Description A catalyst and the preparation process thereof and a
process for epoxidising olefin Technical field 5The present invention
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25 and complex separation of products.

In order to increase the crushing strength of the catalyst, the conventional
shaping of titanium silicate molecular sieves increases the catalyst strength
depending mainly on increasing the amount of the binder. However, the increased

30 amount of the binder will necessarily result in decreased content of the titanium
silicate in the catalyst, namely decreasing the effective active component per unit
weight of catalyst, so as to decrease the activity of the catalyst, which in turn
decreases the availability of the reactor and increases the equipment cost and the
operation cost.
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CN101274922A discloses a process of preparing propylene oxide, which
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Summary of the invention
The object of the present invention is to solve the problem in the prior art
which cannot result in high content of molecular sieve in the catalyst with the
35 proviso of ensuring the sufficient crushing strength of the catalyst for a catalyst
using the titanium silicate as the active component. The present invention thus
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is of not |ess than 60N cm neasured according to GB3635-1983 standard
met hod. The present invention also provides a process for
preparing said catal yst, conprising shaping a m xture to obtain a
shaped article, heat-treating said shaped article in the presence of
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30
The present inventors have found surprisingly that when using the hollow
titanium silicate according to the present invention as the active component, and
using the organosilane and/or organosiloxane having at least two hydrolyzable
groups as at least a part of the binder source, even if the content of the molecular
35 sieve in the catalyst is as high as 90 wt% or more, the catalyst obtained still has

high enough crushing strength. For example, the crushing strength value
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The present invention provides a catal yst containing a binder and a
titaniumsilicate nol ecul ar sieve, said binder being an anorphous
silica, said titaniumsilicate having a MFI structure, and the
crystal grain of said titaniumsilicate 25 having a hol |l ow structure,
with a radial length of 5-300nmfor the cavity portion of the hollow
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content of said titanium silicate is higher than 85-97 wt%, especially 88-96 wt%,
particularly 91-96 wt%; and said catalyst has a crushing strength value of not less

35 than 60N/cm measured according to GB3635-1983 standard method.



not only can increase the activity of the catalyst, but also can
ensure sufficient strength of the catalyst. In view of providing the
catalyst with nore bal anced strength and catal ytic activity, the
content of said binder is preferably 3 w%or nore and less than 10
w % and the content of said titaniumsilicate is preferably higher
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such that the selectivity of the epoxidation is increased.
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The hollow titantum silicate can be prepared referring to the process
disclosed by CN1132699C, or can be obtained commercially. The hollow
titanium silicate used in the Examples of the present invention is a hollow
titanium silicate under the trademark of HTS manufactured by Hunan Jianchang

25  Co.Ltd., China.

The catalyst according to the present invention further contains a binder,
which binder is an amorphous silica. Said binder not only can endue said titanium
silicate with certain shape, but also can make said catalyst have high strength.

30 The amorphous silica can be chosen from various of non-crystalline silica
generally used in the art, without particular limitation.

The catalyst according to the present invention comprises 3-15 wt% of said

binder and 85-97 wt% of said titanium silicate molecular sieve, based on the total

35 amount of the catalyst. A content of said titanium silicate within the above range
not only can increase the activity of the catalyst, but also can ensure sufficient
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wei ght ratio of said anorphous silica to the oxide of the al kaline
earth netal is 1: 30 (0.1-0.3), based on the total anount of said
catal yst. The present invention also provides a process for preparing
said catal yst, conprising shaping a m xture to obtain a shaped
article, heat-treating said shaped article in the presence of an
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Vi
por ti onll I’GE (9& %@F&éﬂﬁr@ormfbbﬂ Wiva, R §Q§r Bpltg‘ﬁ t@&’gaﬁpﬂlnbf’f the
3ggfﬁgggc£fﬁwr%§tgiref |tﬁé‘dcﬁfteﬁﬂ 87 QaldBRIder 1S @9“\@’(%‘ el Qe edntent

sorptjon tine
g/ g, aﬂgsalﬁetit@n@nasm%t@éséslrgg V6o Bedardan th ot aijg oh the Gainlysh
and the desorption isothermfor 5 nitrogen adsorptlon by the
nol ecul ar sieve at a | ow tenperature; and wherein said binder soyrc
contains a Jgﬁﬂ @ﬁ&alxﬂoﬁ%orémgosoa m?ﬂblné’tem]@é’shast%W@W%ISVEESHEOFHN
groups. jekg tlﬁil%gl\?éﬁﬂﬁﬁefé‘ra £6t 1e%§ltﬂaﬁllb@mrﬁnﬂio@é prefenBRenbels8¢han
at Ieas é ydr 8l'yzabl e rou scgﬁg gﬂf@%shan act éguensel ves
vi althydt¥ ﬁ?@féa @%Hb@%‘ﬁ@ 8fce mg)ﬂ: 6% standard mgthed o bi nd
the titaniumsilicate together. On the other hand, said silane and/or

si | oxane, t he rphous silica formed can al so condgnse with the
surf ace hydfhﬁﬁ@alg%t {A¢EOTdingn i s | PresaRte IGFIEQN é&ansﬁmer SORPH Kathe

at | eaSéxi@epaftarpfalkﬂ%@r%ﬂhQﬁéta$I S'a?@ cbﬁﬂé op tﬁ@la:lkhhh@nem Jiﬁetal can
r.t her i,ncrease

silicate vi m cal .. bonds, tur

st r engt BEWfa %ﬁ&%@@%ﬁltﬁ%@éﬁ& gat ielystn q}i?ﬁé’éﬁﬂm {ogieneen the probability
Sai g si bﬁ@ﬂ@f@cﬁbn@lﬂwm@pbﬂmwﬂ@n& rd @Rt sé We tbm@b@éasé&hbesawuﬁsy for
can be vari ous, si] anes 8 Qé@il‘@g ahes, contaj nin g/ ‘\{

group i W& RBO aémmo WCls tIF1Gee Kk $dfin Mesak ed §§| 11888 ‘?ﬁlﬁh@ld/or a
art. calPlferably, said silane containing at |east two hydrolyzable
groups is a silane of fornmula 1 below 25fornula 1 R4

When the catalyst according to the present invention further comprises the

20  oxide of an alkaline earth metal, the content of said titanium silicate is 90-97 wt%,
the total amount of the amorphous silica and the metal oxide is 3-10 wt%, and the
weight ratio of the binder to the oxide of the alkaline earth metal is 1: (0.05-1),
based on the total amount of the catalyst. In particular, the content of said
titanium silicate is 90-97 wt%, the total amount of the amorphous silica and the

25 metal oxide is 3-10 wt%, and the weight ratio of said amorphous silica to the
oxide of the alkaline earth metal is 1: (0.1-0.3), based on the total amount of said
catalyst. Further preferably, the content of said titanium silicate is 93-97 wt%, the

total amount of the amorphous silica and the metal oxide is 3-7 wt%, and the
weight ratio of said amorphous silica to the oxide of the alkaline earth metal is 1

30 (0.1-0.3), based on the total amount of said catalyst. The present invention also
provides a process for preparing said catalyst, comprising shaping a mixture to
obtain a shaped article, heat-treating said shaped article in the presence of an
aqueous base solution, drying and calcinating to obtain said catalyst, wherein said
mixture contains a titanium silicate molecular sieve, a binder source and water,

35 said titanium silicate having a MFI structure, and the crystal grain of said

titanium silicate having a hollow structure, with a radial length of 5-300nm for
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R3-Si -Rl R2, wherein, at least two of R, R2, R3 and Rri are each
i ndependently -ORIl or -000R12, at nost two of RI, R2, R3 and R4 are

each independently -R13, R11 and R12 are each independently a |inear

or branched C1-05 al kyl, and R13 is a linear or 30 branched Cil-05

al kyl . More preferably, said silane having at |east two

hydr ol Y‘Ztﬁ?'cﬁvﬁyol?l@ﬁlcﬁi '(ﬁ“ﬁld BolBe QEnichie, Sﬁhéi‘é‘il‘NhEr SMdrPeofl! Mphcity of

consi st rane oX si | ane, tetrae ane
met hyl t W%W@W%Lgo éﬁhgnq IECRaT 1S65M4E gmﬁ% 1€ C%%WI Qfi A2 tdegrges C,
si | ane, pgp ethy), F@”ﬁid‘olxﬂl S Q@E'ﬁﬁhhﬁﬁﬁé '1§t£lo¥é/as$'7@rlﬁ /g, and there is a

di et hy| di ethox Si | met tasilicate rreta5|ll
Pr ef er aBY$LET&HdS$ 40P | WEENHAG asgorptipR dset ﬂ]@ﬂ: ?é%mil(@} !ﬁ?gge% for

2 5 st fitARD hdSeRsTd by el %1&9{@&@8 zl%8a T dmpefiufl B Wherein

wher ei n, [ east two of and R10 afe each
i ndepen&%l tI n er S@@Irﬁeoﬁon@@@ﬁlﬁ Sl&@nﬁ‘m%f% ppusll ekalpes h%ngRﬁt ]@St Rgvo

and R10h9a®] ggﬂ;qel%t@@?gndently -R16, R14 and R15 are each
i ndependently a |i'hear or branched Cl1-05 alkyl, and R16 is a linear

or branched C1-05 al kyl. I'n the present invention, the |inear

or bra”ChEdIrgeh@ &béﬂ(‘:e AMwaterTRalY 'sﬂahé ﬁid]%i‘ sﬂbﬁn‘éphhvmg at least two
|sogPro yl , , 1so-butyl, sec-buty t-buty n- pen.

pr y@vc&wz esagr@ugqm ¢5éheORa ATy la@nd e 5&aCtt \ﬁgeﬁgﬁﬁlmsyz&l@ hydrolytic

groups bénder?satl@lin“f%tf&ﬁ/ aﬁ1 ﬁou§"silﬁ$ar aBBishy! blﬂtisthbcﬁ‘taﬂﬁnﬁ%Wl@étejtogether
-di etho_xy- unt

titani uQnsthq @ﬂieer h@m& 51 r@/énaqu @?xm ogn@l/eoamﬁrp %éﬁmfw@ned

at | easgad Wikd\¥EhaENFRRiEh Qh@%ﬁ?fa%@dhm?rlsﬁ af the ttahaim ﬂﬁ@ate molecular
according to the i tani um.sil|cate an

ect anount s
bi nder $lﬁV9h§uelatt§|a§ 16%§t |aola§rta§? tth@ aéﬁemhcglsoﬁﬂs% bomit%sa tRanium
si | jgat ﬁhﬁfﬁ{ee% @he%l%ﬁl? b, aﬁhi%hl ﬁﬂ@uﬁﬂ%ﬁheﬁllh@f@a@@ thevitdéhgh of the
| east two B%/ﬁ ggg &ou ps and water are such that the contents of
the tit&HAM SCCPEHNE tQ CHRESHIABNENNAN he final catalyst satisfy
the requirenent stated above. Nanely, the content of the binder is
3-15 wt % the content af the |tan|u ilicate 1s,85-97 wt%
based on th§a@a$1 m%@ngﬁ?réliq am@ efglﬁaéhmefhx@qhm gegrofips gan be
Wt % or U@ﬁ@u@@ﬂah@sﬁ5nﬂ)&ﬁ%1lb@4aﬂb§/%oﬁfﬁiniﬂg9a ¢8/dir6Rizable group in the molecular
20 structure known to those skilled in the art.

Preferably, said silane containing at least two hydrolyzable groups is a silane
of formula 1 below:

25 formula 1
Ry
R3—S|i—R1
R
wherein, at least two of R;, R,, Ry and R4 are each independently -OR,, or
-OCOR 3, at most two of R, R,, R3 and R, are each independently -Ry3, Ry; and
R, are each independently a linear or branched C;-Cs alkyl, and R,; is a linear or
30  branched C,-C;s alkyl.

2

More preferably, said silane having at least two hydrolyzable groups silane
is one or more selected from the group consisting of tetramethoxyl silane,
tetracthoxysilane,  methyltrimethoxy  silane,  ethyltrimethoxy  silane,
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30 of said titaniumsilicate is higher than 90 wt % and not nore than
97 Wt % based on the total amount of the catal yst. Mst preferably,
the content of said binder is 4-9 wt% and the content of said
titaniumsilicate is 91-96 m % based on the total anpunt of the
catal yst. In the process according to the present invention,

the m Xﬁﬁﬁéth?,@@irﬁétﬁh@_xgo@wn%e Hhﬁh?l@iﬁﬁ:ﬂ%x?n stihife! i meteAttishaRyalsilane,
The anmoynt % q&g}ée]%&(& of thﬁ fil kal |.i1e ear GE] r%}la’l in.said mxture

i s suchdimpgthyldiet slaneymathy! matasilicateand gthyl mae@siliGitene final Iy
prepared catal yst satisfies the requirenent of specific applications
(for exanple :.t cont ent.. ranges nenti oned above). Preferagbly, in .,
said m xturglfef‘?F?zﬁ%eisél‘Ff SaACa RANINE AL 15AShriv(n Bydioleab ifobtaiitas 2
si eve, §ilexdigEfosRulaCebeldie: oxi de of the al kaline earth netal and
water is such that based on the total anmpbunt of the finally prepared
catal yst, the content of said titaniumo silicate is 90-97 wt% the
total anmounfyrgfulhire anmor phous silica and the oxide of the al kaline
earth nmetal is 3-10 % and the weight ratio of said anorphous

silica to the oX#de df7the alkaline earth netal is 1: (0.05-1). In
particul ar, RA-Sp @8 e, the weight ratio anong the titanium
silicate mol écullar si eve,” the binder source, the oxide of the

al kaline earth Faval Bed water is such that based on the is total
amount of the finally prepared catalyst, the content of sajd titanju
Silicate i SWHGTGR, at Jgattriona of Ko dbwuit B, Racd pRER$28 indapandently
t heygret RhREKigie -OTORYD, W Hnodn dolleoPeRONR { 4R} 0 R R?' Qn@nRg(f*'&i’HSeach
silica to the .oxide _of "the al kaline eart ned(f@al i.S jI: .1-0.3). Mre
pr ef er amdgpendertly d-Fuisx tRam eand Haiswargeach andspshdant!y né lingagnpl ranched

silicate, o] ﬁ‘k‘ﬂrﬁ,ae[ncllSR%’g&aliﬁ@apbﬁgﬁén&i@dr@f«CStéleRXi de of 20 the

alkaline edrth”netal and water is such that based on the total anount

of the finally prepared catal yst, the content of said titanium

silicate i SIngﬁIegpgé!%‘_i@ ih@aﬁqﬁ@ﬁ,aiheaﬁﬁéﬂ oP brafeh &1, PO Uskyl ¢dif BeaR@thyl,

the netal oxide wt % d the. wejght ratjo of said “anprphous

si | 1ca ehylHepseryk 1@9-mﬂﬁylawlamyael@abwﬁn%ftCaiJutyi &bu ﬁ.@%ﬂ@n%

In the preparation process according to the present invention, the
base can be, either an_organi.c .pase oy an inotrganic base. Wep. said .
base is an MusEgaisierabhyesai:si @s%}eeflavw gt ieg%sast@fq@wﬁgolazﬁa_ lacgroups is
net al ap 3tBEnEHOx901, 1203 WheimStalgll base i s an dgikflaRhse base, it is and/or
preferaﬁ:l@r/ %ﬁﬁase Cﬁﬁg’gl e of tﬁg’[}? qegraded to 30 rel ease gas under
the conbidriisthexyd, hidgbrieametyl F18110X88@ fi cal Iy, said base can be
oneypr nore selected fromthe group consisting of sodi um hydroxi de,

pot assi um roxi de, tetyranethyl. ammoni um hydy oxide and tetraet hyl
anmoni um h%ﬁ%xfi‘@@.‘mﬁ%_@ aﬁ%ﬁhr‘i’ctawnéa? CBE?sén@kﬁ}liﬁ' §@V§@tt§8 gﬁ%‘é‘%’cﬁn@ém
to the gidiite Bhvidieas uéﬁqwﬂgafomhewg%ﬁwaﬂa_ whtdregs! beWdetermined
hydr ol yzabl e, groups. 35 Preferabl

, the concentrat.ion of . the aqueous
base sotRATEHIS £0 dhe experind @moaﬁﬁs pﬁéﬁ@éi%ﬁ%umaﬁlflsa@r a@%éﬂ%m@%m the
i Che f T g D DB A ol ol et the
' prep ..P S I i nv ,
bi néfer @iﬁﬂfc@lé/mﬁﬂ@?ﬂa%i@m%g feasf rwp il ke cepupeand et ate such
pr ?f er atll’ﬂag tﬂ‘ﬂ@%oﬂiluéiﬂ@bf{ﬁhe rargiuim SHidte %ﬁg‘kgereﬁﬁfﬁeﬁh?ﬂ% ﬁhh}/catalys_tl]s.atisfy
calculated 1n.,Silica, e Wel g rarl1 o, o e slLli1.ca | n,sal Sl ca
sol to ¢ cqiEme i X ﬁ%nﬁ_ﬁwha CONEIIL t_hev@nﬁlw%gyﬁ%mt o, and
3 Paps Ry U dsbive el 2990 )4 mkblon e i reterably,
falli e RQNtERGOf BHGDIRREUE AL mr@e%anaﬁ%thanaﬁd BeThi 475 the optent
o, S ighy e et e AR g0 RSP, s
cat al ysen the foa) APPRUTYy @ﬁ&}%@t@fmf ﬁi@ﬁ)r&%@@bﬁn ﬁbetq«pnﬁmt %ﬁQ s@nhinder is

4-9 wt%, and the content of said titanium silicate is 91-96 wt%, based on the total
amount of the catalyst.



20 catalyst can be in turn decreased, and the quantity of active
sites in unit weight of the catalyst is increased, such that the
catal yst has higher catalytic activity. The conditions for the
thermal treatnment according to the present invention are not
particularly limted, as long as the conditions for the therm
treatment 25 allow the silane and/or siloxane having at |east two

hydr ol yzabl oups to hydrolytically condense, and condense with th
surface hydffb%ﬁsp’éﬁcetsﬁ Q‘W@%g}ﬁ?sﬁhfﬁ PEEEiIYETIIgR, éﬂ@v@llxmf@ can also

tP(rarerL er abbitipriseertfondidd ofarf alkaiie ehth Tkt THenmmouse itecoxile of the
g@ﬁo‘?ﬁ"ﬁ? sadal THse mlkgnteolst ll{‘p&@ééﬂ? Gomfen WE% lkalme arth

t he pre

M Xt4r epfadslt Hﬁr tk®MRHhAHES ?é})eﬁféél' ba@l’l)\’st Shasfiypahef rédjl@lré‘i%ht | 8f YSpe(nﬁc
accordi ng sen ﬂ?,veE]tll on 1s" not particularly
a

can be aﬁphlw@%ﬁf%nemp @ SONENtHEANZes msnepafi@tﬁl?gw%ef’wfevﬁ@?w in
Selt ﬁclt eﬂalﬁrﬁl{ikfdié %@w@elfgﬁﬂsmﬁbl mOﬁg ﬂieYﬁ?e[rﬁhm @gicate rmbmeuw ki¢eee the
met hy ose and pol yvi e nt of said
auxilia SONECE) r%ﬂ@oo%ﬂ%eeaﬁ@ifl@n%ﬁgé @nén‘éraﬁeyrﬁésSU&h thag based
tlttam ;Jﬂh%hg'téf’élearﬁﬂﬁnt 3 ﬂae rﬁ&@a]t Iy @ra@%@d%taﬂy%sﬁtnheafomeht ofsatd €itanium
Sstreng an ca o VI expec or ca
Pr et®r ailigate kﬁebﬁn%t et /eft fada amqqnarq(ﬁd the amg %&@@é@@%mq pide of
Eﬁte aLrgfgwtaIkagfnestaaglﬁmﬂe&alrﬁs 3LI9 te\b%graﬂaﬁﬂfé mgﬂ ﬁmsﬁé%fg@glf@;d heus
| | u u u
The sur$ I@@c@ﬁa@%a n@u@%@émt@ﬁéﬁg ?@ ﬁfeﬁ" particular, 1n said
ﬁl gm f Ih ﬁ%ﬂfdr):‘, tlﬁé«'%lgﬁﬁfaﬂd‘ﬁnﬁﬁgﬁﬂl&)@ﬁlﬁ‘%mhﬁ Qﬂf{:a\f@h mdlﬂlet;ﬁlawiev@aﬂle binder
ydr ophobi c i e wat e ich allo
o P sG] Hioxiseipt sBs alkaing ratth Marl e MATeaibSuh thal bassenpy the
tThe1§ u [ st am@mm?eVﬁﬁalw ?)répl%ﬁe@lcéa%m)%t kﬂfé%bﬁt@nt b@%alcs kitf%ﬂlﬁﬁ’l kilicate
he ar u ar.ti cul Imrta n Su an C
var i ouslm%e‘f?o anihe ot aé@%un@ﬁﬁﬁ? @Im%mh% s}ﬁpé asruf {1 bxide is
known ty-ltmezagt%s:anul Iﬁﬁa 'viblghﬁ rafib, OWsthlaEn@@HdL@E!n?fcd tlelthﬁtcbﬂﬂe FPthe
exanp | (0] SOl U es can e.a orpitan, al.l at |
o5t or (@&a n@&arﬂsmrﬁﬁﬂ%r 1 4D RO R or e s ) Satth BFixpoR. 16¢ weight
fSal d ?Ih tatRPhaidgy ﬁwﬁteeﬁﬁaﬂi ?ﬂﬁ:aﬂ@ngﬂeé@ra@tshavmﬁ?%n&@f @%%I@ee@ﬁ@gmde of
rom gr consi.sti n (0] Sorplitan ur at,e a Sor
mondh pallie EENESERIEE aRetal Ghg; WA SnpL ascrlcosh aBo Yot A smOu b2 he
:r! slt eﬁ{’l@ﬂi r%pgig@ﬁbatai tbfth@fttldﬁwﬁ @{ﬁ@frden{@ﬁ?ﬁﬁ@ﬂhm@ﬁbl%am wt%, the
ri - ol ea an non no e e
B e A g mEeas B e AR el ide nsi S Jowt%, and the

oct yl ph@ﬂ
pol yeth ©eititest s&di aiansmiu§ﬁﬂ1l¢§|t@ therdxade aftthe atkdlénes vehhase@hes 1:
or mreq)sirqagﬁred fromthe group consisting of a pol yoxyethyl ene

sorbita atic ester (Tween series), a polyoxyethylene aliphatic
estey, a polyoxyethyl ene aliphatic al cohol ether (AEO series),

Sai 4w er Lo PESRATAAB BIRCeRS 356 SRAPEDOyHonE TR eetion, the basd can
be either an organic base or an inorganic base. When said base is an inorganic
base, it is preferably a base using an alkali metal as the cation; and when said
base is an organic base, it is preferably a base capable of being degraded to

30 release gas under the condition of a high temperature. Specifically, said base can
be one or more selected from the group consisting of sodium hydroxide,
potassium hydroxide, tetramethyl ammonium hydroxide and tetraethyl
ammonium hydroxide. The amount of said base can be selected according to the
amount of the silane and/or siloxane having at least two hydrolyzable groups.

35 Preferably, the concentration of the aqueous base solution is 0.1-10 mol %, and
the weight ratio of the aqueous base solution to the shaped article is (0.5-5) : 1.
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25 selected fromthe group consisting of pol yoxyethyl ene sorbitan
nono-| aurate (Tween 20), pol yoxyethyl ene sorbitan nono-palmtate
(Tween 40), pol yoxyethyl ene sorbitan nono-stearate (Tween 60),

pol yoxyet hyl ene sorbitan nono-ol eate (Tween 80) and pol yoxyet hyl ene
sorbitan tri-oleate (Tween 85). The anmount of said surfactant can be
determ ned based on the anobunt and type of 30 the titaniumsilicate

and the armﬁger}ou%lisi J iéla used. Preferably, the. armuaj’ie of sajid :

surf act ant STy, B 116, Prghasalaen HHOSGRS aCSPRIL, pYesent mvention, the
m xt _U(rj?bi_nder §'61ﬁlc@][ AFERdr bﬂﬁﬁjﬁﬂe@,”aaéiﬁ@apécﬂyiﬂﬁé ﬁllﬁ]?_og@lsprﬁﬁﬁably has a
ekt BRSO R N T I e
cat & ytth_e ‘é‘ﬂﬁt{@iﬂ %adsiﬁighaémsm :t‘ﬁe:ﬂ@aﬂ@fagﬂ)(’(ﬁt tsﬂb?%ﬁé'%\ﬂﬁgt fe least two
present. I nventi on. .The st accordin resen )

P vent | BYOHAPo4NE eoppsdat: ol00R- LT dh e rnde ot o Slisk 8hb o e silane
hydr Ogeéh%&@ilcﬁﬁlﬁnﬁaﬁﬁﬂgﬁﬁt ¥ast i@ hydrelyeRblke eoupsydhllinatinionehe range
process for epoxidising t ol efin accor.di 9 to thegPrese i nvention

5 al so $HONE 88§ %wa@waﬁsmoﬁ @Falb{%%@bﬁ gepuength, hy alsp&an deergase

for thefiRpexitést of the ARPrpheeesHidacin Grdtslivat, e anteliredseathecidiviey of
to the present invention Tncreases the convérsion of hydrogen

per Bxi d eriiabse selectivity for epoxide by 10 using the catalyst
provi ded by the present invention, therefore, the other conditions
for epoxi di iq& the olefin in the present invention are not

in g

particul ar| GrTERATakioN DERGESS ACORAING thdh M¥GseRtoINvisHEons the | thgrmal
in the geitre@nt R6t vabd HydreBaidalliysgohdénse! &d Sila@s ahdnsr sidokde having at

catal ysi used i.s just” the one provided b he present,. inventian. 15..

Pr of e} aloP5t CWAATYAIOYZable 1E300PY §6 f0wAaN B 16452 POR QIR FBPBRIGNS Flica,
(4- 1) : bitOalBoTkactlat [EASt #lpatt of daNamerpkbes sidal with theesugfaderhydroxyls of
consi sting tof olefins havin

2-8 carbon_.atons, for_ exanmpl e: .
or opy! cHhE. BRI SRR MOTCEHET SIRES.edMercat @nehSAtCAN Hatkds formed
t her eof hefireat] £Rasnd pafit dEHEAmbRs®ES silicarind gretigmdumnsiAatesimbecular
t hereof ,. and qctyl ene and ﬁn .I SONEY, tgf)r eofb%rﬁsferabl , Sai.d ol.efi,n

i s propyiF¥ke Wik cbiapsrs the dnfrractipr Apree Pﬁ@ea},ﬁ% as dRsPURg fygher
OI wat eé_l’greﬁgtht@icﬁe' tinall " e@ila;@d ictattayﬁlc laiheclebﬁteﬂnaw ?méﬁ:pﬁmgﬁsﬁmta in the
al ons. e, exa es. 0 al | atl | conol. navl n - carpon, at o

o o ettt CaB i s s ahel e gty N bt nangr Neght of
an i songie ¢d181y80ls imesidokush thathesaralfsehad hiteefcatalpdchexaigl and
an isonmer thereof Preferably, said solvent is nethanol. The

conditions for contact are known to those skilled in the art. For
exanpl e, t hghe eanditiohe fipetias theaned rémnitht Hecdedingeto the phasent eswetitéon

can be 0.5-4, 5MPa, the pH.of. the reactipn systemc 5; 8, and the

Tau  Hsuiey bapaal BRlifed il 65 1R cordigbs 19; dfia thetmal teglident

ve: C taflléquhefl%@lamte hhé/aar I@B@ﬁné hegfitg odt e Stwad lwc}]mmg@ablé?gtrd@s to

vol ume ce velocity. n, t he,prese nventi o e amunts . .

(wei ght By gHEa T OB GRS AT OTTISE W e R T B0 y Sryyls BF S titanium

i ncl udi giticatd dndlecairugiesiel | Riaiferatdy.eche aonsiitugs fori theoxhegnal ticaement

al kaline earth m%t al and sa;é.% s%g& art'(ﬁl e and, ot hers q

cal cul AFEIPEECOA (ERBCERTE AL P01 AR deare s Gednd Adirpaan af 415 hgws.

means the weight of a sanple after a calcination at a tenperature of

800 degrees, C for 2 hours. The.present invention w.ll .

I 15t Fat ed HergrEbaiatian DEREsS, AROLURS: IO TR eNbRmpganixture
further comprises an auxiliary. The type of the auxiliary according to the present
invention is not particularly limited, which can be various common auxiliaries in
the art, preferably one or more selected from the group consisting of glycerol,
polyvinylpyrrolidone, methyl cellulose and polyvinyl alcohol. The amount of said

35 auxiliary can be determined based on the contents and types of the titanium
silicate and the binder in said catalyst, as well as the strength and catalytic
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5In the foll ow ng exanples, the crushing strength of catalysts is
measured using a crushing strength detector with a nodel of QCY-602
(nmade by the Base-Making Institute of the Mnistry of Chem cal

I ndustry ), referring to the nmethod specified by GB3635-1983. 10The
conposition of the catalyst is nmeasured by a X-Ray fl uorescence

spect r ogefi @ity Wkpbcfedi#Fahe Vatdlhbl. IMefdribBRARe ansiite of FAd alkilea8sizems-3
spect romey% ( ). Theﬁo%{)m Hfon' f thé epoxidation product i's

anal yzeWtvaPaspdal the telal smauy ;ﬂ@ﬁmlﬁ@rﬁg met hyl tert-butyl ether
as the internal standard, using Agilent-6890 type chronatograph,

using a FFTP capillary colum with 30m* 0.25mm having a feedjng .
amount  of 1fr€) tﬁ{ p&ﬁaalg?ﬁl%p&cqstﬁr?&@pag]mget%ftﬁqﬁ@e%&r @n@_onmbe mixture

t enper afitigerobormpeise @Rl durfictafO TR suTak@Rt cah RereRer theSsUefd® tehsion of

m nutes, then ralse o 200, degrees, C rate.of 20 degree

C/ m nut ‘é’,at%FndSIQBL lcazﬁisfaorsu&hm t edhe A%Iftmglhléni silisate; d&%@{ ot gomewhat
(FID) i ﬁ%@ﬁﬁﬁ}obw gs F@mbefaby etiid bgf%vﬂ%he&?hidlﬂalqbﬂrﬁhﬁé anforpHdus silica to
degrees ,C nr1:1he.cor.1vers.| on of dro ?@Ee_r,ggl de fs cal cul i{eted bg
the con@iSREFs: PBrCHtaN UL idicalfe nicHBNHRT @I Vi hBe eastantagan be; ¥arious
the reagiifgftatd RowAdorthete SRillcRbRBle art, wkdont padticular linfibgigxanmpl e

was provided to illustrate the catalyst for ol efin epoxidation and
thel(‘Brepar ation process thereof -and a process for epoxidising olefin

using the 3PheaiptatinPesR Bl Reriofst WatdR' &5lable sivRbtdn®s andA®0 offf soluble
titani um '%I | i cate powder (Hunan.Ji

nchang Co.,. Ltd., under t.he .

t r adenaPWIR¢tanESKNREA {9 LBASH AN é%@ﬁyam Mﬂtfwt&agawﬁfgt il&ﬁ&m-yfor
S, 0 EIE0DISSIEO ot e ragen o i S Spas iy
ool yvi rghdlar caRotohesinpotyciRenii et OFF L0nosatt oi SBiklesiffatnt is
[SmpETy O Aoleoin, o st el ot ko
and i XEWNR0/GELReo(SPAN2(hi ¢ ROTRIAN t henMORG RALALtEEHa ISRARRE: SGibitan
pel | et eghorionbtearme (Spadion)ngoditaf0 teatenaté (Spandsf)aiorbitadd shrprMoleate
articl e(é’i”)a}n%oéi, OIIs.or itan %;i-gle;tez @%5)?%1%59?&1%01 polyethenoxy ether
(TX-10), octylphenol polyethenoxy ether (OPE-10) and dodecylphenol

20  polyethenoxy ether. Said water soluble surfactant can be such as one or more
selected from the group consisting of a polyoxyethylene sorbitan aliphatic ester

(Tween series), a polyoxyethylene aliphatic ester, a polyoxyethylene aliphatic

alcohol ether (AEO series), polyoxyethylene- polyoxypropylene copolymer and
alkylolamide (Ninol). Said water soluble surfactant is preferably one or more

25 selected from the group consisting of polyoxyethylene sorbitan mono-laurate
(Tween 20), polyoxyethylene sorbitan mono-palmitate (Tween 40),
polyoxyethylene sorbitan mono-stearate (Tween 60), polyoxyethylene sorbitan
mono-oleate (Tween 80) and polyoxyethylene sorbitan tri-oleate (Tween 85).

The amount of said surfactant can be determined based on the amount and type of

30 the titanium silicate and the amorphous silica used. Preferably, the amount of said

surfactant is 0.001-0.2 wt% based on the total amount of said mixture.

The present invention also provides a process for epoxidising an olefin,

comprising contacting the olefin with hydrogen peroxide in a solvent in a fixed

35 bed reactor in the presence of a catalyst, wherein said catalyst is the catalyst
provided by the present invention.
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100g of the shaped article above was placed into a 500nL of

t hree- necked flask, into which 200g of 10 nol % aqueous sodi um

hydr oxi de sol uti on was added, the m xture was heated to 90 degrees C

and kept for 6 hours while stirring. A solid phase was then obtai ned

by filtration, which solid phase obtai ned was 10 washed by dei oni zed

water to be neutral. Then, the solid phase obtained was dried at 120

degrees C for 3 haurs, and finall]y calcinated,at 550 degrees C for ?

hours, so akhesatalysl ﬁCQQfélléﬁtt%[ﬂ}%Pl’@%?é‘ﬁrlﬁVﬁ@@% Qﬁéh%ﬁﬁ%ﬁfatlon of olefin

i nventi g@ﬁgﬁﬁﬁﬁﬁ@

180thn?ﬂ%n§e|n e catkl%HQ&pﬁﬁahﬁ% g%nﬁhpépgﬁﬁgﬁ%ﬁﬁglPﬂgg?gﬁagg&%@e
wt % anshamthat dhe process ﬁﬂrrﬁm@ﬁﬂ ISR 619 ACGH lae Prsserkinvention

anal ysi h t h [

eact cas2cpovales High PoR I of Gy ﬁe&%&‘*&“ﬁﬂ?ﬁ%@"? g e

packlngqmﬁﬁdéharged above and bel ow the catal yst, and the entire

reaction systemwas ensured to be well hernetic. 20 The propylene and

liquid streams were fed upvvard into th eactlon zone, vvhere in
mol ar rati ol B¢ PEOCKSH AP :Cnerddisiegan olefile ArsORJilgote ihpcpisteak mvpnuon

the Ii qwc?eéée"secﬁed@ﬁz&smn?of h)ldrcg%% ;{)éﬁaﬁm&e ahaeﬁes\e?&taﬂgﬁfo%ﬁ@mde by

aqueous anmmon] a Ol Ng a

Il stream” whi |
i gifl d @$1ﬂ§aﬁh%§a@5§édeWed & \the, @ressganweaﬁwm tlacrgiorcef ﬁmmther
80. Thecasdifions rfol“%?o%@dlgg[% fid bféﬁﬁ ‘i’n 'iﬁé’ ‘i)résérﬁ rlH%ﬁﬁHﬁearefn(ﬁ%artlcularly

degrees .C, a reactign pr re of hour |y c
vel oci tjmited; @ﬂﬂanw& Croélélé&wl’eﬁ kppzvm& thﬁ%e §]é de’dl aﬁfn‘éﬁll%/%@d‘lﬁf@ to

show a Wais% a2 sieqwdisouﬁig RE R 'c‘ﬂ?&l?§t Wed 1 an@smGthe i PEd B wubamy the

for pro ene, oxl de ’95. 1% 30Conpar ati ve exa cat al yst
was pr ep@seat uﬁ’ieﬁl@o&l process sane as exanple 1, except that the
titgniumsilicate used was a conventional ti tanl umsilicate prepared

referring to the i scl gsed. by docunent Th garaj A, mar
Mrajkar S l?-ref@rfabgy ﬁv[q majar eafig)of salygnt: aledind )h ggﬁnr@a@m%ﬂ 15):
vi a Xﬁ(ﬁﬂ@)ﬁl' THRNOWSH &ﬁi@tbetﬁeéédq%lheﬂh% ug é(ﬁ{ﬁleﬁ‘i‘lg 'df'(ﬂéﬁﬁs 'hﬁvmg

the ¢ st was 85 w %, the content of_ bi nder 15 th; ﬁ
st rengt?r fcaglprn catomrsy stormgxa crAropylene, |36'n1$/%f§er thereof,

conduct téﬁb 3% dPar I GRES t1REBT, %X?}@ﬁ@ hidn ﬁéﬁf&ﬁth&i’@éf h%?tﬂéhé'a)ﬁﬁt an
used %ﬁé ée@@ﬁed b t he é nparative exarF) %@ gp

epodd daltSPH%ﬁf thegee Qdplcse Ay r%éFPIB@Fd FHOIndd € V% %fHQ pledin is
sel ect 'f!ﬂ 18nd.OThR SeMchfecAXite suRet&?- 58 (ﬂQ \‘:@n@i@@ ®f 2water,
100g of titani,um SI i cat.e, pawd r p{(ﬁpar ed ng t roces

di scl os@éﬁtﬁ‘}ltﬂ ghdmn M&HP&F} ?fﬁlfng? 0?15 Eyat cgnp @Earpﬂfes of
J. Cat afhe al y@qé{?@hlcdlﬁq(ﬁa\nhﬁl _@REREX At TREe ARaHahY] V&thanépqﬂe&;anol
t et r amet hox wt % of

L1 1 on) D shyismen Gireors ueﬁlo;&%ﬂ/aﬁynsomeébb?@reqféma@o IppRQrAN 1Somer
Chesy cajherést, anlelt l‘ﬂexaﬂﬁldiﬁfd bR 9sémed eHBIdo ! OPréTEfa’dlynyéldAécﬁ%ﬂ! 152@1%91’1&)1101

| g of sesbani (Zhuwa (Dpngm ng unt ia Fact ory

and 60gLBE Cabfar SaRIAT aaKRWEIh tha ariosstexasnple) the
then exgsmdedie eerefish BelI(RHOUedrotd @’\@He %Yesﬁéﬁ.lk‘e %ﬁnaﬁze 0%- dESM?’%S the

shaped article wt

Cf 4
obt g.r n “of the TR9GH OB SYSHM ke 5 agi wﬁj 1451 h@gﬂm $RASE Yfﬂ%ltx can be
500nL of, 1t’mhéeffneqiqeqdmoaﬁ1y spateovMBLRY ﬁ@@%@f inleBrlesépidNeat®n means

sodi um h drox de sol ution Was
30 1qu1d ourly volume space velocity.

In the present invention, the amounts (weight, weight ratio or weight
percentage) of solid matters including said titanium silicate molecular sieve, said
oxide of the alkaline earth metal and said shaped article and others are calculated

35 on the dry basis, wherein the so-called "dry basis" means the weight of a sample
after a calcination at a temperature of 800 degrees C for 2 hours.
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20 added, and the m xture was heated to 90 degrees C and kept for 6
hours while stirring. A solid phase was then obtained by filtration,
whi ch solid phase obtai ned was washed by dei oni zed water to be
neutral. Then, the solid phase obtained was dried at 120 degrees C
for 3 hours, and finally calcinated at 550 degrees C for 3 hours, so
as to obtain the catal yst according to the present |nvent| on. A 25
measur enent, showed t hat the stre gth of the cat aI 180l\Vc .an
in the cat Iﬁ@rpresw isyentian Vel bs idwstisediinimarcdekil beloss i o9 tlon
the conigi (1Rf ERhARGGEs Was 24.5 wt % as neasured by XRF anal ysis. 149
of the catalyst was | oaded into the thernostatic reaction zone of a
30 tubul ar fixed bed reactor, wherein ceram c ring packing was

charged aboyg REFoBRNAN t@:@arﬁ?léﬁ' ¥k, croHirlghStrentill Of GASKSAN S Yk RTired

was ensured to be_well Hher The propylen strea
vere f edSiigwar GTUSHERS t HECHE! cdlFiset Qo it hmemeﬁﬁiaqc}f Q@?’aéioz Aaicpy the

et hanOBase-FMﬁ Tﬁstitu%élltﬁoﬂﬁ Mﬁﬁﬁﬂgﬁrbfp%%ﬁh@&l ![ﬂdﬁé’t?yg Gefedrivl’ RAfhe
was 6 : @é %e&f '@jﬁ éggrg& s added wi'th aqueous 35 anmonia to
bring ankﬂth SBealiy é ~eam while the liquid stream was
added with 0.98 wt % of Span80 and 0.06 wt % of Tween 80. The reaction
t dtoh t t f 40 d [
b o PhESumptayo o TR B s el o BrAETEh Ricence
reacti Oﬁp&ftﬂﬂﬁéfer"\@ﬁtﬁ agp h%ﬁa’i”%fa%hbﬁé@dPW—ﬂ(‘)@W asﬁfgm&rﬁa@ nflabrescent
hydr ogen per oxi de 3@%} % and a selectivity fof propylene oxide of
‘anp

89. 2% EPEHTRIBFHY le 3 A catal yst was prepared using a
process same as exanple 1, except that the anount of titanium

silicate . A neasur t via F. anal ysj s showed that the

cont ent oﬁh@aﬁpm%ﬁmm}aﬂﬁﬁe Eet RO 3&1%@0@0’?31@ anskyzefle using gas
content cloford oy Wﬁﬁnéﬁnibtli\ﬂ’/(teﬂ-ﬂﬂltyh%tﬁéﬁ ﬁ@cthe iokeinla® s@aa@ams tusing
was

dat i on s con 0CEesSS .Sa
as exanﬁlgéleil -6890cBYPS RAroTALEADH) y&ng@eﬁ%&g’s Qe vaih @m *
conpar ap ixsenex mlifg3a feBAIMe apRANitdef i1oM, gJ.E, %(P@ﬁvﬁﬂéﬂ @éinpérah!ﬁfb’ ogerso
per oxi dg was %1 %% and t he selectivi tY OMEO%I ene 8Xd &
04 50, degrees he temperature of the capillary column 1s kept at 60 degrees C for 4
minutes, then raised to 200 degrees C at a rate of 20 degrees C/minute, and kept
20 for 4 minutes. A flame ionization detector (FID) is used. The temperature of the

detecting chamber is 240 degrees C.

The conversion of hydrogen peroxide is calculated by the concentrations of
hydrogen peroxide determined before and after the reaction using indirect
25 iodometry.

Example 1
The example was provided to illustrate the catalyst for olefin epoxidation
and the preparation process thereof and a process for epoxidising olefin using the
30  catalyst according to the present invention.

100g of titanium silicate powder (Hunan Jianchang Co., Ltd., under the
trademark of HTS) was mixed homogeneously with 29.5g of tetramethoxyl silane
(Tsingtao Shijixing Chemical Reagent Co., Ltd.). After mixing, 20g of silica sol

35 (with 30 wt% of silica), 0.2g of Span&0, 2g of polyvinyl alcohol (Sanming
Dinghui Chemicals Co., Ltd., under the trademark of Polyvinyl Alcohol 2099 ),
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Conpar ati ve exanple 4 100g of titaniumsilicate powder (Hunan

Ji anchang Co., Ltd., under the trademark of HTS) was m xed
honogeneously with 58g of silica sol (with 30 20 wt % of silica),

whi ch were then extruded, shaped and pelleted, followed by drying at
70 degrees C for 4 hours. A shaped article with a dinmension of 2 * 2

m was gtcﬁ' sﬂ%ﬁama Pow&?%Zﬁhv&d‘?D%ﬁgaﬂﬁﬁgaebhﬁﬂt)ﬁ mvaﬁlmlﬁqwtaﬁ@eﬁld

at 550 d rees ound

t t
cr ushed? arﬂf W@tesfh%fﬁé%l added and BuEed Noanogenaasky, ‘Eflb@ib;’@%?et en rexltrnﬁié
exanpl eg doﬁﬂél i H:téd’ fdlldﬁ\ﬁé(ﬂ fd?'ﬁ%gcﬁ’tt ?O%ré@é @&t Uhours. A shaped

epoxi dat 30, a gra i ess t hefeof and a process
epoxi di %ﬂkﬁéeb’?’@ﬂﬁrﬂlﬁsﬁiwmﬁ %a@dﬂ%tw 22sh to the present
invenption. 100g of titaniumsilicate powder (Hunan Jianchang Co.

Ltd., under thetr dermar k of HJS) was m xe horrp ene Iy W Sgo
t et r amet hox}yP0gaf; ai%@ @@p@dﬁm@ﬂ%@bgﬁﬁww B die tg&’ﬁ -necked

Ltd | 0 0
o1E sﬁan%gl@rzéﬂ??% Al (% Q)ff PG) hﬁglﬁﬁ z%ohw]ﬁé%ﬁ@ ségnﬁﬁ ﬁ)ﬂiro&hﬂé ®lutidn 29as

Ltd., u € MXAREg HaR h&a tGyQO rw&%mn Qmﬁg‘éo %feglllfﬁra@é%émlag
powder AZGuN@ A&}B@@%@&hgﬁ%wneﬁ%gaﬁltea&m ﬁﬁ?él?rsbhd gHas%Oabpeﬁned was

wat er were, ad m xed Wer e n ext

shaped wiad %b}étd@aomfzgdmm tsx/ rpewgalat%,dﬂzﬁ é@hd@h@e @E%neé was
A Shape&nédaarttl' gegt el ¢ e TERSHAD aﬂH fnall 032 cﬁlﬂlﬂ@ﬁedoé’tt 55@%1%grees C for 3

100g of the s e above | aced;.into a_500
¢ hr o6~ nBEREd $cp bk, (0f kSahi R S0BEYSY aﬁgorfﬁ:;ng%caqﬁk@omgem. gmyention. A

hydr oxi gf,30t él?tnsﬂk?s%eé%ﬁﬂ th@@ﬁeh fh @f%ér&t Wa%{ ‘FQON?CI%Z(hnd in the

degrees C Qurs stiprin ol id phase
Chen obealalsd fy ﬁgﬁ fsﬂmemétq Htawmcﬁl 1§@r¢ avewhé anae@l%%n&ﬁaé wgﬁvlﬁﬁer

dei i 26451 194, @scARitkd Yy XRIAnakiass SOl | d phase obtai ned was
dried at 120 degfees C for 3 hours, finally calcinated at 550

degrees C for 3 hours, so as to obt al n the catal yst according to the
present inv (ﬁnthé’\ Al f thowéﬂ‘ﬁﬁtd Hﬁb ﬂi@:?mﬁsfﬁﬂgtréa@tioﬁ Keone of a

catal ys in the 15 catal yst e conte
£t an ofbier Saed b@fr@wct%w herkin srssaBring ackimen e f&@ggd\ﬁtb%vea%nd
measur egelpy R caARIStShsd the enﬁf@réﬁctﬂo‘?ﬁsﬁ:@érﬁ' Wwasd enesredaades wiellt Rernhéric.

therrms tlc re ctlo ne of a tubul ar flx(gd bed reacto wher gi n
cer #hi c pngr ﬁnﬁaga Jligwig: §EG2RFoVEETEN d°D P IDUREAY IRHe 15t BeaFdion zoge,

the ent{Rréifatll PB]aYRTLIRseBARL] ePpropyRaceAdudiRis®diogehnseroxide in
T TR ICICN NG LY S
per oxi dgminforiacio bfinkda HIH %&TB B’at% fhe liduid étrehﬂﬁe WwhidditHe Sliqtﬁdf@tlf@cﬁn was
a,ﬁ,dfe tﬁégq:cf e}ﬁ‘@gg pnp \,@gtSpan "ahd’ Op(% wt‘Vr) of ’&“ eeneS(B The re%g:trlgg was
25 controlled to have a temperature of 40 degrees C, a reaction pressure of 2.5MPa,
and a liquid hourly space velocity of 1.5h™". The reaction product was sampled
and analyzed to show a conversion of hydrogen peroxide of 97.5%, and a
selectivity for propylene oxide of 95.1%.

30 Comparative example 1
A catalyst was prepared using a process same as example 1, except that the
titanium silicate used was a conventional titanium silicate prepared referring to
the process disclosed by document Thangaraj A, Kumar R, Mirajkar S F, et al. [J]
J. Catal., 1991, 130(1):1-8.A measurement via XRF analysis showed that the
35 content of titantum silicate in the catalyst was 85 wt%, the content of binder was
15 wt%, and the strength of the catalyst was 50N/cm.
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25 added with 0.98 w % of Span80 and 0.06 wt % of Tween 80. The
reaction was controlled to have a tenperature of 40 degrees C, a
reaction pressure of 2.5MPa, and a liquid hourly space velocity of
1.5h4. The reaction product was sanpled and anal yzed to show a

conversi on of hydrogen peroxide of 99.8% and a selectivity for

propyl ene oxi de of 95% 30 Exanple 3 The exanple was provided to
illustrate the catal yst for olefin epoxidation and the preparation
process t heAgoepaxidlasiopr weswonsiucsedb uistnS Arprosess samesangxanwle 1, except

o . . . AR
P LAt GrS R e pRAREEAYY IR LN, Jn the
HTS) waepexidations g enaversign withydrogen perexidgnwan Hyd Ysiangnide selectivity

(Tsingt I Af X %e% | agent Co., Ltd.). After mxing, 19.9g
of si?l igcg SO %(I\n&{ﬁx th/o%gf%'l ica), 0.2g of Span80, 2g of

pol yvi nyl al cohol (Sanm ng Di nghui Chem cals Co., Ltd., under the

t rademar k b I}éhgﬂ ol 2099), 5 1 g of sesbania powder (Zhuwa
(Dongmi ng chgﬁ%%%ggégam gj_m Factory) and 50g of water were added

and ni xed hbdegenéotitaniumwnsibgateerpowaen @repaidd acenrpag dadthe process
Il et eg i

et ol ediscl et te doetinfint Ditybarty 4 Qimes & Malakal B Eoct 81 SITRF Catal.
shaped &991.cl 306bsi-<dwes pnixasihpmagenesoshy vath SRgeet ricametiaxsd silane.
into Whingh 2008 | i ' ' ;

wdded. Ariropoar i BF JHEASTTNALE 20 WDIXE SKCAE 020 bf BpatBD, 28 of
hours wpelyiryl alcohgl (Rarming Lingbul feheniieals obt,ditsedungern thettradgmark of
L . P ol

et r i T OHIRYPFRCBREP 00D, fFe M Iaballla SOMAIL GRS WD afitha County)
for 3 hoeshaniafaum Hagtoyyaneitha ebwateswereadded ang meredshapiagenceysly,
as |9 ORMHIN vidie theh ildeRs SRABEAGnt Gl e RTRRved BYSIiARac 40 deprees

nmeasur ement ; n ) the ‘catal cm. and
in the caaid/beurs: Heshanadearticle ngﬂ arslimensian @ﬁ?e"yadangwamoktamed- t he
content of binder was 9 W% as neasured by XRF analysis. 20 149

of the catal yst was | oaded into the thernpstatj¢c reaction zon?l of a
tubul ar fixH0ped theathaped awticleahoyeryas placadyintack PR o1 dhsegagcked

above afgsipe] iy MI‘E%IE?Z@Q’ ?ﬁ lggiol e gg%é&% k8afirh Ry SO SMBStion was

ensured to be we The pr.opy and |jquid str
2=

q a were .
f ed2Uupwadded,rans the mixdere srs keated A9 °% he2Rg) kaptrt ?@%h@ws while
met ha“9éti2fri_r@l.%t3élﬁﬁﬂ%has%%§§%!%eﬂ‘&ﬂélfeﬁﬂ@d' Egeﬁnﬁtﬁﬁl,h;ahfdhesdmﬂ hisSbheafed

6 I d d h ]
br i ng. aWBH EAShScoY GlckIZER QUAIET 40 SRR Lot it PaUN PSSP ARG Was
added vwﬁe?l%-t 91820/@%/ RlesDA83 BHErD 288 Mhti¢icaliiBare B 5IHUPess Cofbr 3

was controlled to %ve a tenperature of 40(§egrees C, a reacfion .
pr essur RO, 25G M, toz@biaim 4hei gatalysiodcryrdipacio viioodreserys nventian. A

The,q eaﬁféa@@re?ﬁtgig“%oéggé tﬁﬁﬂ%ﬁ@t@ﬂg{l@r@ t}ﬁée&t?@s@ s 28ONIVEY; %irﬁf‘ir]?fthe

hydr ogen per oxi . 1% and a.s€lectivity r

0 propyl] ene oxi de. o
95. 3% Exahfstethe ontent ofdHpnimsiligatsewardotd Wil 1 @14 Hh@ copgent of binder
cat al ysiyak o1 9heRh NaSRR4SHALd BY XRF analysis.

14g of the catalyst was loaded into the thermostatic reaction zone of a

30 tubular fixed bed reactor, wherein ceramic ring packing was charged above and
below the catalyst, and the entire reaction system was ensured to be well hermetic.

The propylene and liquid streams were fed upward into the reaction zone,
wherein the molar ratio of methanol : propylene : aqueous hydrogen peroxide in

the liquid stream was 6 : 2 : 1, the liquid stream was added with aqueous

35 ammonia to bring a pH of 5.3 to the liquid stream, while the liquid stream was
added with 0.98 wt% of Span80 and 0.06 wt% of Tween 80. The reaction was
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and the preparation process thereof and a process of epoxidising
olefin using the catalyst according to the present invention.
100g of titaniumsilicate powder (Hunan Jianchang Co., Ltd., under
the trademark of HTS) was m xed honpgeneously wth 3g of

tetramet hoxyl silane 5 (Tsingtao Shijixing Chem cal Reagent Co.

Ltd.). g%ﬁ@guemb vel@eerﬁfaeeadlfé:afagld r%i’bé@@od ﬂ@a@nefn e%'e's's&@ef@ .AMPa,

of Span ?1 yvi nyl “al coh cal s .
Ltd., udeda hgeld gaﬂwasp@cervmpgtmm Sacofdie m@pn p@dw‘fg@t’oamled
powder n n
wat er \/\éﬂ%&gﬂ% r@ﬂﬁggp% gﬁggﬁ%s g *m gﬁﬁv\géﬂgxtlﬁ@eﬁﬁg% r%ﬁé)édand 4
10 shapsgleetvitpdpr srepyylensioxaded 1359%]0/% ng at 70 degrees C for 4
hours. A shaped article with a dinension of 2 * 2 nm was obt ai ned.
100g of the _shaped .article above was placed into a 500nL of
t hr ee- neckedOMPARLIVE gRaMHEh 200g of 10 mol % aqueous sodi um
hydr oxi de sagl d
A é%ﬁ!a}é/?.t;(&ga:s %éﬁ%g?cg% \AH@%‘Q progeds ﬁﬂé%s"\@a&rﬁﬁﬁi ¢dek&Qhat the

degrees C and e’stirring. sol 1 d ﬁﬁase S then
obt ai nedmeynt jofttitapiwn, siligatenwas 2 (hgpﬁ‘a%ewemﬁea Vi S sHEly sy showed

dei oni Zﬁﬁg@é g{gntrtée}ggef ﬁ?&ﬁﬂlﬁi SilTdHe8 i in tthe c%@é ;y@t msm 9%@%1 etﬁevamtent of

dried at - hour s, f1na cal cl nat

egrive cbindeama bo. wioandshe gtismicth oY che ot st ees AESBdiay Co the
present invention. A 20 nmeasurenent showed that the strength of the
catal yst was. 180N ¢m ,and in the catal yst, the content of titanium
silicate wakh gewqdatm WafeCRRHIGRE wng.ann@cea&ssam%wxampieds FXEgD

by XRF apglthei %ig d&fedt%socﬁ %ﬂétpgggﬁrédosg %ﬂiﬂ\ﬁ?ek st.4lyj he

reaction zoneo tubul ar f.i xed reac in ceramc_ring
packi ngeR@edatigng a%wsmosmemgmpea%ﬂeswas 1/ onandriherselectivity

reagd i %rﬁﬁ@ RiegxiIRsyhe94tPsbe wel | hernmetic. The propyl ene and
liquid streais were fed upward into the reaction zone, wherein the

nolar ratio of methanol propyl ene : aqueous hydrogen peroxide in the
liquid stre@ afive eam 33} edthe liquid streamwas added w th aqueous
f

30 ammnlato 5.3 to the qui d _stream il he
liquid stretf &vacsfngtma ]EC@GQBOW(A}&% den % of U@l the

80. Th t r
Car 35%??’%“1% %Wa%glhgﬁl\gd %Iﬂ%g'@lei)ds?ﬁﬁﬁftﬁ 58§ dff mﬁ@adﬁﬂ &egh 30

rly ace Clt
of 20 51W(% eSl i€adt | rW@ER':tt se)stw dgléfiﬁﬁ‘ﬁﬁé‘ﬂyi’éﬁe?e@ m ed by

conver sg gfathx’(ﬂ"d@g%bsp@ﬁiﬂ 41€hd%i°rs 9}1 Aap e’éf‘éﬁ?cléﬁvﬁﬁ'zﬁ@iméhéﬁoﬂ 8r2 * 2
propyl en ide of 94.9% Exanple T e exanple was provided to

i|lust r%’é"t’@ﬁeo'é@%%ﬁ@st for olefin epOX| dation and the preparation
process thereof and a process of epoxi di sing olefin using the

i1 cate povals! (ReBADSY aRERErpass Wat calCinaiededt SHbALEiReSI R RT g hours,
T3 V‘st%xﬁﬂld@m&eﬂ%)%ﬁhﬁe&“ drfich? c@ﬁsl‘iéd t@ﬁd aietshapwd eﬁtllci’é\%ould be
(Tsi ngt Shijixing Chem cal Reagent Co., Ltd.). After m xing, O.2 g

of Span@ alpgl.of pol yvi nyl al cohol (Sanm ng Di nghui Chemi cal s Co.
Ltd., under the

Example 2
The example was provided to illustrate the catalyst for olefin epoxidation
30 and the preparation process thereof and a process of epoxidising olefin using the
catalyst according to the present invention.

100g of titanium silicate powder (Hunan Jianchang Co., Ltd., under the
trademark of HTS) was mixed homogeneously with 5g of tetramethoxyl silane

35 (Tsingtao Shijixing Chemical Reagent Co., Ltd.). After mixing, 11g of silica sol
(with 30 wt% of silica), 0.2g of Span80, 2g of polyvinyl alcohol (Sanming

16



o trademark of Polyvinyl Al cohol 2099 ), 1 g of sesbania powder
(Zhuwa (Dongm ng County) Sesbania Gum Factory) and 65g of water were
added and m xed honobgeneously, which were then extruded, shaped and
pell eted, followed by drying at 70 degrees C for 4 hours. A shaped
article with a dinmension of 2 * 2 nmwas obtained. 15 100g of the

shaped @iﬁg%e@%@%}@ﬁgpm BEEduhaEo . HAAEAL IPERVIRGkadcOhaRhO9 ),

into whic aqueous sodi u roxi d

added, bgd)fti’rt‘é anba pewd@a@h@ﬁ%@mggﬂnae@%@@)@%ﬁwb@nk@ﬁumﬁacéory) and
h I

I SRS At SR B i G e i
neut r al Sh and melkese dnt dryisg dio 0dlagseesalC fonddegise/ shaped
for O%chqevﬁ afdlﬂﬁ% 6?9‘*‘2'[1‘?1% alas Hf'ééf ees C for 3 hours, so

as to obtaln the cata ys according to the present invention. A
measur enent showed that the strength of the catalyst was 160N cm and

reasy t . :
cont ont _of SESIBE ﬁfﬁ?‘fﬁ”ﬁ‘ﬂ%%@ﬁéﬁ%?‘%ﬁ* f@%?iﬁéﬁ’y%@%th%@ﬁ?&d
the cat@agkt 1mteswm@lm&d30gwto§ @nénoheﬁn@qu%au&se@mu DEHEE SO uatlon was
tubul ar & Iow tﬁh ﬁﬁﬁhﬁfe w‘é’QEHe%'téH @@r@m &e%ﬂe@g (P%‘ﬁ'ﬂ' E%t%% 2%&9@%@

above an e catal tron

enslfr edStIBiNE &éplldmlm@twas tlmn qrh@lmd) by| félﬁ@tmm whighi split ph&smomréed
~fed “p"‘ﬁ% W£§lféd] l?ﬁ Jefitibka it UGG tI‘h% @Eolhétﬁh%sefo tained was
0 a Ul stream

met han pro ueous. hydrogen perOX|

was 6 :dded at lﬂdeﬂe@al fot Bebeniga sndddeallvice laaﬁfdo@ts é@r%@gr%ﬁ&ﬁ for

b t d t
naded voditsy' 53 3 }%o?db%%lél'nq e QcaiaPRteckBidifie” I thelithsdil PEvEion, A
was 35 m@nwmm@m shpwed dhat ﬂ‘@Tﬁ@%gm ef ¢he sotalpsh was (G0N emuandm the
Pr egsur &;¢8f séuﬁi\ép Bonfeid oF fitassh E‘m&:’é}y ;5%69? W0 GhHYHf cént%ﬁi'—%f bidger

reaction p ct was sanple and ana to s ﬁ/a conver si on of
hydr ogeWaper witd@saneamirodbyaXdilaanalysis. i vity for propyl ene oxide of
94. 8% Exanple 6

14g of the catalyst was loaded into the thermostatic reaction zone of a

tubular fixed bed reactor, wherein ceramic ring packing was charged above and

20 below the catalyst, and the entire reaction system was ensured to be well hermetic.

The propylene and liquid streams were fed upward into the reaction zone,

wherein the molar ratio of methanol : propylene : aqueous hydrogen peroxide in

the liquid stream was 6 : 2 : 1, the liquid stream was added with aqueous

ammonia to bring a pH of 5.3 to the liquid stream, while the liquid stream was

25 added with 0.98 wt% of Span80 and 0.06 wt% of Tween 80. The reaction was

controlled to have a temperature of 40 degrees C, a reaction pressure of 2.5MPa,

and a liquid hourly space velocity of 1.5h"'. The reaction product was sampled

and analyzed to show a conversion of hydrogen peroxide of 99.8%, and a
selectivity for propylene oxide of 95%.

30
Example 3
The example was provided to illustrate the catalyst for olefin epoxidation
and the preparation process thereof and a process of epoxidising olefin using the
catalyst according to the present invention.
35

100g of titanium silicate powder (Hunan Jianchang Co., Ltd., under the
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5The exanple was provided to illustrate the catalyst for olefin
epoxi dation and the preparation process thereof and a process of
epoxi dising olefin using the catal yst according to the present

i nvention. 100g of titaniumsilicate powder (Hunan Ji anchang Co.,
Ltd., under the 10 trademark of HTS) was m xed hom)geneously W th

i?t 2? ﬁraﬁ@ﬁfa@ﬁ%ﬂgg%:wlaggng@éf Hof ﬁg@ﬁﬂ Pl %fQ@traniétﬁokyl silane
of .silTca
pol yvi Hbf Sipg 1J](X$Bﬁr¢ rﬁuﬁ cpfter @Hﬂlﬂguﬁ@@g qfiylica sol

t r ademagysitRf 360{;;&% B sﬂida h@lz QQPB ahQOOfZ%Qﬁbﬁﬁl)allﬁS’I"Q@éOK(ﬂh ming

Snd 15 DIRSEIIGHETEREE. aPy, Lith BROVLIE HRERTBE-QlBATNaHAb adCalial 2099 ),
pel | et eflg Jﬂ,ésﬁaﬁm ﬁaw@@w(muwa glgoﬁgﬁﬁﬁgx:&aﬁ@o Sedhauis Guin Nanes)) and

article th, a di nensio was ~obt ai n of the shape
articled SWRkEY w%@ad@ita@da omogmlsfbécwé@%zwem Q0 &K ed

whi ch 2 a Y. | déedh
and the m iﬂ?%@\ﬁla% ﬂHRﬁ#édﬂﬁﬂdWIh@ & dt%lgg%i q:[f g@né\'}m@s Wﬁl? ped

edt e egrees C an
stirringgtiche ygth @ Hﬁé@l%&&h’g% 1981 Faserpt BSPQ% ltration, which solid
phase obt ai ned was washed by dei oni zed water to be neutral. Then t he

solid phase t ai_hed s dried 120 degr es C for r
findlly cal L@&&pﬁﬁsts\ﬁm&%&c&%@@vwa@p erboliNg a 3008 B3 Bhtamscked
the Catﬂhﬂétnﬁécﬁ»&ﬂm%}(}g Ufel(prxﬁépr% i &ﬂig 96d1uﬁ1%@k@d@ blgtenadas

t hat the of .the cata nt

the cond 14 he NS VRS i %ﬁo@ gz,eear@; @%J(%F%f? bpurs while
bi nder m Mﬁs%mé}ﬂlaﬁ%é\%lﬁ ﬁ@brptssbﬁéﬂfe@wl ﬂﬁrailolﬁwﬂmhos‘olidﬂph@s’ﬁ @lbﬁéﬁﬁed
was | oaded in @othetherrmtatlc r%ﬁctlonz atua r xed

r eact or WaivERshigd B deronized Watsh e gn%tgalc e&lf‘a%b piwa IS ﬁ@as

cat g ysane@rzfd m)%d@ e@ecrf@ﬂ@t h@@rssmﬁemm c@ltﬁaat%dl o055 degkées C for 3

hernmeti c. i qui d.streans upward i nto the

an
react i o}ho‘%l@ﬂes rt& rﬁ)%(?ﬂél araiakysto ageo EaFR)I ep,;ggﬁrgnénventlon A
aqueousmﬁéﬁwﬁéhﬂoﬂﬁwedqhaﬂ tiS str@ﬁgth @ tﬁe%d’t@l@a@t weds 680NZcm; hndt inethe

| d st H of 5.
thall  entaRety taeSnmnt ot iy siicalt e b ov ity ad APHSLa? g er

Span80 @ad POwd%, %%Qésu?w@ymaﬁglyrsﬁ;act ion was controlled to have
a tenperature of 40 degrees 'C, a reaction pressure of 2.5MPa, and a

i ¥ d hourly space velocity of 1.5h-1. The reaction product was
sanpl ed andl adﬁ/ﬂ@él da®al pVWs?s Joaded shey thé theemogenideeticie 2he of a

96. 7% %ular 1xe§l| II'é/EIiCth‘ flepélgpegrgr%?c ?*i(ﬂgd IenaglfqnggSw%os charggg a%ove and

below the catalyst, and the entire reaction system was ensured to be well hermetic.

The propylene and liquid streams were fed upward into the reaction zone,

25  wherein the molar ratio of methanol : propylene : aqueous hydrogen peroxide in

the liquid stream was 6 : 2 : 1, the liquid stream was added with aqueous

ammonia to bring a pH of 5.3 to the liquid stream, while the liquid stream was

added with 0.98 wt% of Span80 and 0.06 wt% of Tween 80. The reaction was

controlled to have a temperature of 40 degrees C, a reaction pressure of 2.5MPa,

30 and a liquid hourly space velocity of 1.5h™. The reaction product was sampled

and analyzed to show a conversion of hydrogen peroxide of 98.1%, and a
selectivity for propylene oxide of 95.3%.

Example 4
35 The example was provided to illustrate the catalyst for olefin epoxidation
and the preparation process thereof and a process of epoxidising olefin using the
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The exanple was provided to illustrate the catalyst for olefin

epoxi dation and the preparation process thereof and a process of
epoxi dising olefin using the 10 catal yst according to the present

i nvention. 100g of titaniumsilicate powder (Hunan Ji anchang Co.,
Ltd., under the trademark of HTS) was m xed honpgeneously with 41.1g

of 1,3- ghtapydiaeroidibhgRodheqiredemtiAybndoal | oxane (cormer cially
avai I abl e from 15 Advanced "Technol ogy I ndustry Co., Ltd.). After

m xi ng, 20g of silica sol (with 30 w% of silica), 1 g of sesbania

\a/g\t,\grer w(e fhug\ggémﬂ@ﬁhﬂﬁln@gﬁﬁbﬂﬂe peshRR @IEan F]Q@ﬁél{ H@U’ FEttﬂ Oidlnder the
xXe (0] neou en ex ude
haned HAdeRErk Eldfﬂwaém@ax‘%@%rg Sepeaushe @E&egtféeﬁam% et iane
?0?) hﬁgf@{sgﬁgtﬁasg ot faclﬂgﬁgé'ﬂ' Réa@éntZCB gL n;’&@ﬁtg@%lgdlﬂg 1020f silica sol
|
thrge nE¥ kt§d§5| %é lcvsa: mgd%g%wn%@ % Habe/dagf @i@ﬁlmh (Sanming
hydr gégsm%ngﬁhyoh@mglr% ggdepd. aﬁﬁdéhﬁle?tﬁaﬁéhﬁarmf Pevilyl 4188hol 2099 ),
e Stirr
obtai nelg $qsﬁa§a pawdeaﬂ%%%vfbangﬁags Gﬁ&lame‘ze%ﬂ@i% and

gel ogl ztsg%vaﬁt watdrowese Bdded and Miged Homgos@iddhsy a@ﬁm}pwwﬁemtmded
re a

deohbossteie) and e llaved toiarhe %r'e‘?ﬁac{%ar"a' 85 e airr X shaped

pr esent git{Bl8 Wit a- difmiRacn DETEND mhowel dtiaindde strength of the
catal yst was 130N cm and in the catalyst, the content of titanium

silicate was 85 w% and the content of binder 30 was 15 wt% as
measured by]6E cithlkystapedldgicdé abb@e%ﬁ@b}’eﬁdedﬂlﬁﬁo@é@eﬂm @&‘th'é@-necked

t her nost.atj c. reac f Iar fi xed bed

cor ani olARkg i tmghvéﬁ?&w% 13 4nib b B saduh drSaRkige Roldlign was
t helfﬁlnt added eatd ithe éﬁm:’chﬁinms}l@md rtgdoQ Qidg@ewttl a?d et for Gholike wh11e

ro ene an | Streans were I NTO reqcC n zo.

Wher bi nstemnméﬂﬂﬁanh%eowamqﬁﬁb{ame%B%ﬁ%@n Whiebotaid pRRst ahtined
pg 5 0>O<|I dwtaﬁ Rwidifed byidefosized anated o be neitrall Thche ttlhet tgﬁhd ;ﬁiase@rbtmd was
a e W a rnn (0] e

iTe e et et 3 heurnand” ngléymf;elaﬁteép%%%@ Hegratn 6 for 3
40‘%3 of AueRn §§.ad h@t rcﬂﬁginl Cthevvaat t metd Mgowﬂaﬂﬁ zprb@esmemtfmt@omf A

e r ees , a reac |O
ettt By eht Siawed ek iae sheRert ol e sateahevas, L hictagndin the

anfll ytzedattfabyﬁ hetve @oﬁwm\teﬁsnmml@ﬁl B idaeg erase6 oxtye agtd e S3ateabdfebinder
sel eCctl v

was pr Omaa)éﬁwg%,%s %g&géﬁwfﬁagfﬁgﬁ Olrzxglrrglc |en e:)gil-rggt ?éﬁnglng
the preparation process thereof and a process of epoxidising olefin
it ani um si [Heate ThORRRTETra 197GrEiafy 5. epmipstatic,dghctigh zone of a
25 tubular fixed bed reactor, wherem ceramic ring packing was charged above and
below the catalyst, and the entire reaction system was ensured to be well hermetic.
The propylene and liquid streams were fed upward into the reaction zone,
wherein the molar ratio of methanol : propylene : aqueous hydrogen peroxide in
the liquid stream was 6 : 2 : 1, the liquid stream was added with aqueous
30 ammonia to bring a pH of 5.3 to the liquid stream, while the liquid stream was
added with 0.98 wt% of Span80 and 0.06 wt% of Tween 80. The reaction was
controlled to have a temperature of 40 degrees C, a reaction pressure of 2.5MPa,
and a liquid hourly space velocity of 1.5h™. The reaction product was sampled
and analyzed to show a conversion of hydrogen peroxide of 99.2%, and a

35 selectivity for propylene oxide of 94.9%.
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15 trademark of HTS) was m xed honbgeneously with | g of magnesi a and
1 Oy of tetranethoxyl silane (Tsingtao Shijixing Chem cal Reagent
Co., Ltd.). After mxing, 59 of silica sol (with 30 wt% of silica),
0.2g of Span80, 2g of polyvinyl al cohol (Sanm ng D nghui Chenicals
Co., Ltd., under the trademark of Polyvinyl Al cohol 2099 ), 1 g of
sesbani a popdgmfiiuwa (Dongm ng County) Sesbania 20 Gum Factory) and
50g of water were added and m xed honpgeneously, which were_ then

extruded, shhpeexampleppiascpryided|tpolaitigie dhgicatalyst 7or e&fie aposidation

4 hour Sanﬁtﬁél?ggﬁéia&%ﬁbhf%@g% ncroBF WA PRodss 0 efoIEIag ABiANNESS the

100g of the s art above was p ed into 500nL

t hr ee- nealRbst 26CoTdBR, tOithE PIAFFIEHNTYONGOB! 10 nol % aqueous sodi um
hydroxi de sol uti on was added, and the m xture was heated to 90

degrees C and kept for, 6 hours while stirring. A solid phase was then
obt ai ned byl#9g tofatitemumysibipatsoppwdss adduntn disrehanss sﬁéd-,bl}nder the

dei oni Zﬁﬁggﬁ%gk otfq{”fspfé& ﬁﬁ‘k%d hbab gaér%%%ﬁw f}%@.@g OPleREENNEST silane
d d , I I d

dear ces TSIngia0aS BTHOBr Ghemacalskeabab: pn tE) ARG JBIBEC0rS Af SRan80,
the presgnbfi Igegggvi%n Al HRAESHANDAE P (0ifdmidags StHENPid, dindéie the

cat al yst~was and 1 n-th a(lﬁqs , the content of titaniu
si | 1 at Gademage. of wPedyvinyl t Hlephelond bf lgheolafsshaias paween wa

magnesi eyyignting CEhY)'Sehis GyiFaboryRiahd 650 [JTwAR RReUSdded and
silica tq the gnestda’was 1,: 0.2, as neasured v aeéjXRF ana] ysi s, .35
14g of wh¥edhomomenaeasly,oubich wiere ther exhadeds shaped ard aslisicd.oietlagred
a tubul By dfbrg%apﬁ@ de2R64CC, fdﬁlﬁgéhﬁ;. YR SRAHEd hititeRARkiNGiMeSsiohasfIEe 2
above an the catalyst, and the entiTte reacti on system was

ensur edTB WS QRIAINSEr neti c. The propyl ene and liquid streans were
fed;qupward into the reaction zone, 5 wherein the nolar ratio of

met hanol : propyl ene ;. hydrogen peroxide in the, liquid streamwas 6
2 : 1, the 19Qgiof tb@rSé@meda@%magom\ﬁawmwr&%ﬁ%m ogfthﬁ@e-aeﬁlwd

of 5.3 PQskk hentb! Aich Sza(ﬁ%@f 1 thgl t%eagﬁébﬂsdséafﬁﬁ% Roxadelad1itidR was
0.98 wt % of’. Spap80 and 0.706 wt % of

cont r ol 2¢Qed, Anghike émtxéﬁ‘iﬁ'e?"‘éﬁsu}ﬂ%at@d-%e é@%@@%shé gggﬁﬁekg?ﬂ%wfﬁsbp&%m@le

of 2. 5MRguriANAA BoliiPHabeRRNS Henl Bb@RREE byafiRedtion, Ahibhblid pRhg: obtained
reaction prodyct, was sanpl ed and anal yze t% shomﬁgﬁ&ggr rsio

hy d?bgeWagayashedeby depuizeg vaaigr 40 be eutral; dhepet e@%tfe%&eéfwas
97. 7% dried at 120 degrees C for 3 hours, and finally calcinated at 550 degrees C for 3
hours, so as to obtain the catalyst according to the present invention. A
measurement showed that the strength of the catalyst was 160N/cm; and in the
catalyst, the content of titanium silicate was 85 wt%, and the content of binder

25 was 15 wt%, as measured by XRF analysis.

14g of the catalyst was loaded into the thermostatic reaction zone of a
tubular fixed bed reactor, wherein ceramic ring packing was charged above and
below the catalyst, and the entire reaction system was ensured to be well hermetic.

30 The propylene and liquid streams were fed upward into the reaction zone,
wherein the molar ratio of methanol : propylene : aqueous hydrogen peroxide in
the liquid stream was 6 : 2 : 1, the liquid stream was added with aqueous
ammonia to bring a pH of 5.3 to the liquid stream, while the liquid stream was
added with 0.98 wt% of Span80 and 0.06 wt% of Tween 80. The reaction was

35  controlled to have a temperature of 40 degrees C, a reaction pressure of 2.5MPa,
and a liquid hourly space velocity of 1.5h”. The reaction product was sampled
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Exanpl e 9 15The exanple was provided to illustrate the catalyst for
ol efin epoxidation and the preparation process thereof and a process
of epoxidising olefin using the catal yst according to the present

i nvention. A process sanme as exanple 8 was used to prepare the

catal yst for olefin 20 epoxidati on except that the calcia was used in
pl ace o | n I kAN thbeAt berof g@

bi ancha%%& CRASyRY, (oI coRy kbR bR TORIrRER! FeRAE ot Ao and @
of cal c¥ eqﬁgltm.fggpr@meammde@f%ﬁw triethoxy silane (Qufu
Chenguang Chemicals Co., Ltd.) was 7g, the amobunt of silica sol (wth
30 wt% of silica) was 2g, and the anount of Tween 20 was 0.15g. A
measur enent E28mge@ed that the strength of the catal yst was 120N cm

and 4 n the Tﬁ&aégééﬁglet bR aéd b fhds &%gﬁgdakaaggtef&aéle%_ Uxiddifon

total content o anor phous, silica an ,é,%_by wel ght,
and t heaR@ith® Prepaabiops ProsesSuitAeAbands Precess O ROXdIstng ql\ﬁﬁnpsang the

0. 2, ascé‘fﬁ@ﬁ%%%Qofﬂiﬁgﬁhégﬁn%%/egit?mé@tw& epoxi dati on was conduct ed

using a pr SS sane~as ex except that the catal yst used was
the one prepared by exanple 2. The reaction product was sanpl ed and

anal yzed o] GoW R HEATUA SiBPa! phudie IPMBA Mirfithple € Slutdandnder the
selectivity tor propylene ox|de of 98.2% 35Tab|e4 3glug)rlﬁr|ze the .
>

conttent trademiarlamiukhlsy) waataied bamaegangoysty, wite itetrasthaangstane
and 1 el Qe CHenglanpTChediedl 2%‘2-92%832'1?%?“’{“%% oS SOIRERGEL AR 30
o exanpli of s61eak 220 frh SOLY We GAeloS g BliBghul EhesisaloLo. Lid.,
titani ughgéd (e 8déihriCRF FoISHinl "ARINGI 2099 ), 1g of sesbania powder (Zhuwa
(Dongming County) Sesbania Gum Factory) and 50g of water were added and

15 mixed homogeneously, which were then extruded, shaped and pelleted, followed

by drying at 70 degrees C for 4 hours. A shaped article with a dimension of 2 * 2

mm was obtained.

100g of the shaped article above was placed into a 500mL of three-necked
20 flask, into which 200g of 10 mol % aqueous sodium hydroxide solution was
added, and the mixture was heated to 90 degrees C and kept for 6 hours while
stirring. A solid phase was then obtained by filtration, which solid phase obtained
was washed by deionized water to be neutral. Then, the solid phase obtained was
dried at 120 degrees C for 3 hours, and finally calcinated at 550 degrees C for 3
25 hours, so as to obtain the catalyst according to the present invention. A
measurement showed that the strength of the catalyst was 150N/ cm; and in the
catalyst, the content of titanium silicate was 85 wt%, and the content of binder

was 15 wt%, as measured by XRF analysis.

30 14g of the catalyst was loaded into the thermostatic reaction zone of a
tubular fixed bed reactor, wherein ceramic ring packing was charged above and
below the catalyst, and the entire reaction system was ensured to be well hermetic.
The propylene and liquid streams were fed upward into the reaction zone,
wherein the molar ratio of methanol : propylene : aqueous hydrogen peroxide in

35 the liquid stream was 6 : 2 : 1, the liquid stream was added with aqueous
ammonia to bring a pH of 5.3 to the liquid stream, while the liquid stream was
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(N cm Conversion of hydrogen peroxide (% Selectivity for propyl ene
oxide (% Exanple 1 85 180 97.5 95.1 Conparative exanple 1 85 50 90.5

89.5

10

15

20

25

30

35

added with 0.98 wt% of Span80 and 0.06 wt% of Tween 80. The reaction was
controlled to have a temperature of 40 degrees C, a reaction pressure of 2.5MPa,
and a liquid hourly space velocity of 1.5h™. The reaction product was sampled
and analyzed to show a conversion of hydrogen peroxide of 96.7%, and a
selectivity for propylene oxide of 95.0%.

Example 7

The example was provided to illustrate the catalyst for olefin epoxidation
and the preparation process thereof and a process of epoxidising olefin using the
catalyst according to the present invention.

100g of titanium silicate powder (Hunan Jianchang Co., Ltd., under the
trademark of HTS) was mixed homogeneously with 4l.1g of
I,3-dimethoxy-1,1,3,3-tetramethyl disiloxane (commercially available from
Advanced Technology Industry Co., Ltd.). After mixing, 20g of silica sol (with
30 wt% of silica), 1g of sesbania powder (Zhuwa (Dongming County) Sesbania
Gum Factory) and 50g of water were added and mixed homogeneously, which
were then extruded, shaped and pelleted, followed by drying at 70 degrees C for
4 hours. A shaped article with a dimension of 2 * 2 mm was obtained.

100g of the shaped article above was placed into a S00mL of three-necked
flask, into which 200g of 10 mol % aqueous sodium hydroxide solution was
added, and the mixture was heated to 90 degrees C and kept for 6 hours while
stirring. A solid phase was then obtained by filtration, which solid phase obtained
was washed by deionized water to be neutral. Then, the solid phase obtained was
dried at 120 degrees C for 3 hours, and finally calcinated at 550 degrees C for 3
hours, so as to obtain the catalyst according to the present invention. A
measurement showed that the strength of the catalyst was 130N/cm; and in the
catalyst, the content of titanium silicate was 85 wt%, and the content of binder
was 15 wt%, as measured by XRF analysis.

14g of the catalyst was loaded into the thermostatic reaction zone of a
tubular fixed bed reactor, wherein ceramic ring packing was charged above and
below the catalyst, and the entire reaction system was ensured to be well hermetic.
The propylene and liquid streams were fed upward into the reaction zone,
wherein the molar ratio of methanol : propylene : aqueous hydrogen peroxide in
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the liquid stream was 6 : 2 : 1, the liquid stream was added with aqueous
ammonia to bring a pH of 5.3 to the liquid stream, while the liquid stream was
added with 0.98 wt% of Span80 and 0.06 wt% of Tween 80. The reaction was
controlled to have a temperature of 40 degrees C, a reaction pressure of 2.5MPa,
and a liquid hourly space velocity of 1.5h™. The reaction product was sampled
and analyzed to show a conversion of hydrogen peroxide of 95.9%, and a
selectivity for propylene oxide of 94.9%.

Example 8

The example was provided to illustrate the catalyst for olefin epoxidation
and the preparation process thereof and a process of epoxidising olefin using the
catalyst according to the present invention.

100g of titanium silicate powder (Hunan Jianchang Co., Ltd., under the
trademark of HTS) was mixed homogeneously with 1g of magnesia and 10g of
tetramethoxyl silane (Tsingtao Shijixing Chemical Reagent Co., Ltd.). After
mixing, 5g of silica sol (with 30 wt% of silica), 0.2g of Span80, 2g of polyvinyl
alcohol (Sanming Dinghui Chemicals Co., Ltd., under the trademark of Polyvinyl
Alcohol 2099 ), 1g of sesbania powder (Zhuwa (Dongming County) Sesbania
Gum Factory) and 50g of water were added and mixed homogeneously, which
were then extruded, shaped and pelleted, followed by drying at 70 degrees C for
4 hours. A shaped article with a dimension of 2 * 2 mm was obtained.

100g of the shaped article above was placed into a 500mL of three-necked
flask, into which 200g of 10 mol % aqueous sodium hydroxide solution was
added, and the mixture was heated to 90 degrees C and kept for 6 hours while
stirring. A solid phase was then obtained by filtration, which solid phase obtained
was washed by deionized water to be neutral. Then, the solid phase obtained was
dried at 120 degrees C for 3 hours, and finally calcinated at 550 degrees C for 3
hours, so as to obtain the catalyst according to the present invention. A
measurement showed that the strength of the catalyst was 160N/cm; and in the
catalyst, the content of titanium silicate was 93.2 wt%, the total content of the

amorphous silica and magnesia was 6.8%weight, and the weight ratio of the

amorphous silica to the magnesia was 1 : 0.2, as measured via XRF analysis.
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14g of the catalyst was loaded into the thermostatic reaction zone of a
tubular fixed bed reactor, wherein ceramic ring packing was charged above and
below the catalyst, and the entire reaction system was ensured to be well hermetic.
The propylene and liquid streams were fed upward into the reaction zone,
wherein the molar ratio of methanol : propylene : hydrogen peroxide in the liquid
stream was 6 : 2 : 1, the liquid stream was added with aqueous ammonia to bring
a pH of 5.3 to the liquid stream, while the liquid stream was added with 0.98 wt%
of Span80 and 0.06 wt% of Tween 80. The reaction was controlled to have a
temperature of 40 degrees C, a reaction pressure of 2.5MPa, and a liquid hourly
space velocity of 1.5h™". The reaction product was sampled and analyzed to show
a conversion of hydrogen peroxide of 98.5%, and a selectivity for propylene
oxide of 97.7%.

Example 9

The example was provided to illustrate the catalyst for olefin epoxidation
and the preparation process thereof and a process of epoxidising olefin using the
catalyst according to the present invention.

A process same as example & was used to prepare the catalyst for olefin
epoxidation except that the calcia was used in place of magnesia, the amount of
titanium silicate powder (Hunan Jianchang Co., Ltd., under the trademark of HTS)
was 120g, the amount of calcia was 0.5g, the amount of methyltriethoxy silane
(Qufu Chenguang Chemicals Co., Ltd.) was 7g, the amount of silica sol (with 30
wt% of silica) was 2g, and the amount of Tween 20 was 0.15g. A measurement
showed that the strength of the catalyst was 120N/cm; and in the catalyst, the
content of titanium silicate was 97 wt%, the total content of the amorphous silica
and calcia was 3% by weight, and the weight ratio of the amorphous silica to the
calcia was 1 : 0.2, as measured via XRF analysis.

The epoxidation was conducted using a process same as example 1, except
that the catalyst used was the one prepared by example 2. The reaction product
was sampled and analyzed to show a conversion of hydrogen peroxide of 99.8%,
and a selectivity for propylene oxide of 98.2%.

Table 1 summarized the content of titanium silicate in the catalyst, the
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crushing strength of the catalyst, as well as the conversion of the hydrogen
peroxide and the selectivity for propylene oxide for the epoxidation according to

exampies 1-9 and comparative examples 1-4

Table 1
Content of Catalyst Conversion of | Selectivity for
titanium silicate strength hydrogen propylene
(%) (N/cm) peroxide (%) oxide (%)

Example 1 85 180 97.5 95.1

Comparative 85 50 90.5 89.5
example 1

Comparative 755 180 85.5 89.2
example 2

Comparative 73.9 185 91.7 94.5
example 3

Comparative
example 4 ) ) ) )
Example 2 97 160 99.8 95.0
Example 3 91 180 9.1 95.3
Example 4 96 180 99.2 94.9
Example 5 85 160 96.0 94.8
Example 6 85 150 96.7 95.0
Example 7 85 130 959 94.9
Example 8 93.2 160 98.5 97.7
Example 9 97 120 99.8 98.2

It could be seen from the comparison between example 1 and comparative
example 1 that the catalyst using a hollow titanium silicate as the active
component of the catalyst resulted in high conversion of the hydrogen peroxide
and selectivity for propylene oxide, while having high strength.

It could be seen from the comparison between example 1 and comparative
example 2 that under the same catalyst strengths, the catalyst according to the

present invention not only had higher content of the titanium silicate molecular
sieve, but also resulted in higher hydrogen peroxide conversion and propylene
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25 90-97 wt%, the total amount of the binder and the metal oxide is 3-10 wt%, and
the weight ratio of the binder to the oxide of the alkaline earth metal is 1:

(0.05-1).

5. The catalyst according to claim 4, wherein the content of said titanium
30 silicate is 93-97 wt%, the total amount of the binder and the metal oxide is 3-7
wt%, and the weight ratio of the binder to the oxide of the alkaline earth metal 1s

1: (0.1-0.3).

6. The catalyst according to claim 4 or 5, wherein the oxide of the alkaline
35 earth metal is magnesia and/or calcia.
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20 9. The process according to any one of claims 7-8, wherein the mixture
further comprises an oxide of the alkaline earth metal, and in said mixture, the
weight ratio among the titanium silicate molecular sieve, the binder source, the
oxide of the alkaline earth metal and water is such that based on the total amount
of the finally prepared catalyst, the content of said titanium silicate is 90-97 wt%,

25 the total amount of the binder and the oxide of the alkaline earth metal is 3-10
wt%, and the weight ratio of the binder to the oxide of the alkaline earth metal is
1: (0.05-1).

10. The catalyst according to claim 9, wherein the content of said titanium

30 silicate 1s 93-97 wt%, the total amount of the binder and the oxide of the alkaline

earth metal is 3-7 wt%, and the weight ratio of the binder to the oxide of the
alkaline earth metal is 1: (0.1-0.3), based on the total amount of the catalyst.

11. The process according to any one of claims 7-10, wherein the silane
35 having at least two hydrolyzable groups is a silane of formula 1,
formula 1
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two hydrolyzable groups is one or more selected from the group consisting of
tetramethoxyl  silane, tetraecthoxy  silane, methyltrimethoxy silane,
ethyltrimethoxy silane, dimethyldimethoxy silane, diethyldimethoxy silane,

20 methyliriethoxy silane, dimethyldiethoxysilane, methyl metasilicate and ethyl
metasilicate; and said siloxane having at least two hydrolyzable groups is
1,3-dimethoxy-1,1,3,3-tetramethyl disiloxane and/or

1,3-diethoxy-1,1,3,3-tetramethyl disiloxane.

25 13. The process according to any one of claims 7-12, wherein said binder
source further comprises a silica sol, and the weight ratio of the silica in the silica
sol to the silane and/or siloxane having at least two hydrolyzable groups is 1 :
(0.02-1), both calculated in silica.

30 14. The process according to claim 7, wherein said base is one or more
selected from the group consisting of sodium hydroxide, potassium hydroxide,
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tetramethyl ammonium hydroxide and tetraethyl ammonium hydroxide, the
concentration of the aqueous base solution is 0.1-10 mol %, and the weight ratio
of the aqueous base solution to the shaped article 1s (0.5-5) : 1.

15. The process according to claim 7, wherein the conditions for thermal
treatment comprise: a temperature of 60-120 degrees C, and a duration of 2-15
hours; and the conditions for calcination comprise: a temperature of 300-600
degrees C, and a duration of 5-15 hours.

16. A process for epoxidising an olefin, comprising contacting the olefin
with hydrogen peroxide in a solvent in the presence of a catalyst, characterized in
that said catalyst is the catalyst according to any one of claims 1-6.

17. The process according to claim 16, wherein said olefin is propylene.

18. The process according to claim 16, wherein the conditions for contact
comprises: the molar ratio of solvent : olefin : hydrogen peroxide is (4-15):
(0.5-5): 1, the contact temperature is 30-90 degrees C, the pressure 1s 0.5-4.5MPa,
the liquid hourly space velocity is 0.1-7h™, and the pH of the reaction system is
5-8.
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