Speci ficati on ALUM NA HAVI NG A COWLEX PORE STRUCTURE, AND CATALYST
AND PROCESS FOR SELECTI VE HYDROGENATI ON OF CRACKI NG GASOLI NE Cross
Ref erence of Rel ated Applications The present application clains
the benefit of the Chinese Patent Applications No.200610029961. 0,
filed on August 11, 2006; 200610029963.x, filed on August 11, 2006;
and 20064:tikicqRdn 7, filed on Novenber 2, 2006, which are incorporated
herein by reference in their entirety and for all purposes. Field of
the I nvention The present invention relates to an al um na support
havi ng nul ti r Ct ur d
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pyrol ysis gasoline consisting of C5 hydrocarbons up to hydrocarbon
havi ng an end boiling point of 204 C or mddle distillates of

pyrol ysis gasoline, such as one consisting of C6 to C8 hydrocarbons.
Backgr oufiosyReference of BslateshApplicatigng he processing of hydrocar bons,
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| arge specific surface areas and good stabilities. A useful

appl i cat NoR0@6d 002496118 efilad on dyygadt il s, W065H1068402986 3w dlesyemAngush 11, 2006; and
cat al yst i e, 0 j I i : -
by~ pr odusl Oy BT R ForRoRRF2, 2p0s, G BlcSmERR e b reRbrence in ther
cr acki ngerftirgyradd fgualtipdreests.such as napht ha, gas oil, and the like, an
out put of pyrolysis gasoline may be about 60 wt.% or nore of the

t hroughput of ethylene. Pyrolysis gasoline is typically subjected at
first topRiddftht efG6n NYdrogenation to renove highly unsaturated
olefins, s P’iﬁe ?r%secxiﬁ %Q&t%%%l%e%( ea{heeilurgl%g SIIE rf)%rq h%%rr%g m%ﬁtqug gc_)r% tsg’gcqure and to a
hydr ogenati on" 0t enove nonoo efim a8 werPoas  fipdii th e8¢ dn ai ni ng
sul fur, gaitdlysogeda pexcyganed drdelebidvel iyd@genkkien by gyrolysie gheding)yin Padtiulsr, to a
gasoline is then mainly used for producing aromatic hydrocarbons,
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of pyrolysj I he i nly. Pd- s | §~ N - eg ..
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gasol i nepyrblysip @asblifd)bwch ok bh¢ cdigistihd¢f Ca0 g hpdtoaktymss gasol i ne, due to
t he presence of inpurities and poisons, such as unsaturated
conponents, guns (i.e., polyners resulted fromthe polynerization of
unsaturated conponents, such as dienes and styrene), heavy
conponenBackerowd ofthe Inveptiay netals, etc. in the feed to be treated
whi | e i ndusinr thglprgsiessmesofl laygkocgebary, alunyina suppetts e ey rueed duegiortheirshaving

the introductiagn of such a.feed directly to.a catal yst bed inside a
Feactor T der PR st Setehf Bt R d) Rt eaitlof T 08 fe o
acti vi t ysghoftd6f seRé@lelytroosnakiesl uadstofor baslysiigeause the Al 203 support
of the catalyst itself is hydrophilic, and thus preferenti all
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that the i f s ct. -1 h I hS.: .
cumber eas a6 Spil Y By R3S nad SRHE DI yRTUE"S: SR ot phelifis smpive
heavy comagmheribsyt 6l wgttner mgrenaf, thanidotdhpul okahdere. dgsdysizeghsoliteoisttiygceally
surface of .the catal yst_so as o, bl ock adsorbing-djffusi ng-desorbin
channel ss%echqaataf_{rﬁé%aﬁdéﬁr-ﬁegeofvdé?gep@&e_ttarff@'%enBlgﬂ"[th%tafaquy&f%rss such as
cunber edgiehédnP&lreNd, tahd Ment P& LRERLNSe Hydrop@HUERH AmdveShoR8kAHSE Wil as
t he bi ndi ng of poisons, such as heavy nétals, arsenic, etc., in the

feed to mopiriies sintaising sulfinenitrageal gssigeinyand theorky. ThohydiretzaatedpyrqlByjs gasoline

l'i gh .S, Whi ' h i) dul vy.
o as. §oraiicEe Pyt Gl dR o RRN i P CRENEE ltrespt B p B o

heavy coffeoRRptive Whirédenaidh BDpRolkik dasdlink |ave Myl PaIrAb&D cathlldts or Ni-based
inconpletely react so as to render product unqualified. These w I
resul t i eetelligis Pyingquarlieetiveohydrogenaionr igaqtion At Pyrelusie gpsalipey in garticular full

boiling range pyrolysis gasoline, due to the presence of impurities and poisons, such as

unsaturated components, gums (i.e., polymers resulted from the polymerization of unsaturated
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Chi nese Patent Application CN1181165A di scl oses a sel ective

hydr ogenati on catal yst consisting of 0.15 to 0.5 wt.%of Pd, 0.1 to
3.0 wt. % of an oxide of an alkaline earth netal, and al um na support,
wherein the al um na support has a specific surface area of 50 to 150
nm2/ g and a pore volunme of 0.35 to 0.55 cnB/g, and pores having a pore
radi us ofonmpddeits) shéh 43 d@ﬂe@ﬁxﬁi’dtﬁ@nd)ﬂfe@vﬁ QalpoREts, Blee W tHRER/ m@t@lrseetc in the

volunme. It is said that the catalyst is suitable for not only a
first-stfge tgebeedrrtod Wiler uridel planisf laply isonayallys etieatior i pretresting anepos.athe

process . g I t d
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a higher activityat lower tenperature, a good selectivity, and

good t ol emalreca; (1 aWa\trerofa}mjca@lm s reducpd ot lpstgaecalgeﬂeﬂwaa\rymmnwnctms ohgomer

| ength and serv fetime of the yst,. Su I nventi on
A b eoBBT Pk b BT 1% 180t bt (6 TS U REE SHBPOT coon b1 g Dotk
mul ti pl eadd@FenSdiffuihEEGrBMIEEIRINReLS BE tifk W RBorpHOP OF teabi@dsts Q)nﬁ)oﬂ‘@lcfaiagzst is
surface area of from40 to 160 n2/g and a total pore volune of from

0.3 to 1cumbenl () aetivirod theglatatst isredyeedeey lerabeaagseant therandingpfencésong fsuch as
| ess tha es. 5. t 9 t 0 , nore.
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havi ng a pore_di aneter of |arger than 60nm conprises 20 to 60 % of
t he t ot aViejoplearopatic ﬁ’@dmCarbonsAﬁB?rH@r"elﬁb]h%’ﬂ’ WMPERES WA g i qigicultly

provi de ¢ I i
Uit 1 pl o Sov@ngE i indBRAY et 1FaciitbucE pHTLORSRRRE THAY A et in
is to prdatde qaaluatoﬁlthesdpetmed of dre c&&tﬂ)ectslrvcmchy airrd)@nemb icpele tfngth and service
pyr ol ysi aso onpris m na, su ort accordin
to the |ﬁfﬁg‘ ‘Hjntﬂe &H yst are Elﬂf)r%ée‘bfottéatlthezcwﬁi/ P 1ot &F VA9 29, TGRenGR thd
pal | adi Uf%@)&h@f%atﬁ?&@ﬁa\@ﬁg FRiveg! ight Bfe 1dEma M %tl%b'l@ﬂ@(g& -pore diameters
Still another object of the inventionis to provide a process for

sel ect i velay rdulypcy ibg eniddvipreg gampyndnfrgesw@elgmstm tatdysts engthius Rregnaro trtlerentite he

under ny B SnERR dicerndh bitph B nEh Tl ECERM e Rt ik W} e

Enbodi meHegeby prolbnkidde felyéls lerpBPQL sertidelifefis %Mhd QLY. KNpRE QULERS of a
an al um na support having nultiple pore structure, wherein the

al uni na SUAPEBPG caialustas deisENNE by i SuRpert Apranng her sahyss0andothg grengpitign of a

and a to
or ee havitRgR Stny SHtR o8 1alol Bedoful Cind iRl O oBRY Bark ALY psuring
t he t ot athapthe eatdlybtthiae go@l oty wdbwete@perparectierbfovd R@ kay parthe ﬂﬂeﬁifﬁﬁc&ﬂ’of a
of from3Q to 60 nm caonp rlseg\ﬁzo to 75 % aof the total C{gg vol une;

r

and a poP@esiye imdrogemajien sakish fon §YRIystraselingnity partigian 3 hydrozenelan saiAkst

conpri se§seddl {hoh8Gydro@inatibe o At Al PALiS: Yéﬁb&“ﬁ?roly;gﬁega%hﬂg R&visHRRREHer gum
has a nultiple poré distribution and a | argei probabl e pore di aneter.

I n a prefenrentdndabighérfmatwaterigentahtuni na support havi ng rrul tiple pore
structure h CIfIC sur f.ace ar ea,

Soral bore Jor IESER b Ger thaEhe teR, Ry OF S hCHIRRiA f WAl in the
havi ng apppa@tiei afgk&idobdehhf®s alidtadival, AMHEO MY hdaRlidy bo phuddbhmitbeas a
total pore volune; a pore volune of pores havi n? a pore dianeter of

from 30 PEOCES cemmEBhbEscdes tho prer #p for, pEPaE A AlANING SPEPAbhHRE lasgsy pare
pore vol pore dianeter of larger than 60nm

conpri segggﬁlg @%&&f‘/y&?‘éeﬁ&%m al pore volune. In a further preferred
enbodi ment, GNIFo4e3Modistieseofa faadess fon @vdpatnga parldeddilanigt enpmirt havdg a large

pore volume, comprising mixing aluminum ammonium carbonate and a nitrogen-containing

compound other than acids, moulding and calcining at 350 to 650 °C for 1 to 8 hours. The
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In the process according to the invention, the drying of the noul ded
m xture may be perfornmed at a tenperature of 50 to 100 Cfor 1 to 24
hours. In the process according to the invention, the cal cining may

be carried out at a tenperature of from800 to 1150 C, preferably
from900 to 1100 C for Ito 10 hours, preferably for 2 to 8 hours.

The sol - fppért gtaiagPh thikSbedss hds at d@@mﬁ’é QRAcAke® Bf 200 1380 &b afd®a mean pore
support according to the invention nmeans substance that can reacts
with an HP@eEH 250 Ahn8 uni na precursor to forn1a sol, such as

monocar boxy G 682088 difcfse£% efy fofr% unﬁﬁaegl!l oﬁcxlvqh dual apertures,
pr opanoi c acl but anol ¢ aci etc. Fcar oxy IC acl or

pol ycar bmnyﬂrnsmganmdg anf a:lnmmadtyﬂfaee, withi (amxmganamntd;mm&cempbua@ iother diah racies
acid, etc an, ydrl Weak base salts of said carboxylic acids;

i nor gani @Yo ?o‘f‘? 5& |3l ca ‘B‘r“gé‘ié%wegsomct for d tadpdwuﬁya?(%ewp'aﬁd gupport
aci d, et Ggisuang &@'dk%ﬁ?x%oﬁ ftl{a?Q% %%@lﬁn §%o e%’ﬁﬁm%]% ?% HThBL L ¢ aioenm
ni ckel ous nitra e, alumnumtric l'ori de. fal um nuth sul ate, etc.

bi nder useipnises 3d tbe@"/mfebamatl ipore vofuniche paﬂewniurm: (ﬁtpprm m'avxagaq)méldmgndm of

the inveptio ans subst can_ bind varlou u owder
{ocet hor g ol an Samens L6 S0 e Bnpep s ohd il hees yAleahperes
sols, f Oﬁaw& dlaﬁlek&noﬁ?eﬁ @an 18nhd, 6pp&eY ha\/?ﬁgca ?o@@%n%@'ér%@%roﬁl lafef than

as pol yvi nyl” al cohol s, polyacrylic acids, polymethacrylic acids,
pol y(vi nyd naces ksetheo- i@@hxyfnem@ of pmtg/élwn@mepmmdhqmﬂtqrmﬁ adieelsn 1200 nm

h b to 100, 000

or ef or ab RGN D074 8 BORGOE NG, Bt efainrd SPahiagD 8 g ges 005 ©

Pr ef er abbg mrhdig. sol - f or mi ng agent and/or the binder are/is at |east

one selected fromthe group consisting of nitric acid, acetic acid,

citric aci dCNAPHIRSAA disslosessd prpeess 6 PreDAIRE BRORIIGYS SMITRIBR SIRPOYHWIPRGINg
nmb 0

2.O|nu ¢ o(r-:‘rm ?%r?%glg%%l@n gﬁﬁo{ E\%\)‘?‘ﬁ% stglhn t%?megs t%gn t7(5}’/04199 g?l r%rﬁ:lm{% pore ff-nlargnng

er are/1s used in an a
0.2 to 28pent nYoulddieihe maktuye faﬂchSHl@mﬁg tie rhOldiMgs % 6tmamen] 00 Ct foe 050kl Mhours.
contents_of the mxture obtained in the step (i Jn the above
pr ocess, Thiasupporraltained ¥ dus process hand ke V@fumerfaf Bt 1 écrgsg,%ns;povvélhewpg a
of the s h ). The
vater g baoGAE §Ffkchhah 1fy B kbib R T\ IR W bt FRbL) et on
medi um of adilbher430Ameiaera process Iﬂn@rdpsmuhg]‘a maqropmhowmlurﬁma)pmpportaddn;pnsmg
used in the above process, .includes conpounds of elenents from S
IA, 1 1A, mixng anglpmipa byfrateyaittpppore grlaremgiseent. moelding and 841?1§m3ﬁ86(8&tpc§é§ C
of K, Cag I
i xt i o0 HeP i 19 obfeBRd SQFRALBLS: pEARIPRAE St QA0 20K, o pore
conbi nat vadnmebf a6 tbdastmbpen spenifiosndaefarel enisntt¢ 2P0 fr’enad enpad aMbunt of
and VA oh g er| |c Table with at | east one conmpound of el enent(s)
fromGo ﬁ gtA of the Periodic Table, such as a conbination
of at |east Tﬁ@sen eﬁmegeeﬁ %{aec;lﬁaughréametsh? p s HdPing 9&%@19 raggeqioresedlﬁﬁes can
and oxides of K, Ca, Mj and Ba with east oneé nenber selected from
t he groupe pnuEsd by rmgmefa Birg |et;1@rgmgoargﬁou eieh mﬁommﬂmnﬁmg ptheunt of

The nodifier may us Munt, { nt.
the o oup g i PRl b ce B PorSig BB Sl g
20. 0 W . Vorteraber abihy Iﬁd’r@réh&rang @gehl Gs Whed”in bm&sﬂepambtm $tol dffdct mlght be

contents_of the m xture gbtained in the step (i The nDuIdlqg
the stepinepRspicgpus; Wéeféﬁd\f/@emoffc"é%%glﬁ&%%éw@é‘Fdr‘F’é‘da"cgﬁ’t arpgng it might a Versely

convent n nto tablets,
v ' t %Bﬁﬁﬁés%f tﬁe%Pﬁcg'?'gQJhea’s n¥hHRAPSERISHNY | .

rolling i ets, ext 'ng into strips, and the like. In a
preferred eﬁihmdsem?atem tAlpp i cavioh dCNg63SQS434c ocbsqhdses lae catilystamsee xfor ube ealective

process. In.the thir ect res i nventi on pr.ovi

Cat ol yet hukesrnfiisy Qupsa RG-S genPor e 2 Byl o pepuBistithe hereor

conpri si Mg alumina(sBppdr@nlitdn B3 v YPPOI allR e O bt ethCortdAxi dRMBRE fRfkposed
on its surface, and contains Pd and Mo, alternatively, Pd and W, as active components, wherein

the content of Pd is in a range of from 0.24 to 0.35 wt.%, and weight ratio of Pd to Mo or Pd to
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Example 1 380 g of boehmte, 20 g of 8-alumna, 12 g of Sesbania
cannabi na powder, 20 g of 5 wt.% aqueous sol ution of pol yvinyl

al cohol (nunber average nol ecul ar wei ght=1750), 4.5 g of acetic acid,
and 4.5 g of citric acid were m xed together, and then extruded into
9 2.5 mmtrilobal extrudes. The wet extrudes were dried at 100 C for

2 hours, wanGh h heBe 68#rérh Nads &1:9901 fs shiditha thrQatadyst &4 1EIWEd A (RIBRIBSenation

ZO. The specific surface area, pore volune, probable pore dianeter,

and pore© flsm Codistidations. inhpartieaiasofs (6 erw dalatiprsdobyyrakypie gespline, and
intrusio |

> e L RS RSl RO ol PR PPAR & F B R b
cannabi naalq:vameleo guiS, andt shablet adivirgudowsves otheltpaent quhpax[cmvns nylent about the
al cohol g)unber avera&e nol ecul ar wei ght =1750), and 4.0 g of nitric

aci d wer ®l5neeaf ths Gaehehto “altg t hen extruded into 9 2.5 nmtril obal
extrudes. Tigiel Pﬁéﬁr@t@‘ﬁ%@@"@ dREIb&S alatakAP ugédffef tk% Jefék'{n?e h@?@g&m of
calcined at 900 C for 8 hours, to give a support . The speci

surface ayrelsisgasobne ad welkbas mpﬂnatﬁn@np@sfethdueaﬁﬁ"he patalamtopmrlsﬁs titania-alumina

distributio of the s rt were asured C intrusio
et hod. FHRPPRSLA REPSH BCREREP i doistpoterd Sy et s bammg el suggpr.
g of pseydeRrahdtdent émeﬁlpaflsc’@ﬁl td 101 338wt.%4 Zaledddn @@&hﬁmf }ﬁ@m@%ﬁ@st It
powder, 30 g of 5 wt.% aqueous sol ution of EOl yvinyl alco (nunber

¢4

aver age tﬁosaetwlnaérthmmgwmazsbs Jopenatgd gurgerg high speea W@loqbi af \ﬁ@deamh Rasdgood

ext  ucos SRR PRL RS BB R iy By OB Rl e 80 cabf Hihaer

for 4 houfidgunisd give a support Z2. The specific surface area, pore
vol une, probabl e pore dianeter, and Eore di stribution of the support

72 were nmeadinss Hytereroptisationt FRILISIAOHe tdisslpsesTRAeselestig ﬂixdrag@ag%\ﬁﬁa yst
in the T@&{s i 9?(? ?Wto HPL 6 Ad, 0.1 to%%)w@yocff aﬂ%gﬁg%l??ﬁgmafu?e o2t Il Odnd
0- al um na, E % )ani a canrabi na po g o W 0% agueous

sol ution ahufnnmduppomya}hemﬁrcthh @lun(inusvipport hasar&pgcaﬁasmir&cuhxaa ofnE] ghitse ﬁf@n,d a

4.0 g of n|tr ac 4gof | um pa.sol (alu

wt . % e PR ol %@a PGS PYREdR P Fda‘g]“%o%g Bt P g arovide
extrudes mo}-@ﬁxaﬂ@t)%e?ﬁt trhUQ@tﬁl f%’ré Q/oﬁllrr'rleeﬂ i8tsai@ Qe thOtatd ﬂqgrsﬁltab‘%ﬂ'fbr tn'@?ﬁ'nly a
calcined at 1100 C for 2 hours, to give a support § The specific
surface dirgatagpoelectiv hy@OgepaMabf @yplyses disaleg dpt akada poeasss of selectively

et hod. - THGoFaaiA SR STl SEReTRaR ™ot B ik, PR 8 hBbolgns

g of anoiRReus, ak kiﬂi’al?btrﬂabﬁdé@maljﬁhlgﬁa&w@ t@hpddataleUsdnBe pét@ntgip?lflcatlon is also
Sesbani a cannabi na powder, of 5 wt.% aqueous solution o

pol yvi nylsilegt émthemmoféh/@ﬂé@ét iPOVB A LUME| ght =1750), 6.0 g of
21' ';(r6IdC t g‘;;?ﬁfehr%{%qhéél O%hrgnaf%lstg %?f&? ?éc?lw H%d?ggeggt%tneﬁk /st %Rlé:})ﬁc?nu e@@fa‘f‘\ed
The wet exddrudeghenspaze deloeidy af a &tdGnl dis 6 higher sctivandt toven taglecitireda gdod

1100 C for, 2 hours, to give a support Z4. The spfecifi c surfac

pore vol SHECUHVHYGBdtH BOYOPITAIFS fethater anhguipt te Pl TR G ol feth and
support Z4WeligiiRaTWeady mercury intrusi on nethod. The results are
shown in the Table 1 below Exanple 6 40 g of pseudoboehmte, 360
g of a-alumna, 12 g of Sesbani a cannabi na powder, 3.0 g of emul sion
of poly(vinyl acetate-co-ethylene) (VAE707, having a solid content of
54. 5% avwaningblyef thedmventéonSi chuan Vi nyl on Factory, China Petrol eum

and Cheni cal AfCotjgo bath'edm\)entl&n 3 tg padvidei dnrahenias swhpoamdviBg grubtipla paraistrunture,

nitrate were m xed together, and then extrude i nt i | ohal
ext r udes “HSEIRbE ABIRHRY BPBORERLA BHFEY SHEAS T cﬁfonzgo befﬁ@sm Taed ¢ fdd pore

cal ¢l ned Bhnk i drdm 0o i DU, E)Qre%\r&n@oﬁw&onév@ IR SREE §ti16ss than

surface area, pore vol une, prcobable pore dianeter nd por e

di stri butlioom cofmptibes Sstrpp@r% oZ Shaverta poeasalumeel dHpomerotwme of ponesibirong a pore
diameter of from 30 to 60 nm comprises 20 to 75 % of the total pore volume; and a pore volume

of pores having a pore diameter of larger than 60nm comprises 20 to 60 % of the total pore
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6 Conp. Ex. 1 Support ZO Z1 Z2 Z3 Z4 Z5 D1 Specific surface area,
n2/g 140.5 139.2 108.5 65.4 53.8 46.7 102. 3 pore volune, cnB/g 0.42
0.65 0.78 0.92 1.08

volume.
Another object of the invention is to provide a process for preparing the above alumina
support having multiple pore structure.
Still another object of the invention is to provide a catalyst used for selective
hydrogenation of a pyrolysis gasoline, comprising:
(2) the alumina support according to the invention; and
(b) 0.01 to 1.2 wt.% of metal palladium or palladium oxides, based on the weight of the
alumina support.
Still another object of the invention is to provide a process for selectively hydrogenating a
pyrolysis gasoline, comprising contacting the pyrolysis gasoline with the catalyst according to

the invention under hydrogenation conditions.

Detailed Description of the Preferred Embodiments
In the first aspect, the present invention provides an alumina support having multiple pore

structure, wherein the alumina support has a specific surface area of from 40 to 160 m*/g and a
total pore volume of from 0.3 to 1.2 cm’/g; a pore volume of pores having a pore diameter of
less than 30nm comprises 5 to 60 % of the total pore volume; a pore volume of pores having a
pore diameter of from 30 to 60 nm comprises 20 to 75 % of the total pore volume; and a pore
volume of pores having a pore diameter of larger than 60nm comprises 20 to 60 % of the total
pore volume. The alumina support has a multiple pore distribution and a larger probable pore
diameter.

In a preferred embodiment, the alumina support having multiple pore structure has a
specific surface area of from 50 to 150 m?/g and a total pore volume of from 0.4 to 1.0 cm®/g; a
pore volume of pores having a pore diameter of less than 30 nm comprises 5 to 55 % of the total
pore volume; a pore volume of pores having a pore diameter of from 30 to 60 nm comprises 20
to 72 % of the total pore volume; and a pore volume of pores having a pore diameter of larger
than 60nm comprises 20 to 45 % of the total pore volume. In a further preferred embodiment, a
pore volume of pores having a pore diameter of less than 10 nm comprises 0 to 10 % of the total
pore volume.

In a preferred embodiment, the alumina support having multiple pore structure further
comprises: (a) 0.1 to 1.5 wt.%, preferably 0.2 to 0.8 wt.% of at least one metal selected from the
group consisting of alkali metals and alkaline earth metals and presented in a form of salt(s)

and/or oxide(s) thereof; and/or (b) 0.1 to 20.0 wt.%, preferably 0.2 to 10.0 wt.% of at least one
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1.10 0.56 Probable pore dianeter, run 19 20 25 27 27 28 22 Pore
distribution %<10nm8.0 2.0 1.0 0.5 0.2 0.1 12.5 <30nm 55

element selected from the group consisting of elements of Group IVA and Group VA of the
Periodic Table and presented in a form of compound(s) thereof, with all the percentages being
based on the weight of the alumina support. The above component (a) is preferably at least one
selected from the group consisting of K, Ca, Mg and Ba and presented in a form of salt(s) and/or
oxide(s) thereof; and the above component (b) is preferably at least one selected from the group
consisting of Si and P and presented in a form of compound(s), in particular, oxide(s) thereof.

Without limited to a particular theory, it is believed that the above component (a) can adjust
acidity of the support, neutralize strong acidic sites of the support, and improve the dispersion of
active component, and that the above component (a) can alter phase inversion temperature of the
alumina support so as to ensure that the alumina support still have a relatively large specific
surface area after being calcined at a relatively high temperature. Without limited to a particular
theory, it is believed that the above component (b) can adjust hydrophobicity of the alumina
support, alter acidity of the alumina support, and strengthen the interaction between the later
supported metal and the support. It is believed that the combination of the above components (a)
and (b) will aid to improve catalytic activity at lower temperature, selectivity, free water
tolerance, impurities tolerance (such as heavy metal tolerance) of a catalyst prepared from the
alumina support.

The alumina support having multiple pore structure is a composition comprising alumina

A and alumina B, wherein the alumina A is derived from at least one alumina precursor selected
from the group consisting of pseudoboehmite, alumina trihydrate, boehmite, and amorphous
aluminum hydroxide; the alumina B is at least one selected from the group consisting of
y-alumina, n-alumina, d-alumina, 6-alumina, k-alumina and a-alumina; and a weight ratio of the
alumina A to the alumina B is in a range of from 1:0.05 to 1:10.0. Preferably, the alumina A is
derived from at least one alumina precursor selected from the group consisting of
pseudoboehmite, amorphous aluminum hydroxide and boehmite, the alumina B is at least one
selected from the group consisting of 6-alumina, 8-alumina and a-alumina, and the weight ratio
of the alumina A to the alumina B is in a range of from 1:0.1 to 1:5.0. More preferably, the
alumina A is derived from at least one alumina precursor selected from the group consisting of
pseudoboehmite and amorphous aluminum hydroxide, the alumina B is at least one selected
from the group consisting of 3-alumina, 6-alumina and o-alumina, and the weight ratio of the
alumina A to the alumina B is in a range of from 1:0.2 to 1:4.0.

In the second aspect, the present invention provides a process for preparing the alumina

support having multiple pore structure, comprising:

6



53 35 6.5 5.85.392.6 30 to 60nm 25 25 37 71.6 48 42.0 3.8 >60nin
20 22 28 21.9 46.2 52.7 3.6

(i) mixing the at least one precursor of the alumina A, the at least one alumina B, water, a
sol-forming agent and/or a binder, and optionally a modifier in desired proportions, to provide a
mixture;

(i1) moulding the mixture from the step (i); and

(1i1) drying the moulded mixture, and then calcining it.

In the process according to the invention, the drying of the moulded mixture may be
performed at a temperature of 50 to 100 °C for 1 to 24 hours. In the process according to the
invention, the calcining may be carried out at a temperature of from 800 to 1150 °C, preferably
from 900 to 1100 °C for 1 to 10 hours, preferably for 2 to 8 hours.

The sol-forming agent useful in the preparation of the alumina support according to the
invention means substance that can reacts with an alumina or an alumina precursor to form a sol,
such as monocarboxylic acids, for example, formic acid, acetic acid, propanoic acid, butanoic
acid, etc.; dicarboxylic acids or polycarboxylic acids, for example, succinic acid, maleic acid,
citric acid, etc.; anhydrides and weak base salts of said carboxylic acids; inorganic monoprotic
acids, for example, nitric acid, hydrochloric acid, etc.; and salts of strong acids, for example,
aluminum nitrate, nickelous nitrate, aluminum trichloride, aluminum sulfate, etc. The binder
useful in the preparation of the alumina support according to the invention means substance that
can bind various alumina powder together at room temperature or lower temperature, such as
inorganic sols, for example, alumina sol, silica sol, etc.; and polymers, such as polyvinyl
alcohols, polyacrylic acids, polymethacrylic acids, poly(vinyl acetate-co-ethylene), polystyrene
and polybutadiene, having a number average molecular weight of from 500 to 100,000,
preferably from 700 to 50,000, more preferably from 800 to 30,000. Preferably, the sol-forming
agent and/or the binder are/is at least one selected from the group consisting of nitric acid, acetic
acid, citric acid, alumina sol, silica sol, and polyvinyl alcohols (having a number average
molecular weight of from 1000 to 4000). The sol-forming agent and/or the binder are/is used in
an amount of from 0.2 to 20 wt.%, preferably from 0.5 to 10 wt.%, based on the solid contents of
the mixture obtained in the step (i).

In the above process, water may be used in an amount of from 60 to 95 % by weight of the
solid contents of the mixture obtained in the step (i). The water may be added alone,
alternatively, as a solvent or a dispersion medium of another component.

The modifier, which is optionally used in the above process, includes compounds of
elements from Groups IA, IIA, IVA, and VA of the Periodic Table, such as salts and oxides of K,

Ca, Mg and Ba, silicon compounds, phosphorus compounds, and mixtures thereof. In a preferred
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Exanples 7 to 12 illustrate the performance of catal ysts prepared
fromthe supports of the invention in the first-stage hydrogenation

of a full boiling range pyrolysis gasoline containing high content
guns and high content free water. Exanple 7 60 g of the support
ZO as prepared in Exanple 1 was inpregnated in 300nml of PdCl2
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content BrotE e o PeaRr S reisRe Bhomighigh heh Bed b repér Qicckea
Exanpl e fom the AroRflcb@sgithg GRlsalksysid ¥ided@ds KR IRD B Lshd BO Mt Jeadf orfehBember
support Z1 as Erepared in Exanple 2 through the inpregnation process
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cont ent pﬁoc@s,ﬂ‘omﬁxa%plda@sedmpwsmrelmoeiaglhts mﬂlntghetoaieilms,rmctmdpg@mtb strips, and
Example 11.. A Pd-based .cat aI t CA4 was.prepar.e rom t he
Support 3 like IRAERAREd SH Bl BOURRE iR s et SErORT B s
as descri bedh i e BradPhdedt; thbepreaheliedntibRdhravileh GonheRtt Qbedl o Welelve
based on the wei ght of the al um na support. Exanple 12 A Pd- based
cat al ysthmomsthﬂr%f@@wwsfsrgﬁml%, @mpfishBe support Z5 as prepared in

Exanple 6 t re a escribed in Exanple 7.
The catal ys haegau gs%%g ag&%lpggog' gﬁ}%nbgnsdcejd on the wei ght of the
al um na suppera.o1 onpawtat iof endet aPddiur? or palfadReh brigey bagidanytht welght WAthe

pr epar ed from 60 g of the support DI as prepared in Conparative
Exanpl e HugipagyBPeTt he i npregnati on process as described in Exanple 7.
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and a free water con ent of 1 ppm as feedstock. The feedstock
cont ai nedeld&fy, wkhibito o&b attiviy cat dpyenmpéafirest sebdcofityCnd stal@fity, and has high

hydr ocar bons. a 201 % of ar bo and had a di ene val ue

of 27. 12Caﬁc‘%w%rqué‘élh\{él%@ﬁt 5?’?‘!‘5 anég%gtc%tﬁm d‘l’aﬁ ons were as

follows: tenmeahisefae inMdhRion4Omprised pREFINIL TS &S Moavt 96 OhbiEr&BRBK 0.1 to
velocity of fresh 0i1=3.8 lit, recycle ratio=2.63, and volune ratio

of hydr o§érit% obmetaBpallpdiumher F@U@dll!ratoi’(@ﬁs bessdlon sheavaighi jobakymiing support.
Table 2 bel G¥e Cfn;g@??ﬂy%rtﬁe I?ﬁ% rgggjglp)ée?)&rg?élﬁgl?ghvglc&ﬁ/eﬁlﬁongpgﬂe‘ﬂtla)(er Qatalyst

i odi ne/ 100 g oi ogena |on
impregnation technique. For example, the catalyst of the invention may be prepared as follows: a

support is optionally pre-impregnated at first with a liquid which is miscible with a Pa
salt-containing impregnating liquid, and then is impregnated with the Pa salt-containing
impregnating liquid, and then the impregnated support is washed, dried, and calcined in air at a
temperature of from 300 to 600 °C, to give a finished oxidized catalyst product. The finished
catalyst product can be used after having been reduced in reactor by hydrogen gas.

The catalyst of the invention is suitable for the selective hydrogenation of alkynes,

conjugated dienes, and the like in petrolic hydrocarbons, including the hydrogenation of full
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boiling range pyrolysis gasoline (consisting of Cs hydrocarbons up to hydrocarbon having an end
boiling point of 204 °C) or middle distillates of pyrolysis gasoline, such as one consisting of Cg
to Cg hydrocarbons.

Thus, in the fourth aspect, the present invention provides a process for selectively
hydrogenating a pyrolysis gasoline, comprising contacting the pyrolysis gasoline with the
selective hydrogenation catalyst according to the invention under hydrogenation conditions.

The process for selectively hydrogenating the pyrolysis gasoline may be carried out in a
manner well known by those skilled in the art.

In the case where the feed is a full boiling range pyrolysis gasoline containing high content
gums and high content free water, the presence of micropores in the catalyst will result in that
the catalyst is deactivated more easily, because the free water and macromolecules such as the
gums adsorbed by the micropores are more difficult of being desorbed so that the catalyst is
rendered oleophobic or the specific surface area of the catalyst is reduced. On the contrary,
macropores will facilitate the reduction of surface tension so that water adsorbed by the catalyst
may be in equilibrium with water in the feed and thus “come and go freely”, and the water
adsorbed by the catalyst may be even desorbed in the case where water content of the feed is
lower. Macroporous supports, however, have generally a less specific surface area, and this is
not in favor of the dispersion of the active component. Activity of a catalyst is mainly
determined by active surface area of the catalyst, which is in turn related with the specific
surface area of the support — a larger specific surface area of the support is in favor of the
dispersion of the active component, thereby enhancing the activity of the catalyst.

The alumina support having multiple pore structure according to the invention has a
relatively large pore volume, a relatively large specific surface area and a relatively large
probable pore diameter, and various pores provide a suitable proportion of pore volume, wherein
a pore volume of pores having a pore diameter of from 30 to 60 nm comprises 20 to 75 % of the
total pore volume, a pore volume of micropores having a pore diameter of less than 10nm
comprises 0 to 10% of the total pore volume, and the specific surface area of the support is
mainly provided by pores having medium pore diameter in narrow distribution. When used in
the selective hydrogenation of a full boiling range pyrolysis gasoline (consisting of Cs
hydrocarbons up to hydrocarbon having an end boiling point of 204 °C), the catalyst based on
the alumina support having multiple pore structure according to the invention exhibits good
activity at lower temperature, selectivity and stability, and has good tolerance to high content

gums and high content free water. Under the following conditions: inlet temperature = 40 °C,
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100 Conp. Ex. 2 CD1 3.4 86.4 It can be seen fromthe data shown
in the Table 2 that the catalysts of the invention are suitable for
the first-stage hydrogenation of the full boiling range pyrolysis
gasol i ne contai ning hi gher content guns and hi gher content free

water, with their perfornmance being markedly superior to that of the
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to give a nodified alum na support having nmultiple pore structure,
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8
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of acetic acid were mixed together, and then extruded into ¢ 2.5 mm trilobal extrudes. The wet

extrudes were dried at 50 °C for 24 hours, and then calcined at 1000 °C for 4 hours, to give a
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Catalyst No. C6 C7 C8 CD1 Support No. Z6 Z7 Z8 D1 Pd wei ght content,
%0.3 0.5 0.18 0.3 Weight content of Goup A element, %K-0.3 00O
Wei ght content of Goup I1A elenment, % M-0.5 Ba-0.2 Ca-0.5

support Z2. The specific surface area, pore volume, probable pore diameter, and pore
distribution of the support Z2 were measured by mercury intrusion method. The results are

shown in the Table 1 below.

Example 4

200 g of pseudoboehmite, 200 g of 6-alumina, 12 g of Sesbania cannabina powder, 25 g of 5
wt.% aqueous solution of polyvinyl alcohol (number average molecular weight=1750), 4.0 g of
nitric acid, and 34 g of alumina sol (alumina content = 10 wt.%) were mixed together, and then
extruded into @ 2.5 mm trilobal extrudes. The wet extrudes were dried at 80 °C for 6 hours, and
then calcined at 1100 °C for 2 hours, to give a support Z3. The specific surface area, pore
volume, probable pore diameter, and pore distribution of the support Z3 were measured by

mercury intrusion method. The results are shown in the Table 1 below.

Example 5

80 g of amorphous aluminum hydroxide, 320 g of 6-alumina, 12 g of Sesbania cannabina
powder, 20 g of 5 wt.% aqueous solution of polyvinyl alcohol (number average molecular
weight=1750), 6.0 g of nitric acid, and 34 g of alumina sol (alumina content = 10 wt.%) were
mixed together, and then extruded into ¢ 2.5 mm trilobal extrudes. The wet extrudes were dried
at 80 °C for 6 hours, and then calcined at 1100 °C for 2 hours, to give a support Z4. The specific
surface area, pore volume, probable pore diameter, and pore distribution of the support Z4 were

measured by mercury intrusion method. The results are shown in the Table 1 below.

Example 6

40 g of pseudoboehmite, 360 g of a-alumina, 12 g of Sesbania cannabina powder, 3.0 g of
emulsion of poly(vinyl acetate-co-ethylene) (VAE707, having a solid content of 54.5%,
available from the Sichuan Vinylon Factory, China Petroleum and Chemical Corporation), 3.0 g
of nitric acid, and 8 g of aluminum nitrate were mixed together, and then extruded into ¢ 2.5 mm
trilobal extrudes. The wet extrudes were dried at 50 °C for 24 hours, and then calcined at 1000
°C for 4 hours, to give a support Z5. The specific surface area, pore volume, probable pore
diameter, and pore distribution of the support Z5 were measured by mercury intrusion method.

The results are shown in the Table 1 below.

Comparative Example 1
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0 Weight content of Group |IVA elenment, %0 Si-10 0 O Wei ght content
of Goup VA elenment, %P-0.2 0 P-0.5 0 Specific surface area, nk/g
89.4 134.1 65.0 102.3 Pore volune, cnB/g 0.79 0.69 0.91 0.56 Probabl e
pore diameter, urn 22 21
300 g of pseudoboehmite, 9 g of Sesbania cannabina powder, 45 g of graphite, and 4.0 g of
nitric acid were mixed together, and then extruded into ¢ 2.5 mm trilobal extrudes. The wet
extrudes were dried at 120 °C for 4 hours, and then calcined at 1050 °C for 4 hours, to give a
support D1. The specific surface area, pore volume, probable pore diameter, and pore
distribution of the support D1 were measured by mercury intrusion method. The results are

shown in the Table 1 below.

Table 1
Example No. 1 2 3 4 5 6 Comp. Ex. 1

Support Z0 Z1 Z2 Z3 Z4 Z5 D1

Specific surface area, mz/g 140.5 | 139.2 | 108.5 | 654 | 53.8 | 46.7 102.3
pore volume, cm’/g 042 | 0.65 | 0.78 | 092 | 1.08 | 1.10 0.56
Probable pore diameter, nm 19 20 25 27 27 28 22
<10nm 8.0 2.0 1.0 0.5 0.2 0.1 12.5

distl:izrjﬁon <Sonm | 55 | 53 | 35 | 65 | 58 | 53 92.6
o 30 to 60nm 25 25 37 71.6 | 48 | 42.0 3.8
>60nm 20 22 28 219 | 46.2 | 52.7 3.6

Examples 7 to 12 illustrate the performance of catalysts prepared from the supports of the
invention in the first-stage hydrogenation of a full boiling range pyrolysis gasoline containing

high content gums and high content free water.

Example 7

60 g of the support Z0 as prepared in Example 1 was impregnated in 300ml of PdCl,
impregnation solution (PdCl, mass concentration = 0.10%) until the impregnation solution
became colorless. After removing the liquid, the solids were dried at 60 °C for 16 hours, and
then calcined at 480 °C for 3 hours, to give a Pd-based catalyst, CO. The catalyst had a Pd

content of 0.3wt.%, based on the weight of the alumina support.

Example 8
A Pd-based catalyst C1 was prepared from 60 g of the support Z1 as prepared in Example 2
through the impregnation process as described in Example 7. The catalyst had a Pd content of

0.3 wt.%, based on the weight of the alumina support.

Example 9
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24 22 Pore distribution % <30nm 32 44 22 92.6 30 to 60nm 30 24 33
3.8 >60nrn 38 32 45 3.6 Exanple 16 Thi s Exanpl e denonstrates
the use of the catalysts as prepared in Exanples 7 and 12 to 15 in
sel ective hydrogenation of a full boiling range pyrolysis gasoline
(consisting of Cs hydrocarbons up to hydrocarbon having an end

boi I'i ng poi Atpdofaséhtaly)st C2 was prepared from 60 g of the support Z2 as prepared in Example 3
through the impregnation process as described in Example 7. The catalyst had a Pd content of

0.3 wt.%, based on the weight of the alumina support.

Example 10
A Pd-based catalyst C3 was prepared from 60 g of the support Z3 as prepared in Example 4
through the impregnation process as described in Example 7. The catalyst had a Pd content of

0.3 wt.%, based on the weight of the alumina support.

Example 11
A Pd-based catalyst C4 was prepared from 60 g of the support Z4 as prepared in Example 5
through the impregnation process as described in Example 7. The catalyst had a Pd content of

0.3 wt.%, based on the weight of the alumina support.

Example 12
A Pd-based catalyst C5 was prepared from 60 g of the support Z5 as prepared in Example 6

through the impregnation process as described in Example 7. The catalyst had a Pd content of
0.3 wt.%, based on the weight of the alumina support.

Comparative Example 2

A Pd-based catalyst CD1 was prepared from 60 g of the support D1 as prepared in
Comparative Example 1 through the impregnation process as described in Example 7. The
catalyst had a Pd content of 0.3 wt.%, based on the weight of the alumina support.

The above prepared catalysts C0, C1, C2, C3, C4, C5 and CD1 were evaluated on a 100 ml
adiabatic fixed bed mini-reactor, respectively, using a full boiling range pyrolysis gasoline
(consisting of Cs hydrocarbons up to hydrocarbon having an end boiling point of 204 °C) having
a gum content of 150+2 mg/100g oil and a free water content of 100015 ppm as feedstock. The
feedstock contained 15+1 wt.% of Cs hydrocarbons, 65+2 wt.% of Cg to Cg hydrocarbons and
20+1 wt.% of Cy" hydrocarbons, and had a diene value of 27.12 + 0.30 g iodine/100g oil.
Reaction conditions were as follows: temperature at inlet=40 °C, pressure=2.65MPa, volume
space velocity of fresh 0il=3.8 h™!, recycle ratio=2.63, and volume ratio of hydrogen to 0il=80:1.

The evaluation results are shown in the Table 2 below.



100 M of each catal yst obtained from Exanples 7 and 12-15 was
separately packed into a 100 m adiabatic fixed bed mni-reactor, and
then reduced for 8 hours under the follow ng conditions: hydrogen
pressure = 2.7 MPa, tenperature = 110 C, and hydrogen flowrate = 4
m/(mng catal yst). Next, evaluation experinments were conducted by
introducing a full boiling range pyraohygi,s gasoline, which had a gum
content of 1502 nu/100g oil and a free wat er content of 100015 ppm by
wei ght, dontai ned 1501 wt. % of HGA ,
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of 27.12|.0 30 g iod|ne/100g I(gd?ﬂj’éq/lqof'é’e01¥)ol

hydr ogen |pressare = P.7 ¥Ba, ijnlet tepgperature |= 40 C frgegh 0|I
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4 Exanpl ¢ Cat af st Reactlcgn tijme (hougaé Average diene va Jge. of

product (g—+et-retipog—or—Average—hydrogenation—+rate—of—diene—%1%
Entry 1 CD 250110. 10 P9. 6C4Entryy 2 C5 280 100
12 C5 0.00 100
Comp. Ex. 2 CD1 3.4 86.4

It can be seen from the data shown in the Table 2 that the catalysts of the invention are
suitable for the first-stage hydrogenation of the full boiling range pyrolysis gasoline containing
higher content gums and higher content free water, with their performance being markedly

superior to that of the catalyst prepared from conventional macroporous alumina support.

Example 13

300 g of pseudoboehmite, 150 g of a-alumina and 9 g of Sesbania cannabina powder were
mixed together, and then to the mixture was added 360 ml of aqueous solution containing 25 g
of 5 wt.% aqueous solution of polyvinyl alcohol (number average molecular weight = 1750), 4.0
g of nitric acid, 1.8 g of 85% phosphoric acid, 1.5 g of potassium nitrate, and 2 g of magnesium
nitrate. The resultant mixture was mixed homogeneously, and then extruded into ¢ 2.5 mm
trilobal extrudes. The wet extrudes were dried at 50 °C for 24 hours, and then calcined at 1000
°C for 4 hours, to give a modified alumina support having multiple pore structure, Z6.

60 g of the support was pre-impregnated with equivalent volume of deionized water, and
then dripped water to dry. Next, the support was impregnated in 210ml of PdCl, impregnation
solution (PdCl, mass concentration = 0.143 %) until the impregnation solution became colorless.
After removing the liquid, the solids were dried at 120 °C for 4 hours and then calcined at 450
°C for 4 hours to give a Pd-based catalyst C6. The catalyst had a Pd content of 0.3wt.%, based
on the weight of the alumina support. The composition of the catalyst as well as its specific
surface area, pore volume, pore distribution are shown in the Table 3 below, wherein the content

of each component is based on the weight of the alumina support.

Example 14



0.05 99.8 Entry 3 C6 250 0.05 99.8 Entry 4 C7 250 0.15 99.4 Entry
5 C8 250 0.00 100.0 Conp. Ex. 2 CD1 250 2.80

75 g of pseudoboehmite, 375 g of é-alumina, and 9 g of Sesbania cannabina powder were
mixed together, and then to the mixture was added 360 ml of aqueous solution containing 25 g
of 5 wt.% aqueous solution of polyvinyl alcohol (number average molecular weight=1750), 2.0 g
of nitric acid, 240 g of silica sol (mass concentration =40%), and 1.7 g barium nitrate. The
resultant mixture was mixed homogeneously, and then extruded into ¢ 2.5 mm trilobal extrudes.
The wet extrudes were dried at 50 °C for 24 hours, and then calcined at 950 °C for 4 hours, to
give a modified alumina support having multiple pore structure, Z7.

A Pa-based catalyst C7 was prepared from 60 g of the support Z7 by the procedure as
described in Example 13, and the catalyst had a Pd content of 0.5wt.%, based on the weight of
the alumina support. The composition of the catalyst as well as its specific surface area, pore
volume, pore distribution are shown in the Table 3 below, wherein the content of each

component is based on the weight of the alumina support.

Example 15

150 g of pseudoboehmite, 300 g of a-alumina, and 9 g of Sesbania cannabina powder were
mixed together, and then to the mixture was added 360 ml of aqueous solution containing 25 g
of 5 wt.% aqueous solution of polyvinyl alcohol (number average molecular weight=1750), 4.0 g
of nitric acid, 4.5 g of 85% phosphoric acid, and 13.4 g of calcium nitrate tetrahydrate. The
resultant mixture was mixed homogeneously, and then extruded into @ 2.5 mm trilobal extrudes.
The wet extrudes were dried at 50 °C for 24 hours, and then calcined at 900 °C for 4 hours, to
give a modified alumina support having multiple pore structure, Z8.

A Pa-based catalyst C8 was prepared from 60 g of the support Z8 by the procedure as
described in Example 13, and the catalyst had a Pd content of 0.18 wt.%, based on the weight of
the alumina support. The composition of the catalyst as well as its specific surface area, pore
volume, pore distribution are shown in the Table 3 below, wherein the content of each

component is based on the weight of the alumina support.
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Probable pore diameter, nm 22 21 24 22

Pore distribution <30nm 32 44 22 926

% 30 to 60nm 30 24 33 3.8

>60nm 38 32 45 3.6

Example 16

This Example demonstrates the use of the catalysts as prepared in Examples 7 and 12 to 15

in selective hydrogenation of a full boiling range pyrolysis gasoline (consisting of Cs

hydrocarbons up to hydrocarbon having an end boiling point of 204 °C).

100 ml of each catalyst obtained from Examples 7 and 12-15 was separately packed into a
100 ml adiabatic fixed bed mini-reactor, and then reduced for 8 hours under the following
conditions: hydrogen pressure = 2.7 MPa, temperature = 110 °C, and hydrogen flow rate = 4
ml/(min-g catalyst). Next, evaluation experiments were conducted by introducing a full boiling
range pyrolysis gasoline, which had a gum content of 150+2 mg/100g oil and a free water
content of 1000+15 ppm by weight, contained 15+1 wt.% of Cs hydrocarbons, 65+2 wt.% of Ce
to Cg hydrocarbons and 20+1 wt.% of Cs" hydrocarbons, and had a diene value of 27.12 £ 0.30 g
iodine/100g oil, under the following conditions: hydrogen pressure = 2.7 MPa, inlet temperature
= 40 °C, fresh oil volume space velocity = 3.8 h™!

(recycle ratio = 2.63), and volume ratio of hydrogen to oil = 80:1. The hydrogenation results are

shown in the Table 4 below.

, total volume space velocity of oil = 13.8 h!

Table 4
Reaction Average diene value of | Average hydrogenation
Example Catalyst time product rate of diene
(hours) ( g iodine/100g oil) %
Entry 1 CO 250 0.10 99.6
Entry 2 CS 250 0.05 99.8
16 | Entry3 C6 250 0.05 99.8
Entry 4 C7 250 0.15 99.4
Entry 5 C8 250 0.00 100.0
Comp. Ex. 2 CD1 250 2.80 88.8
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7 350 0.07 99.7 400 0.06 99.8 450 0.05 99.8 500 0.05
8 600 0.07 99.7 650 0.07

100 ml of the catalyst C6 obtained from Example 13 was packed into a 100 ml adiabatic

fixed bed mini-reactor, and then reduced for 8 hours under the following conditions: hydrogen

pressure = 2.7 MPa, temperature = 110 °C, and hydrogen flow rate = 4 ml/(min-g catalyst). Next,

evaluation experiment was performed for 1000 hours by introducing a full boiling range

pyrolysis gasoline, which had a gum content of 15012 mg/100g oil and a free water content of

1000+15 ppm by weight, contained 151 wt.% of Cs hydrocarbons, 65+2 wt.% of Cs to Cg

hydrocarbons and 20+1 wt.% of Cy" hydrocarbons, and had a diene value of 27.12 + 0.30 g

iodine/100g oil, under the following conditions: reaction pressure = 2.65MPa, temperature at

inlet = 40 °C, fresh oil volume space velocity = 3.8 h™! | total volume space velocity of oil = 13.8

h™", and volume ratio of hydrogen to oil = 80:1. The hydrogenation results are shown in the Table

5 below.
Table 5
. Average diene value of product Average hydrogenation rate of

Reaction time (hours) Zg g iodine/100g ol 5 one (%)
50 0.00 100.0
100 0.05 99.8
150 0.06 99.8
200 0.07 99.7
250 0.06 99.8
300 0.08 99.7
350 0.07 99.7
400 0.06 99.8
450 0.05 99.8
500 0.05 99.8
550 0.06 99.8
600 0.07 99.7
650 0.07 99.7
700 0.08 99.7
750 0.07 99.7
800 0.07 99.7
850 0.07 99.7
900 0.07 99.7
950 0.07 99.7
1000 0.06 99.8

Example 18

100 ml of the catalyst C7 obtained from Example 14 was packed into a 100 ml adiabatic

fixed bed mini-reactor, and then reduced for 8 hours under the following conditions: hydrogen

17
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pressure = 2.7 MPa, temperature = 110 °C, and hydrogen flow rate = 4 ml/(min-g catalyst). Next,
evaluation experiment was performed by introducing a middle distillate of pyrolysis gasoline
consisting of Cg to Cg hydrocarbons, which had a gum content of 14012 mg/100g oil and a free
water content of 1000£15 ppm by weight, under the following conditions: reaction pressure =
2.65MPa, temperature at inlet = 44 °C, fresh oil volume space velocity = 3.8 h™', total volume
space velocity of oil = 13.8 h™', and volume ratio of hydrogen to oil = 110:1. The feed had a

diene value of 23.99 + 0.30 g iodine/100g oil. The hydrogenation results are shown in the Table

6 below.
Table 6
Reaction time Average diene value of product Average hydrogenation rate
(hours) (g iodine/100g oil) of diene (%)
50 0.00 100.0
100 0.03 999
150 0.05 99.8
200 0.10 98.6
250 0.07 99.7
300 0.06 99.7
350 0.05 99 8
400 0.04 99.8
450 0.02 999
500 0.05 09.8

The patents, patent applications, non-patent literatures and testing methods cited in the

specification are incorporated herein by reference.

While the invention has been described with reference to exemplary embodiments, it will
be understood by those skilled in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. Therefore, the invention is not
limited to the particular embodiments disclosed as the best mode contemplated for carrying out
this invention, but the invention will include all embodiments falling within the scope of the

appended claims.



100 M of the catalyst C7 obtained from Exanple 14 was packed into a
100 m adiabatic fixed bed mni-reactor, and then reduced for 8 hours
under the follow ng conditions: hydrogen pressure = 2.7 MPa,
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2. The alumina support according to claim I, wherein the alumina support has a specific
surface area of from 50 to 150 m%/g and a total pore volume of from 0.4 to 1.0 cm’/g; the pore
volume of pores having a pore diameter of less than 30nm comprises 5 to 55 % of the total pore
volume; the pore volume of pores having a pore diameter of from 30 to 60 nm comprises 20 to
72 % of the total pore volume; and the pore volume of pores having a pore diameter of larger
than 60nm comprises 20 to 45 % of the total pore volume.

3. The alumina support according to claim 1 or 2, wherein a pore volume of pores having a
pore diameter of less than 10nm comprises 0 to 10 % of the total pore volume of the alumina
support.

4. The alumina support according to any one of claims 1 to 3, which is a composition
comprising alumina A and alumina B, wherein the alumina A is derived from at least one
alumina precursor selected from the group consisting of pseudoboehmite, alumina trihydrate,
boehmite, and amorphous aluminum hydroxide; the alumina B is at least one selected from the
group consisting of y-alumina, n-alumina, d-alumina, 6-alumina, k-alumina and a-alumina; and a
weight ratio of the alumina A to the alumina B is in a range of from 1:0.05 to 1:10.0.

5. The alumina support according to claim 4, wherein the alumina A is derived from at least
one alumina precursor selected from the group consisting of alumina trihydrate and
pseudoboehmite, the alumina B is at least one selected from the group consisting of §-alumina,
0-alumina and a-alumina, and the weight ratio of the alumina A to the alumina B is in a range of
from 1:0.1 to 1:5.0.

6. The alumina support according to any one of claims 1 to 5, further comprising:

(a) 0.1 to 1.5 wt.% of at least one metal selected from the group consisting of alkali metals
and alkaline earth metals and presented in a form of salt(s) and/or oxide(s) thereof; and/or

(b) 0.1 to 20.0 wt.% of at least one element selected from the group consisting of elements
of Group IVA and Group VA of the Periodic Table and presented in a form of compound(s)

thereof,



99.7 300 0.06 99.7 350 0.05 99.8 400 0.04 99.8 450 0.02 99.9 500 0.05
99.8 The patents, patent applications, non-patent literatures and

testing nethods cited in the specification are incorporated herein by
reference. Wil e the invention has been described with reference

Lo exempl aryiyeliPd hoRAlSyes blindbidkd BE IR bPRAaMhild B BK! |1 ed i1

the art that vari o ges I ons nay wi t hout
departing ft.dhe Bllumh&paiuppart amdrdsrgdpelamﬂ 6,t\hhach congprtseon. Therefore, the

i nventi on t ligrite t I dimnents d I d .
the best moabUeontet-% st of Tl ingi i G CER e TchpiRrPrsBaRe kel

i nventi QRecitk hild 410Nk A& 1P btaR AR Bicb®BRdS h #rd &Qal\f@s} A?id%rb?@ﬁe(%?%ﬁ%opfand/or
the appended clains. Wat is clained is: 1, An alum na support

havi ng nul tp0e tpdh.8 vet% ut atirast onsheleraém wlmectafrmmthrﬁagrgmpgwtstm.%as glements

SpeCIfI rfa of 0 040 16 / g ,and ot al
o 1 r omes opd T 3 uplp VIO I8 UrfpdinBE etibeRel M5 Rl et hoiiEs
di anet erthgéoﬂ ess than 30nm conprises 5 to 60 %of the total pore

vol une; a pore volune of pores havi n%&a pore dianeter of from30 to
60 nm conprVileall th persentazeybeing bpsed pbfhg weagit f (e plwina wwEc: por e

vol ume of POI1§2 aﬂﬁ{h{%pﬁoﬁ chc%rcﬁil}%%;c?a% %r Zl, @f}%girn aqn n&)@x@ﬁ" (gf’gg{ fe ne

20 to 60 % of the ore vo a Su

accor di ngletted ¢loai the %roupfmmastmgt ¢t aCy g ands B@,m}eienhaSn a feipeof falt¢s) and/or
surface area of from50 to 150 erﬁ and a total Fl(g?re oI ume of .from
T

0.4 to 1o%retndrcgeol i horFAmRuEn®) Brat fatege melgst P 8TOYP SRR of Si
| ess tha%}xd@%%%ﬂﬁh?&ﬁl ¥ bR éénd% of the total pore volune; the pore
of pore

vol une aving a pore d| aneter of from30 to 60 nm conpri ses
20 to 72 % 9f At precesotfat pppamngs teualeminanshppére apoarding db uamy @fe plrlesns 1-8,
havi ng a por.e. di ane ter of | arger than 60nm conprises 20 to 45 % of

t he t ot ai°pOFEe \}S:I

(i) mixing a precursor of alumina A, alumina B, water, a sol-forming agent and/or a binder,
and optionally a modifier, to provide a mixture, wherein the precursor of alumina A is at least
one selected from the group consisting of alumina trihydrate, boehmite, pseudoboehmite and
amorphous aluminum hydroxide; the alumina B is at least one selected from the group consisting
of y-alumina, n-alumina, §-alumina, 8-alumina, x-alumina and a-alumina; and the modifier is at
least one compound of at least one element from the Groups IA, IIA, IVA and VA of the
Periodic Table;

(i) moulding the mixture from step (i); and

(iii) drying the moulded mixture and then calcining it.

10. The process according to claim 9, wherein a weight ratio of the alumina A to the
alumina B is in a range of from 1:0.05 to 1:10.0.

11. The process according to claim 9, wherein the precursor of alumina A is at least one
selected from the group consisting of alumina trihydrate and pseudoboehmite, the alumina B is
at least one selected from the group consisting of §-alumina, 8-alumina and a-alumina, and a
weight ratio of the alumina A to the alumina B is in a range of from 1:0.1 to 1:5.0.

12. The process according to any one of claims 9 to 11, wherein the sol-forming agent is
selected from the group consisting of monocarboxylic acids, dicarboxylic acids, polycarboxylic
acids, carboxylic anhydrides, weak base salts of carboxylic acids, inorganic monoprotic acids,

other substance which can reacts with an alumina or an alumina precursor to form a sol, and
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vol une of pores having a pore dianeter of |less than | Ohnm conprises 0
to 10 % of the total pore volune of the al um na support. 4, The

al um na support according to any one of clains 1 to 3, whichis a
conposi tion conprising alumna A and alunina B, wherein the alumina A
i s deri vegkuhrePRerbf; 1B SIndONR seletiad %ﬂf@%&@ém&%@éﬁ&ofﬁa&m sbﬁepolymers
group consi sting of pseudoboehmte, alumna trihydrate, boehmite, and
anor phoukavaigumiyobar hy@rpmmd@eul@melahtmﬁfwal B0G to HY0,008asd Qﬂm@l%ﬂomthe@Of
fromthe_gr

0- al uni n%tr% t?%@oq%’ Hgd ﬁﬁodﬁgoptfhe %01%0%2}1@ g%eélp zél%i V\t/lé%réhrlt%err Lésteg 1S 1nfa rfnl’;l%: of from 0.2
al unmi na t%ZOONtt%eba@édHﬂtﬁasﬁdlo%nteﬁtsiobfa&iaﬂﬁl € stepom 1: 0. 05 to 1:10.0.

5. The al um na support accordl ng.to claim4, wherein the alumna Ais
derived fr ofs-athe|Rseeess anserdineRickrimprevhiererihe sl derming pecsins selecd digm the
consi st r h

ot T cast Panp Bt B M, BB B0 S AR e Ric R1F Pt A8 i
0-al um nacltarurtrnaaaildumhydmdeamf salld@avtmxgm acidst malobasb tseltsabﬁjmdtearléoxybc tbids,
alumna B, i al um

Sumnore Bted abil Jo B R0 el cHorintintpluey yhekRlong pike. LlmATE] Kghloride

(a) 0.1 higmdnum WiIfa88, Qhd hixhR&StheRBe thebRleSR! 8ErtRE FdnPMhd BRUP@HAsting of
consisting of alkali netals and alkaline earth netals and present ed

in a foranwoinaswlts{lisp sah@pb'mrokald@l(@s) pt)lwewlaﬁ acidsn @p ymethacrylig peids, potybvinyl

20.0 wt. % enment ctedfromthe [ QUK nsi sti
of el ool ep iR ORSuRsTEr SR REEE T i BEEE B4R BT R o hea

present eﬁlmbtiht af ﬂl@rsﬂll-@fmﬁl@ pel A gk birtter @Rl is in rafgedlfifrdnhie. SpeN g entagesd
bei ng based on the weight of the alum na support. 7. The alum na

support ae the sefichepnentsc éﬁ“FﬁdGHtf\WFe@Hl)corrprl ses: (a) 0.2 to 0.8

. % of the,at S ted ng.Qf
aI kali net allg yﬁ%%ﬁ{o ka1 ﬁgelﬁen rtO alrirleﬁfelt swgétrgmp{rhggsgﬁfog% Q%ﬁif 2%?7% 01?8 one
sal t(s) sdiettedrirooxitdefejp dohastagfdf nitridaad, acetic aoﬁcbancﬂclﬂlcthdlﬂte&mﬂer Koaofeast

at | east one el nt sel ected from roup conNsi nts

of G oup®P/KISsH 69“8) VA“BFOQSI‘%‘%@%F@&? R &ﬂ’g"é tag“&ﬁtrﬁe hgving a
form of GAARGUAEGS) rﬁJ’&:{xI%@fwetg’Mt tdr Rnh 1@%‘ t&@b@@%@%@ BRIbMd RaRRf MNthe
t he wei ght of the al um na support. . The al um na support

accor di nepltformuh@pgenbarst thy bindaenssins trmraombfn@ntO {®) 10 wt.4t bhssdon tmelid

sel ected fromthe gr.o onsi sting of K, Ca, My and Ba, presented in
a form of° [g%ﬂtst((bs")m%irtaﬁ%rs(%%?;]@de(s) t hereof ; and the conponent (b) is

at | east onegssplegfb@ds hdcomlidg (e a8y eh@ommis@ttbng Wher8in tBdghoffier is used in an
presented in a formof conpound. A process for eI'p,arl ng t he

al umi na_supwds In gEROPUIMSRttlershAge élﬁéleatf fr@mdhw&rqum Agd <% apd Maeof the
steps of Periodic féb)le r&’ﬁjoglg() iitooﬁ(g Wés/orbas%fd ltﬁ%oﬁﬂ A\’xteﬁtls ‘dm 1§turé/\@t§tﬁﬁed in
a sol -formng agent and/or a otlona |er

provi de &emept(gre wherein the precursor of aI um na A | s at I east one
sel ected from t he group co{r}gl sting of al u tri hydr boehm t

pseudoboehnilfe TAAPIRESSY BFS n?atwphtﬂﬁlmf %ide% tOtlﬁe eEFﬁ‘? e @Oﬁgﬁeatls a

| east On@orﬁﬁhﬁﬁﬂﬁq af feQﬁ"oBQ@el&ﬁMorﬁ%ér@ﬁp Ms@ﬁn@/o@a}i%&ﬁom&@lo‘ﬂm 8, Mg
6-al umi na, O-alum na, x-alum na and a-alum na; and the nodifier is at

| east onend:(ﬁapwhdatofeaslt orlee sgd¢ctasin froml gheeptoup rcomnsthvg o oilissn |camppyds and

| VA and V, hA‘ éothe Per i dIC Tabl e; (ii) noulding the m xture from
step (i ) P %?R TUS COMRGUPS® dryi ng the moul ded ni xture and then cal cini ng
it. 0. IThEheProdeessccadiR t6laMgorde@f¢laghdy B 16/hdERInthe caleh@tin thatsiep (iii)

of the alumna Ato the alumina Bis in a range of from1:0.05 to
1: 10. 0. 1sperfmned1aﬁetmm%r§ 0§€reor8@prﬁ‘glt5@ € far hol0 ket ei n t he

precursor of | ect ! grﬁ .
consi sting &18 é\catal %ﬁg‘am&gﬁ%\ 5@3‘ T8 gﬂo eép S@L}%’ a ?h&rrllé’ Bis
at | east ongasgd ﬁ@xhﬁﬁ stqspm atcb@d@gwmymesfsthmgl t©f8; Gncal um na,

(b) 0.01 to 1.2 wt.% of metal palladium or palladium oxides, based on the weight of the

alumina support.
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15. The process according to any one of clains 9 to 14, wherein the
nodifier is used in an anount, in terns of the at |east one el enent
fromthe Goups IA IIA |1VA and VA of the Periodic Table, of from
0.1to 20.0 m.% based on the solid contents of the m xture obtained
in the stepglfpe catalystlfcorlilt R 61653 8AGGEERI AGohtentasy ten@erf palladiuis o
to 15, wherein the nodifier is a conbination of at |east _one sel ected
from t heallgdivapoxddnsds stirargest fiom @ ktodhd whs Besgd o the Weeght of glumiyg sepport.
with at | east LSE; ;
ompounds. ahc BRSESASE ittt B el R GORCLELAND Ahpind Sictng the
any onepgpblysis ghgolinOwith thkGatalyisedcedrding hecleial £ ori I9gmder Hythwgetagipn ¢anditions.s
performed at a tenperature of from800 to 1150 C for 1 to 10 hours.
18. A cat al2ysTheudmdind owpporedinttinBevivyain tg eprapduos obfonpopsnt () yssangxide.
gasol i ne, conprising: (a) the alum na support according to any
one of clains 1 to 8; and (b) 0.01 to 1.2 wt. % of netal

pal | adi um or pal | adi um oxi des, based on the wei ght of the alum na
support. 19. The catal yst according to claim 18, wherein a
content of the netal palladiumor palladiumoxides is in a range of
fromO0.1 to 0.7 w.% based on the weight of alum na support.

20. A process for selectively hydrogenating a pyrolysis gasoline,
conprising contacting the pyrolysis gasoline with the catal yst
according to claim 18 or 19 under hydrogenation conditions. 21.
The al um na support of claim8 wherein the conpound of conponent (b)
is an oxide.
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