Description A Process for Epoxidising an OQefin 5 Technical field The

present invention relates to a process for epoxidising an ol efin.

Background Propyl ene oxide is a comon product of organic chem cal

industries 10 with the third highest outputs just |ess than

pol ypropyl ene and acrylonitrile. Thg @f‘@f’bﬂ)ﬁ“e oxide is mainly useful

for producing polyether. propvlene aFvc Lsopropanol am ne

non- pol yet her polyol and so on, which are in turn used for producing

unsat urat ed pol yester rzghgﬁlpolgrr hane,. surfac inﬁ, fire retardant

and so on. 15 The ¢ GESS Ofgéﬁ%@smgﬁpe@ ¢liRg propyl ene

oxi de conprises mainly a chlorohydrin process and a co-oxidation

process. Using chlorohydrin technol ogy to synthesize propyl ene oxide

r esubt s Tieehaueal diedé r osi on of the equi pnent, an abundant consunption

of Cl2, the tsi { %@X i

and extr erreTg{ozi P ﬁ%ﬁlﬁ 1Itn g%ﬁ?{eoggwgﬁr%#taﬁ {v(%csé%f%hgﬁ} r eigéégﬁg afiSS .

requi rement on the environnental protection, the process will be

necessagi jmpated ultimately. Meanwhile, the co-oxidation

pr ocessﬂr#ac\kélq@g fl ow chart needing great invest, and the

producti on Psopgsemé coadebys a repmmentpraiduct 25 osginic ehphiical iindusfries

the hy-product s, thereof Therefaqre ese,convent i onal, processes pf .. .

or et 1 RABOHBEINLRE Ehed Fuduth dust RO BRI EET MM sRE RE A y hinitrile.

I n or deThteop Imrwotx!idedsL eciinlpfudefel (fOl’l\r/][ﬂudLm'iﬁg polszﬁiq%@;s pebp$lene

- preparin roopyl ene oxi de _above, a new synt hesi racess has_heen .
Gevel op8lyCaln SRPBPBABELITES, RpdrBGLYeEr RO IO, Endh80oona yRICh 4tg in

uses a firfpaniiyad siforcapodmdiagul ansasigiteds pdlgestiral slin! opodyatethane,

t he epox]ééifatl on (%I t he géé)p | ene, so as to oObtain propyl ene oxl de.

The pr o¥@EICHH, tHE Kl 1&%@3 0 # d condi ti ons,

envijgonnent -fri endly procedures, 35 no pollution and so on, which

satisfies the requirenent of green chem stry and the devel gpi ng i dea

of at om ecoddiy convsntional precesscek Preparbenpropyleasn oxideegomprises

repr esepid; t he : he S repard [ Qpy i :

In the fg{rdéggésrétpéémﬁqég djrl@%%sgne%@)[(i ge (E(Zidr%gaﬁg (rﬁég ggg%ér:%xi (Salng

5 as t hehlododivaain sieghnicdegiyute ssyntbaszenpropylene oxide zssulte in severe

t al H ‘ i UG
Cechn) ceprbifafie JEE CaBMERLYE CADAE ColdfuPHot The Cla, the
reaQdi ogengrsateom poés abundant eleadsteewateovwandpvastch aesiduel tamh extreme
o TSRS, R By dobte TN R OERERe D RREHeH " e
ef fici eggyironmenta tprotécdbnpHH s uphoesssa willothed® necemyaeilyofelifgnated

reaction, sys L.l result i.n a side . reaction, which decreas t he

el ect 1UITPAED o MeamuRile ik “cdraxidaBhinToCRyar bge: A ong e chart
deconpogesdimpighent insedt! hd tie pRRIIEISEdisayaitRiteli by e teasrily
per oxi de@ Accordingly, those skilled in the art have ?tterrpt ed
to 38d 8 anabpliggtion i nef « HaepHbHDBEORELS edbETen -sygﬁw Qkf.as these
cont rol t L0 y LNl it abl e rang or
exanpl e?‘t)%%e%%?%%%e;*lﬁﬁds"??’%é%srbgp?ééééﬁ%" e e athe

LU

' X1l&.he presence of a titanium

ol ef i n predwsidennp
atom containing zeolite as the catal yst, the process conprising the
addition of a neutral or acidic reactive salt before or during the
reaction. Uk order to overcome the defects of the conventional processes of

30 preparing propylene oxide above, a new synthesis process has been
developed, which process uses hydrogen peroxide as the oxidizer, and uses

a titanium silicate molecular sieve as the catalyst to catalyze the
epoxidation of the propylene, so as to obtain propylene oxide. The process
has the advantages of mild conditions, environment-friendly procedures,
35 no pollution and so on, which satisfies the requirement of green chemistry

and the developing idea of atom economy, such that the process has been
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6300506 di scl oses a process of preparing an oxyal kyl ene by

epoxidising 25 directly an olefin with hydrogen peroxide or a

compound capabl e of generating hydrogen peroxi de under the reaction
conditions, wherein the epoxidation is conducted in the presence of a
cat al ystoayiieredcanseptésentify the iteand orfrtherpmomssdozqmie:ptammggbrepylene
buffer sx%ien1useful for controlllng the pHwthin the range o

5.0- 8. 09%¥#¥-ch buffer system consists of a 30 ni trogenated base and a
salt of a nltrogenated base with an organlc or |norgan|c aci d.

However Z st ances ad t H. added .i,nto .t h oxi dati on
systems as néﬁéopmp@cspietot MY&&S@ PrapylenerxifdeASiBe y g1 mrﬂﬁ&ie
genexat %@ﬂhefo;ﬁdgféﬁsﬁa P fmh st AR ﬁﬁﬁ%b‘;ﬂi’r §Bé$/tee£@ ahalp%% Cﬁ’ﬂé

oxygen as ver react|V|ty and poor se eCtIVItﬁ i da
resul tiagtha rueac:t;nm yestese s onsael |tbﬁ§chm eahmdca Q@rm@t@sﬁsd@mng t e

oxi de & TR IsERS, (PeTeratll, Hff 1EACHTno Y bk ik eh X aPHOBYVES lower
resul t spkh wnt@mu‘tl addﬁﬂlgmdetfraapbﬁ I@gru\latm‘ IQng)ftOt thecacadifstof H,0,,

the. conlGrepan e Fatcubse’ B WETTedRiBCEaRERy  BTISS: HEHARE ' fower

i nveoti mdnn@t\loﬂesffmmnwypmhﬂesa @bo Hs(mclarasoaqfﬂmf fher enore) of
t he conyersi on,.of hyd ﬁ roxi de.an gﬁ;sele t|V|"%%lll ﬁ t he h
epoxi di ISACHOR 5 JirSultndn; feSids JEREtions WhHC h@e%f‘taéWsF €

s Drgl @é‘l@%@lw | f?r B’t@ l?ﬂ@ﬁ@momdéemagﬂn ﬁfea\ﬂvdhlﬂe? @ﬁﬁ%@t er0x1de
epoxi di an olefin OXi ol efi n.\w Y,
per oxi 04SP G 6aBHU oFeSHItaNnl ot ARPTEABed; B aHABH! Bk PbrigectoBen
resin Ugéﬁfxf‘dée ol efin epoxidation conditions. 15 According to

0

the process of epoxidising an olefin provided by the present
i nvéation, the basic anion exchange resin can react wi th hydrogen

ions in the r&%ﬁ‘dﬁﬂglfyﬁfd’s@ él&lfc*&?n?kﬁé'di't i’a’é%héft‘igﬁgﬁeﬂ%r gﬁiﬂ%@?‘t&ces

an i on-exchange reacti’on, so as I NnCrease suita

react i omdmtm@tthm phhinto the r@actm sya@mh@@daprtev@antnqleﬂmmﬁ of the

said r ﬂ%ﬂ%ﬁgngygﬁﬁﬂy&ﬁﬁﬁthbﬂﬁaBP Q%gg Therefore, the test results
n ed

show th € process provi the present invention to
synt hesi ze the epoxidised olefin will result in less ineffective

cpotdti sed BOLRIHENG: Crond 7anao disl T paREES S el n pmgride

the si deyr eactoledin andaShydmgmr q@@e)}adgnufll ¢hst Igresmceoofeasnmmm
hydr ogen qper oxide,.the s

t di d ol ef
o O R eC it 2eaTyEds e fatalysh e dnacsSanpinRESiyE i 4ddifion
bflels gxg@ft@aﬁeﬁﬁal a?%%ﬁgﬁsgﬁ@g‘aé tesrarlggl?ﬁﬂ)rbo oPndufing® | ﬁd‘@@gctlb@l UsS
gener at géﬁbéb 3dl$¢§9§@$na PXPGess aﬁg Pﬁ@%ﬁ‘é@gn%s%}’%&%ﬁnﬁy}wo@%@?ﬂdlsmg
per 9%i dgireafld oh AR h@ﬁtmm@d%ﬂn¢&d;ﬁaee§>grgngm§@ﬁhdoeaghbweof

rogen ion’in the reaction exchan
reS| n, Senertinghydragen perexidadindess the fisactos gondstipasowhergia the

epoxidation is conducted in the presence of a catalyst system consisting of
a titanium-containing zeolite and a buffer system useful for controlling the
pH within the range of 5.0-8.0, which buffer system consists of a
30 nitrogenated base and a salt of a nitrogenated base with an organic or
inorganic acid. However, the substances adjusting the pH added into the
epoxidation systems as stated in the two patents above may possibly result
in the generation of a nascent oxygen in the reaction system, which
nascent oxygen has very high reactivity and poor selectivity of oxidation,
35 resulting in intensive local reactions within the reaction system, increased
side reactions, and decreased selectivity for propylene oxide to be
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The present invention provides a process of epoxidising an ol efin,
-3- conprising epoxidising an olefin with hydrogen peroxide in the
presence of a catalyst and a basic ani on exchange resin under the
ol efin epoxi dation conditions. 5The process of epoxidising an olefin

accor di pgoﬂacédiemm@eeﬂttherwrpm@mc@ rera¢ed ihatrautesultsvial bisificantly

conventi,onal reactor.s \é\{n react rs can for exanple conprise at

| east ofECHFasEdk F&IiCHd &l{l%,cat Y#bvi ng bed reactor, a slurry bed
reactor and so on. Wien the process is carried out in a fixed bed
reactor, a noving bed reactor or a continuous 10 slurry bed reactor,

t he consllmml‘Y@rfthfellbwelltl@llepom dat| on can further conprise a

| quisd vol upg spREe §k/ éé%eofh% @fslab €f1ﬁrﬁpil ¥oﬁ§%ﬁtl%n%l sges
the process Is carrie SUCR Peact oF e conditions for t

ol ef i n ep®pakadisingepropylane; rtheoprescsy: invendtant paovudes af neweprocess of

or ot of abP k5 1 L flsh BRI 185, RY b pf Pidde bolBiRIE ind

bei ng Otlge 361"3111[\Sl,tybﬁﬁ’eﬂle)ﬂ ofidpadt eldiyn waredhotlphighe andt tie seigice life
of the Oh%lf'l n‘d ﬁge ger oxi de. In accordance with the present

i nventi8 ?ﬁ@%yﬁéds PBZEdor, the 20 moving bed reactor and the

sl unpy bed reactor can be various correspondi ng reactors
conventiona&h& used in.the art. In accordance with.the present

Cnventi on TCSaNbANVFBHOTODTRVANES 2 MIRcess Of eRoXidisiag an olefin,
i ndust r yomipht gﬁgéxﬁﬂwlﬂ r 82 31edin Wﬁhsh’%(ﬁ 1P (gpé}‘oﬁt@@e iay&ie Ip%é"ﬁﬁ’ce
y 0

with i b|Ie The slurr tor is_a_.reactor. in
whi ch £ 862 tﬂiﬁ%t and aj%aakq ABIQE edph@weecmsanm ot thes odeRrPYidagion
l'iquid @Hﬂﬁ mypdhe slurry bed reactor has a large scale of back

m xing o e materials, and after a reaction, the next batch of
readfi on can generally be conduct ed jUSt after the separation of the
catal yst fr teriq@als C i e
o achi eve (RS ASHIEL 0 e RrdPeun o, SR RHis e 4 ofeTuf hRlRY U9 the
react i opresemd iniveputtbmsothel babas antmc&xaimngﬂwrﬂnnwm rrgabemlrtﬁdmydnro gen

the pr ol Clis 3FALReB sHERIpchE S Alekil afd BViEbErnbEiAY Lia an
fixed bﬁm—emhemge Beactiong senhednomntreztstmesprtabdzystﬁeop}tamﬁ Yhegreagtion
b AL b RTR i A B A5 B LB R aR5H on
the f or gy stbng fRbxE bemg Qabahl?hn gThbﬁafb@é htheywneﬂerdsutltseslﬁowemdtedsmg the

reactor ‘conpri ses a a cat al, iflSt bed packed .in .the shel

whi ch cRFQG&SS: Phew! 16, Prgsent, Jnvgaon Bassxnﬂm%ﬁeemwldlsed
resin. §lefin dvﬂltﬂé%que%ﬁheﬂﬁb\tﬁe H&%oﬁ?@@@ﬂf&mﬁ"hgﬁi@g@ﬁtm ,
In 1S not

t he catal yst and the basi ¢ ani on_ exchan pec
| i mi t edbeler iseheetaitynkoraths gposidised olefia ganaratedcanddess dyi-products

al'l gus gghé‘ﬁftb 9t HﬁeOfsﬂé‘eréa“fﬁfd%sO”sﬁy%%e'i.‘bt ﬂl&e%sepﬁgﬁrf?éﬂrﬁl%f the

4- 8. However uri ract roducti on
t he basmn*aﬁrmqaneaﬁﬁmﬂcbegeespﬂmmdeelthﬁ selegtivaty Ifow theoepexahiped,olefin

ar eat or A el W COLANEEbaly b VORRR G CRALESLANGE it Iei

Eag ic ahehaveddganghﬁrah!alvntageserm ?ﬁabutedctb (mh]ghetdnee ?‘,m]tcnmbﬂm poesdnce
ydrogen.peroxide, the selectivity for t poxi di in 15 and
the soraf 86 st dife’ ExEirple tenif, M- NER JuliBif ofif: Bedirftien of

x\heEOEPﬂamnbxggePﬂdubﬁﬁg Q%mmpoengdaehr@ﬁht of Pr bﬂideﬁehndt o the
1 g or, ex e rat1 o O e.cal a aSIC .
ani on e 3@”%@3;11 ﬁalailgf ggactiqa pf ﬁﬁ Ty draeth ogr inpthe

cat al ysfedd’mdri‘@ SRaN| x@@ﬂh i Bﬁﬁ@ﬁhién Q@ hao¥e fei! WHIgH thidbYethe side
| ow reaction ra ? in th e reaction 20 system -—Therefore, In accordance

with theEasteyhelfesismlyon, the weight ratio of the catalyst to the

35 Embodiments
The present invention provides a process of epoxidising an olefin,
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hydr ogen peroxide to pass through a fixed bed reactor in a cocurrent
flow 35 or in the formof a m xture containing the both, wherein the

fi xed bed reactor conprises a shell and a catal yst bed packed in the
shell, which -5- catalyst bed conprises a plurality of catalyst bed
layers, cainpdahig @pwiuis:ihg_t 88 SRR Xﬁithbl??df@g@ﬂi paOxE sinnthé fregéhce
ani on ex%hange resin.in addition to the catalyst; ‘and alqgng the™ , |

di rect i 84 eatAlyshrad 4 basic apaen gxchangsrednryrdenthe elera epaxidation
t he meigBBdePﬁgnt of the basic anion exchange resin 5 in each

cat al yst be ayer is less that in a next catal yst bed | ayer. In

t he preferred enbodi nent above, the basic ani on exchange resin can

promgt e hyd n | t €ont e i

hydr agen pera dBrass ot EhoSRATRAS ap WIS "RcoREhE 0 he present
hydr ogemvéntpenoxiatie ben carcoaxlir eehtinf Iaviousi aonientiomal ofeactorss uwhich

t ai nj h .1 h [ |t f

Covers Gons &t Tok CRARPL ASHPYec s AEHSe dniel oFa SRREY B dBflctor, &
addi ti omovimg basl ceactoo) aex decd asavtermandesstomd Wihthethwy gprogess is
ion in the.reactjon syfste of ;the {)I efin_and hydr gen Peroxide, sto as
to i ncrBATECd PVRERA SO PR TERGLAT 4 dBeving RS HEAFIQlPEH Cantipious
L he ﬁ@t hetu | ntdea_rﬁeaenl br} lilee ﬁtx@{ﬁtﬁﬁh% foeattd Qitleﬁms @ﬁ(ﬁgﬁﬁbhebﬁﬁ feaher

| , resu LN InN.1ess | ne ectl ve CcO (O] [ r n -
per oxi dEOMRISEra HaWEL ¥olYtRer sPa¢h e AEHIIPLclr 1o & ridtdaERBbed- 100k
[ess by yPheugies paSDAIieLatriem ble ifl AbdteACkiRS, AR SHridlIOAT RS the

significantly the conversion of hydrogen peroxide, the 20 selectjvity
for theolgfanieneidagiast canahuther compise: aitosabamountcat shgwatalyst and

the pre e 'ﬂ“’é%cl'ﬁali’fg? t ent e e
basicr:) aﬁ%%&gﬁ_@e resin i ggéﬁfcdg?grﬁgtﬁ%@g nggfé}gglrtj’y?gﬁzgé}%r@g 4-9
brodd rpatfs. bybmecighés @mxblay reactiog dueationecapablofof heingefid-Jadwurs,

ani on cERa B POty B8] 8% pRe DEILEARFAL bioipBF o ARCglesH gh{h iR don

whi | e tperaomeent of the basic anion exchange resin in the |ast
catal yst bed layer is 30-100 wt% preferably 70-100 wt % based on the
total weight of the catal yst and the basic anion exchange resin in

Eﬁch catal yf émbf ﬂhdam@ed - wibh Rt beesegxte_im@bﬂri]an, :thlgpﬁcted b_ac(:jli reactesethe
t he conver si on ydr ogen peroxide durin e, ol efin epoxidation, .
1 oRG LN oo Dedn BIAGRE G| dgncIMEY odiifl paraSiae. Fibw by (Ygrious
the reagbppfespohelifyf fediceorse cohvieheicrill hisedoin the dasis aficdance with
exchange resin in, adjacent tw% c(%L%I yst” bed | ayers is 5-50 wt %l nore, .
pr ef er aB1§ PIESEY ipvgntion, the hixak bgicteactan ey Anksactapidely msed in
hei ght t beidh 1 i | Vo Had rwri
pref er aﬁf%@g?’oﬁg ‘?Iﬁiéd% iar g@ltllhgﬁr@(r?# afthfe}% Isgﬁ%fr? e:rk?g %Iy(?ra o};@ﬁerpgdr)%ﬁgiege‘”ﬂh
f1 owi ngimmebdersalid dnatemalsael otslarryehed reactor is'a reactor in which the
25 fine solid particles of the catalyst are suspended in a liquid medium. The

slurry bed reactor has a large scale of back mixing of the materials, and
after a reaction, the next batch of reaction can generally be conducted just
after the separation of the catalyst from the materials. The moving bed
reactor is a reactor used to achieve the continuous input and output of a

30 gas-solid phase reaction or a liquid-solid phase reaction, which moving
bed reactor has a very small scale of back mixing of the materials.
Preferably, the process according to the present invention is carried out in
a fixed bed reactor.

35 In one embodiment, the process for carrying out the epoxidation
comprises: allowing the olefin and hydrogen peroxide to pass through a
4 -



5 catal yst bed layer is 0.5-95% nore preferably 2-60% further nore
preferably 2-50% still further preferably 10-40% of the total height
of the catalyst bed. In the preferred enbodi nent above, the nunber of
the catal yst bed 10 layers is not specially limted; however, though

E Qﬁ Lpgfgﬁ;ﬁ%?eﬁw&gtgﬁin E?@O@@regy?%‘be‘f’rhie@glﬁi ?ogﬂgbf@slggxhh% containing
\Y | Xl | |

ncr oas e MatBeVhsTan dhe aﬁggze Qyé}ognam@srﬁ gﬁgb AT e Eyst bed

diffi Cughiékeﬂ Qﬁl‘éc%he | Whii é/t%egﬁg ?é{ﬁ‘fss aagﬁ E{gf d a basic

regeneration o e cat yst bed ers ore I deri ng

t he equﬂni@)m@imhﬁ'@m‘ﬁmhe cost of the ol efin epoxi dati on process

and %he conversi on of hydrogen peroxide, the catal yst bed has

pref érably 2-20 catal yst bed |ayers, nore preferably 3-10 catal yst

bed | ayers. Iathe emdaddarer abcbhe,ttim pongsmindmgenitiorbetvheerb tise catalyst

" the- ARE Mt paSRL AT SERAAC e fiof Sl By dBFed, G Top

baSﬁ anaATo1eXc bﬁrmebbasm ankon tdesharfge resimmallows eljhsting the i of the
exchange resin can be yL ene I ON exc e re

ondl o “Eeaciioh SRR, B oatn e rRbINn S oieviie BHting dheopractical
eXCh@ngprééﬁbﬁo‘ﬁanvﬂﬁemf tlee MBATARAT QB fhePebica sbnt )@&ha@fg@‘ efcaRhY is
a nacroporous t ype. The asi ¢ anjon.excha ge reS|

comer cllat veelyamoahm( PB XS ethecw trafie o aﬁmncmlxsff tQ khe basic
Anhui - SgpieMe Jie%s:m'-l% eaT@Ptﬁé?ﬁ gl:0 0N %ﬁ@ee E%ga}ﬂj%uh@ethe pH

basi ¢ anion exc an resin c be 0, 5- 3mmol 714, pr era
0. 8- 2. shreughi by thenbasiy eamﬂabﬁyc:hamg@ mmts Hery W%osu@hcﬂlat the

wth theoRteRaRh bIMARY bRFLRICI HRXCORUGRRAIBEI hE BBAARILEE olofin

total amount o ngea rou
i on 16xcanddder settvice life of the rcaata};mtdmnmw\bc nncheasade skgnifioanghy.i Bhen

can oo’ 05 s 88aERE VS Al an ARFGREE Kootk s, T VRSL 6 RlalF for

pr ocessexﬁmplemhplwelghterat?e of thet ehtedy s‘cam the laasibtzmiiomlnexchange gesin
nol ecul ar ysi e Lfied tit sili,cate nolecul ar

v o IR HRAEL 35 thé rgfﬁi%%fcor&s nfd T <A, P bfe sy Rixidation
catal ysgy @tre@hsm wo Krvef eeg@ltm% time acgtay Yiotw i seattian amiteninsithe crdaetion
nmol ecul ar Si ev cat? eci titani m silicate

i call
mol €Oul BYStEmy d et =in ABCSt &ﬂg'égﬁeoﬁéeﬁﬁn alliw%%mtﬁe weight
si |icateti®l efutiee sarlgshay nhea bsic saﬁwﬁ Ué;echzmgetﬁémﬁnw t&Rirgbly

ol eve nad gL Bemher w&wﬁ%ﬁﬂ@“i@h 3tilk feher waeterati 14 54 1n
| ecul |
bt uch el e, HIE 16h dychafel AThErBAIL £ifloh ?%%ﬁ%ﬁh%rf%ﬁﬁv"éﬂ‘&iﬂw
pr ef er abygdrogen- mman |thea§@zmt¢|@nc&yw6m chiz poREEht siiatbhénth@rth e the
titagi “gbéide Egét%ﬂf Wittt e rﬁﬁg 8”8”3%11?&1} a!rés”lﬁ stQBle
proce or |ca ecu

prepare prepari ng tan1 um st
sieve i ep&nuiratlon 1nﬁdsmereaotlcbm6ystamm1érw111 Eot regultpiretoe mntqmm\zeslecal

or der _tEehdons:, MERIWIIRS, AR difobiab§iten b BSBEbEhoPstPtRle g flkte

sel ect i médotides ciahebem»hlbmeldeﬁﬂeetlwlylysor@ theanerefss thpwaldativavy, for
t he catﬁl%st IS aueram a titani um SI I :,\ﬁ‘{atei nol efclul araéﬁl eve h
havi ng r%&%%ﬁ%? OTERVEEr O W 1Ol 165F G IFastiins.ofhe
S5- 3@©nnséﬁlcb*1iﬁfec@ﬂﬁe' chealljiseis dhckdedoldpw structure, wherein 20

the adsorption capacity of "benzene nmeasured for the titaniumsilicate

nol ecul ar sieve under the conditions of 25 degrees C, P/Po = 0. 10 and

1 h of adsomptddidihi %bﬁeﬁ&réf@ﬁiéd Eﬁlﬁ@d eAN Sl (MY réé%:lﬁ 'ﬁle

| oop between the a orptlo | sot rmand e desorpt on 1 sot
the nit PHRSSSaAE eapEyiag Oyt the apsixddation @omm%aa lowingnipsr al&fmlan

hydrogen peroxide to pass through a fixed bed reactor in a cocurrent flow
35 or in the form of a mixture containing the both, wherein the fixed bed
reactor comprises a shell and a catalyst bed packed in the shell, which
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20According to the process provided by the present invention, when
the epoxidation is carried out in a fixed bed reactor, the conditions
for the ol efin epoxidation can be the conventional reaction
conditions, without any special limtation by the present invention.

Never t heheglyst ibedoteaiptiseht ?Maaﬁpr@@@a@al@s@muay@fs oft Tende Roprt of
per oxi de and sel e(cbél VLﬁy for the, 25 epg}ﬁédl Sed ol efin, the COI’IdItlg
for thelliy eatalyspiacdilayas comprisiagp: basiaBnyon £xchapecatesia 15raddition

30-90 d r r
090 5%%&36 f urthfs‘t ta?lgf al) a{% ﬂ’i@ﬂgﬁ%&%@%ﬂ?@8?6?&1&%%1\/13?8?@@%& ﬁromde
space vélawmg/ infthe r@acm%tharwmhtpp@r@lam fythe basic :a.mcawﬁ@hpng@ew@m

i nve t | k! “Eﬁgﬂ ﬁémgﬁgé} S ieR 8% 4 ﬂ%éi %ﬁk%s?%e@(%}gand t he

t he oW ng conversion of rogen-peroxi
sel ect|V| ty for pr opyl ene oxide are cal cul ated according to the

t hod bel 5T i f i =t ;
i ogen pol B M afOR kL S BNt RBEE, AR Bal: Pl SRS rosin
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be nmeasured using a chromatograminter st andard
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t al 0 f
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h t t f
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degrees C and kept for 6 hours, and then washed wi th dei oni zed vvater

25 till the_wa ter fre of sodi i on.. Then, dryi
degrees C &R & %lehBﬁ‘? 156 abedimeniga @vsséhaecg?lbtﬁg &:orr}’thes Cﬁé%llr}@t and

provi deth@ YA taion exchange resin in each catalyst bed layer can vary in a
broad range. More preferably, along the direction of the olefin and
25 hydrogen peroxide flowing in the reactor, the content of the basic anion

exchange resin in the first catalyst bed layer is 0-30 wt%, while the
content of the basic anion exchange resin in the last catalyst bed layer is
30-100 wt%, preferably 70-100 wt%, based on the total weight of the

catalyst and the basic anion exchange resin in each catalyst bed layer.
30 Further preferably, in order to increase the conversion of hydrogen
peroxide during the olefin epoxidation, along the direction of the olefin
and hydrogen peroxide flowing in the reactor, the difference of the
contents of the basic anion exchange resin in adjacent two catalyst bed

layers is 5-50 wt%, more preferably 10-30 wt%.

-6 -



100g of the roast B was placed into a three-necked flask, into which
200ntl of 20 wt % sodi um hydr oxi de sol ution and 10mL of 27.5 wt % 30
hydr ogen peroxi de sol uti on were added, heated under reflux at 90
degrees C for 2 hours, and then washed with deionized water till the
washed water free of sodlun1|on Finally drying at 120 degrees C for

3 hours and_cal,ci nat 550 degrees, C for_5 te i ded t he

titani um si ﬂncﬁtf‘lapﬁﬁ &&a a@n%%ﬁag@m abpyes t h@egewji%aém eatalyshded
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a fixed“Hsdy Flor (from Pengl ai Luhao Chem cal Machi ne 10 Co.,

Ltd., sarreinthefollovvs) |naload|ng anount of 15 m, so as to

forma catalyst be er, in fixed, bed reactor abo and | o
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a react ﬁﬂler@,oﬁs h@t' c@éllﬁfellﬁmeﬂ; HIwevEe ntho’ifgh hh@rﬁﬁﬁ'@aﬁaﬂ axhE® et of
a nmolar ratio was i nj ectedlnlt_lotheflxed belld yT&ctor at 15.

a |.qu.ﬂl®&atﬁ&$pb@é Jayeks tpceeaseswthe: ceavaEypEeSIchyiegsne psypxide
in the §ix30: hRd bﬁﬁﬁ d‘ﬁﬁizﬁ ezm'%%’ &rlﬁnh'b%rf bi‘et%eb@ﬁtalyst bed

react or V\B.S oper at ed I nuous| OUI’S During
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(% _Se!l Seddadst ¥olotnBr OBV BRSO bEehidogddn PeftkitR, We>RatlYsP%ed has

93. 25
preferably 2-20 catalyst bed layers, more preferably 3-10 catalyst bed
layers.
20 In accordance with the present invention, the basic anion exchange

resin can be various basic anion exchange resins known in the art,
comprising strong base anion exchange resin and/or weak base anion
exchange resin. Further, for example, the basic anion exchange resin can
be a styrene-type basic anion exchange resin and/or an acrylic basic anion
25 exchange resin. The basic anion exchange resin can be of a macroporous
type or a gel-type, preferably a macroporous type. The basic anion
exchange resin can be commercially available, for example, commercially
available from Anhui Sanxing Resin Co., Ltd.. The total exchange capacity
of the basic anion exchange resin can be 0.5-3mmol/ml, preferably
30 0.8-2.5mmol/ml, further preferably 1.1-1.6 mmol/ml. In accordance with
the present invention, the total exchange capacity means the total amount
of all the exchangeable groups in a unit volume of an ion exchange resin.

In accordance with the present invention, the type of the catalyst is
35 not specially limited, which catalyst can be various catalysts
conventionally used in an olefin epoxidation process. For example, the
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92.00 97.50 1206.00 92.10 97.23 1700.00 90.70 97.98 Conparative
exanpl e 1 25The process according to exanple 1 was carried out,
except that the catal yst bed | ayer | oaded into the fixed bed reactor
did not conprise the nacroporous styrene-type strong base anion

exchanggatfgkn cahibe £ thameumeistita® hbl@NildM SiclieC ahealyat eauhdsdified
sieve catal yst prepared in preparation exanple 1, was used”in place,o

the macHépbhydssibioaie AROISPHAE Sieve cadalyst oria mixtrerfhexenbnd well afs a
£ USRS RDRIAUIED 654185 O B HEIAOHE cobGo 0.5 it
measur egiligatec amaleeukar tSieWﬁovaai@lYﬁsuISIse(Hfl@fMedh@y titaniag  silicate
bel 0w ndipituia? SFEFELLAR, BL Rl 05l RG] 8Re%be Y Hifm silicate
molecular sicve having a MFI structure, a titanium silicate molecular sieve

having a MEL structure, a titanium silicate molecular sieve having a BETA
structure and a ZSM-12 type titanium silicate molecular sieve. Generally,

the titanium silicate molecular sieve has a structural formula of:

10 xTiO,-Si0,, wherein x can be 0.0001-0.04, preferably 0.01-0.03. In
accordance with the present invention, the titanium silicate molecular

sieve can be commercially available or be prepared. The process for
preparing the titanium silicate molecular sieve is known to those skilled in

the art. For example, the process disclosed by CN 101279959A can be

15 wused to prepare the catalyst. In order to further increase the conversion of
hydrogen peroxide and the selectivity for the epoxidised olefin during the

olefin epoxidation, the catalyst is more preferably a titanium silicate
molecular sieve having a crystal grain of a hollow structure, with a radial

length of 5-300nm for the cavity portion of the hollow structure, wherein

20 the adsorption capacity of benzene measured for the titanium silicate
molecular sieve under the conditions of 25 degrees C, P/P;=0.10and 1 h

of adsorption time is at least 70 mg/g, and there is a hysteresis loop
between the adsorption isotherm and the desorption isotherm for the
nitrogen adsorption by the molecular sieve at a low temperatureln the

25 process of epoxidising the olefin provided by the present invention, when
the catalyst is more preferably a titanium silicate molecular sieve having a

hollow crystal grain, the reaction raw materials can enter the cavity portion

of said catalyst easily to contact and react with the active component of the
titanium silicate molecular sieve, so as to enhance the reactivity of the

30 catalyst further. Meanwhile, the epoxidised olefin as the product of
epoxidation can also fall off the active sites of the titanium silicate
molecular sieve easily, in turn diffuse into the cavity of the titanium
silicate molecular sieve, so as to reduce the residence time of the
epoxidised olefin at the active sites of the titanium silicate molecular sieve,

35 and further reduce the probability of side reactions of the epoxidised olefin,

such that the selectivity of the epoxidation is further increased.
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17.00 90. 85 93.45 200.00 85.25 91.28 300.00 75.69 83.04 406.00 65.56

71.32 521.00 54.18 60.67 Exanple 2 The exanpl e was provided
to illustrate the process of epoxidising an 10 olefin according to
the present invention. The titaniumsilicate nol ecul ar sieve

catal yst prepared in preparation exanple 1 and a macropor ous
styrene-type strong, base anji on exchange resin (from Anhuj Sanxing

Resin Co. ﬁﬂdac;cmlﬁw Wit Bresessgel pp%éaﬁngyaafoiﬁfgmmpﬂmd by
were m | nat i 18502k Haly |

bed r oatioPtescut AAGiion; Hie @poiilyfionRein Y Caife S I hephediiite of
bed | ayén orgamie salveatbdhendbeoeposidateonria asarid abtdn the presance of

consPat POt ot 6E HOIMF SaBY shfne WCCbMkade’ PR AN, the olefin

ratio ofnf: hyHrageaspenyadeets ipreterabdyf (4dd)bdd.5 ekl prfuather prefeardbly

Uhe 1 xba 504 (edlortih s b ety GRITDRTI S 2e0iea T eactor was

operated continuously for 1700 hours. During the operation of the

sel et vi ty RACHGACE S ERTHE REPEHeHEa0R Chat SiaFHl dodht Specially

cal qul atignlited. Fvedempte Uthe odefinheaebedintslefin Baveh@3-STed B atoms.
Specifically, the olefin can be one of propylene, butylene(s) and pentene(s),
preferably propylene. In accordance with the present invention, the type of
the solvent is not specially limited. For example, the solvent can be at least
one of a C1-C6 alcohol and a C2-C6 nitrile, preferably at least one of

15 methanol, ethanol, propanol(s), butanol(s) and acetonitrile, preferably

methanol. Said hydrogen peroxide is generally used in the form of an
aqueous solution, and the concentration of hydrogen peroxide can be 10-70
wt%, preferably 20-50 wt%.

20 According to the process provided by the present invention, when the
epoxidation is carried out in a fixed bed reactor, the conditions for the
olefin epoxidation can be the conventional reaction conditions, without
any special limitation by the present invention. Nevertheless, in order to
obtain appropriate conversion of hydrogen peroxide and selectivity for the

25 epoxidised olefin, the conditions for the olefin epoxidation comprise
preferably: a temperature of 30-90 degrees C, further preferably 40-80
degrees C; a pressure of 0.5-4.5MPa, further preferably 0.6-3MPa; and a
liquid volume hourly space velocity of 1-15 h™', further preferably 2-10 h'l.

30 The present invention will be further illustrated by the following
Examples. In the following Examples, the conversion of hydrogen
peroxide and the selectivity for propylene oxide are calculated according
to the method below:

35 The conversion of hydrogen peroxide = the moles of hydrogen
peroxide converted/moles of hydrogen peroxide fed * 100%
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Reaction duration (hr) Conversion of hydrogen peroxide (%
Selectivity for propylene oxide (% 17.00 85.35 99.45 200.00 92. 15
97.86 700.00 91.00 97.57 1206.00 90.00 97.58 1700.00 90.10 96.75
Conpar ative exanple 2 The process according to exanple 2 was

carried out TigxGepsctibay For :ﬁ?ép‘?@éﬁé Xﬂld@eé t#y fhol @ dpt dﬁﬂehféeomde

fixed bed reactor a safre HPO4 was used in place of

the macE6psFaies/the fetadme @fﬁ@@éldﬁﬁe@fﬂﬁd éx @éo e resin. During
the operation of the fixed bed reactor, the conversion of hydrogen
peroxi de and the selectivit or propylene oxi de were neasured and

cal cul atdienednpithei mwles sof ﬁS’(h’Qgﬁhommmdet,aﬂiﬁa moles ofl pripylene oxide

5 and the total moles of the epoxide generated are measured according to
methods known to those skilled in the art. For example, the moles of
hydrogen peroxide can be measured using an iodimetry, and the moles of
propylene oxide and the total moles of the epoxide generated can be
measured using a chromatogram internal standard method.

10
Preparation example 1: preparing a titanium silicate molecular sieve
catalyst

100 g of titanium silicate molecular sieve powder (from Hunan
Jianchang Co., Ltd., under the trademark of HTS), 1 g of magnesia and 40

15 g of tetramethoxyl silane were mixed homogeneously; then into which 20
g of silica sol (with 30 wt% of silica), 2 g of polyvinyl alcohol, 1 g of
sesbania powder (from Zhuwa (Dongming County) Sesbania Gum Factory)
and 20 ml of water were added and mixed homogeneously, which were
then extruded and shaped to a strip having a dimension of 2 * 2 mm, which

20 was then dried at 70 degrees C for 4 hours, to obtain a shaped article A.

100g of the shaped article A was placed into a three-necked flask, into

which 200ml of 20 wt% sodium hydroxide solution was added, heated to

90 degrees C and kept for 6 hours, and then washed with deionized water

25 till the washed water free of sodium ion. Then, drying at 120 degrees C for
3 hours and calcinating at 550 degrees C for 3 hours provided a roast B.

100g of the roast B was placed into a three-necked flask, into which
200ml of 20 wt% sodium hydroxide solution and 10ml of 27.5 wt%
30 hydrogen peroxide solution were added, heated under reflux at 90 degrees
C for 2 hours, and then washed with deionized water till the washed water
free of sodium ion. Finally drying at 120 degrees C for 3 hours and
calcinating at 550 degrees C for 5 minutes provided the titanium silicate
molecular sieve catalysts used by each example and comparative example

35 according to the present invention.
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Tabl e 4 Reaction duration (hr) Conversion of hydrogen peroxide (%
Selectivity for propylene oxide (% 17.00 85.35 99.35 200.00 90. 15
97.74 300.00 89.00 92.53 406.00 81.00 84.36 508.00 75.10 79.65
Exanpl e 3 The exanple was provided to illustrate the process
of epoxiBlashple dn 15 ol efin according to the present invention. The

titanium siljcate nol ecul ar sieyv atalyst prepared in preparati,on
The examplee was p1r0v1deedC to 1h>1llstrapt)e the processpof IC(l,poxldlsmg an

5

10

15

20

25

olefin according to the present invention.

The titanium silicate molecular sieve catalyst prepared in preparation
example 1 and a macroporous styrene-type strong base anion exchange
resin (from Anhui Sanxing Resin Co., Ltd., having a total exchange
capacity of 1.5mmol/ml) were mixed at a weight ratio of 1:1, and were
loaded into a fixed bed reactor (from Penglai Luhao Chemical Machine
Co., Ltd., same in the follows) in a loading amount of 15 ml, so as to form
a catalyst bed layer in the fixed bed reactor, above and below which
catalyst bed layer ceramic ring packing was charged.

Then, a reactant consisting of methanol, propylene and hydrogen
peroxide at a molar ratio of 6:2:1 was injected into the fixed bed reactor at
a liquid volume space velocity of 7 h™! at 60 degrees C. The pressure in the
fixed bed reactor was kept at 2.5MPa, and the fixed bed reactor was
operated continuously for 1700 hours. During the operation of the fixed
bed reactor, the conversion of hydrogen peroxide and the selectivity for
propylene oxide were measured at intervals and calculated to provide
results as showed by table 1 below.

Table 1
Reaction duration Conversion of Selectivity for

(hr) hydrogen peroxide (%) propylene oxide (%)
17.00 89.25 99.55

200.00 93.25 97.56

700.00 92.00 97.50

1206.00 92.10 97.23

1700.00 90.70 97.98

Comparative example 1

The process according to example 1 was carried out, except that the
catalyst bed layer loaded into the fixed bed reactor did not comprise the
macroporous styrene-type strong base anion exchange resin, while a same
weight of titanium silicate molecular sieve catalyst prepared in preparation

example 1 was used in place of the macroporous styrene-type strong base
-11 -



exanple 1 and a nmacroporous acrylic strong base ani on exchange resin
(from Hangzhou Zhengguang Resin Co., Ltd., having a total exchange 20

capacit

y of 1.5mmol/ml) were mxed at a weight ratio of 1:0.5, and

were |loaded into a fixed bed reactor in a |oading anount of 15 m, so

as to f

ghion aexadial trebﬁﬂ Daptefigithet Bpetaciet @ﬁdheeﬁ%@r bedbﬁf‘zlzﬁ:téﬂdthe

bel whi ch I d | h d

Tﬁegw aCbﬁaggﬁtﬁ‘?l éznhygrt?%@ fﬁfer;gg 6rﬁrtu5 E% p@@&' gl @%Wé@ﬁk@@eﬁme

per oxi dgy&ge dra t10c91cﬂ9té’d5ﬁol ?WI&?J Fé‘sh%% Rt ehbheed gﬂﬁm@ 2
e Ity o

reactor_at a VOl une space v

at 8 degr ees

pressurbekhwt he flxed bed reactor was kept at 3MPa, and the fixed bed
react.or was operated continuously for 1700 hours. During the

oper at i

on of the fixed bed reactor, the conversion of hydrogen

per oxi de andabthe 2sel ectivity for 10 propyl ene oxi de were neasured at

ool o, TRSACCORAGREARA hurat | oLV (Ciler of orl of nythSBON I erdki de

(% Sel
90. 15

10

15

20

25

ect i vi t ghfjor propy! gqgljogfggpgﬁ@xﬁé ©8) 89. 3pHyen20dxide (%)
IR 7 i e R TIN5 93.45
200.00 85.25 91.28
300.00 75.69 83.04
406.00 65.56 71.32
521.00 54.18 60.67
Example 2

The example was provided to illustrate the process of epoxidising an
olefin according to the present invention.

The titanium silicate molecular sieve catalyst prepared in preparation
example 1 and a macroporous styrene-type strong base anion exchange
resin (from Anhui Sanxing Resin Co., Ltd., having a total exchange
capacity of 1.3mmol/ml) were mixed at a weight ratio of 1:0.1, and were
loaded into a fixed bed reactor in a loading amount of 15 ml, so as to form
a catalyst bed layer in the fixed bed reactor, above and below which
catalyst bed layer ceramic ring packing was charged.

Then, a reactant consisting of ethanol, propylene and hydrogen
peroxide at a molar ratio of 5:1.5:1 was injected into the fixed bed reactor
at a liquid volume space velocity of 10 h™' at 40 degrees C. The pressure in
the fixed bed reactor was kept at 1MPa, and the fixed bed reactor was
operated continuously for 1700 hours. During the operation of the fixed
bed reactor, the conversion of hydrogen peroxide and the selectivity for
propylene oxide were measured at intervals and calculated to provide
results as showed by table 3 below.

Table 3
-12-



90.50 97.85 1700.00 91.10 97.75 15 Exanple 4 The exanpl e was
provided to illustrate the process of epoxidising an ol efin according
to the present invention. Atitaniumsilicate nol ecul ar sieve powder
(from Hunan Ji anchang 20 Co., Ltd., under the trademark of HTS) and a

styrene el ani on({d&f,l;@@ gsinina el
ShgndonE%%gtgjﬁ&ﬁhg?nﬂga $ td g&;‘n ng a t ot al gexscﬂgfr%ggg{a acity
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hilr?eeg ctory). I\/Eanv\h|$g%$he 25 titlani um si Ibp? g

nmol ecul far si e¥@)dH) al yst | and t he s@&ﬂ@e type strong base9an8@n
exchang . . charged—contiruous ofmthe
bottom 0 ] recycl eoglqubhe top of| the reacpgr 750 as

to ensure thghgggol oadi 1g anmount g)(f)_ﬂe m xtureg of the t9t7§1518 um
silicatletmlecular sieve -
ani on exchandd00.99 - r=si nin the0ddl formin |the react8p %s 15

m . Nboreover, a reactant of methanol, propylene and hydrogen peroxi de
at a molar ratio of 6:2:1 was injected continuously at a liquid
vol une @mnpavaalhmeuebgampl@Zh 1l into the bottom of the noving bed

r eact or, react or was t, havi era re,of 60 es

o Cn or nddik BESEES adBSrdifR o BXARAIE 2 Ak o0 exEf B the
cont It nuogtlysf c}jedtlageholgaﬁedguntm%tehém&ﬂdar‘teéd g@ta@toﬁ hie iz%med;ata ht of
reactor onver sl on, o ro er oxi de an e se Cll VI

or opy |eh@z§ﬁ3@e Wes s, e Of 1HBr TACropRaous Sireredyps Hrtvehase
resul t spAforf @Mﬁﬂiﬂ@é trabire Bul?ﬁi Whelapéfé%h@n%f?qﬁetﬁ%ddbéét te@ittofr the
Conver si on of hydr% en_peroxid hl vity for. propylene oxidée

(% 17.60088r319N901 drogen perox1 € an e select1v1ty for propylene oxide

were measured and calculated to provide results as showed by table 4

below.
10
Table 4
Reaction duration Conversion of Selectivity for
(hr) hydrogen peroxide (%) propylene oxide (%)
17.00 85.35 99.35
200.00 90.15 97.74
300.00 §9.00 92.53
406.00 §1.00 84.36
508.00 75.10 79.65
Example 3

The example was provided to illustrate the process of epoxidising an
15 olefin according to the present invention.

The titanium silicate molecular sieve catalyst prepared in preparation
example 1 and a macroporous acrylic strong base anion exchange resin
(from Hangzhou Zhengguang Resin Co., Ltd., having a total exchange

20 capacity of 1.5mmol/ml) were mixed at a weight ratio of 1:0.5, and were
loaded into a fixed bed reactor in a loading amount of 15 ml, so as to form
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200. 00 90. 05 98.95 700.00 91.05 97.87 1206.00 90.35 97.84 1700. 00

91. 05 97.65 It could be seen fromthe data of tables 1-6 that in
exanpl es 1-4, after 1700 hours of continuous operation of the

reactor, the conversion of 15 hydrogen peroxide and the selectivity

for progyLandyeK el 'Sr%rsiﬂ'ﬂhéq})zfe@tb@@%é%fc T Bbovedaed o ayhich
t he cat al S st| subst anti y .active; Il e in conparative
exanpl e€a lﬁﬂtjbzd lameérceaaﬁuﬁtrmgmlepgrw %’gedhe react or of no
nore than 550 hours, the conversion of hydrogen peroxide and the
selectivity for propylene oxi de were both decreased down to 80% 20 or

| ess, suggedilieny aheeasitant foorsnsting def raxsteditaile] yropydenehand hydrogen

cat 2 brrdR U PV S RO féér?%# i iR BhETPd hed peagtor

keep exsathl quuldmfcolume/ S acéanﬂot: Wi hduat BOadegresi QN Th@lpeesem;e in

very hi rsi on of dro e and _sel,ect W

prop/yl eﬂee g@ b\%& z ggfelgtu ?&Vﬁ) ga h'bep F’éﬁi l%@éfcrgactor was
synt hesoperﬁé@lnpbﬁtﬁmousl'yfhﬁnewm B ORS. @mn ﬁhéQ) ydrativn afetHd ¢ixed
process oxi dising an olefin din e ent.i on

- 15 - bod Tédagtor Ha smstsienred FoKEeas: Peraviid an jas 'sslepavey for
in Hbeggi;(ﬁf)#éhee@ﬁﬂbe werddnda SBEEP PR StervhYd ed‘rﬁité’élgu§ét[]acl€iobp§8v1de

ani on ge resin (from Anhul Sanxi ng Resin Co

t ot al ef@ﬁ‘\afﬁgésfﬁ‘ ibyytadled b@k@W: nl) were mixed at weight ratios
of 85:15, 70:30 and 55: 45, respectively, and were | oaded successively
into a fixed bed reactor (from Penglai Luhao Chem cal Machine Co.,
Ltd., same labléd follows) in a total |oading anount of 15 m, so as

toforn ed ay Nt Tati o of ' Ve
and bel|o %\ﬁﬁﬁé}f@g#’%ﬁégt bed |§§9§’r"aér§ lﬂﬁifg 10 rli ng p§celi?#dbmoo
ﬁhgrged. T(ter), a reapt hiydrogesipeioxgdef(%pt hangpromyleny! enidea(?)
rog rat 2—I—wasnjected the
fiyxed bgd“rc'e;@wﬁogi g il Iqal:d vol tﬁ%gssgace vel oqdi tJy of 7 ngt)solt 60
degrees C. ThEo@Ipgpsure |n the 15 g@pxed bed reagtor was keogtgst
g 98

2 5|VPa gnrl t hn 'F | vnnl hn eactor—Was nnnr at nrl gont | n“nllcl v for_1 700

hours. |Duri ng7Q(I)1-@Ooperat on of the91‘p>0ed bed reactor, the920?n]/er3| on

of hydr ogen pep@hge andl the selecip Gify Tor propylene oxy qe%1
neasur ed intervals and calculat'ed"tao providelresults asS' & nv\pd by
table 7 bel ow700.00 91.10 97.75

15 Example 4
The example was provided to illustrate the process of epoxidising an
olefin according to the present invention.

A titanium silicate molecular sieve powder (from Hunan Jianchang

20 Co., Ltd., under the trademark of HTS) and a styrene-type strong base
anion exchange resin in a gel form (from Shandong Dongda Chemicals Co.,
Ltd., having a total exchange capacity of 1.3mmol/mL) were mixed at a
weight ratio of 1:1, and added continuously into the top of a moving bed
reactor (from Chengdu Xindu Yongtong Machine Factory). Meanwhile, the

25 titanium silicate molecular sieve catalyst and the styrene-type strong base
anion exchange resin in the gel form were discharged continuously from

the bottom of the reactor and recycled to the top of the reactor, so as to
ensure that the loading amount of the mixture of the titanium silicate

molecular sieve catalyst and the styrene-type strong base anion exchange
-14 -



20 Table 7 Reaction duration (hr) Conversion of hydrogen peroxide (%
Selectivity for propylene oxide (% 17.00 99.75 99.75 200.00 99.78
99.46 700.00 99.73 98.67 1206.00 98.84 98.23 1700. 00 96.31 98.05
Conpar ati ve exanple 3 The process according to exanple 5 was carried

out, exeg@in iRathd @] form in the reactor was 15 ml. Moreover, a reactant of

10

15

20

25

methanol, propylene and hydrogen peroxide at a molar ratio of 6:2:1 was
injected continuously at a liquid volume space velocity of 7 h™' into the
bottom of the moving bed reactor, which reactor was kept having a
temperature of 60 degrees C and a pressure of 2.5MPa. The fixed bed
reactor was operated continuously for 1700 hours. During the operation of
the fixed bed reactor, the conversion of hydrogen peroxide and the
selectivity for propylene oxide were measured at intervals and calculated
to provide results as showed by table 6 below.

Table 6
Reaction duration Conversion of Selectivity for

(hr) hydrogen peroxide (%) propylene oxide (%)
17.00 88.25 99.40

200.00 90.05 98.95

700.00 91.05 97.87

1206.00 90.35 97.84

1700.00 91.05 97.65

It could be seen from the data of tables 1-6 that in examples 1-4, after
1700 hours of continuous operation of the reactor, the conversion of
hydrogen peroxide and the selectivity for propylene oxide were still kept at
90% or more, suggesting that the catalyst was still substantially active;
while in comparative examples 1 and 2, after a continuous operation of the
reactor of no more than 550 hours, the conversion of hydrogen peroxide
and the selectivity for propylene oxide were both decreased down to 80%
or less, suggesting the significantly decreased activity of the catalyst.
Thereby, using the process provided by the present invention to synthesize
propylene oxide allowed the catalyst used to keep excellent activity in long
term without inactivation. Moreover, very high conversion of hydrogen
peroxide and selectivity for propylene oxide were always kept during the
propylene oxide synthesis.

Example 5
The example was provided to illustrate the process of epoxidising an

olefin according to the present invention.
-15 -




25 catal yst bed | ayers |oaded into the fixed bed reactor did not
conprise the macroporous styrene-type strong base ani on exchange

resin, while a sanme weight of titaniumsilicate nol ecul ar sieve

catal yst prepared in preparation exanple 1 was used in place of the
macr opor ous styrene-type strong base ani on exchange resin. During the
operation of_the fixed bed reactor, the - 16 - _conversion of .
hydr ogen perldxe ddannem: sidicade avolecularsievpresalysieprsparedway preparation

bol ow, ~ SYARHRER odn® AOriarRERHHS J6ReEayRR SURMEY thice 3Ridh “oxchange
per oxi deeginy (SeomctAuhuy PenxmgpResne Go.dd {dy havog . REab3exshange
20030 Bapacity’of 4. SO mPy HerdimiRed R WRiBht 181168 of 831590°30 %hd
55:45, respectively, and were loaded successively into a fixed bed reactor
(from Penglai Luhao Chemical Machine Co., Ltd., same in the follows) in
a total loading amount of 15 ml, so as to form three catalyst bed layers at a
height ratio of 1:1:1, above and below which catalyst bed layers ceramic

10 ring packing was charged.

Then, a reactant consisting of methanol, propylene and hydrogen

peroxide at a molar ratio of 6:2:1 was injected into the fixed bed reactor at

a liquid volume space velocity of 7 h™" at 60 degrees C. The pressure in the

15 fixed bed reactor was kept at 2.5MPa, and the fixed bed reactor was

operated continuously for 1700 hours. During the operation of the fixed

bed reactor, the conversion of hydrogen peroxide and the selectivity for

propylene oxide were measured at intervals and calculated to provide
results as showed by table 7 below.

20
Table 7
Reaction duration Conversion of Selectivity for

(hr) hydrogen peroxide (%) propylene oxide (%)
17.00 99.75 99.75

200.00 99.78 99.46

700.00 99.73 98.67

1206.00 98.84 98.23

1700.00 96.31 98.05

Comparative example 3
The process according to example 5 was carried out, except that the
25 catalyst bed layers loaded into the fixed bed reactor did not comprise the
macroporous styrene-type strong base anion exchange resin, while a same
weight of titanium silicate molecular sieve catalyst prepared in preparation
example 1 was used in place of the macroporous styrene-type strong base

anion exchange resin. During the operation of the fixed bed reactor, the
-16 -



Exanpl e 6 The titaniumsilicate nol ecul ar sieve catal yst prepared
I n preparation exanple 1 and a nacroporous styrene-type strong base
ani on exchange 10 resin (from Anhui Sanxing Resin Co., Ltd., having a

t ot al

90: 10,
successively 1nto a

exchange capacity of 1.3mmol/m) were m xed at weight ratios of

e8neLrsiod 39 1??%(%’%1@3)6&%?85%1%4’ §h E@l’%@tﬂﬁffufﬁggﬂ@)eynllegael oxide

reactor rom Pengl ai

Machi nevwage, measuredanndi galeidatend | iongprovada resudts lasaghawethdynttable 8

15 i

4:3:2;

£ to formfour catalyst bed 15 layers at a height ratio of

1, "above and bel ow which catal yst bed | ayers ceram c ring

packi ng was char ged. Then, a reactant consisting of ethanol,

prop

injected in
vel oci t
reactor| was kept .at 1MPa nd, the fixed .bed readtor was,operated

oo touary T HADI700 hal By dsoRRna e raigedal r dn_ Bropyiohs paidsdds)
react or

, the qagnggrsion pf hydrogey)ger oxi de and the sel g.kwi ty for
propyl ehe—oxide—were nmeasuredat inptervals and g j

25 resul ts as2@héed by table 9 beddWS Table 9 |Reaction HuLdtion

| ene a h ogen peroxide at a nolar ratio of 5:1.5:1 was
Tanid

fixed bed reactor 20 at a liquid volune space

Y Réfactionl dutadbn4p degr €rmversite ofr essurie i n Sbkedtivied foed

(hr) Conversqé%b@ hydrogen per oxi 7y Selectifvity for S pRYT ene
oxi de (%917 é)87 99{ 85 200. 0099785 99. 63 700.00 99 8. 96
1206. 00 406.00 65.56 71.32
521.00 54.18 60.67
Example 6

10

15

20

25

The titanium silicate molecular sieve catalyst prepared in preparation
example 1 and a macroporous styrene-type strong base anion exchange
resin {from Anhui Sanxing Resin Co., Ltd., having a total exchange
capacity of 1.3mmol/ml) were mixed at weight ratios of 90:10, 80:20,
70:30 and 60:40, respectively, and were loaded successively into a fixed
bed reactor (from Penglai Luhao Chemical Machine Co., Ltd., same in the
follows) in a total loading amount of 15 ml, so as to form four catalyst bed
layers at a height ratio of 4:3:2:1, above and below which catalyst bed
layers ceramic ring packing was charged.

Then, a reactant consisting of ethanol, propylene and hydrogen
peroxide at a molar ratio of 5:1.5:1 was injected into the fixed bed reactor
at a liquid volume space velocity of 10 h™* at 40 degrees C. The pressure in
the fixed bed reactor was kept at 1MPa, and the fixed bed reactor was
operated continuously for 1700 hours. During the operation of the fixed
bed reactor, the conversion of hydrogen peroxide and the selectivity for
propylene oxide were measured at intervals and calculated to provide
results as showed by table 9 below.

-17 -



99.04 98.75 1700.00 98.51 98.41 Conparative exanple 4 The process
according to exanple 6 was carried out, except that in the 5 catal yst
bed | ayers |l oaded into the fixed bed reactor, a sane wei ght of
Na2HPO4 was used in place of the nacroporous styrene-type strong base
ani on exchama®ledsi n. Durlng t he operatlon of the flxed bed reactor

E)Q?d?\?\%?@%ﬁ%@hd@@aﬁﬁﬂ ‘al cuI Q@ﬁ}ﬁl‘giéﬁ i de resui ts %ﬂ%ﬂﬁﬂé’df‘%
o 20, ool Tab ) LhyRaBEOBeriial o) (1) SRYAGREaRle ()
99. 35 200. 00 40.86 97. 74| 300. 00 899%18752 53 799.85
200.00 99.85 99.63
700.00 99.82 08.96
1206.00 99.04 98.75
1700.00 98.51 98.41

10

15

20

Comparative example 4

The process according to example 6 was carried out, except that in the
catalyst bed layers loaded into the fixed bed reactor, a same weight of
Na,HPO,4 was used in place of the macroporous styrene-type strong base
anion exchange resin. During the operation of the fixed bed reactor, the
conversion of hydrogen peroxide and the selectivity for propylene oxide
were measured and calculated to provide results as showed by table 10

below.
Table 10
Reaction duration Conversion of Selectivity for
(hr) hydrogen peroxide (%) propylene oxide (%)
17.00 85.35 99.35
200.00 90.15 97.74
300.00 89.00 92.53
406.00 81.00 84.36
508.00 75.10 79.65
Example 7

The example was provided to illustrate the process of epoxidising an
olefin according to the present invention.

The titanium silicate molecular sieve catalyst prepared in preparation
example 1 and a macroporous acrylic strong base anion exchange resin
(from Hangzhou Zhengguang Resin Co., Ltd., having a total exchange
capacity of 1.5mmol/ml) were mixed at weight ratios of 95:5, 75:25 and

-18 -




406. 00 81.00 84.36 508.00 75.10 79.65 Exanple 7 15The exanpl e was
provided to illustrate the process of epoxidising an ol efin according
to the present invention. The titaniumsilicate nol ecul ar sieve

catal yst prepared in preparation exanple 1 and a nacroporous acrylic

strong B@?@S??éﬂﬂscﬁw@m%d opdre Fdaddd QiicbRegZRoy iARS NOFHARD bRaStéhctor
Co Ltd., havi a tofal exchange capacity of _1.5mmol/nml) were m xe

., Ltd., ( I d.
at wei ghtromtRenglen lowhao GhengcahMaebing Ca.edddes samieyin dha fpdlavs) in
| oaded ' i ' f P '

Chom cal EEh iRt aRidf of 13%mtofo A} Ponh oLk Tl el Biers at a
amount beiglst natiosef 3s2th, abewetanddaavalwhiclhedtalygebediagersecgramic

rati Q o{_klfg]éaélélfg&g&ggggré)gdow whi ch catal yst bed | ayers ceramc 5

ri ng-pac S Then, a reactant consisting of
acetonitrile, propylene and hydrogen peroxide at a nolar ratio of

10:2.5:1 waswinjected intp the.fixed ped reactqr at a lLiquid | u
space vel oo Tt E5Rctahe catfiifE ol HectRE b Hraby pHe nd iy ifogen
fi Xedt bgér@ﬁﬁiﬁ't ki at a@&l?ﬁmtiggooﬁaﬁﬁ.5ahﬁlavz§§_1ﬁljeic>t@d ihes! tlti_@&'i,)t@i]! b&lst 2 reactor
oper at ed, conti nuou or ours. Lin e .opera 0 e .
FPxed batior BauIGNOlie ShAGErIgRIsT Ofydinoghh ScdeRiess ndl i @ressure in
sel qpt i Md Viked Be@Pddahsr Q?&aéieké’}?tr at Y edndt thétfexd@! fedN@actor was
calculated to provide results as _showed by table 11 bel ow 15

Tabl e,
11 ReacPpP&ratedr §onsmuasly oo dr/fil Rors hfawggen the rapgraéionypt the fixed
Sel ecti ¥elYrd#itor, the conversion of hydrogen peroxide and the selectivity for

propylene oxide were measured at intervals and calculated to provide
results as showed by table 11 below.

15
Table 11
Reaction duration Conversion of Selectivity for

(hr) hydrogen peroxide (%) propylene oxide (%)
17.00 99.64 99.65

200.00 99.63 99.21

700.00 99.60 98.57

1206.00 98.75 98.25

1700.00 96.05 98.04

Example 8

The process according to example 7 was carried out, except that the

20 titanium silicate molecular sieve catalyst prepared in preparation example

1 and the macroporous acrylic strong base anion exchange resin (from

Hangzhou Zhengguang Resin Co., Ltd., having a total exchange capacity

of 1.5mmol/ml) were only mixed at a weight ratio of 95:5 and loaded into

a fixed bed reactor. During the operation of the fixed bed reactor, the

25 conversion of hydrogen peroxide and the selectivity for propylene oxide

were measured and calculated to provide results as showed by table 12
below.

-19-



propyl ene oxide (% 17.00 99.64 99.65 200.00 99.63 99.21 700.00 99. 60
98.57 1206.00 98.75 98.25 1700.00 96.05 98.04 Exanple 8 The process
according to exanple 7 was carried out, except that the 20 titanium
silicate nol ecul ar sieve catalyst prepared in preparation exanple 1
and the macrgyeous acrylic strong base anion exchange resin (from

Hangzhou 7hnnnru|:xnn ResinCo Lt d _ havi nn atotal exchange capaci f\/

of 1.5mmol/ nﬁﬁaﬁmﬂé only m xe@@flVérSA/@ngwuf ratl b of QSGEdm‘dltyd‘{z;lIed

into a fix tor d I)f

r eact or tﬁgrgﬁgrn@ rsi nn&‘?f%ﬁ ﬁ%«gﬁgﬁge?g an R&lseegg‘tql vi %}
for propyl enel@0@e werd measur ed88m25 cal cul ated to provi¥@S%sults
as showed nyiodd)bﬁ 2—bgtow Idubt_-,‘, 2.§ Reactiton[duration 91:7”5)6

Conversjon o

700.00 92.00 97.50

1206.00 92.10 97.23

1700.00 90.70 97.98
Example 9

The example was provided to illustrate the process of epoxidising an
5 olefin according to the present invention.

The titanium silicate molecular sieve catalyst prepared in preparation
example 1, a mixture of the titanium silicate molecular sieve catalyst
prepared in preparation example 1 and a styrene-type strong base anion

10 exchange resin in a gel form (from Shandong Dongda Chemicals Co., Ltd.,
having a total exchange capacity of 1.3mmol/ml) mixed at a weight ratio
of 70:30, and a styrene-type strong base anion exchange resin in a gel form
(from Shandong Dongda Chemicals Co., Ltd., having a total exchange
capacity of 1.3mmol/ml) were loaded successively into a fixed bed reactor

15 (from Penglai Luhao Chemical Machine Co., Ltd., same in the follows) in
a total loading amount of 15 ml, so as to form three catalyst bed layers at
height ratios of 4:2:1, above and below which catalyst bed layers ceramic
ring packing was charged.

20 Then, a reactant consisting of methanol, propylene and hydrogen
peroxide at a molar ratio of 6:2:1 was injected into the fixed bed reactor at
a liquid volume space velocity of 2 h™ at 40 degrees C. The pressure in the
fixed bed reactor was kept at 2.5MPa, and the fixed bed reactor was
operated continuously for 1700 hours. During the operation of the fixed

25 bed reactor, the conversion of hydrogen peroxide and the selectivity for
propylene oxide were measured at intervals and calculated to provide
results as showed by table 13 below.

=20 -



hydr oge
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prepare
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Shandon
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base ax Xchange resim i form(jfrom Shargpng, Dongda
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| oadi ng
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cer am clbri nnqr?gpkgnn \I\RQ char m:ri %'ﬁgj\l a reactant Pnn?lq'fSi%?'/lg of

n peroxide (% Selectivity for propylene oxide (% 17.00 89.25
00. 00 93.25 97.56 700.00 92.00 97.50 1206.00 92.10 97.23

90.70 97.98 Exanple 9 The exanple was provided to
ate the process of epoxidising an 5 olefin according to the

| nvemylent 3 The titaniun1si|icate mol ecul ar si eve catal yst

d—in nrnnaraf:nn ‘v:anln a mvturn nf fhn flf:\nlllmclllr-:\fn

Reacsien éléltratlpé]t pr epa@m\(@fsmlé&fr ati on exanﬁﬁée@l‘éﬂﬁ tor
L PnoalBEhS Pasr L HyobPBERAAIR (%9, 1) L brBpifens SXIUEIGAT

met hanol , propyl ene and hydrogen per oxi de at a nolar ratio of 6:2:1

was inj
vel oci t
react or
cont%nu

10
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20

25

oot o8 N B0 SIS HEE 1S P abIb S, HEAETE SPfs 5.
aftes KEQO ImurR. 5K/I%m,nthnmbm$1®ﬁeiraﬁ¢nbeﬂ theastagtonatheopenucesion of
ﬁ%%géﬁrpe%%‘% B P th e %1\}1?3? f%?%rr%tp'y?gng foxtiag Jvief‘(ee %Itill kept at
90% or more, suggesting that the catalyst was still substantially active.
Thereby, using the process provided by the present invention to synthesize
propylene oxide allowed the catalyst used to keep excellent activity in long
term without inactivation. Moreover, very high conversion of hydrogen
peroxide and selectivity for propylene oxide were always kept during the

propylene oxide synthesis.

Example 10

The titanium silicate molecular sieve catalyst prepared in preparation
example 1 and a macroporous styrene-type strong base anion exchange
resin (from Anhui Sanxing Resin Co., Ltd., having a total exchange
capacity of 1.3mmol/ml) were mixed at weight ratios of 80:20, 50:50 and
20:80, respectively, and were loaded successively into a fixed bed reactor
(from Penglai Luhao Chemical Machine Co., Ltd., same in the follows) in
a total loading amount of 14 ml, so as to form three catalyst bed layers at a
height ratio of 4:2:2, above and below which catalyst bed layers ceramic
ring packing was charged.

Then, a reactant consisting of ethanol, propylene and hydrogen
peroxide at a molar ratio of 5:1.5:1 was injected into the fixed bed reactor
at a liquid volume space velocity of 1.8 h™ at 40 degrees C. The pressure
in the fixed bed reactor was kept at 2.0MPa, and the fixed bed reactor was
operated continuously for 1108 hours. During the operation of the fixed

bed reactor, the conversion of hydrogen peroxide and the selectivity for
-21 -



25 bed
sel ecti

reactor, the conversion of hydrogen peroxide and the
vity for propyl ene oxide were neasured at intervals and

calculated to provide results as showed by table 13 below Table 13

Reacti o
Sel ecti
99.02 7
It coul
after 1
convers

10

15

20

n duration (hr) Conversion of hydrogen peroxide (%

Bty e Sy SEenab At o JIIRBRHEH, Yy Brovide
desitlts asshowed thetakleal 4tbealapies 7-13 that in exanpl es 5-9,
700 hours of continuous operation of the reactor, the

i on of
Table 14
Reaction duration Conversion of Selectivity for
(hr) hydrogen peroxide (%) propylene oxide (%)
20.00 99.91 99.77
520.00 99.90 99.75
710.00 99.88 99.76
1108.00 99.54 98.88
Example 11

The titanium silicate molecular sieve catalyst prepared in preparation
example 1 and a macroporous styrene-type strong base anion exchange
resin (from Anhui Sanxing Resin Co., Ltd., having a total exchange
capacity of 1.3mmol/ml) were mixed at weight ratios of 70:30, 60:40,
50:50, 40:60 and 30:70, respectively, and were loaded successively into a
fixed bed reactor (from Penglai Luhao Chemical Machine Co., Ltd., same
in the follows) in a total loading amount of 20 ml, so as to form five
catalyst bed layers at a height ratio of 4:2:2:2:1, above and below which
catalyst bed layers ceramic ring packing was charged.

Then, a reactant consisting of ethanol, propylene and hydrogen
peroxide at a molar ratio of 7:2:1 was injected into the fixed bed reactor at
a liquid volume space velocity of 2.0 h™ at 40 degrees C. The pressure in
the fixed bed reactor was kept at 2.0MPa, and the fixed bed reactor was
operated continuously for 1510 hours. During the operation of the fixed
bed reactor, the conversion of hydrogen peroxide and the selectivity for
propylene oxide were measured at intervals and calculated to provide
results as showed by table 15 below.
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5 hydrogen peroxide and the selectivity for propyl ene oxide were
still kept at 90% or nore, suggesting that the catal yst was stil
substantially active. Thereby, using the process provided by the
present invention to synthesize propyl ene oxide allowed the catalyst
used to keeghQXQQSeﬂn activity |n | ong term w t hout inactivation.

Mor eov ef—very—hi-gh—€onrverston hydregen10—peroxide °“u_

sel ecti V;Ptfiﬂq‘tkﬁ éﬂéﬁ?p@ne oxXi déf%‘f%rsmn@fs kept| duri S@ %kab’of[ﬁm ene
oxi de synt hesi anple > ‘

catal ys ald anp C S
styrene-type §Kieﬁg base| ani on exc%ﬁdﬁk resin (fron1AnhU|‘%éHk|ng
Resin o7, 0 RVing a total %§@ € capacitly of 1. di?% ML) Wer e
m xed alt melq atios of 80:20, 5 and 20: 80, respect and
wer e | oaded dﬂﬂipeélvely into a f|99d%bed reacto (fron1R%h@Qa| Luhao
Chem cat—ivaet =t —Satre— he—foHows)—+n—20—a—totg

| oadi ng anou 513*094 so as to t hree catjal yst bedggggkrs at a
hei ght ratio of 4:2:2, above and beIOM/mhich catal yst bed I ayers

ceram c ring packing was charged. Then, a reactant consisting of

et hanol , propyl ene and hydrogen 25 peroxide at a nolar ratio of
5:1.5:1 was injected into the fixed bed reactor at a liquid vol une
space velocity of 1.8 11-1 at 40 degrees C. The pressure in the fixed
bed reactor was kept at 2.0MPa, and the fixed bed reactor was
operated continuously for 1108 hours. During the operation of the

fi xed bed reactor, the conversion of hydrogen peroxide and the
selectivity for -21 - propylene oxide were neasured at intervals and
calculated to provide results as showed by table 14 bel ow. Table 14
Reaction duration (hr) Conversion of hydrogen peroxide (%
Selectivity for propylene oxide (9% 20.00 99.91 99.77 520.00 99.90
99. 75 710.00 99. 88
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99.76 1108.00 99.54 98.88 5 Exanple 11 The titaniumsilicate

nol ecul ar sieve catal yst prepared in preparation exanple 1 and a
macr opor ous styrene-type strong base ani on exchange resin (from Anhui
Sanxi ng Resin Co., Ltd., having a total exchange 10 capacity of

1.3mmol /m) were mxed at wei ght ratC i f 70: 30, 60:40, 50:50, 40:60
and 30: 70, respectively, and were | ggg diiggggesm vely into a fixed
bed reactor (from Penglai Luhao Chem cal I\/achl ne Co., Ltd., sane in

the follows) in a total | oadi.ng .amunt of, 20 S0 .as to rmfive
catal yst bod-apapsess of EPRQ?@H#S% B qiﬁfm@hﬁr@chena%m tﬁ the msRcess

which 1 %ﬁg r e
Then, aé?e I?gﬁte onsfis}ﬂlh% o‘fc Emrcm‘)x{lmpropy ne an?xﬁy rlg the presence

per o%i def & catadgstiandza sty 31711@1113 g6 Jéeﬁladmda%thm@ eﬁne@p@éulatlon
reactor.ahq ﬁbhgw d vol unme space velocity of 2.0 111 at 40 degrees C
The pressure Tn 20 the fixed bed reactor was kept at 2.0MPa, and the

fi xed bed reactor was operated continuously for 1510 hours. During

per oxtde. and- hacsTREerY o BRI, PIATHE of RAGEHE" 1B P Tetion is

i nt er vatarraed ol iouh dixed bedporeactde. results as showed by table 15
bel gb/ Tabl e 15 Reaction duration (hr) Conversion of hydrogen
peroXide (%9 Selectivity for propylene oxide (% 16.00 99.97 99.75

400. 00 99. 93 9h¢ $rocess according to claim 2, wherein the process for carrying

out the epoxidation comprises: allowing the olefin and hydrogen peroxide

to pass through a fixed bed reactor in a cocurrent flow or in the form of a

mixture containing the both, wherein the fixed bed reactor comprises a

15 shell and a catalyst bed packed in the shell, which catalyst bed contains the
catalyst and the basic anion exchange resin.

4. The process according to claim 3, wherein the weight ratio of the
catalyst to the basic anion exchange resin is 1:0.05-1.5.
20
5. The process according to claim 3, wherein the weight ratio of the
catalyst to the basic anion exchange resin is 1:0.1-1.

6. The process according to claim 2, wherein the process for carrying
25 out the epoxidation comprises: the catalyst bed comprising a plurality of
catalyst bed layers, at least a part of the catalyst bed layers comprising the
basic anion exchange resin in addition to the catalyst; and along the
direction of the olefin and hydrogen peroxide flowing in the reactor, the
content by weight percent of the basic anion exchange resin in each

30 catalyst bed layer is less than that in a following catalyst bed.

7. The process according to claim 6, wherein along the direction of
the olefin and hydrogen peroxide flowing in the reactor, the content of the

basic anion exchange resin in the first catalyst bed layer is 0-30 wt%,

35 while the content of the basic anion exchange resin in the last catalyst bed
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1010. 00 99.90 99. 72 1510.00 99.89 98.90 d ains 1. A process of
epoxi dising an olefin, characterized in that the process conprises
epoxidising the olefin with hydrogen peroxide in the presence 5 of a
catal yst and a basi c ani on exchange resin under the olefin

epoxi dati on conditiQn 2, The pr.oc accor dj to.cla.m1,
o el ey Eoa0r HaBTRE% sbased reabeaively ant ek o vt of tha gatalyst
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1:0.05-1.5. 20 5.§ghe process according to claim3, wherein the

wei ght rRXGIS 1§f5t¥ b vabal yst to the basic anion exchange resin is
1:0.1-1. 6. The process according to claim2, wherein the process for
carrying 25 out the epoxidation conprises: the catalyst bed

compri sing 9 ptHeabidotss!addiling! i WatrhY8! heleiho@bing? (RE' direbtibhcof

t
catal yst bed layers conpri sing tﬁeuga5|c,an|pn exchange tesin In
addilfi othe @lefia andahydrogemparpside thewdngeia tlon reactare theadiffergnge of

add _ drage _ _
per cont IF EPRALAR bE G MRS Jin GEMIBize ISR WA ER Halyst bed

layer i py&8Sstimsg hatyin a fol lowing catal yst bed. 7. The
process ccorai ng to cllaim6, wherein along the direction of the

ol efin and hydrogen peroxide flowing in the reactor, the content of
t he basi ¢ _ani on exchange resin in the first catalyst bed | ayer is
0-30 wt % 330wiihe preecsoacenrdisg thanyaene Oefmlannéxé&a nyBereis alang the

h : 21l i : i |
B e ey
resin i heighth ofacatk scatadyist bedr layer is 8.5-988%6pobcidss tatadoheight wof the

claim?7 inqsalong the direction of 5 the olefin and hydrogen
per oxi d%aﬁeqig\gz\fhgdl n the reactor, the difference of the contents of
t he basi c ani on exchange resin in adjacent two catal yst bed

11. The process according to claim 10, wherein along the direction of
20 the olefin and hydrogen peroxide flowing in the reactor, the height of each
catalyst bed layer is 2-60% of the total height of the catalyst bed.

12. The process according to any one of claims 6-9, wherein the
catalyst bed has 2-20 catalyst bed layers.

25
13. The process according to claim 1, 3 or 6, wherecin the epoxidation
is carried out in the presence of a solvent, which solvent is acetonitrile
and/or an alcohol having 1-6 carbon atoms.
30 14. The process according to claim 13, wherein the molar ratio among

the solvent, the olefin and hydrogen peroxide is {(4-15): (0.5-5):1.

15. The process according to claim 1, 3 or 6, wherein the total
exchange capacity of the basic anion exchange resin is 0.5-3mmol/ml.
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| ayers is 5-50 wt % 9. The process according to claim 8,

wherein along the direction of 10 the olefin and hydrogen peroxide
flowng in the reactor, the difference of the contents of the basic

ani on exchange resin in adjacent two catal yst bed layers is 10-30 w %

. 10. The process according to any one of clains 6-9, wherein
along the 15 direction of the ol efin and hydrogen peroxide flqQw ng in
the reactor ! -hIﬁﬁepgw@es& aggerdng atoygfam :gy@F s Voheredgothsy cagalyst
total hegj : icH®m Lol j to
claim 1§bﬁ\%relr§%? tr%h%}agﬁgﬁé ﬁiﬁ%. r ect?lgﬁu%) f %%Vteh%eg e??ﬁ%gn ?ggi(%gh
peroxide flowing in the reactor, the height of each catal yst bed

| ayer i s 2- QB0 t a i catal d .
procgss apcg_%irgget ] a%%é%oﬁ%@@cﬁ@ga?%&gﬁ& T&hé’%@%ﬁa Eh%gtrgﬁgét g]]t)-&{elg .Of
has 2-20awhtidbgsimbsididadganslea@dlar sievidhasrachpllove ssrisduoe dimth w@oradial

claiml; 3 or 6, ei n~t he epoxi i i S ri ut in th -

o asoncledy of A RIh i hEBRYIAR boffigp o 3he, K, shficelife, wherein

?IBC oml tlt@va%tmrptﬁlm awpwt iy 008 ba?%éne TPE&S{L@etdﬁ soactlhy ditagitm cdidicate
, erein e nmol ar ratia,anon e sol.v. X e efi.n an

nyr ogoMUBCUIuRIEE padesthe eoRdusons Of 75 tegres Torbils 10 Anc ) b

to qbai g¥ 1ad§01€p"ti@m Mlﬁﬁf eiisnat Neakpt ph ﬁig?’@f,inﬂ@d ceyel 1y a)fh}ﬁé’[@réﬂ@ Foop

ani on exchange resin_is 0.5-3nmol/m . 1&. The.procesE

accor di RETWECR e, adserpion, IWFhSI@éIIh and the MGt risatbegm for the

titaniu bt I+ t 41V, 7. The

pr ocessﬁg[zggnga%%c{fgltgﬁgP% qﬁé, ﬁﬁgﬁg}%\ﬂ]iﬁﬁg%&tyfg g: gr aPE}%t ééi d

titaniumsilicate nol ecul ar sieve has a hollow structure, with a

radi al | engt - f ' port i I .
structure, \%ﬁé?@llg @%sﬁcﬁ g%ggtg"pg%}lpg ldfglr})elﬁgétr}gﬁ%fe@?u@é%d Otl %ﬁm has
t he 16i t 2n8 warbohiatamas.nol ecul ar si eve under the conditions of 25
degrees C, P/Po = 0.10 and 1 h 10 of adsorption tinme is at |east 70
ng/ g, and there is a hysteresis | oop between the adsorption isotherm
and the desd®pt il i pddessmaorordieg ntd r olpim adSor pthereiby safe olefin is
nol ecul ar sifve at a | ow tenperature. 18. The process
accordiﬂﬁomﬁ A% m1, 3 or 6, wherein the olefin has 15 2-8 carbon

at ons. 19. The process according to claim 18, wherein said

ol efin is prapylene. 2020. The,process accqrdi ng.any one of to_cl ains.
1,203 ana28: ThEPEPReERacearANE BRY 9BF GIHO SIMS legon ARE: Grwhersin
conpri sghie @ohdifonat forethef oﬁéﬁﬁ%p@ﬁﬂg@ﬁ)ﬁbomﬁﬁ%?Hrt%rﬂﬁ)eﬁhtﬁré 01V53-90
and a liquid v&iurre space vfgbomt ﬁf 1-15 h-1. '552(2131# The process .
accor di Aggteesclaihpiessyrgo ,-5vm4e§ Pas aadmabigpidandnnes spasge ¢lesity of
is a styzﬁgeh-t_ype basi ¢ ani on exchange resin and/or acrylic basic

ani on exchange resin.

25 21. The process according to claim 1, 3 or 6, wherein the basic anion
exchange resin is a styrene-type basic anion exchange resin and/or acrylic
basic anion exchange resin.
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