Speci fication ALUM NA HAVI NG A COWLEX PORE STRUCTURE, AND CATALYST AND
PROCESS FOR SELECTI VE HYDROGENATI ON OF CRACKI NG GASOLI NE Cross Reference of
Rel at ed Applications The present application clains the benefit of the

Chi nese Patent Appl i cations No.200610029961.0, filed on August 11, 2006;
200610029963. filed on August 11, 2006; and 200610117857.7, filed on
NovenbePPe! ‘%6’6‘ whi ch are incorporated herein by reference in their
entirety and for all purposes. Field of the Invention The present invention
relates to an al um na support having nultiple pore structure, and to a

cat al yst amLiaMINACEAYINGeA FONVIPEEXRORE STRIICDPRAAt AND CATRYIYEY AND
gasoline, in particular, to a catalyst used for selective hydrogenation of
full boili ngPR@ﬁ§§SrI}QIbSﬁbE@T@éEd{YBBO&EMAEIQM@%@RGEKMGMMNES up to
hydr ocar bon having an end boiling point of 204 C or mddle distillates of
pyrol ysis gasoline, such as one consisting of C6 to C8 hydrocarbons.

Backgro the In (o) t rocessi ng of hydrocarbons, alum na
support rs having relatively large specific
Chassdotpdes O BelSlapPutHo: o havi ng relatively | i
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supports of selective hydrogenation catalysts for pyrolysis gasol
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t he thremghgw@ﬂ%ratmyb@me Pyrol ysis gasollne is typically subjected at
first to a first-stage hydrogenation to renove highly unsaturated ol efins,
such as diene and styrene, and then to a second-stage hydrogenation to

renove [YoJ0) inas.well as inpurities containing sulfur, nitrogen,
oxygen, ngg *ﬁ@lpvﬁg °frhe hydrotreated pyrolysis gasoline is then mainly
used for pﬂ&l@msrqgt iaverienirelaley do ae alupungsSuppakt dryiee sndtiplediore §irugswe, 4nd to a
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gasoline, due to the presence of inpurities and poi sons, such

unsat ur hydrdcarbmmorpetmt lsydropanton( haveng, arpaldybalisg peiatbf 204 f‘CcImmllddle distillates of
pol yneri zati on of unsa urated t co nent s uch as di enes and styrene),
heavy cBHP6REHEREOlINEy B Wépé??mW§§@§° 19 Gs hydrecaronsi he  feed to be treated
whil e industrial plants |ack generally effective pretreating neans, the

Background of the Invention
In the processing of hydrocarbons, alumina supports are widely used due to theirs having

relatively large specific surface areas and good stabilities. A useful application is the use as
supports of selective hydrogenation catalysts for pyrolysis gasoline.

Pyrolysis gasoline is a by-product of ethylene industry. When producing ethylene by steam
cracking from liquid feed such as naphtha, gas oil, and the like, an output of pyrolysis gasoline
may be about 60 wt.% or more of the throughput of ethylene. Pyrolysis gasoline is typically
subjected at first to a first-stage hydrogenation to remove highly unsaturated olefins, such as
diene and styrene, and then to a second-stage hydrogenation to remove monoolefin as well as
impurities containing sulfur, nitrogen, oxygen, and the like. The hydrotreated pyrolysis gasoline
is then mainly used for producing aromatic hydrocarbons. Catalysts currently used in industry for
the selective hydrogenation of pyrolysis gasoline are mainly Pd-based catalysts or Ni-based
catalysts. During a selective hydrogenation reaction of pyrolysis gasoline, in particular 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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i ntroduction of such a feed directly to a catal yst bed inside a reactor may
result in: (1) the catalyst will easily coke; (2) activity of the catalyst
is reduced or |ost because the A1203 support of the catalyst itself is
hydrophilic, and thus pref erentially adsorbs and cunul ates water so as to

nmake the cat al yst gl eqgphobi c, so tt}aﬁ t he adsor on of dr ocaragon reactants
on the GTBYTal T oS dlker g Ssye STy 8 aiary ey Sl d O
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onto the surface of the catal yst
adsor bi ngmduétfamsoﬁgmﬂe& deddli digeatlyatione katakyst bdfdainstdeea acksarphay mesnft inedt)t thet s

onto the cat al ered, act Vity the ca al yst is reduced or
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so as t eunbaredr(3 prasidirytof theoeasalystiieducres dos |e¢aus@§\9|heamcommment8h@hgﬂmru ty

f th t th t d and t le | h
cervi ce Ly apf i are ks | Sk TR dioghs naIfeSEarS S BiREs <o
be acti u@sro%ing?ta&fdsﬁ@ed@mﬁ@édchﬁa%erth&rythe G@&&bﬁf&{ of Ra\tanes &:fb &ﬁé whwsﬂ ar ge

pore volunes and relatively large pore diameters nay reduce the buildup of
guns andurhbaed; K} ativip of He wetayst sstdyced ndlashibrsauses iy bndmgexf anisonso sudhens

guns and the free water in the feed and capahl e of dela t he eactl tlon
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ensur i ng dt hat the catal yst has good activity at |lower tenperature therefore
y
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pyr ol yslth gnaescﬁlappy ot% thlo%grail ?ﬁe’ caqal}héf % Pq%%c&it glnodn th(’;i{Jl {h%l cxfﬁfe lellrfétﬁglﬁﬂlserwctehe
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agent during the colloid formation or washing in the preparation of
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conpountheattyeprotohgimgabé dggle mangtid amdy samide diddtone b theatatBFds.t b pobEOst@ickue of at 0 8

hours. The 2 , , . :
supported catalyst is determined by a support forming the catalyst, and the preparation of a

support having a relatively large pore volume and a relatively large pore diameter while ensuring
that the catalyst has good activity at lower temperature therefore is a key for the preparation of a
selective hydrogenation catalyst for pyrolysis gasoline, in particular, a hydrogenation catalyst
useful in the hydrogenation of a full boiling range pyrolysis gasoline having a higher gum
content and a higher free water content.

The introduce of pore enlarging agent during the colloid formation or washing in the
preparation of pseudoboehmite, alternatively, during the moulding of pseudoboehmite is a
process commonly used in the prior art for preparing an alumina support having larger pore
volume and larger pore diameter.

CN1714937A discloses a process for preparing a molded alumina support having 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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support obtained by this process has a specific surface area of 200 to 350
n2/ g, and a nean pore dianmeter of 25 to 35 nm CN1689703A di scl oses a
process for preparing an alum na support with dual apertures, conprising
m xi ng an alum na hydrate with a nitrogen-containing conpound ot her than

nours. el R APt A RELS iR Stn 8 Pobh FhmCeatid pev P! e

of poregizhRYdr3928 P9 gmdi aneter of 10 to 20 M conprises 35 to 80% of the
total pore volune, a pore volune of pores having a pore dianeter of 500 to
1200 nm conP¥iS8830TA tdoscb3es af protess tfot pleppingeav alwmpva sappbrs withoflugh aapertwes,unes

of pores having.a pore dianeter of |ess than 10 nm of pores having a. pore
di anet eFOBPIITIRG FRIKIRE & AlpRAR st ity @ NSRS RRETRE RATPY BfchdrBLCHiyi ng

por o vof ik e, M EhEEh LD MesOTRRLAE b et P et b8k

CN16478hdssudh 21026 8BtribupibAERE 3 Joaé vEluERATIPdEEsehalBEr OP§He Qiim @b TTRtoSUPRAr t |,
conprising mxing a pseudoboehmte having a crystallinity of less than 70%
and an eewmpmses 3pde 0%midhgtaty poagyeelumenppordivalpmenel parss havengampore aliametenay t he

| di to 1100 C 5 4 .. Th t obtai ned t hi
orocessSle aitempist o 6% of R 0Lk Gotumru spErEE ShaoRp nSyAgres
di amet ep,Qfig b 3opeliatRRP ot 83s MICORA! §E50rds ﬁé?/il?gsn% %Qlfe difBetePbREroRORE Y BlaHTe.

CN1600430A di scl oses a process for preparing a roporous al um na support,
conpr i s26gim rto Xessgtham @0ummpandydrmres havitg a poe eli@nttar gf dgrgaigdnn, 1200uhdi ng
and calcining at 6 to 850 C for 1 to 1Q hours. The obtained support has a
pr obabl eoraaﬁl%csgitaﬁfg%f Ui 101 Foge YU The Gepecd YEPRRBIBN erid amguat o Octirg, a
speci fi @_F%Hﬁlfogge area of 150 to 200 nR/g, and an acid anbunt of 0.05 to 0.2
mmol /g. Thus 1t can be seen that, although sone supports having relatively

| 'arge pore N0l 647857 £dixcloies Pp@PessEor prypdimigigmacropurousllimigl i@ pad.vmprisingh
supports contain a consjderable anmount of mcr ogor es less than 10 nmin
pore di areinge psawdpboplemise havidg gtorystalinibnof lessrthpm /D Y%eednd iy erganic pere eEemsr e,

if the pore enl araqi agent | sed in a I | er u I effect, m ght be
| hconephent souiid BEoRRN gt sHREhg e Tkt L A0RE Mo o R srig 4, Bl
amount , i ) i i .
moohan AL sChdloRHKE] BE i phiBAOLaH RRELDIER O 0.0 1% 1EKBRY. And BHER 18%in o

cat al yspomreskaméter oftlmgesthhe ¢ 00 wm comydisegena2%of die tbbpyrediobtmd.| at i ons of

pyrol ysis ﬁfsol ine as. well as preparation and use thereof. The alum na
support cortMl 694304 disglgsens Brocess ol IRSPATHE gHAYAPGR SR LB NHPBRTLFO MRS Eof

i SPose, 8 oh RuSHE b8 Ga SO AAEAE e b BRI E WocRE 309
for 1 to 10 hours. The obtained support has a probable pore diameter of 14 to 20 nm, a pore
volume of 0.6 to 1.2 cm3/g, a specific surface area of 150 to 200 mz/g, and an acid amount of
0.05 to 0.2 mmol/g.

Thus it can be seen that, although some supports having relatively large pore volumes can
be prepared by using a pore enlarging agent, such supports contain a considerable amount of
micropores less than 10 nm in pore diameter, and the pore distribution is relatively broad.
Furthermore, if the pore enlarging agent is used in a smaller amount, its effect might be
inconspicuous, whereas if the pore enlarging agent is used in a larger amount, it might adversely
impact properties of the support, such as mechanical strength.

Chinese Patent Application CN1635054A discloses a catalyst used for the selective
hydrogenation of heavy distillations of pyrolysis gasoline as well as preparation and use thereof.
The alumina support contains 1 to 3wt.% of an alkaline earth metal or an oxide thereof disposed

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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the content of Pd is in a range of fromO0.24 to 0.35 w.% and weight ratio
of Pd to Mo or Pd to 3 Wis in arange of from1:0.5 to 1:2.5. It is said
that the catal yst can be used in the hydrogenation of C5 to C9
distillations, in particular, Cg to C9 heavy distillations of pyrolysis

gasolineg,.and exhihits a high,activity.at .|lowe enper at yr.e igh .
ol er andh i aAatEed T 4.1 [ d Ty o e SoBhyeb P St o e liggnaion
stabl e 3eidMbldy, diEPRNES, in! PRtiARAST; BPE héAY! Adillafiohd log ngr@!%@ygagohﬁe, and
tol erance of the catalyst to water. Chinese Patent CN1184289C

C dirscl oses a
cat al ysexhibisla high acheits el lovter teenieyatnege heghitolerante tpis0$,y/Q) & Nampliityea aghwel |
as preparation and use thereof. The tal yst conprises.ti.tani a-al unm na

Conpl ex IR (ppBURE. AA HAP apivitys HOWCXER (D PRI SPRIFRLE Sh R CACOR! e
conpl exedeSHRPG caté{l’yﬁrtgm d:he content of nmetal Pa is 0.25 to 0.35 wt.%
based on the tot a? wel ght o% the catalyst. It 1is said that the catal yst can

be oper at edChinge rPang ICNPi@d 28 Ue ldiseldsys afcataBeduseddfohalse gdadive Isdagehationyofand
stability. However, the patent is silent about the tol erance of the catalyst
t o wat ePYrohysis gpsokine asHvel baeppadraen aphisedbereefn Tancatgly sommpiisss fitsgtasalgmina
sel ective hydr nat i C Lstin f 0.1 0 S G%of Pd, 0.1
To 5.0 WolebpSAROB B ERA] ¥ by af RAS BB oShorel o o b bl

wher ei n wiReiRthéMoRRnoRetatl PARS.25 &P®8S5 Wit o, Ydsddasitthaienl WkighPof Be toAlysR g
and a pore volunme of 0.35 to 0.55 cnB/g, and pores having a pore radius of

5.0 to 10s@dntheiptheyiatelystnesne be hepsrargboindert ightspred vplociy wd| fgad.anflt hassganali d

that the catal yst |s.suitable for not .only a fiyrst-stage | ectjve

nydr ogendesbaand syPUY dEveGedt nachS S GoauishS ludeRgtodBe byt vater
hydr ogegﬁg'g{ﬁgs_hi ghly unsaturated hydrocarbons in C3 to C6 distillate oil to
nonool efi nS. However, the catalyst has a relatively high active

t enper at ur eChiaesd PdtentpApphitatiappCNd 481 165AI disaloses asseleenve diyduigehditéont odtelystnce
of the catalyst to water and glgjms There therefore remains a need for a

sel ect | $ENHYHESY Onlat Pk 2ArarySe: GwhichOcuivors ap peidsdan abkdioe carthimptdrandpace
ve o0 Darflin? sl 8H, fReithe ANl SiprfilHaY b ¥edihc LAVRE ol ATRIHR) H5@ 'R HAA
sel ect|V|uty, and a goog of erance 1o water “Bh guns, to prolong regeneration

cycl e | @ogtVoland of DIVicc 5h ichetd, aBd @bres haviagtapots tradiB BIBI0/to0f 0.0 hén brwedt i on
An object of the invention is to provide an alum na support having nmultiple
pore st mge than 70%idrthe totelheora Vo 16 ippsid that dke gatalysicisfsuitablarfpraet erlga of

[1om 100,950 LD Aol Rl BE' Gl URg, HUORRR bl e
to 60 Y%Qlrobtifitihet RbhPOULsauRhidd Ry R0 Vil BTB00E RASERIOINI RY RoRRfins.
However, the catalyst has a relatively high active temperature, and the patent application is also
silent about the tolerance of the catalyst to water and gums.
There therefore remains a need for a selective hydrogenation catalyst which can be operated
under a higher space velocity of a feed and has a higher activity at lower temperature, a good
selectivity, and a good tolerance to water and gums, to prolong regeneration cycle length and

service lifetime of the catalyst.

Summary of the Invention
An object of the invention is to provide 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
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dianeter of from30 to 60 rimconprises 20 to 75 % of the total pore vol une;
and a pore volune of pores having a pore dianeter of l|larger than 60nm
conprises 20 to 60 % of the total pore 4 volunme. Another object of the
invention is to provide a process for preparing the above al um na support
havi ng rru[ItipIe pore structure. Still another object of the invention is to
provi de V8'U0%t al yst used for selective hydrogenation of a pyrolysis

gasol i ne, comRkticsiobct bRIhe! iierlonn NG pRURROK r&ggsomgﬁ arifg the absVeethm fia;
and (b) 0.01 to 1.2 wt.% of netal palladiumor palladi um oXides, based on

t he wei giyipodfhayving malipleipoae stuppoet . Still anot her object of the invention is
to provide g _process for sel ectively hydrogenating a pyrolysis _gasoline,
conpri si ng g&‘ﬁt §E?t§f{g ISt Rfr Giey JREntes ol RKPYIHet‘?’Ieca@dY%I eed £t SFI8FHG t o

the invgg&jg ggaﬁsfagy%@g%@@u&pc&g p'iﬁ':ons. Det ai | ed Description of the

Preferr I ment Irst aspect, the present invention provides an
al um na suppotht aluaihanguppotttacedrdingas ehe itentiohidm, wherein the al um na support
has a specific surface area of from40 to 160 nR/g and a total pore vol une
of from 0. 3bt 8.0 to lchBitde of mss epalladiymeotopallgeiuas okigdos. hgsed poitke wrighe ek theof
| ess th%p :?iggpm %8lqpri ses 5 to 60 %of the total pore volune; a pore volune
of pores having a ~pore dianeter of from30 to 60 rimconprises 20 to 75 %

of the tot altilPaotheY @bjdEof MBAnanfOh & toVRbVide aGlroRs & RNy %F/@@rg@qdﬁhgrﬁet er
of larger than 60nm conprises 20 to 60 % of the total pore volune. The

al uni na psohysor gashlare, gomprising| conipotieg diespyrolysis igaspliamdvish Ither easalygrasberding toor e

di aneter,. .In referred enbodi nent., the alum na support having nmultiple
pore st tﬂl?(:‘f’ﬁ?nzioﬁé@d%fhygboeg@fl?tfo@ ?&8‘!“88% area of from50 to 150 n2/g and a

total pore volune of fromO0.4 to 1.0 cnB/g; a pore volunme of pores having a
pore dianeter of less than 30 rimconprises 5to 55 %of the total pore

vol une; 'ﬂ‘g%ﬁq%é@%f@?g?‘*ﬁ?ﬂﬁ?“"?@‘ﬁ%"%ﬂﬁg diameter of from30 to 60 rim

conpri ses a ore volune; .and a pore vol une,of pores
having a pdhehaiishatngrl dhe Pl fnvepfigh PIHISS GBI D8 SuBRPTE BAVIBE BUPls Rere

total pepeel Wilkeid 121.6 Ak @g;?po?tr Rlsef {?%Qﬁg TRANSBRRE of FomPHI & V& Mz@/oag{j & e

pores having a pore dianeter l ess than 10 rimconprises 0 to 10
total paaleporelvuimme dfframpl. @ fter Recm¥ghodomeniyme bé pades tiaviag supgre diantast ¢fg
multipl ?esg?ﬂa% 3SOtn£nug(;[rrli|}fr)r?se]; %rtE) h6%r% 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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conprises: (a) 0.1 to 1.5 m.% preferably 0.2 to 0.8 w.%of at |east one
nmetal selected fromthe group consisting of alkali nmetals and al kali ne
earth nmetals and presented in a formof salt(s) and/or oxide(s) thereof;
and/or (b) 0.1 to 20.0 wt.% preferably 0.2 to 10.0 w.% of at |east one 5

el ement _selected . fromthe group consistd of e nt f up I VA a

& oup VAL paCed B IE S0 SRR e pdie B BT TRt Gl & the

t her eof peMbdié Table dnhSHreRhEENH ANREM REIBpoRRRSCtheRof, Reittvell gid p&Eeﬁtﬁ%%szﬂem@i na
support. The above conponent (a) is preferably at | east one selected from

t he gr obpsed onshe wergyt of the al@ainaMypport! g abade perepereneth)iin prefdrablmabieastaine( s)
and/ or xi defs hereof ; and t 0 conmponent (b) s ef erabl y. at, | east
one. sel SURUH FPBHIh RIOIgBugnestiar i NEE B 55 Aipherers hssting 0GR Gt Py m
of CQW@HH@&E)heréo‘?; R the GHOR conpondf((B) isigreeRBly atbdshOHE sdibditd BOm! e g_roup
particul ar eory, It is believed that” the above conponent (a) can adj ust
aci di t y cafsidting of Sppat P andpueberadd e fotm of gorapouwhid¢s) sintpasticodart tredg(s)hercdf. and

i nprove the_djspersion of active conponent, and that the above conponent
(a) can al t‘é(rdlwﬁ %‘@tqdﬁQérP@Ft%‘E%ré‘?F&é%é‘tlérbéhﬁ‘Pdtt theahoie RAMBRREHG(D) caly adyst; o

ensure I - b e \Y : |

surfac eggrafé%gg@te glrlb@é? ﬁaﬁ(@f}%sﬁo&?}é %Jtl&lg Qﬁéésl %@P%/ gl}@%hi %Ly¥$£%§%§ N ;SW% %fout
I'i m t edattiveaoppohértUaral thatt the @bdue doimposie€h) @vadlet plaise ihersidiprtpeninpodetie (b)
can adj ust hydrophobicity of the alum na support, alter acidity of the

al uni na aBEHPbEERPORNE 8% KepruFreal Hie AlHmEeasiPPoR sillt havern raketivelt {ﬁrge nepidisr t ed

metal and.the support. 1t is believed that the conbi ion. of the abov
comonontdictaya BRRbtipg B3y ATk A LaBe RO DU TRy 05 Pt

al al'y ctivit

t enper athoy, 58 Bidel¥d tat the 8ovweaddipont @) ¥k %d‘dsﬂﬁjﬂrbﬁh&ﬁci’é;ob?ﬂﬁnﬂﬁxn(rﬁUCh
as heavy netal tolerance) of a catalyst prepared fromthe alum na support.

The al usipmarts ajgordidibavf ty stuminapsupppor ends strangthenethe sntaracbop dsivdenrthe later
conprising alumn A and al umn , rein the al.um A is derived from
P eastugnRed i aad povepat Shelevelibiaho bt Rudtiotubte ghere s Ert (@
pseudob i 1k gL i , ], t o] : }

hydr oxi gg@@i}?ﬁ%&%@ﬁaﬁ@rﬁg@ﬁ? {aﬁggs?agﬁgnasteﬁgg? ggm?%%p%]h&é&?rugt ’nlérgﬁ?( ast%ri ng
of y- altelafanee, impuratiesntotedaanc -(alchmdsnaavy nakal tolesance)- @l alnatalysaprdparediftom e,
and a wejght ratio of the alumna Ato the alumna Bis in a range of from
1: 0. 05 @BMINAIRRortpr ef erably, the alumina Ais derived fromat |east one

al um na precyr sel - | stJ - DS ]
amorphous. alsmER GRS EERN £ Ml AR e
sel ect e\ Addodnuhif BINohiReit ARSAlSiingA 0§ dGhal isnnat, lefst ahelBiuRdnapetcarsad sefdcta,

and the weight ratio of the alumna Ato the alumna Bis in a range of
from 1: drom the grogponpwiieg pf @baidaboghmiteh alunaing iiithedratei Hoetunite; cands graerpheus

| east Ora]lFun?ilmlfrgi Q)%ré){igec;U{hseoglu%%llae%t 1esdatf [e35F E)rrllees el ff:o%lstiles tgirgl,gp %I)nsisting of
y-alumina, n-alumina, d-alumina, 8-alumina, x-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 d-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 6-alumina, 6-alumina and a-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:
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pseudoboehm te and anor phous al um num hydroxi de, the alumna B is at |east
one selected fromthe group consisting of 6-alumna, 0-alum na and
a-alumna, and the weight ratio of the alumina Ato the alumna Bis in a
range of from1l:0.2 to 1:4.0. In the second aspect the present invention

provi des a pracess,fo aring the u having nul tiple pore
structure, g }nlgst}l?‘lé{leg DF RFSErSey of ﬂ?f ag]ymfr@ g étle&ste%ll?r%&m ét‘?f%telp

al um na séy. fohhifg@loeht@Malor AMEndel WHAGtiBnalWed Rlod e ra
bi nder, Sanc(i) opt| tgﬁa ly °§ m)%ll fier rb'%)nl 3aels®?ée0 bf?eééﬁgéﬁl%ﬁﬁ}%}gtlgr%oﬁ d@@fgi/e%

m xtureml({nure} nmoul ding the m xture fromthe step (i); and (iii) drying the
nmoul ded m xt. the process according to the

and.then calcin
i nventi on, (Pﬁ@oﬂlrd&‘?gﬁ%‘e&?m?uﬁ%h hﬁgtﬂpkwﬁ“are may be performed at a
t enper at ur E(ugfdry":lQ%H{% rﬂ?@d&j &?;Etulje L t%én@élHElgI Oun t he process according to

the inventi e calcining may carrie t at a tenperature of from
800 to 1150n @he preekeyr afloyding rtonth®Qfvendod, 1M &yfmpr of thieo mbldedumsxtuer @bgrtabl y
for 2 to 8 hours. The sol-form ng agent useful in the preparation of the

al um na pgﬁ@rﬁmdtatac@mpataﬁgetoé 50He 10i0n°\¢efqr| lote 2eheiys simbtélﬁ aneesss Aerording to disct s

with an.al um na or anaumE%l Br ursor to forma

monocar BEEPITR BerAENinggRaY SrE s emaeehre a6 Bomsubial s arebic q,
but anoi ° boxyllc acids, for

exanpl e(E gﬁ“&‘?‘ﬁ. lgbgciccfg} Fﬁ{ﬁ%&lrk (béé"’t(éfa‘SE BF%Q(g%%ég{Set c.; anhydri des and weak
base sal ts Tot sshfdimid bgeny lusefub¢i dg; plep@agan bf: tHED AlRAT ot s@ppoacadésl;dlﬁgnto the
exanple, nitric acid, hydrochloric acid, etc.; and salts of strong acids,

for exanpication means substrderthaitcan rwcammfomalﬁnwaqrean A marueAUr Sor &hiosmi e,

I | f The. bi d h I
Cuppor t it BRSO E D RE o Es himic et afoeBe FREE Pondoiantt pafrdis

al um na ,gEAWeRr LQYEINEE a@fdsr&%l§c§fﬂé§§ﬁé HEifs, %r boWRple! ﬁf&ﬁﬁ@hé&ﬂemaﬁzw&:@s
inorganic sols, for éxanple, alumna Sol, silica so etc.; and pol yners,

such as cnnd: Wudnytlc aphyloideb snd pehk heseydalts oﬁtsmds:,arhwylwrad;ltiaanyﬂgamcanoml@rotlc

pol y(vin et at e- co- et hyl styrene and but adi ene, . havi ng a
unber | A e GW%UP%C\% g oo pRS aiacec: anﬁée gstrorgﬁ S Wm fa 700
to 50,09 1%5%9% g{cﬁE’l‘oMs aﬁ{? iR H A0 idelP | g%t th Bintt"9
agent an or th er are I's at [east one se ecte romthé gro

consi st iusgfubin thé preparagion df thecablirhina sappadt accbidingctoahe dlveailmmn&anSS@ibStaﬁctd thata
sol, and pol yvinyl alcohols (having a nunber average nolecul ar wei ght of
f r om 10080 PEIdAGEOPS almmaing povder Fﬁgﬁ@ﬂeragteWW%WmmratWé)rblpwsé feRCEItIE, Sedidas n

?Reaggriq%org%‘n{ é;ﬁ(ns ?or examp%g \quml a ffs?l c%b o, e{co ”&nd %ofy%ers Wen (ygs }%ﬁ\? gylon
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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the m xture obtained in the step (i). In the above process, water may be
used in an anmount of from60 to 95 % by weight of the solid contents of the
m xture obtained in the step (i). The water nay be added al one,
alternatively, as a solvent or a dispersion nmedium of another conponent. The
nodi fier, ich is optionally used.in the ahove process, includes ounds
07 ol GRERPLIERmes ST AS S CATDIgHOD B AR e Rt e PRENES) B as
salts a iI6es 08 Ka ioapd by c p

ggoﬁ?g a ofcﬁe MiodRATSe v§1'tl# he %g &g@gﬁ#ﬁgﬁlmd B'Pél@ﬁ@hé@ n‘%(c)illnf er

conpounds, ‘and m xtures thereof. In a preferre ment s,

i s a cofboupstlifcanddiA af tHedestodanEabdg npcdumda admigheatiendf{a ledst o mEnbepeldcdéd and
VA of t?e Periodic Table with a;-‘?fl east otne corrg/ggund of elenmenpt(s) from

G oups [RTHAE groyp eensishiae péspisirrd pxgreol Kulid: Mg and Banyighes sastgmegnemnpyst

| ) .C i i f i f Ca,
e e Y, RSO P iR

si |'i con nedifie undsbangdddh eapnsuns, i6 asmsustddemdi@) fivadiie @foupRYAPHAUSEA dnd an
amount, in terns of elenment(s) fromthe Goups IA I1A I1VA and VA of the
Peri odi ¢ Arabthe Pegpdicrlsiieg of from @b to 200, wh Yopprefesatdp Ifipnt P 3rip d 28 wbYe1 bagdwn. %

based o (3§ﬂ§ s&]“ﬁ 6 %t%&%%eoﬁt¥h§' 'ét%{%.obtained in the step (i). The
nmoul di ng‘lﬁ) 8 5?58 ﬁ]lrﬁl 1 PRETSE AV ﬁ (?CQSS may be carried out by a
convent i onafThe {RERES in R st&X ANRIfShe BYo\COFBERS Thd)Tbd BdrAed B0 BY a,cog@édﬁioﬁﬂ

into pellets, extruding into strips, and the like. In a preferre
enbodi mpricesst e erambl, hy compressiogwitop $dtdets.lopllang ivtot palisisp extprdie@ 880 strips.t dnd

third a t, the present inventjon vides a catalyst used.for selective
hyir ogo Bt D R SPGBl e Srghes 1Y o HR G IR A Suppor
accordi ng tin the iRy enbEQN: th&NGrek Qv 0dtidi0 phovd 270 Qfa et degPal,! adi or
palladiun1oxiJgs,lggse on tﬁegﬁg$%htvd%“#hé%oaP%ﬁfhéggdggJ%%. Tregggﬁgkyst
of the ihpdepératon bfa puiolyalsl gasblate, tdraptge:ogenati on of middle distillates of
pyrol ysis gasoline, such as one consisting of C6 to C8 hydrocarbons or one
consi st i ng (@& theglumgneguppritdcerrdigdn ghe igyertign) ansoi | i ng range pyrol ysi s

gasoline c h$ti.ng of ele t0 [ r havi ng _a

Boi 11 mg- portht U9t 8042 b %% o ¥AAgALRERE, Mo el SRR BTN SERs,

exhi bi t glgaedsapbitvity at |ower tenperature, selectivity and stability, and

has high capacity tolerating high content guns and high content free water.
g

The cat al yskheo¢atalfig ¢ofnthenmivertianomspsuiigbls for ¢he hadiogemat®d el middle whistthatasoefe
F rhgf %?glﬁ%{)l)%]isl%%glmeg 51170%5%% toc]_consqﬂsqltnglof I2",661|t(|) %gihycri?o(c)a'{rbgr?sl cl)raodnieucr(])qngl)s(tiilggegf Csbt%sCe;;d on
hydrocarbons, or full boiling range pyrolysis gasoline consisting of Cs hydrocarbons up to
hydrocarbon having an end boiling point of 204 °C, can be operated under higher feed space
velocity, exhibits good activity at lower temperature, selectivity and stability, and has high
capacity tolerating high content gums and high content free water.
The catalyst of the invention comprises preferably 0.05 to 1.0 wt.%, more preferably 0.1 to
0.7 wt.% of metal palladium or palladium oxides, based on the weight of alumina support.
The catalyst of the invention may be prepared through a conventional shell layer catalyst
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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The catal yst of the invention nmay be prepared through a conventional shel
| ayer catalyst inpregnation technique. For exanple, the catalyst of the
invention may be prepared as follows: a support is optionally
pre-inpregnated at first with a liquid which is mscible with a Pa

sal t-contai ni ng i npregnatin i qui d, then is inpregnate ith.the P

Sal - compinRriTge PR Lysab iy cpe Tardvemen PR o egnat et MUplg e
washed, g4 : bei - i J: I I f . C,
o oi ve s PERPUREE 28T, €) Ooddl: Blfes Bl FRe YR, fh a8 PR SR S e Y e
can be wus€ghwfrde@rbdmvi ng been reduced in reactor by hydrogen gas. The

catalyst of the invention is suitable for the selective hydrogenation of
al kynes, cdiptight & dousteaspeshdthe nresenk dnysmtignt provides (fy @Fasessr Binselectively

i ncl udi ro J fi. ful Doi | | . l.ysi sQl-in
(consisp%%ég%FH%Q2%?@?%%%?%%%§HﬁbC%%pﬁ§8§6%gg%8@gﬁg€ﬂﬁé&gﬁx Z%OQ%bFW#ngm
poi nt Ofsela&ﬂ/e@)/d@fgelﬁ'ﬂ'ti@ﬂ|c@ta§jsﬁz§dcbfcﬁﬁg9§) thé ind¥htRdnysider BRE6gdnaton Sokditids. one
consisting of C6 to C8 hydrocarbons. Thus, in the fourth aspect, the
present i nvidwtpreeespifon salestivalyphyslcegssating ths elyedysiv ghsolinaydayo he satriedgpua in a
pyrol ysis gasoljne, conprisin ontacting the pyrolysis gasoline with the
selectiygm_VHV% éW}%% 85?%$@§6n3%%%%ding to the invention under
hydr ogenat iphec@fdivhiRNRe feEASs RTAE 68idink ‘Péng%%‘yﬁ‘&&éié’@islﬁliﬁé’g&ﬁgi%ﬂ%t 1P coltent
pyrolysis gasoline may be carried out in a “fmanner well known by Those
ski | | ed gims tahé hgght contamt filee veasre thehmeeenthef fnéadparss & fhel databit il gesudtnigehat
ni ng hi.gh content . guns and hi content free

e Ysiﬂ}sfecgagaﬁgé éq?é%a%ﬁ?ét%‘% EBpEPEY PrFaptfethe e Y 44 PaflaEEa R SeRfags tehe
cat al ys%ufn§ H&a6dd E?tﬂ?éj Bﬁoﬁé%éa%lggfgfggé{gﬁoﬁ E%n%{d%gorﬂ@& &6 t&f1%he catalyst is

macr onol"ecul es such” as the " guns y cropores are nore

di f fi culdndefedbdespthobieser thedspseific watfatderea aifathy shtalyst iy eqdeé®dOwltho pbisthirg, or
the specific surface area of the catalyst is reduced. On the contrary,

nacr opofasrappras Wi dpgilitagy e rediiction o syriise nsipnrspdbet walpsadsarbsd byrhbe catalystr

adsor bed_ by, the cat.al yst ..may be i ilibriumwih ter iin.th eed and
Chus. ~ oo bt ooy UtF it Rhic? in e, I8 < bt Tt Ayt HeClredf o P, g
even des@ddpedl bynthenQtabRs enWies 8veedcB5rbe@ Mt et calé wWHaR: HaRd cbitent OMBE - feed is
Macr opor ous supports, however, have generally a | ess specific surface area,

and t hi $owes. Magtoporous supportst howeveti bpeerginonllpfa lesrespretficvariconpeaecmd this is
Activit¥ of. %,cata%¥st [ nainlr determ ned b a%:hve surface,area of. t he
cat al ysi°! While¥Pri & it AISPATSIOD gt dbe REEYF CRRPSNEL; ACHVIRS (it 4 fatalyst s Jraiplye

SUPPOTt jatefinindf %gr atREGufthGe GHLTAICHRe ALBH LI whidh i[SURRAH rdisted yillPYRY sitbifiche
di spersion of thé active conponent, thereby enhancing the activity of the

cat al yskurfadeeared ofritleaswgpppor ta lagger ngeaifid sughdce gred ef sha mgiporteisamctavoll of) theo
the invention has a . ) L
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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relatively large pore volume, a relatively large specific surface area and a
relatively large probable pore dianeter, and various pores provide a

sui tabl e proportion of pore volune, wherein a pore volune of pores having a
pore dianeter of from30 to 60 nmconprises 20 to 75 % of the total pore

vol ume, a pore vol un f.om cropores having a pore diameter of |ess than 10nm
conpri sEEC°T B0 gfi'fME%‘(’ﬁ‘ . eﬁ?}foeoﬂmdﬁ(%@,n tgr%l 1 ggﬁls.E)‘?ecg?"?lflglesg@?‘fea%eéocéﬁyga

of the 3HERGK Lol & 3 g8Rhl y s@fe@t‘ﬂréjﬁ?d@%exﬁ%ﬁ%fh@\fbl'ﬂ%oﬂﬁ@ YR 9_0;5}@019!;@”'@%%(9&6' n
narrow di stribution. Wen used in” the selective hydr ogen§t| on of a full

boi | i ng(comsigengryli ©f hsirscagase lupne hfdrocbat havgngéin &5l bdilidg peiat bO2BE U} Haoing

hydr ocar bon havi ng .an engg boi I i ng poj nt ,. the catal yst based on

. f 204 C
the al uAigya <ussnOf 1RA PR YOG ol gden ?Fréfg@f P%@ruacé 1908 gwen Ay 126V Hpaverage
. ti i L e Vi 1o and
Lot | el 288 03N o B A, L RBSEANE R RLARILIY e,
free water. Under the following conditions: inlet tenperature = 40 C, 9

reaction pressure = 2. 7MPa, volune ratio of hydrogen to oil = 80: 1, and
vol une gRafmplesel ocity of fresh oil = 3.8 h", a selective hydrogenation of a
full boiling range pyrolysis gasoline (consisting of C5 hydrocarbons up to

hydr ocar bon! Healellayingnexampldsodre i gheenpior durtletr ilosraing Hae imvgntien, diwndeormt emakeof
150 ny/ 1 i 1..ar . e content of 1000 ppm may give an average
di ene vé&gteagg loottl}gllr&g’teﬂg%gl.%l%%di ne/ 100 g oil, that is, a hydrogenation
rate of diene of 100% Exanples The foll ow ng exanples are given for
further Eixldu!anlrati ng the invention, but do not make Ilimtation to the
invention 1h any way. Exanple 1 380 g of boehmte, 20 g of S-alumina, 12 g
of Sesbani 48¢grufdbehaitpddgnf s2a0ininaf 125g o Sésbaaguaansbisopowd@n2®f of 8l ywdonyl
al cohol (nunber average nol ecul ar wei ght= 1750), 4.5 g.of acetic_ acid, and
4.5 g oRdesops pelutien af pRIyeny dleqhol Gywrtes averagrimpleshlap weiahield 0htde> &f acasicnm
trilobal ..ext es. t. extrude dr i at far Qur'S, d
hen_carginai! 45856 Tehp gl RiceR PEiGting Bl dilegui Bl 2 LR TitoBl

sur f ace eRir@des. PRI ReVAltHiBs wWRFORAN & 100°€ B 2MRLEY, an@ﬂ%ndda%ﬁeddét%b”@ufoir gn of

the support ZO were neasured by nercury intrusion nethod. The results are

shown i houletoTed ®suppoe! ZnThEspegpfie s fa80@reg, pdre ys bty ipodtahiet pore 8@nmgtenf and

S-al um na, of Sesbania c abi na po r, 18 of 5 w.% aqueous

sol ut | oﬁO@fd%s%PWirh t amawaﬁa?@ W%@Ffsa\&gfwg@% SRiPsPn st ﬂi?@@i@ g
4.0 9 QoW IS thé T961Y s M xed together, and then extruded into cp 2.5 mm
tril obal extrudes. The wet

Example 2

300 g of pseudoboehmite, 30 g of 6-alumina, 9 g of Sesbania cannabina powder, 18 g of 5
wt.% aqueous solution of polyvinyl alcohol (number average molecular weight=1750), 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 100 °C for 2 hours, and then calcined at 900 °C for 8 hours, to give a
support Z1. The specific surface area, pore volume, probable pore diameter, and pore
distribution of the support Z1 were measured by mercury intrusion method. The results are

shown in the Table 1 below.

Example 3

300 g of pseudoboehmite, 150 g of a-alumina, 12 g of Sesbania cannabina powder, 30 g of 5
wt.% aqueous solution of polyvinyl alcohol (number average molecular weight=1750), and 6.0 g
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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extrudes were dried at 100 C for 2 hours, and then calcined at 900 C for 8
hours, to give a support Zl1. The specific surface area, pore vol une,
probabl e pore dianmeter, and pore distribution of the support Z1 were
nmeasur ed by nercury intrusion met hod. The results are shown in the Table |

bel ow. Exa &ﬁ%& doboehn1te % -al um a 12

Sesbani &" HPQ ‘g‘f Gf% PQRE . ‘%‘é‘&&e@&&’a | #P1% laé?et?foli?& HS}IIC

al cohol dfsﬂm% &Vt’ﬁé e m'zecwleﬁ:r méglalf b Zéé?zu aRfuSo th ALt

wer e m xed together, d then extruded into cp 5 mmitri al extru es The

wet  exshawes thefebldritetbvat 50 C for 24 hour s, and then caIC|ned at 1000 C
for 4 hours, to give a 10 support Z2. The specifi c surface area, pore

vol une, probabl e pore dianmeter, and pore distribution of the support Z2
wer e ne@ggﬁggépy mercury intrusion nethod. The results are shown in the
Table 1 w. Exanple 4 200 g of pseudoboehmte, 200 g of O-alumna, 12 g

of Sesbani 20€ gmifi pkiudabgrbwi el 20(2@0@90funﬁnavm g’@foﬁwbausce&mhbnhacpnwdér pOkyfisny|
al cohol (nunber average nol ecul ar wei znt =1750), 4.0 g of nitric acid, and
34 g of vai"updureus solutien ahpelyvieghalephol mbwave/aagqui%te@mg%b?%4 0 e

then extr.uded int mm t r,ilobal de wet ext dried
ot 80 OB SR A & 2 gf alinfTRL b B SN TR P oF S st BEERe 08 4%
SUppOfte%@wkﬁhﬁmﬁpﬁghﬁm&nﬁﬁﬁfé&ﬁxﬁéeﬁw\Qﬁ%ﬁnu&%KM§€dnEHQP§@b@f@PGﬁoﬁsaﬂﬁier
and pore distribution of the support Z3 were nmeasured by nercury intrusion
met hod. thidnecaldned tts1 B00e°G o2 hourg, he gn’eé)besufopmmwﬂﬁxquaspnlfe $urf0e @reaf pore
anor phous al um num hydr oxi de, 320 of O-alumna, 12 of Sesbani a cannabi na
powder , Vobumg, protsblg poxs djpmetss A EﬂrﬁcﬂiStBPUtW 9ﬁ¢h¢ysup@peo%%lwe(r%méweé\}m age

mol ecul Aerc .rﬂgxtusg)%? aqu.(%hgvr\gsruﬂ a&s%r%1ﬁ&e abﬂ:nfjbé4 g of alumna sol

(al um na“con toget her’, d“t hen extruded into rp
2.5 mmtril obal extrudes. The wet extrudes were drled at 80 C for 6 hours,
and then calcined at 1100 C for 2 hours, to give a support Z4. The specific
surfaceaneabfbore vol une, probabl e pore dianmeter, and pore distribution of

t he support, Z4 nmea ured b o ntr i.on. method. . The results.are
shown | n t B8 ErabiRophig R o B SR e ot 115 ootz
a-al um 6Wdé‘12 29 fof%%ﬁ%'a%u@ﬁﬂnﬁﬁﬁt% prg{/_ afé:oﬁolofnun%gﬂla%'e&ge Gholecular
pol y(vi acet at e- co- et hyl'ene) (VAE/Q7, Vi a solrd content "of 54.5%
we1ght—1750) 6.0 g of nitric acid, and 34 g of alumina sol (alumlna 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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avai |l abl e fromthe Sichuan Vinylon Factory, China Petrol eum and Chem cal
Corporation), 3.0 g of nitric acid, and 8 g of alumnumnitrate were m xed
together, and then extruded into cp 2.5 mm trilobal extrudes. The wet
extrudes were dried at 50 C for 24 hours, and then calcined at 1000 C for 4

oy obabl ¢ paPbE FpRctEBBochdRy o s SREGis uEPon PorIPng S e it Sstes @ € of
measur edithy JBRI whte YmixRl rtagam gﬁ‘& I&% extrhB& (RS W ©S A t&lBQé(l’neﬂtxfﬁdEJ‘e%-Ea\%te !

bel ow. Conparative Exanple | 0 g of pseudoboehmte ani a
cannabi eatrydeschere dd&d gt 620 @ﬁﬁeimhcil heursamﬂ the calcimkd anil 050 eCafct d hoarsetongived
together, and then extruded into T 2.5 mmtrilobal extrudes. The wet

ext r udeSURRSFte Dir i Blee apecibe swurfes 346%0129@ veles werbagly Pprredlianpetansmdcpersr 4
hour s, e [ .eq, ol une

hour s SRy BUARBSd D WP oRRSEL b RUEIACRALEE ARIE 1 W are
nmeasur e@h&ynnﬁh@qay]ellrﬁendwl on net hod. The results are shown in the Table 1
bel ow. Table |I Exanple No. 1 2 3 4 5 6 Conp. Ex. 1 Support ZO ZI Z2 Z3 Z4
Z5 D1 SpeC|f| c surface area, n2/g 140aBe139.2 108.5 65.4 53.8 46.7 102.3

por e VeHtfe—er3+Hg—0—42—6—65—0—F3—6—92+081—10—9—56—Prebapte—poere

di amet ¢r, nmExanp €6. 27 27(28122| A0nm &0 2.@ 1|0 :’o 5 062 D. Cohp. Bx.Rorle
<30nm $5 53 35 .8 5.3 92. di stiri puthon 30,t 0 nm 2b 37 .6 48
42.0 3i8~—>69|cr§§5£0,_2 28 219462 ?L} 7 Bkg ':vgém' .3297 22%1 Hustratet he

t
per f or [afpeifef suchtabgsim’/pr epdded | 136 th@8.§up|66:4t $ iif8th¢6.|7nuent i16A3i n the

first-gta n of ulf |l i ra DYr Si Asol |
cont ai fn g%o@&@@%%ﬁ?{f .*sé'é.é.d Ogs‘) ud.?gwﬁ %}ggef ylvvaL:r ?_slg_g A€ 06156 60 of
t he suppdpbablpeas dmmmfarenh | n Bxanpl2® 1| wa§ i|jnp2Egnaéd |i n28’303rrfL 0Q2Pd012
i mpregpation sol utiop az s|c entratiponm =z 0. 46% t he
i npregnat i PBreS Ol ul( en ucca:rer?g&c! OF ge%ss j—\? e#r—ergﬂéagg t 'i)glt' e ul,z § he
sol i ds re_dried at<8BinC f or 556 houl3s, | al 6.5 5.8 5.3 92.6
istribution
o 30 to 60nm 25 25 37 71.6 | 48 | 42.0 3.8
0
>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



then calcined at 480 C for 3 hours, to give a Pd-based catal yst, CO The
catalyst had a Pd content of 0.3wm.% based on the weight of the alum na
support. Exanple 8 A Pd-based catalyst CI was prepared from 60 g of the

support Z1 as prepared in Exanple 2 through the inpregnation process as

d i bed t al ha P t ent_ of % Db d
CheC et oht AR bR R ahs, G Sps ahdtadidnd §taS SeH 4 hecrrepatedin Etorsat gns
pr epar e@hrt)ugmh@Qm@réghaﬁa@pl%@%%tdez&&a iR rli%@ﬁai;i%d% ghegeﬁgyét%a a P& rcsmeﬁt the

i npregnati on process as described in Exanple yst had a

cont ent 03fwt. %, Based ofrithehwsightt @ith¢ hlemaes gipporvf t he al um na support. Exarrpl e 10
A Pd- based catal yst C3 was prepared from60 g of the support Z3 as prepared
in Exanple 4 through the inpregnation process as described in Exanple 7.
The cat gyshehad a Pd content of 0.3 wt.% based on the weight of the

al um na sup ort Exanpl e 11 A Pd-based catalyst C4 was prepared from 60 g of

t he suppor tA Pdtbasedprarpat €8 was prepanal feorb 60tgufabigbupoet Zm @gpz&écii ﬁnEmr@p:less as
described in Exanple 7. The cat aI(?/st had a Pd content of % based on
e

the wei §HOUSE¥ thFH@Paqgé}ﬁ‘ilehp@foé(ﬂst sqibgApp &xample defﬁa%Hé@lyad%aéwE@ comenical
pr epar e%zjw @ase@ gthe \legﬁ%ﬂﬁééluﬁn@gﬁpﬁpar ed in Exanple 6 through the

i npr egnat’ on process as scri ‘e 7. The catalyst had a Pd
content of 0.3 wt.% based on the weight of the alum na support.
Conpar ati ve Exanple 2 A Pd-based catal yst CDI was prepared from 60 g of the
suppor t ERamals lpirepared in Conparative Exanple 1 through the |rrpregnat| on

process as d e e The at st had Pd cont ent _of

Bk 75 " based: B orrd “Aiahh SR sFeraina i 20 AB bopP oL L BoREPBr faEGemple S

cat al ySkgofgh el 1megnat(i\6)h fetess@R RBCiHeRn WampRY Rl PRt &Qal?i’[ I?ad]aopd Bbntent of

adi abatic fixed bed m ni -reactor respectivel y using a full boiling range
pyr ol ysi0s3 wakobasae on tlxowsight ofrthe alur%a supdocar bons up to hydrocarbon having
an end boiling point of 204 C) having a gumcontent of 1502 ng/100g oil and
a free water content of 100015 ppm as feedstock. The feedstock contained
151 vx/t.oé)xglfnp&;Sthydr ocar bons, 652 wt.% of C6 to C8 hydrocarbons and

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 C0O, 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 1000115 ppm as feedstock. The
feedstock contained 15+1 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.
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.
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201 wt. % of C9' hydrocarbons, and had a diene value of 27.12 0.30 g

i odine/100g oil. Reaction conditions were as follows: tenperature at
inlet=40 C, pressure=2.65MPa, volunme space velocity of fresh oil=3.8 h-',
recycle ratio=2.63, and volunme ratio of hydrogen to o0il =80 1. The

eval uation results are shown in the Table_2 below 13 Table 2 Exanple

Catal yst Diene value at outlet Hydrog AdEPon rate of diene (g iodine/] 00 g
Ooil) %7CO0IZ99 5 8 CT 025,990 9 C2 01099610 C3 000100 11
C4 0.00 100Exg,ﬁ Fos j o%a%aq?tmnppl@f.vabw@bputé@t4 86 Hydrogerationgate o diener om t he
data shopwn 1I'n %e Tapl e %at t heg waim/ WsteSoiDf |t he inventiop are suitpble
for the |rst-7stage nydr&genat on of the Ui bgrting rangg VARSIVALRS
gasol i nel.cont ai ning | hi gher caohtent QIW and hi gher conten 9Pree water | with
their peyformmce bei ng garked|y supey2pr to that of the gapal yst preppred
from conyentional nacropefous Al um na sypport. Exanpt e 13 ﬁig g of
pseudobophnmi t e’ 150 |g of 4-al uhina_and: g of Sasbhania can i na powder| were
m xed topgethenp and {thenC3o the m xtureeoovas added 360 nml ofjp@queous sol ption
cont ai ni hg 25 of b mﬂcﬁaaqueous SO%P [ on of pol yvinyl anﬁ8hoi (numbe

aver age lecutar welight ~= 1750) 4 0 of nitrdic acid, 1 g of 85%
phosphorj c aciig, 1.5 g oftspotassi um nigggerte, and 2 g of magpesium nitrpte.
The resuftant m XUUTE i Xeg honmogeneousty, and them extryded Tnto 2.5
mm  tril bhSPMBxE¥ {dels % wet PXTI‘II%PQEV\EI‘ Pydri ed at 50 CS¢8r 24 hourg and
then calcined at 1000 C for 4 hours, to give a nodified alum na support
havi ng mul ti ple pore structure, Z6. 60 g _of the support was pre-inpregnated
with equi vdf &t bd grspromr bk troea m&b%rT,angn?dthaﬁ Mlesn catplypip & thinsientign ey .

Next . t - . ; . °
(Paci2 SELBHERE e HAR LIPHEBIBLGHoL b B BN btind HERE o\ SORRYI A comultl O
col or | esfpher Abiitetit glEN®hdhighee doh@ut dree tvrgters alitid sheive perfeliiadde dkink2Mafkelllgr 4

hours and then calcined at 450 C for 4 hours to give a Pd-based catal yst
06. The sereriar {psthatfdhecately st pmenard fsem gorventiogal apgéeporous 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
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on the weight of the alum na support. The conposition of the catal yst as
well as its specific surface area, pore volune, pore distribution are shown
in the Table 3 bel ow, wherein the content of each conponent is based on the
wei ght of the alum na support. Exanple 14 14 75 g of pseudoboehmte, 375 g

f 8-alum d?o9 S i bi wd 1 xed t t her, d
Chen to the e 3t radh@haied 380! SRRy dsb g e C S Ghe bR ONGED8eG of
5 w. % aﬁk&%gaﬁ%{ dhd 2nqb twhlm@ydvasgdfge@@ho WG e AL RLAGEN TBhBGHAADS

wei ght =1750), 2. of nitric acid, g of silica sol (mass concent r§ti on

=40%) , ahdiwi/7aqucbay sakmion efrpalyevinyloholgaumbeardverdge mrleculasvaighteti750), 2.0 g

honogenegqusl.y, an hen.extruded into cp 2.5 ril opal_extrudes, The wet
ext rudeS! AR 26k 3656&0%6111@%# ?@%swaf&traaﬂlar%?agéﬂs enff di'nadPasiimoBirats. flde 4
hour s, ' i £ j i tipl : e,
20" prpLE R R ) I ICRENSHERAY Inch BB THo ) BB AL BHELRED,
pr oceduf@e a&t edestes ivees dtied ExS0TRC €orl By hansl dndehentatinsd ahosh eC Pt £asirenb of
0.5wt.% based on the weight of the alum na support. The conposition of the

cat al ysgivgs medifiehalumirg sppeit hpeing grilgple patestructyos €7. vol une, pore
distributio re sho i he Tabl e el aw, rein the ntent of .each
component 13 BE8isE SABME Chetenbreard BT RlE i T pRBPT ZERArBF oroiseTRaRy of
pseudobgeRRbtEin BMnSle a8, AnddndWaiidyst AtHa PdLofenSES030k 8, LRARNEHI BR WAVEesT
were m xed together, and then tothe m xture was added 360 ml of aquUeous

sol ut i othecdnmaiansupgo25Tle cahpdsitidn 84 tguratlist o welli nitofpepdicysirfage asdac pbiel

(nunber average nol ecul ar wei ght =1750), 4. of nitric acid, 4.5 of 85%

phosphoMPRimse iRgre gliwiriguion @reo?h%m ap nhb?eat%eb%lewr AVRFAFIAL e dangent , ofs fAchant

m xture ) : uded into cp 2.5 mmtril obal
c%ﬁqﬁ?g%‘%%amg%@éﬁ t}%'h‘i’urhf‘ﬁgt@u@%wc P

ext rudes wet extrudes rie for 24 hours, and then
calcined at 900 C for 4 hours, to give a nodified alum na support having
mul tiple pore structure, Z8. A Pa-based catal yst C8 was prepared from 60 g

of the $¥ppBletlSz8 by the procedure as described in Exanple 13, and the
catal yst had,a fd sé:u?ltrcl)hge(htmig, t3ﬁ% ]g8of"&[-?1§1%/?sntir%a§&99%Inof@e%b Vel gt .01 a é)tot]N%eIa\lNgr na

support. The" €onposition of e=cata as well ~as”Its” speci surface
area, patiRed MRLMEE and e 8t hiktufd Wik Alded SBOWI dffhqlibus sdRltRnZohRkMaME 25 ¢

wherein the content of each conponent is based on the weight of the al um na
suppor t of 15vtVabdueo8s 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.



Exanpl e No. 13 14 15 Conp. Ex. 2 Catalyst No. C6 C7 C8 CD

Z7 Z8 D1 Pd wei ght content,
el ement,

of G oup VA el enent,

65.0 102.3 Pore vol une,

% P-0. 2
cm/

0 P-0.5
0.79 0.

$igs

Support No.
% My-0. 5 Ba-

Z6

%0.3 0.5 0.18 0.3 Wight content of Goup IA
% K-0.3 000 Wight content of Goup IlA el ement,
Ca-0.5 0 Weight content of G oup IVA el enent,

0.2

%0 Si-10 0 0 Weight content
cific surface area, m/ 89.4 134.1
91 0.56 Probable pore dianeter,

nm 22 PT1724 77 POER,MpRING PUTTON <3UMM 373 #4727 PZ.© [0 3§ [0 t@&gbﬁ 24 33
3.8 > taiys?Notxa”p' e 16— ThTSs ey IbLCg.L EY TITE (Y5 of |t he
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up to '}yrlr gcarb IrPtdh‘:{Nﬂgh)‘ﬂ%an{"eh /gnrl boili ng aYilati Of0§O4 )\0118\'_)0 faal nfﬁ’éach

cat aly:fw I;I.CRBWanrﬁxoan‘meerﬁ, %nd 15:0i% o @ppar telQ packed i%nto a

100 m | ad{ehehi contentof Growp HAglemente¥et loMe-83d |t Hi0PedncdestOfor] 8 holrs under
t he follWeighticontemef GireupstV Aglémegete presdure |= Si-¥0 MAa, tlenpdraturd = 114 C
and hy(r Btpeght fomgentradiGroup ¥ A etbhemi %g [caPdl.¥st|) . Next,| ePd).fiat)i on eXperi ngnts
wer e cpnduct eSpebificisntfacdarea,my/@ ful | |boi8bidng | r advge plyr @s5yEi § gasodd. he,

whi ch had a gunpgeRbfite, @n°A502 ng/ 100g ogid and gasdf ree wedier | confoet of
100015/ ppm DY ¥Eb@ Bore 8RR NGH 10T v*t Y1 5 Nhydrocarbeps, [65Z Wh; % of |C6
t? 518 grgcggoons ad— 20T - 96 of Xf ?r ;o%:s, anugﬂri a i %Q%V\(/iai He
(o} 7. L2Por®di3fib@tioh O i Q W itli ans roden
pressufe = 2.9 MrPa, [nlet3Qtefdamat ur ¢ :3010 > f24sh loi | 330l Une so?a&e
velocity = 3.8 h"' .| total >0ddmane space ¥&l ogit y3df o|i| 4513./18 h-'3.6(recycl e
ratio —Egarﬁgl)emand volune ratio of hydrogen to oil = 80: 1. The

hydrogenation results are

shown in the Table 4 bel ow. Table 4 Reacti on

Aver age di drhés Bxample demansirasgsehtysir ofghacathlysis agreenpicd ickxamples 7tandd 2gp dduct

rate of 1nd|s%ﬂzct1ve 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, 6512 wt.% of Cs

to Cg hydrocarbons and 20+1 wt.% of Co" hydrocarbons, and had a diene value 0of 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',

total volume space velocity of oil = 13.8 h

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

shown in the Table 4 below.

Table 4
Reaction Average diene value of | Average hydrogenation
Example Catalyst time product rate of diene
(hours) (g i0odine/100g oil) %
Entry 1 CO 250 0.10 99.6
Entry 2 C5 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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(hours) ( iodine/100 oil) %Entry I CO 250 0.10 99.6 Entry 2 C5 250 0.05
99.8 16 Entry 3 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 16 Exanple 17 100 m of the
catal yst C6 obtained from Exanple 13 was packed into a 100 nml adi abatic
fixed b@d m ni-reactor, and then reduced for 8 hours under the follow ng
condi ti GR&MPKAr ogen pressure = 2.7 MPa, tenperature = 110 C, and hydrogen
flow rate 3o ' | Ob5di t I ' i hat]
perfor med T 000 Foars 3By B ik R Bxanf1 YR HCRHP RIS oMo P Rlabati
gasol i néixedvhedt mitadacoryand ¢lwnt reducedffod 8 d@ursgintien thedfol lowing eoniliteas atdesgen
content of 100015 ppm by weight, contajined 151 w.% of C5 hydrocarbons, 652
Wt . % of PrEssure=ag/ M]i’;dﬁe%)&%‘gﬁf Hid G end fydrogess flag rate 7k B bpisemheatalssiy Nexél a
di ene v . . iLodi,ng/ 1 i r it he fol we!

) @*LEHEaU%B peillﬁjenp vg’a% erfd 46§!|(/Pg),%%t Q&lrs b%%ﬁrodhgﬁg. d tjuﬁ\%:m%bg g,mgfe resh

condi tions: reacCtion pressufe = enperdature a inle

oi | vol yy@|y3RaGEoIUR), Mhidhhad Bg@nht@nient 6f B3020hPITO0S BAGRI LA Watkr @bnteit of=
13.8 h", and volune ratio of hydrogen to oil = 80:1. The hydrogenati on
resul t s 180G 1Shgpmm by nweigkt, Tablamed 5l Sié| windo dabk dydroRehond, v+ weo bioGg 39 Cg
Aver age di ene val ue of product Average hydrogenation rate of 2(7 lgzgi OO? oil)
di ene ( Yydrogbensomd1 gt lowt. Yo of 69 0bydrocabonss gnd) had agdiene valge of. 710y 0730 250

0.06 ggio%ineg%godiESun%gf Zhe f%ﬁgwg)rigOZon%%iole: 146%9'[i(())ﬁ ggsgu%é & 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) 1 ¢ iodine/100g oil = iene (%)

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
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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 Exanple 18 100 m of the catalyst C7 obtained
from Exanpl e 14 was packed into a 100 ml adiabatic fixed bed m ni-react or

dth d 8 h I d d
P essur B 7 SyEMT HBEFATE e 1D *E1 8 SHETHY Gon TPOWEE G AeKbrm ng
catal ys r i
mdl & o AP e e R BREHRA I TRNoHAS Eﬁéﬁ?’iﬂﬁﬁ%%% PR Whsline
hydr OCaE&lQ;iIﬁlngWﬁOého 03ty drogatosn) MilecH haaf a d¥i2onhIlOODI0E2I mgndo@ofl ke a finat er
content of 100015 ppm by wei ght, under the follow ng conditions: reaction
pressur gater cgnteml\mgloqoéﬂr@@pm by eve!:ﬁght,i uridet the follo@jngf ¢aadlitiapis| reactiampresypiac e
vel oci t 8 h"1, total vol une e.velocity of oi 8 h-1, and
vol une ¥£§N§)%f6mﬁ¢mtw§e% iglgt i oC. figgh pil Ve é%%fehvggocgy Sy M
23. 99 gp’%g vglocf??r E%{llﬂq 804 . anﬁ%lﬁxgiﬁ%e%@(g&%én%% f S Pl Sﬂ%"‘{%e@ Bad e

Tabl e el ow. 'e 6 eactl on tinme Averag ne val ue of 'produc verage

hydr ogedrhé @flue at 23.99 RoMBG ) 16<ﬂn¢/®00g1@14 Iﬂﬁglyﬁfdg)snzﬁfon%ﬁﬂ% a(r%hcﬁ:&h 2.0 TAPR. 0
100 0.03 99.9 150 0.05 99.8 200 0.10 98.6 250 0.07 99.

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 99.9
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 99.9
500 0.05 99.8

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.
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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, 8-alumina, 8-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,
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of y-alumina, n-alumina, d-alumina, 6-alumina, k-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;

(i1) 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, 6-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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15. The process according to any one of claims 9 to 14, wherein the modifier is used in an
amount, in terms of the at least one element from the Groups IA, IIA, IVA and VA of the
Periodic Table, of from 0.1 to 20.0 wt.%, based on the solid contents of the mixture obtained in
the step (1).

16. The process according to any one of claims 9 to 15, wherein the modifier is a
combination of at least one selected from the group consisting of salts and oxides of K, Ca, Mg
and Ba with at least one selected from the group consisting of silicon compounds and
phosphorus compounds.

17. The process according to any one of claims 9 to 16, wherein the calcining in the step (ii1)
is performed at a temperature of from 800 to 1150 °C for 1 to 10 hours.

18. A catalyst used for selective hydrogenation of a pyrolysis gasoline, comprising:

(a) the alumina support according to any one of claims 1 to 8; and

(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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selected fromthe group consisting of nitric acid, acetic acid and citric
acid, the binder is at |least one selected fromthe group consisting of

al um na sol, silica sol, polyvinyl alcohols having a nunber average
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| east one sel ected fron1the group consisting of salts and oxi des of K, Ca,
My and Ba with at | east one selected fromthe group consisting of silicon
conpounds and phosphorus conpounds. 17. The process according to any one of
claims 9 to 16, wherein the calcining in the step (iii) 1is perforned at a
tenmperature of from800 to 1150 C for 1 to 10 hours. 18. A catal yst used for
sel ective hydrogenation of a pyrolysis gasoline, conprising: (a) the

al um na support according to any one of clains 1 to 8; and (b) 0.01 to 1.2
wt. % of metal palladiumor palladi umoxides, based on the weight of the

al um na support. 21 19. The catal yst according to claim 18, wherein a
content of the netal palladiumor palladiumoxides is in a range of from
0.1to 0.7 w.% based on the weight of alum na support. 20. A process for
sel ectively hydrogenating a pyrol ysis gasoline, conprising contacting the
pyrol ysis gasoline with the catalyst according to claim 18 or 19 under

hydr ogenati on conditions. 22
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