodesulfurization/hydrodenitrogenation in the presence of a catalyst. Using a combination
of two catalysts selected from the group consisting of commercial available desulfurization
catalysts, hydrogen was added into a high-pressure fix-bed reactor so that
hydrodesulfurization/hydrodenitrogenation was performed. The reaction conditions and
results thereof are shown in Table 5 below. Depending on the type of commercial available

desulfurization catalyst, the reaction conditions and the properties of the reaction product may

slightly vary, but the claims of the present invention are not limited thereto.
TABLE 5
Type of Catalyst/ Amount | CoMo/ALO3/NiMo/Al,O3/ 55¢c
Operation Conditions
Hydrogen Partial Pressure, kg/cif 42
Gas/Oil, Nm'/kl 220
LHSV, hr! 0.72
Reaction Temp., C 330
Reaction Product Result
Sulfur, wtppm 0
Nitrogen, wippm <1
Aromatics, wt% 69
EXAMPLE 7

In the fluid catalytic  cracked oil fraction  subjected to

hydrodesulfurization/hydrodenitrogenation in the presence of hydrogen and catalyst as in

15

fraction
havi ng a boiling point range of 160'-'300C as seen in Table 6

ked

ppm



Ni trogen, wtppm<1l <1 <1 Aromatics, W% 69 68.1 69.3 10EXAMPLE 8

The reaction product of Exanple 7 was subjected to

hydr ocr ackorglodesadsky| at i on, thus prepari ng LPG and ar omeCrasR2008/ed7al yst
was prepared in the sane manner as in Exanple 3, and the reaction was
performed using a fix-bed reactor under conditions (370 t , 30 kg/cd,
H2/1-1C 5.3, WHSV 1.0 hi' 15 1) The representative yields are shown in
Table 7 below. TABLE 7 Yield (% Ex. 8 H2 -2.44 O + C2 13.92 C3 27.62 (4

6.55 Example 6, an oil fraction feedstock having a boiling point range of 160~300TC as seen in

Table 6 below was distilled under atmospheric conditions, thus preparing an oil fraction having

a boiling point of 160~220°C and another oil fraction having a boiling point of 220~300C.
Depending on the type of fluid catalytic cracking feedstock and the operation
5 conditions, the properties, composition and yield of the resulting fluid catalytic cracked oil

fraction may vary, but the claims of the present invention are not limited thereto.

TABLE 6
Feedstock Effluent Oil Residual Oil
Sulfur, wtppm 6 <1 10.7
Nitrogen, wippm <1 <1 <1
Aromatics, wt% 69 68.1 69.3
10 EXAMPLE 8

The reaction product of Example 7 was subjected to hydrocracking/dealkylation, thus
preparing LPG and aromatics.

A catalyst was prepared in the same manner as in Example 3, and the reaction was
performed using a fix-bed reactor under conditions (370C, 30 kg/af, Hy/HC 5.3, WHSV 1.0 hr’

15 1. The representative yields are shown in Table 7 below.

TABLE 7

Yield (wt%) Ex. 8
H2 -2.44
Cl1+C2 13.92
C3 27.62
C4 6.55
C5 + Non-Aromatics 340
Benzene 5.17
Toluene 14.01
Ethylbenzene 0.54
Xylene 14.12
C9 + Aromatics . 17.11

16



CS + Non-Aromatics 3.40 Benzene 5.17 Tol uene 14.01 Et hyl benzene 0. 54 Xyl ene

14.12 C9 + Aromatics 17.11 [CLAIMS] [Caim1l ] A net hod of
pr epar i ngwbi2qualsiesd petrol eum gas, | ow sul fur gas oil amrdTaREHG06%4f rom a
fluid catalytic cracked oil fraction, conprising: 5(a) distilling a fluid

catalytic cracked oil fraction, thus separating the fluid catalytic cracked
oil fraction into effluent oil and residual oil;

(b) subj ecti ngt heeffl uent oi | obt ai nedin(a)to

hydr odesul fur[id%t&Mg / hydr odeni t rogenati on, thus renoving sul fur and

ni trogen conpounds fromthe effluent oil; 10(c) subjecting an aromatic

hydr ocar bon C@% din the effluent oil subjected to

hydr odesul f urizati on/ hydrodeni trogenati on, to deal kyl ati on, thus converting
the aromatic hydro ' LG ' in
whi ch benzene, toﬁgﬁ@%gﬁ&%ﬁ%@ﬁg@@gﬁ%@ﬁg%?fogn S a?ﬁ@%lio‘ﬁ%‘”ﬁlﬁ tbi o
non- aromat i ] r el.n to hydrocracking, thus converting
t he non-ar o%@%%r%@%ﬁ%&@@%ﬁb%ghﬁg&lﬁ%t o a liquefied 15 petrol eum
gas-enri ched non-gLo i I j Xt - .
recoveri ng fuel ggé), &ﬁlfa{ge%]?@g%%% r glr&reagi( n%i gég{sﬁaacrtlla ’aﬂrl%srrsaepzlgrg%ngfs @gﬁnﬁlﬁ%&&w

aromatic hy%%&%&%cﬁ&%&%ﬁ%u@&%ﬂé&ﬁ?re&h&ggicl;i ed petrol eum gas-enriched

non- ar omat i ocarbon m xture arned 1’n (c); and
(b) subjecting the effluent oil obtained in (@) to

hydrodesulfurization/hydrodenitrogenation, thus removing sulfur and nitrogen compounds from
- the effluent oil;

10 (c) subjecting an aromatic hydrocarbon compound in the effluent oil subjected to
hydrddesulﬁlrization/hydrodenitrogenation, to dealkylation, thus converting the aromatic
hydrocarbon compound into an aromatic hydrocarbon mixture in which benzene, toluene and
xylene are enriéhed, and subjecting a non-aromatic hydrocarbon compound therein to
hydrocracking, thus converting the non-aromatic hydrocarbon compound into a liquefied

15 petroleum gas-enriched non-aromatic hydrocarbon mixture;

(d) separately recovering fuel gas, liquefied petroleum gas and aromatics from the
aromatic hydrocarbon mixture and the liquefied petroleum gas-enriched non-aromatic
hydrocarbon mixture obtained in (c); and

(e) subjecting the residual oil obtained in (a) to

20  hydrodesulfurization/hydrodenitrogenation, thus obtaining low-sulfur gas oil.

[Claim 2]

A method of preparing liquefied petroleum gas, low-sulfur gas oil and aromatics from
a fluid catalytic cracked oil fraction, comprising;

(@ subjecting  a fluid catalytic cracked oil fraction  to

25  hydrodesulfurization/hydrodenitrogenation, thus removing sulfur and nitrogen compounds from

17



(e) subjectingtheresidual oi |l obtainedin(a)to 20

hydr odesul furi zati on/ hydr odeni t rogenati on, thus obtaining | ow sul fur gas
oi I . [C av02810/061986 A nethod of preparing |iquefied peCr®rum/mas4+

| ow-sul fur gas oil and aromatics froma fluid catalytic cracked oil
fraction, conprising: (a)subjectingafluidcatalyticcrackedoilfractionto 25
hydr odesul furi zati on/ hydr odeni t rogenati on, thus renoving sul fur and

ni trogen conpounds from WO 2010/ 061986PCT/ KR2008/ 006974 the oil fraction;
(b) distilli ngz,%?ti&e oil fraction subjected to

hydr odesul 5% Bh/ hydr odeni trogenation in (a), thus separating the oil

f i i ffl . Ol - @S] |, oidl.; . ' ' .

ar omat ¢ hydr ocalBaRlsRusRaehoT I et R fbsrods sl BH b oottt o
ti t tic h No) I tic hyd b

mixtare o OfeleREe e M GRSl S00 and Lubj ecting a

non-aronmatic hydl@%‘%’ﬁ

b d i h ) ‘ (
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[Claim 3]
The method according to claim 1 or 2, further comprising separating butane from the
15 recovered liquefied petroleum gas to supply butane into an alkylation unit for preparing alkylate
from the fluid catalytic cracked oil fraction.
[Claim 4]
The method according to claim 1 or 2, further comprising supplying all or part of the

recovered fuel gas into a hydrogen unit for producing hydrogen used for the

20  hydrodesulfurization/hydrodenitrogenation and the hydrocracking/dealkylation.
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