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Pr ooess for manufacturing an epoxi de The inventi on I’@ta@@EStér@be'ir @omess for

nufacturing an epoxi de by reaction between a m)nool efin and a peroxide
conpound in the preseneeoocésn fenl manufhatad y spoxilde | nventi on
relates nore particylarly to roce cturl OXYypr opane
(or propyl ene oxi de;ﬁL}b %338{1?6% é:ﬁ%éaeq?o% tg%yg q%y%‘?’f)g’@%n \E,ESM de.
It is knowntpraoti se epomfla\ctmae:mmpwe@wee@xadmObyoépi)xmd%mlo‘:n of
propyl ene usin hy. ro in_the presence of a.cat st .of the
type TS 1, 0‘% i gﬁ’ & PR a &t?ﬁﬂlége%g’?»ﬁdwg
Thi s known rafmag&;ﬁl.asfrhbe m«mmaom oi-eua&dalsngnomdpartebhdla&l@ombt gons,
to select|V|t|es andfor de es . of ,conversi on of en _peroxi de which
are too | owPTREFHy ?ﬁ.l@ﬂﬂ?l a&ltf‘lé'é{‘gd\ﬁt %% éog hpgoﬁyiﬁﬁéck by
provi di ng a @fiaes oy veadtivhadktiiveng anoppbahdeandi ot @yenf peirgk-
sel ectivity .and/or high degree of conversion. The invention consequently
relates to da%%ocess for manufacturing an epoxi de by reaction between a
nono-ol efin and a perexiite kewpoungraotibe preseremifctanzeobirbpylbaged

catalys ol v ch.the pH of _th actiaon di u rising
t he m)n ﬁ’ﬁ"i ﬁ' rox?%%’%g% e, C’[léne Bga‘?g?’;gp.e t nef g]é'&FnBﬁEd and
t he sol vent pe;rcﬁx:oa‘te4aﬁdt arb. Ehecpe‘esiamd&ae @’ssenﬂaeﬂalgrw em:f ethet tgpeof the

i nvention | quéty O%I&e d’é"scz{ﬂ? aeasf iR f&arﬁ S i St ﬁt hgiggﬁggr#téz‘er ved

that the aci t he ca lgé ays an 1 npor fant r
good conpr orBRe0 b3 Qe hellset edtionnt y paogerise Hagr ebhef dawladdi owfof t he

d |, i | ead t
per oxi de coe@a;b@%ng fRAgE o i 92&:%5&??616’1{1&)’ £8US &g R4 ﬁ:&%‘é s

However, the catal yst i t to control at th

of the dd ala,z@,@/wSéegr@ﬁ%e)fpr@mzegsmncw fafhedroger peraxide WhéCh
" byproducts forged,duipypg the epoxidation and acids entrained by the
recycling,of the catal yst and the solvent _,and by the unconverted

monool efi n, are readifhg inventiep cdsiefif&e SRYEHHE] ONET OMTSr f ace
of the cat a|ty1$is ldi:aaﬂﬁldkony iﬂmﬁdﬁr@uat @mmtfeasyna&mﬂammar@n ng
t he regeneratl on of t st,. h em of
acidity of tHe cé%%’f 3 can ﬁe/ o) veg g@lgﬂnal nt al %?ﬁg% ﬂ&? '?ﬁ"%m
. epoxi dat2®@n degceﬁoqfnsemr#r&loa -value of at least 4.8, pr ef erably at |east
5. The pH shoul d not %C%&&/f&fﬂecehs@qﬁenmgb%ﬂweé tdhks gridbded

makes it p03|bleto obt ai,n a goo rom se t he seIeC|V|ty and
the degree o OF SAHHATHEIPI18 t?%o’b’é{%ﬁydéeES 8%%“@%3 FEUTTs are

obt ai ned V\he@léhe:xpl-hz@d @epéﬁm gefpoonts i il nedreateniceomnes. &t o

6.5, preferapl om5 t e ces v t he
pH of the reac%?%%em‘b Pam c&tagié’sg:on%?‘?g %og{ygﬁg i on%ffhof ha% S%é Th| S
base can2be @Wiwsesmdiriom vmﬁumotmbpmdma@sthé'hmsnocmm the opgr@&s@% As
exanpl es of sty gqnaase%herre@ah%l , Do HRdesody M@f&&% rAAL epary

anmoni um hydr ox es of general a NR+CF| - (R alkyl . They can al so
be weak baseS8ClveRE isalkness <. %aﬁpz@ Pe inorganic. As exarrpl es of weak,

i norgani c bases, nentgh By hedades shnNHOH, cﬁ@ﬁ&@kerf)‘@ﬁ'%, da2HRY,
K2CO3, Liz2 , KHCQ3 Li HCO3, and K2HPO4. The weak bases n als

be .
organic. \Wea hyegkdion Jdes i Bhendl - pdheymeasion 4Hox ¢ %I &l &%t%\: or
al kal i ne3gar hhs"pjetin BhSs@vedothaar bﬁéﬂddﬁ.diﬂi}dsoﬂ)rﬁi@r@@talfﬁﬂt91&11,'69

from1l to 10 car,bon ato ak ,bases qi ood results kK o nlc bases
are preferrefi? 45W rgt:é%lt |§np8£ﬁag1ﬂi£’ﬁ?f sQl??cib‘F‘émp‘Tﬂ@fﬁé %gg
conpounds \é\lhthlé Cé&l%%tliw?; ¥ Nahle aflepraégﬁéeac«sﬁr djhd“rgfélﬁsi&t?b:df\/e?heon
are peroxide conp s cont ai active Qxy are ¢ e,0

carryi ng out P&%9 cﬁ;ﬁq‘%unatydgﬁggﬁnﬁéﬁagx 3%9 ﬁgi%%r%’%l iagfﬁr}So&ﬁGg‘svvhl ch
can produce kydreaen PE5QKLES HBUEKeh)e IROAERIION 6LagheoBataNgELI §BS are
swtablegqur Hydr og eroxide is preferr In the

d
accor di ng2t oS Cﬁ-‘)éht‘?‘bnco’élﬁgo ePéxitdhe c’cﬁf‘fﬁylan‘afl 'éh@eﬁéf;ﬁi&?tuigﬂeﬂ-ﬁ an
amount of at giersd lprEHUEEs karh%hr eagifidt Meehe/M abldpeyti culal aby-

products formed during the epoxidation and acids
entrained by the recycling of the catalyst and the

solvent and by the unconverted monoolefin, are readily

T | \\\l\\\\\l\\l!\i\}lﬂ\ll}\!!l\ll\\l\ll\\
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_ 16 Septenber_ 2002 least 1.5 not per kg of reaction nedium The anount of
peroxi de conpound is generally less than 10 nol per kg of reaction medium
it is usually less than or equal to 5 WDL per kg OH6Y%%§EbgBeBEQDUHI in
particular less than 5 or equal to 3-mBl -per kg of reaction medium In the
process according to the invention, the peroxide conpound is advant ageously

used in the el AHLAUEOUSuPELERI OF- tik JOREARs ! NEnadRAS P! UL On

contains at |east 10% by wel ght peroxi de conpound, in 10 parti cul ar at
| east 20% Bhefs gMLoductisuATs RPE ai BR8Y noEOnnk8MENSn TFWR%IRE wdilght of

per oxi de Coigeiatha tilbrPH L |HE 2EaOPoY. VBE OhAs hBw! BRel GoraR adA ding to

the inventiogn, the nonoolefin _reacts with the f)eroxi de conpound in the

presence 1506 RURPLER #§spchddtynels ihrematalyst cadar Reusolned Py s
general Isy aia{n@RSnieC tHd FHAé£ Chal epbxiaas oR0REacthon! eEREla W IS

generally less than 150C, it is usual ess laig.an or_ equal to 70C, in

ly |
particul ar 8 & 4haftoptedBRsSY ot 4BHC. PéGfPﬁaP FlockRastceor Ay R t he

,inventiongHA d qast | @RcbeiacRalhe B ®f | prapdrabeyper.oxide caopound
can take plac atma?;t nospheric Eggisure. It. cap al so take place under

pressure. alfPyes h5'§ pPas§ e4okQ noPtRIRecd APWhr CHNBHAYSER ¢ of 20
bar is sui batwedm Rbe psatectevitire andt alhstdegted bfi doavieredess ¢ cor di ng

to the.nvention contgin a zeolite, j.e a solid containing silica which
has a r“hogr 8"35? oﬁgrBH%aqu%o‘%?éUcpﬁpg %%uiz{éﬁl IS i gggﬁgﬁﬁfla ly free
of al um ni uwhe IpH 36f prhtenraalcrioonmedian | ianmaintdhredealti tfiroshi£J8 can be
used in th r S C i i hvention can have a crystalline
structure yéﬁS%ﬁ%&%ﬁﬁq&ﬁ&&ﬁ' of beta-zeolite type. Zeolites of
ZSM5 type are sui thbl sheopumzessThaseo88ingt tocanthef daventddsor pthen [ sic]
band at ab 0 ) el &hn T ' i -

% c%.é gﬁ?egg?ét%?‘ % il ]9@ Z:SH'I: Bgie\ﬁh'b?" @ciﬁtfab%rrl {es.

particul arly suit ) ept enber 2002 the titanirum
Those dér r &hoadhega.o Thist dame i bg (chogers; fromy wakerrsoiuwbke om0 .

0001 to 0. ynsdy ef PRabL Y chhoBel 1Q%brf 19455 . JA¥E cSaRBIRAT IdH MBEShg
Mat eri al s g this type, known under t evggrre TS 1 Ig&g 5 having a

crystal | i ndai%%ct BRBLPIZGAL Pypaa pRPPHe Ul y OFa BRI Bsul t s,
The epoxi d@mmiumanémmw edoby g@x@epabceﬁemum_ardmgonﬁ tire i=ﬂv|enti on
is an organi mpound conpri.sing.a gro spapdi ng _to.t.he genera
formul a: t &=l Jgheﬁﬁecé%o?liﬁg Fhé eaarq?ylg%oégai ﬁggf P"%ﬁﬁﬁ‘z 1?88592% At bon
at ons, 29 eflez abinofgam . t Ad 0 ecampiesit onfs. weRlkepodiakegaich basedpe
prepared a o] t r s or g to iqwvengd S
D2 epoxypﬁﬁﬁ%‘%ﬁﬁwe%ﬁ% A R T it S b
accor di ng t%Phe Fhuféht i BHCRont BiACPr RSB KB P0- cTRBoeakoRASYS R ene i s
preferlrfad. J{)@? SO}be}!elntlbryéﬁﬁici.n waakglraegg&i%cfzwijdwm;q@%&}e. im/;entf(bj@n isIt
general ly subs ia er - m.sci.bl e. ol vent s i ch _giye good.results
are ali phaﬁ"&"tb'?qg]‘a%i @%e\rl\%ﬁt i%?%onf“ﬁf:ﬁgngmf r 8%?3118‘32[ e@% orfﬂ%'ﬁ'%?‘rs.
Met hand25 mesabes melfit icndsbsbyl iayaol dexaypfierably containing from 1

to 10 carbon atoms. Weak bases give good results. Weak

organic bases are preferred. Sodium acetate is
particularly suitable.
The peroxide compounds which can be used in the
30 process according to the invention are peroxide
compounds containing active oxygen which are capable of
carrying out an epoxidation. Hydrogen peroxide and
peroxide compounds which can produce hydrogen peroxide
under the epoxidation reaction conditions are suitable
35 for use. Hydrogen peroxide is preferred.
In the process according to the invention, the
peroxide compound is generally used in an amount of at
least 1 mol per kg of reaction medium, in particular at



The nol ar ratio between the anount of nonool efin used and the anmount of
Per oxi de conmpound is generally 25 greater than or equal to 7., in
particular greater than or equal to 1.5 _This nolarisatéptésbarsudldy |ess
than or equal to 20, in particular |less than or equal to 10. During

conti nuous tests, the nolar rati o between the anount of nopnool efin used and
t.he amount lsfagiol Yeht mod JErjcher afl yegoesdom nediunr Thealamomrd: 19£

preferably t q 3 N I h O . § I | ess

t han or eqﬁlﬁﬁ%,égﬁggggbﬁ? I%és)%%%alr; o!rléggga ﬁ%a}l%.mbge%%c% S
accordi ng taf tveachient medivan Hé 3% amsudbly olessothanuousigquals o
variant, 1 Gih Bfer tg. 85" rifcBEBhCHRALACOT,C bl | T ds DR GRV se
manner. Exanpl es PropyTene oxide was manufactur y reaction between
propyl ere ¥ eRboeh pereokiberikatad peacehen Bedium.catalyst TS-1 and in
the presence of rpet Rapol .pg&e@ganpgcecolr igen dor &@pa{@én@hoglgrzo%%si nt he

pH of the reaction nediumis naintalned at” a value of Tess t
Exanpl es 2 RFOKide aeeuPatnde 3§ advantagpaivnusede ipH tdre tfrrmeatt i on

medi um i's 1l NhgueRmhs! Os81luliBi. Ofnif §eh8r817 Wh@ddihilcdsOf s50GEYE
acetate. The results ari coIIatﬁd in Tagble 1 below. The tests were carried
out in a bRVMEERS @hndragt 40fchyemaighdt Gif PRYOXGAS GOPPEVRAat Enof

propyl en® Gladiemiah & NedstoR0f Py dieDsit perexiyitiaddedebAtbigs15 form

of an aqueous, sol utiop,_containi 35% weight of hydrogen peroxide. The
amount of &?%amr%sgﬁ%sﬂ% ggmﬂ’? E 1O REBOFLES . “%‘l‘lﬁpcgﬁi‘frl y3R was
used i n an paptihdudab. 80Y. biynwelighexanpl es which follow, the rate of 20
~conversion of the h drq:gfn eroxide is. g—ﬁc%res ed E‘é t.he ra]%e con;hant K,
“which is first ordef™ cot% 58ﬁaFﬁgatc8°f %I 7 § hi’p}‘_"‘?% e kxhe
(concent r atmaodk fHACRact sTiva thekBet perdyides cgnpeimdyint hber pteemaet ween t he
anount eppXi oht.al di vi,d by, f.a 0 cts
for med.f%ab g l’fgéxa%b‘iaéei@}i%el ééé{ii S‘?‘[eyksc%lnq?erl ;%g &N@%ﬁé 79@2&1

6. 097. 41546i898eher@lly= at - 1&6sSepr@nbén 20T iCluliawt lat Pleaess 20C.

manuf act uri n}? an epoxi de by reaction b ween a o gol ef%g %‘-d a.per.oxi de
compound i n"8fe YFERREDLF oS eATHEAded 8§Fa|g Dant” P& hé Hor é8ence 5
of a sol venhgubiphitesd hendhl of tdtudieachi qu-aediiwmsorpiésiag tLees

nonool efi n, the peroxi de conpound, the catal yst, the epoxide forned and the
sol vent is them qrgegyad 0 40°Pr ocess according to Caim1, in which the
pH of '19pthe reactign nggl UpLbebEoMR ity 3eoPragestndeseighNgche C aim
1 or 2, in which the peroxide, conpound i s used in an anount of from1 to 10
nol , pref er @A FonPatdeen Lhaprongelekgnofifeddtd oRehedidam ceBPaungr gcess
accordi ng t@aAnyakee plladdatpraaeshiplel@ipbesstirahi th tha paseXitdke
conpound is_used in fhe formof an agueohﬁ sol .yt on_cont ai ni gg froml10 to
70% of per oRi-@&%c PTOFRYEP abPFRFFBM-¥0 (B S0RT S5 SBF 58885 af St di ng
to any one ekceékd pdecdsimng 20 pkassarei nofhidth bae rkactswitalslearim ed out

"at ate peégéggzgcgf_ fromO to 150C, generally fromO to 70C, preferably
from20 To '

The catalysts used in the process according to
the invention contain a zeolite, i.e. a solid containing
silica which has a microporous crystalline structure.
The =zeolite is advantageously free of aluminium. It

‘30 preferably contains titanium.

The zeolite which can be used in the process
according to the invention can have a crystalline struc-
ture of 2ZSM-5, 28M-11, MCM-41 type or of beta-zeolite
type. Zeolites of ZSM-5 type are suitable for use. Those

35 with an infrared adsorption ([sic] band at about 950-
960 cm™® are preferred.
The zeolites which are particularly suitable are



6. Process according to any one of the preceding clains, in which the pH of
the reaction nediumis main25 tained in the zone from4.8 to 6.5 by the
addition of a base. 7. Process accordigg-to O aim 86 PAPHATRAC t#¥PDase is
chosen from weak bases. 8 . Process according to Claim7 , in which the
base 30 is sodium acetate cess according to any one of the_ preceding

cl ai ns, inthsi cﬁlFﬁ’él‘i’@olﬁ;ﬂel?%lf‘F?%m QF9 | CQLRESPINEMT ahioy Shers 1

type with %oﬁ'ﬁbbifaabd'ﬂl@e(ﬂkvswreierWIZﬁ%5xt YBe Ero¥p doooﬂoesse gccording
to any one of the_precéding he epoxide is

cl
1, 2- epoxypPEsisEaliNe olc’ei0 IJr gopﬁo&ﬁ'engiv?h@%oi?PH@OéB‘ﬁﬁGGnd is
hydr ogen p@xratwrci%mnobﬁ hehsel wam e I SkﬂBM‘iaﬁ!@Jder Aehél riinfe APY-PHERGAL

LT e el aalane gl e st “Hstl g e

*+/ 0347| w raatYlezaheal c ahealicath Ta] cadwwia]ca] cal ca) ca] ca] ca] ca] ca] ca] ca] ca] ca
ca] cRa] cRi 178 ; ?2@Cl.J Y|

gFrm]t u} i]sﬁi S]_gﬂ EZ}T&% %C@S‘}cﬁ% ‘@?;1%‘@5} %aa'} a c]af'éaf’cﬁﬁflc%&}‘]@ap(?ma] cal ca

] ca] ca] ca] eajcwaidialcajsalna] qaivminjm]rpawch(ﬁgaﬂ;w&mgbdna] leaj-cal cal ca

} g:} g:} g:} cal.ca] ca] c%c@pc@ %Jona&lcag] q:acl q_ﬂ J Araai c&l \lfa] caJ ca] ca] ca

{vql gb] WJ ca] ca] ca] ca] ca] ca] ca] ca] ca] qa],ca] ca] ca] ca] caV] cal] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
LT 49000006 Yao0000& &S&T&q&r &8&&CUql gb] XU] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca}\sza] ca] ca] ca] ca]c”a] cha]ca]ca]ca]ca!’
C1ITI (())IMN)))) 2o {FF Qe+, M m o, }xsni {vql gb] XU] ca] ca] ca] ] ca] ca] ca]
ca] ca] ¢ggj ca] ca] ca] ca] ca] ca] ca] ca] ca] caﬂ:a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caljca iK-& 10%Z& ()-.. 10%Z&: &
10928 () - L109Z&" ()-'%réa‘::lOO/EBC’Z‘Qi %ﬁr((%l-ltym%’ﬁt%%! 4T ¢) - £
109278 () - @0 XGeHeEl (dt@hs DoPefpradlyl Obmsen (3 - tol0b@&cayben atome.PE: &
10Z 10z An epoxide which can be prepared advantageously by the
process according to the invention is 1,2-epoxypropane.

15 The monoolefins which are suitable in the process
according to the invention contain from 3 to 10 carbon
atoms. Propylene is preferred.

The solvent used in the process according to the
invention is generally substantially water-miscible.

20 Solvents which give good results are aliphatic organic
derivatives containing from 1 to 4 «carbon atoms.
Methanol may be mentioned by way of example.

The molar ratio between the amount of monocolefin
used and the amount of peroxide compound is generally

25 greater than or equal to 1, in particular greater than
or equal to 1.5. This molar ratio is usually less than
or equal to 20, in particular less than or equal to 10.

During continuous tests, the molar ratio between
the amount of monoolefin used and the amount of solvent is
30 generally greater than or equal to 0.1, preferably
. greater than or equal to 0.5. This molar ratio is
usually less than or equal to 50, preferably lessl than

or equal to 10.
The process according to the invention can be
35 carried out continuously. As a vaxiant, it can be
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tests were carried out in a batchwise manner at a tem-
perature of 35¢C, with a flow rate of propylene of
10 mol/h for 0.6 mol of hydrogen peroxide added in the
15 form of an aqueous solution containing 35% by weight of
hydrogen peroxide. The amount of methanol used was
14.4 mol/mol H,0, (360 ml). The catalyst was used in an
amount of 6.8 g.
In the examples which follow, the rate of
20 conversion of the hydrogen peroxide is. expressed by the
rate constant k, which is first order, corresponding to
the relationship: rate = kx (concentration of H0,). The
selectivity is given by the ratio between the amount of
epoxide obtained divided by the sum of all of the prod-
25 ucts formed.

Table 1
Example pH Selectivity k (min™)
1 4.0 84.0 59
2 5.5 90.7 26
3 6.0 97.4 15
4 6.3 98.1 1.6
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10

15

20

25

comprising the monocolefin, the peroxide compound, the
catalyst, the epoxide formed and the solvent is from 4.8
to 6.5.

2. Process according to Claim 1, in which the pH of
the reaction medium is from 5§ to 6.

3. Process according to Claim 1 or 2, in which the
peroxide‘compound is used in an amount of from 1 to
10 mol, preferably from 1.5 to 5 mol, per kg of reaction
medium.

4, Process according to any one of the preceding
claims, in which the peroxide compound is used in the
form of an agueous solution containing from 10 to 70% of
peroxide compound, preferably from 20 to 50%.

5. Process according to any one of the preceding
claims, in which the reaction is carried out at a tem-
perature of from 0 to 1500C, generally from 0 to 70°C,
preferably from 20 to 40<C.

6. Process according to any one of the preceding
claims, in which the pH of the reaction medium is main-
tained in the zone from 4.8 to 6.5 by the addition of a
base.

7. Process according to Claim 6, in which the base
is chosen from weak bases.

T8, Process according to Claim 7, in which the base
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is sodium acetate.

9. Process according to any one of the preceding
claims, in which the zeolite is titanium silicalite,
pfeferably of TS-1 type with a crystalline structure of
ZSM-5 type.

10. Process according to any one of the preceding
claims, in which the epoxide is 1,2-epoxypropane, the
monoolefin is propylene, the peroxide compound is
hydrogen peroxide and the solvent is methanol.



