30 July 2004 Process for nmanufacturing an oxirane The invention relates to
a procgss for manufacturing an oxirane by reaction between an oIefhn 5 and
hydr ogen peroxide in the presence of a catalyst and a di | u8RtJulyded
invention relates nore particularly to.a process for manufacturing

1, 2- epoxypropane (or. propylene oxide) by -reaction between propyl ene and
hydrogen peroxide. 10 It is known practice to manufacture propyl ene oxide

' by epoxi di zi ng propyl ensodss NFJY MR RPHd)n 0% itagPresence of a

catalyst of TS-1 type, as disclTosed, for exanple, I'm patent application
EP- A-0 230 949. 15 The hydrogen perOX|de used is generally greatly freed
from organic inpuriti®se Thusentdiode srelﬁ&@ms @b hydr egesnrdpey oxkde (H202)

f f re derived fromthe OX|dt|on of at™
Menst one ol TopaRtrEaEAR Cal xR b g MR e MR P ore 50
washi ng, eéxt r@é@l Bhdﬁﬁ@iﬁ'ﬁ@rp@r%-’td& am ohhetlmpssdzmﬁ@ref betagaspsd and/ or
used In synt hetie1pepeesers igiiseicn £epRElalhy L e, caps, 1o | he, HEC2

sol utions used- for the_ manufacture oXI ranes appi o EP-A-0
549 013 rel atBECt®SEn 58T nt SgPHfagtyrdasss flor2-maakynmmpasregani ¢or.

substrates ansirépyl eio@dusiing )H2@2 vir-daahiahkybaelBEaaubpgRe; LAD) 5100655
whi ch uses tr‘@r lﬁ)jt?er/al cohal , m )Q;)'?ure useé during the %m%gtl on of the

or gani ¢ subst R thigre ’Qtﬂevent for extracting the H202 from the qui none
30 shutti@. The Applitanishaschaunstidatcd his @c’(a@ﬁﬁ%’i:th.&%dp 2 Syl &he
ue

dr awbacks ky, Of bility of the overall ess the
|nterdepende2%ghg% LE?%%P%# % 8r8€xﬁﬁ8§|§ &&5lh¥é%9%8Qkﬁ?%ﬁﬁl 85 - the
limtation ofint heth%ﬂ d%)lfﬂﬂemt afi of tdetalatsr / adTolmd-In xtwpses |m)osed by
-the extracti oy scoighid | onsgowhi Céka%ﬁﬂaé i zes; t he Igae%rece Qfa ilceégigﬁl

EP ~A-0 230 949.
15 The hydrogen peroxide used 1s generally greatly

freed from organic impurities. Thus, crude solutions of

hydrogen peroxide (Hy0,) arising from the extraction of

‘a mixture derived from the ox.idation' of at" least one

: alkylanthréhydroquinone, generally undergo one or more
20 washing, extraction and/or distillation steps beforé
being sold and/or used in synthetic processes. This is
especially the case for the H.0; solutions used for the
manufacture of oxiranes.
Patent application EP-A-0 549 013 relates to an
25 integrated processrfor oxidiiing organic substrates and
 for producing Hy0, via an alkylanthragquinone (RO)
process, which uses tHe water/alcohoi mixture used
durlng the ox1datlon of the organlc substrate as the
. solvent for extractlng the IhOz from the quinone
30 shuttle. The Applicant has fouﬁd that this process has
several drawbacks: -

- the lack of flexibiliﬁy of the overall process due to
the interdependence of each step of the synthe31s (AQ
and .oxidation};

35 - the 1limitation of the  alcohol content of ‘the
water/alcohol mixtures imposed by the. extraction
conditions, which penalizes the degree of conversion

of the H;0; during the epoxidation‘reaction;



of the H202 during the epoxidation reaction; 30 July 2004 - the
difficulties of phase separation during extraction with a water/al cohol
m xture’ the passage of' large amounts of nethanol into the 30y
shuttle, which, given the |ow flash poi-nt of 5 nethanol, results in an
appreci ablerisk of explosionh in the vagpgriphase during the step from
oxidation to the synthesis of the H202; - “a | arge anmount of qui nones

extracted in the ter | mxture,: [,C enal | t, eci i 10
vi abi l.ity of an i%%\%st rég#f%@nﬁl?g%nd .%%e%qa{guﬁoi oﬂgéﬁa%%ﬁel%glui n(%%% Shuttl e.
by by-products ofxtpeciokeriatidn a ewdtdnialamcdoverztuttes propyl ene used in
the known epoxi dgtl op keagki oS iér@@nee{n%dd‘t§fofelfn?é nElot Mgh, 13pRuri ty,
especially to avoid spurious oxidation reactions of the inpurities, and
mainly for' reasofdiefne yshptthd €aiehy. gSpeei Fhealpy, fpr6pareins ke main
inpurity, i® propyéemensnd tdsdistd epprdeggrfatante BRIACE @3b1884 ohhat,
in the presence of TS-1, hydrogen 20 UPe,roxi q\e can oxj di ze an, al kane. In
addition, in the Yase of VHYPar2h U oa Y dtico s 15t PEdGating to
therefromis isoptiopasgithedis tde HHegM,09f patent BE-A-1 001 884, a person

skilled in the art |.d have deduced that, in_a continyous 25 process.for
pr oduci ng. propyl egrlle g%é % V\,iatn}?ug]gccyc?lgngqblfmoflﬁg or't r}_rﬁ%cL‘L'.efeaﬁ?i o%.%e

di l uent (gener al |yatet felethol mhdiere} nwhicbntpenmlisz oy bla¢ clewogemprocess-
using a pi@pane-ﬂ?&- GEr of, PrLRRW: 1 IQRap woul d accunul ate in
the diluent and en upﬁgﬁélyng célnverteﬁg%fll to gce%glr%ie, which is . :
general |y di f f rcufe t BosbphraR eOf r et Hisininqephutthet hE pvepsneecss -

hydrogen peroxi dgs #Hd Sosaceions, can dtargn peroxi des that are expl osive and
al so insoluble. in organic nediu further increases e gxpl 0si on

whi ch i _
hazard fol | owi ng. thei °§§9V§FecimﬁFFat PSHPY&FﬁP? t ¥5&%f 1PeadBfi nfrryn

applicable to epoxidation reactions is generally of relatively high
15 purity, especially fo avold spurious oxidation
‘reactions of the impurities, and mainly for reasons of
yield and .safety. Specifically, ﬁropane is the main
Ampurity. in prépylene and it is reported in patent’
BE-A-1 001 884 that, in the presénce of TS-1, hydrogen
20 peroxide can oxidize an alkane. '
In addition, in the case of propane, the
oxidation’ product resulting therefrom is isopropanocl. |
In the light of patent BE-A-1 001 884, a person skilled
in the art would have deduced that, in a continuous
25 process for producing propjlene oxide with recycling of
the 6rganic . reaction, diluent (generally metharol),
and/or in a continuous or. batchwise process using a
propane-rich source of propylene, isopropanol would
accumulate in the diluent and end up being convertea'
30 into acetone, which is_generallj difficult “to separate
from this diluent. In the presence of hydrogen
peroxide, lthis acetone can form peroxides that are
explosive and also insoluble in organic medium, which
further increases the explosion hazard following- their
. 35. precipitation. This tyﬁe of reasoning is applicable to
any alkané oxidized in the presence of a peroxide
compound . and TS-1 and thus, to any source of olefin

{recycled or otherwise)‘which is rich in alkane{s) and



any al kane oxidized in the presence of a peroxide conpound-and TS-1 and
‘thus, to any source of olefin (recycled or otherwise) which is rich in

al kane(s) and 30.July 2004 - 3 which would be intended for 30sduly; 204,
epoxi dation reaction. Thus, patents US-A-5 599 955 and US-A-5 599 956

di scl ose the use of a substantially pure gropy.l ene, 5 i.e. a propylene
with a purity of at |least 90% and preferably of at |least 98% the main

i mpurity of which. is propape. .Now, .the yvarioqus pr.ocesses for. t hesi zi ng -
b byl ehe.(and it | M gBfer APTEREREr 55 ek da 2t oeRPbhaRE: thnt ont
(or - nore gemezadtiora. content of al kane(s)) which is appreciable, or even
greater than that of pr ek hUSC | | yd hg i able a i on
and/ or purification prfblggss’se[g% a Sgn[t]%hguré%y% %%g %@@ ‘téﬁdj‘d% %gg 285 956
ment i oned ' aboVescl®se | [thet rase tdfi sapropbemantiabii Pugs, paebvlene,

industrial sprogcesses Usihgy1amk okakhn 4 epyehiet her ungonverted dozackign
t hereof, which is_conventionall X enriched i-n al kane(s). These. processes
are thus al so Prerekly refuitelg28bpdPari dhe20rairoflimMEridohs? s t WRRER pri or

to this re'cycl;-j,glg@rc[p@d@,les of such processes are the polynerization of

ol efins and their epqxidat itg}r}?. A subject of the %r egent | nvelgt lpn.is a
process for manuf act 9%, oXBFAFESWhPERCETEETs 40T | BERTBRRLZDBIof t he
abovenent i onedpthiybaoks {andi beefing hénsgeretriade henerg 1dy ilecrdasedadegr ee

extract . e imudtion coreeifiontts + BPaFes dhcriiidiods il Puot! e
manuf act uri ng abkane tane Biickadsi aPbecisdn ean of ekVanargy dafdrogenan
peroxi de in thg, Ppresgnceqof apr%s,qleylgt, ang, an orig@%ilgiqlligl uegt i+ /eQr di ng
to Mhlch the separation and/or purification processes. fPaténts
US-A-5 599 955 and US-A-5 599 956 mentioned above
15 illustrate this problem.

In addition, various industrial processes using
an olefin recycle the wunconverted fraction thereof,
which ‘is conventionally enriched in alkane(s) . Thesé.
processes are thué alsg liable to require a separation

20 . of the constituents prior to this recycling. Examples
of such processes are the polymerization of olefins and
their epoxidation.'’ ' '

A subject of the present invention is a process
for manufacturing an oxirane which avoids at least one

25 of the abovementioned drawbacks, while at the same time

~ having an increaéed degree of conversion and better

selectivity than that obtained wusing a purified
extract.

The inveﬁtibn consequenitly relates to a process

30 for ﬁanufacturing an oxirane by reaction between an
olefin and hydrogen peroxide in the. presence of a
catalyst and an organic diluent, according to which the
hydrogen peroxide is an aqgueous hydrogen peroxide
solution obtained by extraction, with substantially

35 pure.water, of the mixture derived f;om the oxidation
of at least one alkylanthrahydroquinone, without
subsequent washing and/or purification treatment.

fSpecifiéally, the Applicaht has found,
surprisingly, that the fact of using for the



hydr ogen peroxi de i s an aqueous ‘hydrogen peroxide solution obtained by
extraction, with substantially 35 pure water, of the' m xture derived from
the oxidation of at |east one al kyl ant hrahydroqui none, mﬁtﬁ@d@y%QPsequent
washi ng and/ or purification treatnent. -Specifically, the Applicant has
found, surprisingly, that' the fact of using for the 30 July 2004 - 4
epoxi dation reaction an H202 sol ution exdracted with water rather than

with a water/al coh(%l m xture al.l ows trhe degree of conversion of this H202
to be increasEPF IR GEGF-1PRe FRct 20 RAMFLAR ufpbFRFFEd kdttRct 5
al l ows a gai nwateselkachevi tthatonpaiteda wwhlietrialestoaf md xtpue faEobwextract .

The processes,for ,produci ng:hydrogen_peroxi,de | ng al.kyl ant hr aqui none(s),
or AO pr_ocesste%? %rg “eBl P% I?r%mr%ﬁgnaroéfovxﬁhdlesf yﬁ’gjﬁc%r?erﬁ%dnll%r?%%eé‘
literature (ske, adfitdpnexdi efact) lofanmimEneyclupediidied |ewusict al
Cheni stry g Fi i tion; 9; ng;Fj YA N Lansist in
subj ecti ng a %A%)ir?ﬁgés hrtl ij%g '?6 1%{ e _st%mrpgagﬁiyvf%rﬁ -r?r’f%éw norsldeié @

and/ or. - of atPuEhSte@rRxtiAGahydr oal kyl ant hr aqui none to a hydrogenati on

'step, 15 in a diluenihet @rBEedyEs ONH- OprHBLEL RY K HyaRbBEANYSH QY% ik nones -
and/ or al kyl t et r ahydr oant hr ahydr oqui nones. The . worKi ng sol ution'| eavi ng
the hydr ogendt§the stepyiant uiRPheled ?H AR BHOFESFER wWelE ISdgen, air

' olrk0f<ygen- erknehedandi dré Ow:lgcie@ I‘d/cﬁkﬁﬁ@[th qrBrioxi tlee ﬂﬂtéﬁﬂmﬁi@r{]@é’@, Ejhe
al kyl ant hr.aqui nones_and{ or a t et rahydr oant.hr a- ..qui ngnes. . . The, rogen
per oxi de%or Ui sSE e se%%i%?rélb ¥ r.omfi<¥ Op%%%i nogé]’?slsrbq‘iﬁﬁ%]ﬁa y means
- of an extracthomstep. Rotordidgtioni he9ppPes&pilumpvent ion,441+HE ) .
extraction i ri ST N ially. e 2 ~f§/lq1ttqr T ki ng
solution | ea\slll'l%v’;t Fgglggtg:taﬁ o%“??ggt@é %eﬁ#ggggl gs into t hgs- V}g){

hydr ogenat i ont&3#p o@eor dekylanther@mnate ehd/Rydrofedtpetoxflie Prdduct i on

. cycle. The tefdmrai kvt RGHEHIRRS nore | pbendedydirBgenation step,
15 in a diluent, to produce one or more alkylanthrahydro-
quinones and/or alkyltetrahydroanthrahydroquinqnes. The
working solution leaving the hydrogenation step is then
‘subjected to an oxidation with oxygen, air or oxygen-
7 enribhed‘air to give hydrogen peroxide and to reform
20 the alkylanthraquinones and/or alkyltetrahydroanthra-
guinones.. The hydrogen peroxide formed is - then
separated from' the working: solution by means of an
extraction step. According to the present invention,
this extraction is carried out using substantially pure.
25  water. The working solution leaving the extraction step
is then recycled into the hydrogenation step in order
to recommence the hydrogen peroxide production cycle.
The term “alkylanthraquinones” is intended to’
dénote, for exampié, 9,1b—anthraqﬁinones substituted
30 with at least one alkyl side chain of linear ‘or
' branched aliphatic type comprising at least one carbon
atom. These alkfl chainé usually comprise less than 9.
carbon atoms and preferably less than 6 carbon étoms-
Examples of such alkylanthréquinones are Z2-ethyl-
35 anthraquinone, 2-isopropylanthraquinone, 2-sec— and
- 2—tert—butylanthraquinone,' 1,3-, 2,3—} 1,4- and
2,7-dimethylanthraquinone, and 2-iso- and 2-tert-

amylanthragquinone, and mixtures of these quinones.



denote, for exanple, 9,10-anthraquinones substituted 30 with at |east one
al kyl si-de chain of linear 'or- branched aliphatic type conprising at |east
one carbon atom These al kyl chains usually conprise |ess @Hdeé%oéarbon
atons and preferably |l ess than 6 carbon atons. Exanples of such

al kyl ant hr aqui nones are 2=et hyl 35 anthrgqgigone, 2-1 sopr 6pyl ant hr aqui none,
2-sec- and 2-tert-butylanthraquinone, 1,3-, 2,3-, 1,4- and

o et Dyl anthr aqul noffle Abisd Sty SRduBshankaaTy] AN ddpiaane, 1300

m xtures of these quinones. 04 -. The expression "substantially
pure water" is inhesddddteo dfaidie @ vater containring Less tHan 395 bhy

wei ght of organpgidhtuents, iprpaiidcul @i intpl cohgl (sharprefignabl yokess
than 0.1% or even less than 5 0. 001% of these |Iuents.-FbmevEr,the

extraction wat eRLCRB9LABY anPAGEBLRPLY cHRERI ANFROP ghhi 8F sGiBERantas Fhag

proportion of .0.001% by weikght gAllaeAYR). pbeEeeabl yheOeRObYcolofveat8r01%

m ni nrum However, the content o inorganie Subst ances m%%L%not exceed 1%
|

f
by weight, 10 pPé¥erdh3P FIRRUITY eGBATB 10 HHEE i hof Y PCEBbstantes
are advant ageoupkypsubsdances whi @l havey a wepldhrteguliatimog, ef beefershih as

acids and in papt Lar. . s g | ds 0 S pi.tric _acig or SphoLi-C
acid, or saltsbépagﬁcﬁraé%&%? qﬁ@%% P%ggggﬁfc%gh%§%§ﬁcg§mééﬁa?%§g?s%k
advant ageousl y baosgbsiancesbskintehawd ldn FRO2-exeedd| 1A n§vef Feéghtsuch

as al kali rmgjal §@E&§a9ﬂ9 &) kal i neggar thdpt ab sal ts,riuuk | nipakhhaukar
sodium salts, guc as sodi um pyrophosphate. The extraction_  solufion may
thus conprise nERBFLERERENS LSS REVARIIIEMNKLY | SHREARRCEF HPR&N i Ear th

metal s, for inspangequsaditg) «ITdca;, anidnsasuebias phesphat earthctlates,
etc. in low contents, generally |ess than 10 g/l buB Bea&erathgn Q.01
g/, The r202. SGFULPoRCHAr! THPY FonPERE. BxEratt PonPHosBhEF 16, AtetreDs
sol uti on, generablysconf aismshl essidhan @%e inorganic substances can
15 also advantageously be substances which have an Hzoz—.
" stabilizing effect, such as alkali metal salts and
alkaliné—éarth. metal salts, and in particular sodium
salts, such as sodium pyrophosphate. The extraction
solution may thus comprise metal cations (such as
20 alkali metals or alkaline-earth metals, for instance
sodium) and/or anions such as phbsphates,' nitrates,
etc. in low cohtenté; generally less than 10 g/l, but
greater than 0.01 g/1. A
The H»0 solution derived from the extraction,
25 or érude Hp02 solution, geﬁerally contains less than'SO%
'by weight of Hy0,, usually less than 40% of H0,. It
generally . contains more than 5% by weight of Hx0;,
usually mofe than 10%, in particular more than 20%, or
even more than 30%. It does not undergo any subsequent
30 -.washing and/or purification treatment before being used
in the epoxidatiodn reaction.'Consequentiy, it contains
.organic impurities (products of degradation of the
quinone shuttle) and inorganic impurities (cations and
anions introduced by the extraction water, as well -as
.35 those already present in the mixture derived from the
‘oxidation - of the alkylanthrahydroquinone(s)).' . The
solution derived from the extraction may thus comprise
organic impurities expressed as. TOC (total organic

carbon concentration}, defined according to ISO



by wei ght of H202, usually |ess than 40% of H202. It generally contains
nore than 5% by wei ght of H202, wusually nore than 10% in particular nore
than 20% 'or = even nore than 30% It does not undergo any s@gsjé'hft?@ﬂﬂ .30
washi.ng and/or purification treatnent before being used in the epoxidation
reaction. Consequently, it contains organi gj. i.mpurities (products of
degradation of the quinone shuttle) and indrganic inpurities (cations and

ani ons i ntroduce ction ter,. I 1. - t ho I eady
present in the mdsx urdtear} e‘ragl(évére% f%%mar%é:%pgfi%égpfo# %{E ﬁ%easta Soe'oadl g%, ;
al kyl ant hr ahydr ocpd nevett spfF. THest sdl @t iohl depkvedefir ont t heaskt rlact il ,may -
thus conprise onrgani ¢ kMPYLLLI €S, EXPrHes as gl ot al an on
concentration), &gﬁ?ﬁi ne-g according to I SO 'J.ulo§ %Béhstgn%gg ErBBZIZSeqﬁl a
proportion of at O-dast/10. 0b2 Ay, absoeremtatin sagtad. RGNS ofsegkn af

least 0.1 g/l5 butkanat aeee1thar 191841inorcVEn hed/dls,Or ro¥eNnddati | -
It may al so contain .nmetal cations (such as-? al kali, netals o

r .

al kal i ne- eart h neCHIM oRDHASE arfIELORSD S afdl/ oPhaFR e SuchidLates,
phosphates, nitraites, iretTowi Bohoentent eahsragepenaldsy tleas dhaagaaledqsl
to 10 g/l, but greater than or equal.to 0.01 g/l., Before being used in the
epoxi-dation reac%ooﬁ,ﬁ’lﬁfut%hgr&%gé%&65 ol ﬁgﬁ%]&\ F‘rﬁyabéfd?ﬁn ed with water
or any other solvent or Beifgued Wingentsathi Th hhs mepcadvertsen efdaexttiocon t he
epoxi dation ygactiQn.. Ja-0ensr al,y ' S |, Lt i ysed. faor. the
epoxi dation cont;tl ns at | eAst 645(%@‘{)%} v{l/e‘i g t?éugngkfﬁ&ﬁ@agﬂat%g%o b;;dny
wei ght, of 15 H2@Xhern grktentl ar dlquésstdpbosny waight hags psuadvwgrse
contains not noresifhar 5040 BhavekgBkiaht PeH OXIde-t LAPOYRd, gdie PAT T GAr
40% by wei ght. The oxirane which ma% e gr ep%zegd‘ b%/ { he , process according
to the invention3ReQNSor A O ONERNpEaRd Fhéorpr YT IR 1oyr 6Gptalns at .
correspondi ng tolhet gananalwdiorimyl ais\2hl Ikheatoxiease. 1gendraky ghant aims
from3 10 10;5 o0, in particular at least 20% by weight. It usually
contains_ not more than 50% by weight of peroxide
compound, in particular 40% by weight. .

The oxirane which may be prepared by the
process according to the inventionh is an organic
20 compound comprising a group corresponding to the

' general formula:

“ N\ ; )

()

25 The oxirane  generally contains from 3 to 10

. carbon atoms, preferably from 3 to 6 carbon atoms. An.
oxirane which may be prepared advantageously by the
process according to the invention is 1,2?epoxypropane.

The olefins which are suitable in the process

30 according to the invention generally contain from 3 to
10 carbon atoms and prefefably 3 to 6 carbon atoms.
Propylene and butylene are particularly suitable.

Propylene is preferred.
The catalysts used in the process according to
35 the invéntion advéntageously contain a zeolite, i.é. a

solid containing silica which has a microporous crystal



carbon atons, preferably from3 to 6 carbon atons. An oxirane which nay be
- prepared advantageously by the process. according to the invention

1,:2- epoxypropane. The ol efins which are suitable in the pro@ggﬁy @@4
according to the invention generally contain from3 to 10 carbon atons and
preferably 3 to 6 carbon atons. Propylepe and butylene are particularly
sui tabl e. Propylene Is preferred. The catal ysts used in the process

di t I t I
according 1o ofs, Mie-d NVephL on,adyapl a0egus . con OltlE: of-

solid contalnlng as” a m croporous cr sta 0 July
structure. Thelwebiiwe. | Bt aerefaepdousioptiias tdltgmisimum 1t preferably

contains titanium Thﬁqée%b&@tuhlw@ﬁcrraxuae yeed;ddy t he &rrlecifeoc@egordi ng
to the invention may have a crystal structure 5 of ZSM5, ZSM 11 or MCM 41

type or of beRGCORdING e yhee wHiicn 6?aSZ§M‘5€t%p%rﬁ?Ea%u?FﬁB‘FEurefhose
with an isnfraf epb@de,ormmum ltexndrcm—a.abou&yg%o 860 wr' Bsea-pselereed.

The zeolites which 2 ggrtrcgl E#% | table 10 ar, agge tif,ani um
silicalites. TH%e &6PF ﬁﬁn(‘f'ng‘r 72 tHeS ofhiEil &R O3 B which
X is fromO. 0901 ihdr@red prdfendtlon Hamidn t00dbdw: 0968, 9Eavemg]00aire
perfornance S Materials of this. type, known under the name TS-1

and having a rys%a structure of 15 ZSM 5 type, give particularly
f avour abl e results Tﬁ@erea%ﬂﬂ@ﬁsne@muﬁhaéﬁﬁrdpﬁgtﬂ@uﬂﬁelY|nS@ht&b#ﬁ

general | y oco 45836 I:iﬂ%ﬁgurﬁ)h%‘i?u@ﬁgl@egaseﬂ&@s@h%%?rres-'p-@%d% ganis'

di luents mhlc e used In the process according to the invention may be
organic 20 d&r¢vherpekasyEROaE ‘d‘l)rsﬁl@at ie yhd6hols tscditdlt i P4 ob® 1 to 4

carbon atons.p M} ha@Qbf&&ﬁbQ? -megrdnoned. by1 wayo of 0 exgppl aavine gepdent - of.
diluent in the I ui d hase

f the r tian nedl HIIS ad antage usIX
‘greater thanP /‘6’ F gt ﬁFéFﬁraEﬁ%egrr]&ﬁ or O hatf 6D YEF 7 ev RO
B under the name TS-1 and having a crystal structure of
15 ZSM-5 type, give particularly favourable results.:
The reaction medium according to the invention
generally coﬁpriees a liguid phase and a gaseous phase.
The organic diluents which may be used in the
process according to the invention may be organic
20 derivatives . such as aliphatic alcohols, containing from
1l to 4 carbon atoms. Methancl may be mentioned by way
of example. The content of diluent in the liguid phase
of the reaction medium is advantageously greater than
35%¢ by weight, preferably greater than 60%, or even
25 75%. However, the content of diluent in the liquid
phase of the reaction médium is generally less than 99%
by weight, preferably less than 95%.
In = one preferred '%ariaut of the process
according to the inventien, the oxirane produced in the
30 ‘reaction medium may be separated out by liquid-liquid
extraction with a solvent as disclosed in patent
application WO 99/14208 in the name of the Applicant.
The procdess according to the invention may be
continuous or batchwise. If it 1is continuous, the
35 . unreacted olefin may be recycled into the reactor. -
The - reactor in which the process according-to
the invention takes place may be fed with a solution
‘arising directiy from the aqueous extraction step of an

RO process. In this case, the plant in which the



25 75% However, the content of diluent in the liquid phase of the
reaction mediumis generally less than 99% by weight, preferably less than
95% In . one preferred .variant of the process according t S0tHY 208G ent i on,
t he oxirane produced in the 30 reaction nedium may be separated out by
biquid-liquid extraction with a solvent ag di scl osed in' patent application
WO 99/ 14208 in the nanme of the Applicanf.® The process according to the

i nvention may be continuous or batchwise. .If it .i S continuo h 35
unr eact ed ol ef PR°fEY " be” TEEY I EY 1i;cﬁ’t g'dcﬁ‘ﬁe ISR D ‘_Qrﬁeersea%u‘f%cré' %l 9 ch
t he process accdordrrpgraveshe pheeht Eon nakeSaptacéngayhbeli®d swiltirimn

solution arishagoduigt Ly EROMd e AR EN TACkLOR SLER of (ABCAQ

process. In thi's case, “the plant in _ __“process
accordi ng to theipgventi onliakepnsitddatyl sa FRkHEPbr a?ls WD HEe st
manuf acturifg thgHZ92nSol ution according to an AO process. Such a plant
and a process wusing it _also - constitute a-subj.ect of the present 5

invention. AlternativeP}terRBTA¥RLY onthEy FOLIGEY. mand/ BR . ShnF&fed
before bei ng faddi/Bto tbgvepast Waforrhi eling t Hadcasetd orchde ruardddred

sol utions currentl %‘v ,usg_&.@f 10 I n the gﬂocess.gccgrdi 11% t.g_the i nV% on, a
gas whi ch has H8*&tvérs R orPt hEDe eBBE I GAEF o O TPELEPPo SR Yo be
fed into the reaetior. Specifically, ire patent application WO 99/48883,"
the Appligcant has found that ' o] ' : oys, .15. into the
reaction rr%% umat a f[nng rZGt eg%ﬁél:%}%g ?‘é&%gﬁ%ﬁ?‘c??gﬁ‘? ttgleenﬁ ?%B?ﬁ%qui%r ane
produced to begaentvliced hasd nrendddersometiecteachorthke tdpexdgmtidnme as

the. gaseous cogpeyRdn thgaGontacisti ng, betpgen tiha o oxigiane pladuesd and
t he epoxidation reaction_mediumis 20 reduced. This thus ayoids the
formati on of b§P6Péé&€ﬁ§lyf in patent application WO 938/48883, the

Applicant has found that by introducing a gaseous

15 compound into the reaction medium at a flow rate which

is sufficient to enable the oxirane produced  to be

entrained and'rémoved from the reactor at the same time

- as the gaseous compound, the contact time between the

) oxirane preduced and the epoxidétion reaction medium is

20 reduced. This thus avoids the formation of by—pro&ucté
and increases'the'selectivity of the epoxidation.

 One advantageous :embodiment of the process

according to the invention consists in intrdduéing‘the

gaseous phase into the reactor at a flow rate such that

25 it not only entrains at least some of the oxirane

produced, but also circﬁlates the liguid phase in the

reactor, in particular when this reactor is a reactor

of . loop type. In this case, the gaseous phase is

generallyrintroducéd'info-the reactor at a flow rate

30 such that the molar ratio of the flow rate. of this

gaséous phase to the H;0; feed rate is at least 5, in

particular at least 8, values of at least 10 being

N

common. . The molar ratio of these flow rates is

generally less than or equal to 100, in particular less

35 than or equal to o0, values of less than or equal to
40, or even 20, being common.

Any type of reactor may be used in the process

according to the invention, in particular a reactor of

loop type. Reactors of loop type with a bubble siphon,



and increases the selectivity of the epoxidation. One advant ageous

-enbodi ment of the process according to the invention consists in C

i mt roduci ng the gaseous phase into the reactor at a flow r att WlyAthat 25
it not only entrains at |east sone of t-he oxirane produced, but also
-circulates the liquid phase in the reactor, i.n particular when this
reactor is a reactor of .loop type. Inthis case, the gaseous phase is

"general ly introduced.intq the reactar, at a flow rate. 30, such_that. the nol ar
Catio of the ¥ oWtk dfS hi%lrcd'g'saet&%n phtse 1 ¢ b 12 rat¥is at
least 5, in qguertdmadllayr af ltéastcdialvwdtues sofolatailmsast b0 thdibdg nge camon. .
“The nolar ratjQ o e fl.ew ' ‘gene 'yl ha r. e to
100, in partig‘ca% aj;'m%&;séﬁgSO?hégnﬁ%?ﬁ%%%%}Pg%b gg%%\%ﬁ%éslteof r?hceisss n or
equal to 40, afr veantoo, isei Agscbomod. imythypabsvereadtionataypdpecuised in

the process A[eeor g d §d e spegation, in particular a reactor of |oop
type. Reactors of Io%guft%}pl)e with a bubble siphon, 30 July 2004 in which the
|

circulation of the Ii ANBTEFSES GIRAGIHING & Fhe datvanfstonrs bbtained -
by b;Jbe ! ngda\ay?@%ﬁ Otc?h”}@e O%d{réﬁtQ%‘;_éBﬁggﬁo ?&Qtn%glihal%:hfé- pﬁ“@f'\f_l%@@ of
reactor is disclaos in abovenenti oned, pat.en application

0701 48883 | L AHE hRBERS TSI T (5 AT CnveTkI T The SESLH o9t o be
advant ageous tthe meOptat na thelypd of dheledsiqui d8 phiasepahtriamgldhéof emict i on

bet ween e qgl efli n t H202 at a value of -at_ least 4.8, I l.cul ar
" of at 1EJBI e;iseta%h #hgrhpel-lrbﬁls lgsdvaacﬁﬁaargteagi%?%ys]Iyeslgest%g%aor? %%u%#y?%aé%. 5 1in
~particular | és9,t hdm opastiaitlas 6lesdodthamesuyint s egualobtai néd wWieedt he pH

Is from4.8 to.&Qhs DrET BEARE YA MR tnd. pAng PHEAL, t hegl igui g phase
during the epoxidatiqon reaction may be controlled by 15 _adding a base. This

base nmay be EHEEETIHom fEeBr S sbPufie BhsedH TRy thy BéifonRf iR es.
Exanpl es of shixang beses eppixGhiaraynber aeotionechasyr eodaQdnard 1Ked. by

15 adding a base. This base may be chosen from water-

' soluble bases. They may be strong bases. Examples of

strong baseés which may be mentioned are NaOH and KOH.

They may also be weak bases. The weak bases may be

inorganic. Examplés of weak inorganic bases which may

20 be mentioned aré NH,OH; WNasC03, NaHCOi, NaHPQ4, KzCOi,

LisCOs, KHCOg,'LiHCOQ and Kp;HPO,. The weak bases may also

be orgénic. Weak - organic bases which may be suitable

are the alkali metal or alkaline-earth metal salts of

carboxylic ‘acids preferably containing from 1 to-10

25 carbon atoms. Sodium acetate may be mentioned by way of

example. Weak bases give good results. Weak organic

‘bases are preferred. Sodium acetate is partiéularly

suitable.

' _ The molar ratio between the amount of olefin

30 used and the amount of H;0; used is generally greater

than or equal to 0.1, in particular ‘greater .than or

equal to 1, and preferably greater than 5. This molar

ratio 1is usually leés than . or equal to 100, in

: particular less than or equal to 50 and preferably less
35 than or equal to 25.- |

In the process according to the invention, when

it is performed continuously and in the présence of a

zeolite, the H,0; is generélly used in an amount of at

least 0.005 mol per hour and per gram of zeolite, in



They may al so be weak bases. The weak bases may ‘be " inorganic. Exanples of
weak inorgani c bases whi'ch may 20 be nentioned are NHACH, Na2CGO3,
NaHCOBLNa2HP04, K2CCB, Li 20CB, KHOO3r Li HCO3 and K2HPO4. TRE JH¥200%ases
may al so be organic. Wak organi c bases which may be suitable are the

al kali metal or alkal i ne-earth netal salts,of_ carboxylic acids preferably
containing from1l1l to '10 25 carbon atons. %odi um acetate nmay be nentioned

oy yay of - example 63k Daes, 0! YEad00d 0eSHLhS peaioof 0aRhe HRAS o A ©

preferred. Sodi om acetate is particu arlé sui't The nol a
bet ween the ano@dt Zsfolditeri Thegcanewet and Heee ahbuntudtlypdesgsddars or

general |y great @quatihap o, eqial dor %éurlgn@agsétc?kam ot ezaécﬂrlttéﬂarhm
equal to 1, and preferabl greater than 5. This np tiois usuall

| ess than -or edtaPast T ilesshan aredw’s Hhan E‘P efFal BB
preferably |Bsspe35 draan ocfr mﬂanlté D Pbefetdanddei proness- ool ngndunt he

t wh f t I d h f :

oo 1o, 1267 e SRR SIlaR Al oot T SR 0l o
u p g peeolgrdam © S | aegoéla eas
.0.01 nol. per h('@,ur:L ﬁgg ggg %ﬁ@ aRE éggl g;_,gm ZPGZQHPEE of H202 is usually

Iess t han or equal gram of zeolite, and in
particular less t han or TéQUQBatl@lﬂ?nnb‘letrj@ﬁﬂhébﬁ Qﬂiéfsnpéﬁdgﬁé—m He0z @AY t e.

Preference {§ smvv'bafﬂe@noaﬁmm tab 'i?fé?séﬁc@rset%r thap ajuaauak tao
0.03 not per hour gram of zeql.i'te and |l ess than or equal to 0.1

nmol per hour an&eﬁéll &Pi?ﬁ 8F FBoPFFEDLITHE SPdéct % H@tt\ﬁéeﬁla% IL95Fhnd
the H202 may 1@rbe cerkded autals tdied paekencfeotaatRalmetsiloh asch ned al
salt or an ammﬁ%_[l,égﬁsal t. Th .met.al rﬁx‘ be .chosen _fram.al kali_ metal s and

al kal i ne-earth M uch éi’ Ut i BRCESSdN  pStaSsitii ¢ AR U

magnesi um calcium, strontium and barium. The metal salts are
15 advahfagequsly halides, oxides, hydroxides, cérbonates,
sulphates and phosphates and organic acid salts such as
acetates. The halides are generally fluorides,
chlorides, bromides and iodides. Preference is shown
-for chlorldes The salt advantageously used. in the

20 - process ~according © to - the . present invention is
preferably an alkali metal halide and advantageously .
sodium chloride.- The ampunt -of metal salt used is
expressed as the conteht of metal ioﬁs or of ammonium
ions arising from the salt relative to the amount of

25 catalyst expressed in millimoles (mmol) of metal or of
ammonium per gram of zeolite. This content ‘may be
greater than or equal to 107* mmol/g_éf zeolite and less
than or equal to 10 mmol/g of zeolite. Advantageously,

the metél' éalt' content is greater than or equal to

30 107 mmol/g -of zeolite and less than or equal to
1 mmol/g of zeolite. Preference is shown for a content

of greater than or equal to 1072 mmol/g of zeolite and

less than or equal to 0.5 mmol/g of zeolite.

The temperature of the reaction befween the

'35 olefin and the H,;0, is advantageously greater than 35°C
to overcome the gradual deactivation of the catalyst.

It 1is advantageous to perform the reaction at a
temperature of greater than or egqual to 40°C and

preferred greater than or equal to 45°C. A temperature



calcium strontiumand :barium . The netal salts are 15 advant ageously
.hal i des, oxi des, hydroxides, carbonates, sul phates and phos ha}es:_nd
organic acid salts such as acetates. The halides are generé’tBWquOQ rides,
chlorides, brom des and i odi des. Preference is shown. for chlorides. The
salt advantageously used. in the 20 -p[09§5§ according to the .present _
Invention is preferably an alkali netal "halide and advant ageously sodium
chloride.. Th ) -.Of al...sal S | SneolXpLe t of
metal ions Or%g? mmtn?lgrr?ﬁ%%néra% |alrillgq'?oro%)tﬁegéaﬁ%%ﬁe%flé}%{lg&%ﬁg
amount of 25 eaedleygedexprBesedern nithe nokeactinyl ) ofmperatue? ofis
ammoni um per giag:ah 12e0hL5e. Thif OISt SRy beer@EEBIST 10an Gingaual to
10-4 mmol /g of zeolité and | ess than or equal to 10 nml/g of zeolite.
Advant ageous| $0 G-helhfet BemRaratepnt aft Wi &y i@ r ot abhn oreaghal idtso 10-
mol / g of geokinee and,! ess tdeeilpfudbetiveen MUd g Hid za@ie. and
Preference is_shawn fnﬁr %_ontent o&f aglrde gr. than or equal to 10-2 mol/g
of zeolite an®TSt&L@blNaRes¥esquar Foapds I'/g of zeolite. The
tenperature of the redetitdre etowens t hecoBdimg et onthnd inventdi02,i sthe

" advant ageousl reater_than 35C _to overc rad tiwation' of
the catal yst. I)élat%t;‘%éj’tna veécr‘i]taeéaélegcu%se t%ep%ﬁf oaﬁ%&tﬁggr%ﬁ%t #%h’ ;{{%ﬁ% pt\ﬁgarrd]:)eerat ure
of greater thaft crtrerprienic 40 asdre prétemaad great eake hpaace ayudEr to
45C. A tepper %trlérs%L&Q.Jub}énéggﬂly,llthigf greatefet Nt or RAuale dQR0C i's
nost particul arl preferred. However, .the reaction_tenperature is
generally | eséQ %‘éﬁ-l@OE%ﬁéuﬁﬁeP& 3Bl Pareds EHARALBBCIN TRE2FEHPRrature at

whi ch the ol efin reachscriingd the HEAZ | pagenenablry ybetawemvifeqand 100C
and pref er'abgy het ween 45C and 80C. In thﬁ.gro esghaccor di nqtoto t.he -
i nvention, thd2T &A%t i%n WREACER® BFEPFAT AR Ph& R YRy CiKke Pi%ce at
atnospheric. plefdureis| tremeyeal soithkehs abedungen peroxide in the

15 presence of the catalyst and the organic diluent in a

reactor in the liguid phase which is fed with hydrogen

peroxide and organic diluent as well as with a Ffluid

comprising the olefin and at Ileast 10%tby volume of

alkane(s). The alkane content .in the fluid is

20 preferably greater than 10% by volume. '

This variant is advantageous since it upgrades

' the various sources of ‘olefins not freed of alkanes by

using them to manufacture. okiranes, and since it

reduces, surprisingly, during an oxidation reaction of

25 an alkané with a hydrogen ﬁeroxide, the production of

| alcohol and of ketone in the presence of an olefin,

this even taking aﬁcount of the dilution factor.

Conséquently, the danger of precipitation of explosive

peroxides is markedly 1less than that which would._be

30 theoretically expected and can consequently be managed
with ease in a plant of industrial size.

One of the essential advantages of the
advantageoué variant lies in feeding a fluid containing
at least 10% by volume of one or more alkane(s) into

35 the reactor. Thé content of alkane({s) in this fluid may
in certain cases be at least equal to 20% by volume; or
even 30%.. Fluids coﬁtaining at least 50% by volume of
alkane(s) may also be used. However, it is not

recommended to use fluids containing more than 95% by \



10 pressure. Generally, this pressure does not exceed 40 bar. A pressure
of 20 bards suitable in practice. According to one particularly :

advant ageous variant of the process according to the inventﬁBHPV?W94 olefin
is reacted with the hydrogen peroxide i-n the 15 presence of the catal yst
and .the organic diluent in a reactor,in_tga | i.qui d phase which is fed with
hydr ogen peroxide and organic diluent as>“well as with a fluid conprising

the olefin and gt st - 10¥ u f ..al kan : e .co t in
the fluid is é%lﬁ$eé%b$§%gé?ggk éﬁ?ﬁa#%@?b?’%l PRATGAAE COMSDT
advant ageous sifgsids ngigeaddsinimg warico kdhago FoGe e ldmnedisef-i ns not freed

of al kanes by using thenp tgl{IEElUf@é:&Mfy QYANSeS: APH=SINGs, i %O%reng&mes,
surprisingly, during an_oxidation reaction of 25 an al kane W th a hydrogen
peroxi de, the pfOodiRa ioh oteficohdl Pardicrlret Sfe leastt P privehiet® an

olefin, thiks eMpn pakiagapreodnt Wadtherdr! Wy ofof@rd or TheCongRbiENsE Y,

t he danger of q{y(ad[c}‘iéjoi tati,on of explosive er oxi des., i.s mar kedIHY.l | ess t han
t hat whi ch woul IR RESPAPFED | YRER pected SRYFIEAT 1o8hs EGAERPFY bR
managed "W th egsmlly dgdsanthaf industihal velwee dhetld fheidssamd i bd
advant ages of the . advant ageous vardant.lies in feedin fluid containing
at "least 10% t?fe{/foﬁﬁ? Yof ur?tai 6Cro e Tarﬁ(a%né kS ti%foo%g??%ek'rﬁg_g%?%r?é The
content of -al kamg(s)tlien apnixsiddtiicah meaciar ces tedmeakles besat thaasiCequal

to 20% by ygl ungs tq.[e \1%63%? +Ha Wids containing at | east 50% by vol une
of al kane(s) may al so be used. However., it is not recomended to_use

f1 ui ds .cont ai ni ng nor e Mieare BsmRHIE BoCIREFined4 1D the et} arkaréi’g, and

it is even prefigf able grediss frlvwiifdsi LGt A T N & (SanEB8&R63 to
al kane(s). The fluid usual I%Vlcont ai.ns nore an gO% by - vol unme of ol efin,

in particul ar at | E2EPCBORINPS o Ritte PISTETR R IYef 2r &5 YO aCAERT 76Dy

vol unme. The ammudfenfably, the alkane is linear and does not contain
15 any. aromatic substitutents 1in particular. When the
| olefin according to the invention is propylene, the
alkane(s) éonsist(s) mainly of propane. Preferably, the
alkane is not used as organic diluent <for - the .
epoxidation reaction and is. different from the organic
20  diluent.

The process according to the - advantageous
variant may be <continuous or batchwise. If it is
continubus, the fluid may be iecycled into the reactor
after the reaction between the olefin and. the hydrogen

25 peroxide. , . ‘ _ )

In a first case of the advantaéeous variant of
the prodéés according to the invention, the process 1is
continuous and the fluid fed into the reactor during
the start of the process contains less than 10% by

30 volume of alkane(s). During the process, the fluid is
recycled into the reactor after the reaction between
the olefin and the hydrogen peroxide such thaﬁ the
fluid recycled is gradually enriched with alkane. The
alkane content in the fluid thus reaches a value of at

35 least 1O%Iby volume.

In a second case of the advantageous variént of
the process accoraing'to the invention, this process. is

continuous or batchwise and the fluid fed into the



hydr ogen i ntroduced into the epoxidation reactor is wusually less than 5%
of the -vol.une of -the fluid, and-is preferably equal to 0% The unt of
oxygen introduced into the epoxidation reacior is generall §30|Jé§{}r65#an -10%
10 of the volune of the fluid. The al kane(s) contained in the fluid
according to the present invention gener@.l y contain(s) from3 to 10
carbon. atons and. preferably 3 to 6 carbon atons. Preferably, the al kane
is linear and does,, not (gont ain 15 anétaromat%c ‘3§bstitutents [

in

particul ar. WeraHeT ol B %ecordi ngtot t hati nvdit | STAESS opa&reer?ec}ythe
al kane(s) consisirts}immiatl yeakstpidpaby. vBlaher alfl g lkahe (sal kane i s not used

as organic diluent for %%er%%?.?j,da{iflgn.flg.ﬁt%i'SEOE_BQQ‘.%?.H di ff erent, £,pm t he

organic 20 diluent. The process accordin e varntageous vari ant
may be continu@nd orhdartksiebs) ) f whichsiscded ndvis, thterepatdrniy e

recycled into "dhe regctyis abhgs, thad e?&&%?@u?&%%&dl%e@ﬂtefofn tapd. the
hydrogen 25 peroxide. In a first case of the advantageous variant. of the.
process accor didftyandagseusnvertidnt Che ProcRISCPSS FLHidE BAd TR

fluid fed into f#hentaaet oroldisng tihe sharbdatihhe tRiHCcess CORtAI hd €SS
than 100 by 30 volune of al %gne(%). During the preces{%, the f‘In#i d.s
recycled into tifeF&Actdr aAf FLPYt A8 TPe & o1t webnOEhETGe fSH ZHd S he

hydr ogen peroxiate' Isucit t hsamet hef f lulied roeciyelred -ipsodyrcadyal bt errlisshed
wi t h al kan T o ent . | e bd t r He ue of,_ at
35 | east 18{% b;}:eivro &%%g%l nqgg%ec%%guci:gsegggsgheqﬁivaﬁ %ge%&g#gh an?mof
t he process acawmdiimyliey. tien ivast ingactolr § sprogesctior afortdapududsor

bat chwi se and te flul d-f&d it o %Q@ 3Q &alhgraﬁzﬁz%-in%%odﬁ%@at Qn@Urig the

start of the process already confains af |east % by vol ume of al _khane(s).
. . =3 .

reactor at a flow rate such that the mdlar ratio of t
flow rate of this gas to the feed rate of the peroxide

15 compound is at least 5, in wparticular at 1least 8,
values of at least 10 being common. The molar ratio of
these flow réﬁes is generally less than .or equal to
100, in particular less than or equal to 60, values of
less than'or equal to 40, or even 20, being common.

20 _ In the advantageous variant of the process
according to the invention, when it is performed
-contihuously, preference ids shown for an amount Of
hydrogen peroxide of greater than or equal to 0.03 mel
per hour and per gram of zeolite and less than or equal

25 to 0.25 mol per hour and per gram of zeolite.

In the advantageous variant of the process
according to the invention, the aqueous hydrogen
pefoxide solution usuaily contains not more than 70% by

-_weight of peroxidé compound, in particular 50% by
30 weight. | '

The invention also relates t¢ a process for
manufacturing an oxirane; according to which an olefin
is reacted, in a reactor in the liquid phase, with
hydrogép_peroxide in the presence of a catalyst and an

35 organic diluent, “in which the reactor 1is fed with
" hydrogen peroxide and with organic diluént, as well as
| with a fluid comprisin§ the clefin and at least 10% by

volume of alkane(s).



Preferably, the fluid (conprising the olefin and the al kane(s)) which is
-fed:into the reactor is a 5 gas. In this case, one particular 6§Rﬁainent
of* the advant ageous variant of the process according to t he30id4 on .
consists in introducing this gas into tthe reactor at a flow rate such that
it not onl'y entrains at |east sone of _thg oxirane -produced, but. also 10
-circulates the. liquid phase in the reactor, in particular. when this
reactor is a reactor ofn{ OQRHMPGroddsd bF GASCinddif 35 coSrAGNGIA | Y
introduced into the reactor at a flowrate such that the nolar ratjo of .
the flow ratd&Qfthhiddgartegcone vaedarht disrlepedpabexrd®@hes ddmpound is

at least 5, ipdifdintdl afs dudieasttrbut W URF mAtnd@asitt G el fig-Honmon.
The nmolar ratio. of these flow rates is.ge eraluﬁ | ess than qr equal to
100, in parti IR (HYh GV SHu™ ¢ D GRRUSS FFAUGBEY ™ equal
to 40, or Bvempcihxibks ngsodmminon 20chtaimed adbgnt agrovscvaohant wfirdde
process accordj tq.t | nvention, when it _.is perforne cont, nuousl y,

pr ef erence is%yﬁgﬁ?é%%ﬁgﬂ}gﬁgﬂ%t 8FerhyéF%&gﬁ5pe%%xFﬁ% gﬁréyggtelxphan or
equal to 0.03 ohs opbdathbom afidaperlegrsam wie zebkylan bl wdsoquiaromes, equa
25 to 0. 25 nol,Re{,1our and L8t 9¢ am of _zeqlite. he ; -qgﬁg

vari ant of thg”brékess acc%r%%%g to t S ?n entﬁgﬁ?okhe 3%&2%%5 ydr ogen
per oxi de soluﬁﬁﬁ?ﬁﬂﬁkﬂ4y contains not nmore. than 70%by weight of

p‘elroiﬂ detmrrpound, i nfm@rtwﬁth?ﬁwt 0 Bide30 ﬁ@&htthi@eo'tﬂ)é%ntﬂtﬁbvﬁssﬁ
relates to a process for _ manuyfacturing ap oxirane, accordin 0. whi ch an
olefin is redfed®i REFIPERE 0@4ﬁ1%ﬂgHF?ﬁﬁfdtBhJQQS%M?ﬁ tﬂ?dﬁﬁd@ﬁ
peroxi de in therqreasenoeait Foattdle/sisandf an Gndy gariro gl yeitoxiide whi ch
t he reactor i%cj%&ﬁgiﬂﬁ hydr ogen peroxide and with organic diluent, as
well.as wth a]T U|éLconprising the olefin and at -1 east 10% by vol unme of
al kane(s). -3Gxagple20D4 (according to the invention) and. Example 2C

15 (comparative)

A continuous reactor containing 5.25 g of TS-1
is_maintainéd at 35°C and at atmospheric pressure and
fed with 0.57 mol of Hy0,/h, introduced in the form of
an aqueous 40 wt% solution, with 4.75 mol of methanol/h

20 and with 250 N1/1 (i.e. 11.2 mol/h) of propylene. The

~ liguid and gaseous phases leaving are analysed to
detefming— the proportions, of ' the various . organic
products and also the degree of conversion of the Hﬁ%.

The table below summarizes the results obtained

25 after the tests, starting with.a fresh TS-1 catalyst

prepared according ' to the procedures known 1in the

literature.
- - Example No. 1 (invention) | 2C (comparison)
Crude extraction Purified H,0,
H,0,
Degree of conversion . 76.7 l‘_ 76.0
of the Hx0; after '
running for 2 h
: Idem after 6 h . 54 - 53
Selectivity* after | - 90.5 85.4
6 h




14 This other process -of the invention corresponds to the advantageous
vari-ant, di scl osed above when it is perfornmed as such mﬁthoutaﬁ?i .
combined with the first process of the invention which uses0 Vé@@éous
hydrogen 5 peroxi de sol ution obtained by 'extraction, using substantially
pure water, of the m xture derived from 1%he-oxidation of at |east one a
al kyl ant hr ahydr oqui none, W thout subsequent washing -and/or purification
treatnment. 10 Fheleommkldonsimders wkptesded oy hehe pratiéssmoidpohbe PO :
perfornmed are ident.li t of | praces t far use -
of a crude hydroggﬁkﬁgbgﬁgﬁegggg 8ti€§¥ﬁ%gé§§ﬁ%§'18?a6%% |ﬁg g%tugﬂ%

i nvention) and. Eamdd 2C '15 (conparative) A continuous reactor
containing 5.25 g of Txljgi §abRhNt & NAGAIZ 135 &Nd, At 3L PPSPPEREC tpjessur e
and fed with 0.57_nol of H202/h, introduced in the formof _an aqueous 40
Wt % sol uti oh, GRERLESES Tl obBer¥eRanoVhcR0 shd PRt 2 B5echaR 1 Ry . &her1 2
mol / h) of propylLenetyThe hHici@eandcgaseeus phasesivdeyensi Favioheably
proportions, 2 oducts and_al so after The table he tests, leaving are
Bnal ysed (o ofPERESUSPRONS bhganFeoTHES diyr e of “EnVERST on of the 202,
bel ow summari zes t he resal tespetcaired cattaritngoW taniomsf raséh FStIomat al yst

prepared accorgbggﬁ%ge hgﬁlgggﬁ%gﬁégsgﬁgg rab .hggadkiterature. Exanpl e

No.1 (invention conpari son cti onPdrified H202
: Content in mg/1 ~ Crude Hy0» Purified H,0,
Na . | 26 2.3
Other cations‘(except H*) < 0.3 < 0.3
{Nos . | 34 - 3.7
Phosphates expressed as P 28 - 1.4
TOC | ' 172 69

10 Example,S-(acéording to the invention) and Example 4C

(comparative)

The table below. summarizes tests that are
identical in all’respects to Example 1 and Example 2C,
during a ‘following ‘cycle after regeneration of the

15 - catalyst. This regeneration is obtained by passing air
heated to 300°C over the Ca%alyst for 7 h.

Example No. 2 (invention) 4C {(compariscn)
. ' Crude H,0, Purified H,»0,
| begree of conversion | 75.4 _ - 75.6

of the H;0, after

running for 2 h

Idem after 6 h | ~ 53.5 : 54.3
| Selectivity** after 91.1 _ 85.7
6 h :

It is confirmed that the activities have, to
within the accuracy of the measurements, remained
identical and that the difference in selectivity is

‘20 maintained.



H202 Degree of conversion76.7_ 76.0 of the H202 after running for 2 h. |dem
after- 6 h54- 53 Set-ectivity* after90.585.4 6 h 30 July 2004 _- B’ * the:
selectivity is expressed by the ratio nol/nol. PO (propyl el?PQJH %9954
formed/total of organic products forned. As is knovvn ‘a gradual 1oss of
activity of -the catalyst is observed, _wjicch i-s not affect ed by the

qual jty of H202 used. Only the selectivity is 'favourably Influenced in
th_te_ |orese_ncet ﬁ]f:,xa 1@rl5d:e 2 arTattwee)speﬁal LN S (%ch?smd% apgl
cations in Se utic ‘ ' =17 ‘
H202Pur i fi ed I-Ebé_jmher catlons (except H)< 0.3< 0.3 N03343. 7
Phosphat es expressed aganggoZél TEATZOI 40 Eyauphien3d (aredr@dg dptéhe

i nvention), and r’rP (conparat.i v, @ The tabl'e bel o r| zes tests
that, are ideRtt2af 1% aI F’ re&&é&@?ets arpe e 5Md Ex%ﬁﬁi Fiaring a
‘foll owi ng &ycl ex‘ai‘aetedegenegaa |m1tmmh,eﬁéL15er ma:t’euhzyesteoﬂ‘t\amxreggem ation

i s obtained by a | o t r

Exanpl e- No. 3 (| vg’% fiPon %(@%ﬁ%ﬁ%%on% 8} %g% %?éééHQ‘J&% D%%ér]ree of
conversion ofusé@ HRO2 @R@Ylm%f?@@ﬂdatlon test (Examp_l_e 5C) and

the performance qualities obtained were compared with

those of a similar test carried out with crude H,0, at

10 40% by weight in water, obtained from the extraction of
the same shuttle with substantially pure water
(Example 6). This shuttle contains 11.8 g/kg of Hﬂb..

The extraction with the water/alcohol mixture
was carried out in 4 steps: ,

15 A first extraction was carried out by treating 14 331 g
of shuttle (containing 169.1 g of HfO, in total) with
1511 g of 'the methanol /water mixture. The methanol/
watexr phase ;is denser than the starting organic
solution and separates out relatively quickly (in about

20 15 min) to give 1085 g of extract. Its HyO
concentration{' determined by iodoﬁetry, is equal to
3.18 mol H;0,/kgq, -which. corresponds to 3.45 mol or
117.4 g of Hy0: (= 69% of the total present).

A second extraction was carried cut with 1522 g

25 of the same methanol/water mixture. The separation is
less sharp. The separation of the phases is fairly
slow: more than 1 h is required to be able to separate
the phases. 1In contrast'with the first extraction, the
methanol /water phase is less dense this time and

30 consists of 1215 g of extract. Its Hy0, concentration is

| equal to 0.833_mol/kg,'which.is equivalent to 1.012 mol

or 34.4 g of H0,. 90% of the total H;0, are thus
recovered in two extractions. ' )

A third extraction was carrled out with 1511 g

35 of the same methanol/water mlxture._The same separation
diffieulty was encountered, with recovery of about

. 1446 g of methanol/water phase. Its H,0, concentration
is equal to 0.244 mol/kg, which 1s egquivalent to



running for 2 h zdem after 6 h53'.554.3 Selectivity** after 91.185.7 6 h It
is confirmed that the activities have, to within the accura y f;%k e :
measurenents, remained identical and that the difference i 'vity is

' 20 nalntalned 30 July 2004 16 Exanpl-e 5C (conparative) and Examle 6
(according to the invention) An H202 syntResis sol ution obtained after
oxi di zi-ng a qui nones/ hydroqui nones shuttle was 5 extracted using a

net hanol / wat er @i 3$8IrgoLORL-AI T Y.g 53%0 WYy, Weiight of et hapoltheThistagueous -
extract was then used._in Iene epoxi dation test (Exanmple 5C) and:

t he perforrranceH%ﬂ&allPt ﬁe?XBBQ gé Slhere conpared with those of a sinilar
test carried out with Crudall-ji’,OZaatfdlﬁ)rtéltOfVoeb@:x\a@tgbh | Waatarrieht abred
fromthe extracti

shuttl] e W|t antiall ure
(Exanpl e 6). th{%s" hﬁt% e coﬁ?ai € 1798%q/%g" ?’n gt %e“éﬁ‘%?&@tﬂ D% t h
the wat er/ albcohdmern xtseperandsncardi i utty n 4ast epsicdftAeddd,st with

t t 4_ 33 -
169, 1 g of HI0Z 1 1oLkl [ Woehe T 6 of 1 e ThatRATAE oAt dY o ut e The

met hanol /  wat eHzOphas@qc@td@ﬁg@m th%meﬂlt#élst‘fe@t Ong76r gahi k9, sethitdhoniand

separ at es. out @%@iﬁ{ﬁéﬂt%cefflmé ThéiL 39PUB 80 1éfrfn9a>2tpl9é vegd08b gr of
extract. Its H20 concentration, detern ned I odonetry, is equal to

3.18 nol H202/ Kefte v et c[iipﬁek%o%d%x%a%tﬂ@%i or 117.4 g of H202 (= 69%
of the totab present) Alsecandegktides i arraaStBanl igkaut teigetht®?22 go 25

o~ the sane net hanol / wat er, m xt The se ration is,_less sharp,.. The
separatlon of Thee ph%se nga?%ﬁvw§per SPEL AL contalning 78, mof
H.0,/ kg (effectively confirmed by titration). The

methanol content detérmined by GC is in the region of
437 g/kg. , _

15 The content of “useful” quinones (= which may
be used to produce H;0z) lost in this phase is
0.020 g/kg of extract.

' ' There has moreover: clearly been passage of some
of the methanol into the guinome . shuttle, as

20 demonstrated by the differences between the weights of
the methanol/water mixtures ' used and those of the
collected extracts (in particular for the first and
second extractions). The methanol content of the

. guinone shuttle, determined by GC, 1is effectivély-in

25 the region of 6.0% by weigﬁt.

The propylene KPe) epoxidation tests were

carried out in a plant of bubblée siphon type under the

followiné_ conditions: T: 55°C; flow rate @ of
Pe: 75 N1/h; H30,: 0.17 mol H;0./h; concentration of H,0p

300 in +the =zero-conversion loop: 1.0 mol/kg; catalyst:
0.53 g of TS-1. '

As regards Example 5, the introduction of the
mixture alone of the four methanol/water extracts
containipg H,05 into_the‘bubble‘siphon plant would lead,

35 following stripping, to a methanol-poor medium- (¢onc.
< 440 g/kg). Consequently, additional methanol was
‘added so as to keep its concentration in the loop at
~ 440 g/kg, which corresponds to the methanol content

of the reference test with crude H,0; (Example 6).



slow nore than 1 h is required to be able to separate the. phases. In
contrast-with the first extraction, the nmethanol/water phase js |ess dense
this time and 30 consists of 1215 g of extract. Its H202 coﬁ@éﬁﬁﬁgﬁ on-i's.
equal to 0.833 nmol/kg,' which is equivalent to 1.012 nol or 34. 4 g of
H202. 90% of the total H202 are thus fet®vered in two extractions. Athird
.extraction was carried out 'with 1511 g 35 of the sanme nethanol /water .

m xture. The same sepdhatixgswlifs i obiteyinggs eneowitvaredinwi the r dadlery of
about 1446 gp@f oget hanol/water phase. Its H202 concentration is equal to
0. 244 nol / kg, which_is equivalent to 30 July 2004 - _17 - 0.353 nol or 12.0

g of H202 (i.e. 96.P% of thepbgtal oﬂ"%@%vle?gj?oﬁ”@fr 26L191S) (5 )FI nal | Y, %

fourth extraction s—canried put the—sarerretianot+wat er
m xture. The _5 sank %8ngrdthoh ﬂﬂffléuht ﬁa%.eﬁbéUrﬂ%&éd 2%i b 2€doyery

of about 1497xg. ofc mebharjold Wal eg pHase.s Ity & 268, Gopegnt it dng g faual
to 0.071 nol /[KG, Whf Ch T3 e%u vatent to ¢ 106 ot 3 H2 I.e.

99.00 of theEEot@ll BBad 1idv-» befridt2dk) 20.10 Tﬁeﬁz ]é7;<t5r.aé§s4\'/iel"é 4 hen
“m xed together, to give a net hanol /water solution containing 0.94 inol
H202/ kg (effe d by titration). The nethanol content

determned =by GC is Phopyhens e@ixdrieof wib 4dm@td@urthie santentudhieuseful
qui nones ( to pr,odu 02), lost .in this ghase is 0.020

g/ kg of ex %rag%pﬁ?ﬂergeﬁggoﬁnr88ve918Fi8FF bé@n F35&RGe BPPIITETIOR the
met hanol i nt oWPh89¢dBAdAe byhuttteionsbelBedanprsbratad hyndt heddickier ences
bet ween t he twgggm?ef iiphec et BaBALLal o TELHLES) UaR0 o ANEakR938" the

collected extracts (In particu or the
TS-1 used ln the form of beads 0.5 mm in diameter.

The tests were carried out at a temperature of

10 55°C, with a continuous feed of hydrogen peroxide at a
- flow rate of 0.17 mol/h. The total flow rate of gas is

75 N1/h ({i.e. 3.3 mol/h). The initial H,0, concentration

in the zero~coﬁversion leop was 1.5 mol/kg. The amount
 of catalyst used was 4.5 g of beads containing 1.5 g of
15 Ts-1.

In FExample 1, a mixture containing 75

@  oe

“polymer—grédeV propylene (98% propylene and 0.3

propane) and 25% propane’ (molar %) was wused; in

Example 2, 100% “polymer grade” propylene was used, and
20 in Example 3, a mixture containing 75% “polymer grade”
| propylene.énd 25% nitrogen was used.

. The results obtained are given in the table
below. | o 7 _
‘ The- selectivity towards propylene oxide is
25 given by the molar ratio, expressed as a percentage,

between the amount of propylene oxide obtained divided

by.the sum of all the C3 organic products formed.

Degree;of conversion ef H,0, (%) | Selectivity
5h 6 h 7 h 5 h
Example 7 57.4 - 55.3 52.6 85.8
Example 8 67.2 64.90 61.7 84.5
Example 9 | 59.1 53.3 51.2 85.9




second extractions). The nethanol content of the quinone shuttle,
determined by GC, is effectively in -25 the region of 6.0% ﬁy E;eéaggt The -
propyl ene (Pe) epoxida.tion tests were carried out in a pl SMrdutys bbl-e

si phon 'type under the follow ng conditions: T:. 55C; flowrate of Pe: 75
NI/ h; H202: '0.17 mol H202/h; concentrationr @B H202 30" in the .
zero-conversion |loop: 1.0 not/kg; catalyst: 0.53 g of TS-1. As regards
Exanpl e 5, the introductiT®¢ ofsemecrangl urgcglusid opf mérsimrd after S h :
net hanol / wat er exty agtEo7 GR¥RBINT BErHEQA L0 1 hepRupbl ¢ ssiRhafe ol aUpwoul d
| ead, 35 follow ng strippi.ng, to a nethanol -pogr nmedium (conc. -< 440 :
9/ kg) . Consequentii:CCa@di fiSORAPPREHard TRESS #d@8d So as to keep its
concentration ingzeepleopoat 440 g/ kg, which corresponds to the methanol
content of the referenc test with crude H OZh%Exa le 6). 30 July 2004 -
18 The resul t? obtained A&r e GiveR* F ATt FEIEHIE el Fie Bt eetor t867Fers on
of the H202 (o) ZExah®lles A5 he h® hxbdhab h&t'h dcried out with pure
5C30. 420. 718. 615 0. 78. 4 \ L ' =

633. 325. . 524. 420?’%%’??‘%9. é%"f‘ 53%‘?%%‘}5%"%@%?3‘%951% BeBPBETPeRE 6T de Mhas
manuf act ur-ed in &sbulfblld mBodi/phon ir-eact & dRradicst| afed lith patlettive to
application - WO 3;.b t ik@Qn e apdahy

peroxide in the %%/gglgﬁgelof y'rnﬂefjﬁtgn(%I%, a%%%?%%gﬁglggékl &S?Sgeﬂﬁ?%?{?hgg orm
of beads 0.5'%m BFedPRRet &P The:t eSh¥eRBL@NcAPr VEEY0kOYat 1aSt-edferdiia®e of
10 55C, with a centi.nuous feed of hydrogen peroxide at a flowrate of 0.17
mol’/h. The total flowrate of gas is 75 N/h (i.e.. 3.3 nol/h) . The
initial H202 concentration in the zero-conversion |oop was 1.5 mol/kg. The
amount of catalyst used was 4.5 g of beads containing 1.5 g of



15 TS-1. In Exanple 1, a -mxture containing 75% "polyner-grade propylene
{(98% propyl ene and 0.-3% propane) and 25% propane (nolar % ﬁ%ﬁ@y a
Exanpl e 2, 100% "pol ynmer grade" propyl ene was used, and 20 i gﬁﬁ'e 3, a
m xture containing 75% "pol ymer grade" - propyl ene and 25% ni trogen was
used. The results obtained are given imn Athe tabl e -bel ow. The selectivity
towards propylene oxide is 25 given by the nolar ratio, expressed as a
percent age, between the amount of pro®HAEMS oxi de obtai ned divided by,the
-sum of all the C3 organic products formed. Degree of conversion of H202
(o)SeIectivity 5 h6 h7 h5 h anpl e 757. 455, 352. 585. 8 Exampl e

8.67.264.0' 611 784. 5 EXENRES 95§°R3 BERUSAGLET NG ARy ?@Mane 19P¥he

i sopropanol presktici bonbetRasyr &d aféfin Safid h$dBo§OH ﬁ@pbkhdéoinE%B€D|e 1.
There is po detectable okrace of tsjgspropanol In Tests 2 and g lExarrple 10 5
A test under RondTTrons Fderdti caltiYThosd™df Bxarpf ¥ t 09814BBYe was’

carried out vadtopinmg poophmeh The MQMmummmupeqmuadﬁcUuonﬁnnnqeabedhafter
5Sh -is 0.1% e e l. There is
al so fOFﬂBtIOﬁﬂE? %Q% ﬁerg&lé% %? ﬁ%ﬁégace %%%géT%g %855§%§%€%f3|65h|s very
low, i:e. l%s#kstanGially 3pugel waregs -oDOthel miMSure Riexiessl f srom

manuf act ur i ng: stiaefmoﬁ?yofr QACti oshebneen) 91 ohehi-bn patody #hogen

eroxi de_in the
P 10

without subsequent washlng and/or purification
treatment. '
2. Process according to Claim 1, in which the

oxirane is 1,2-epoxypropane and the olefin . is
prOpylene.' o : | _ o
15 3. Process according to Claim 1 or 2, in which the
extraction water contains less than 3% by weight of
organic diiuents, in particular of alcohel(s};-
4. Process according to any one of the preceding
. claims, in which the Hy0, solution. obtained by
20 . extraction contains at least 0.001 g/l and not more
than 10 g/l'of organic impurities expressed as TOC.
5. - Process according to any one of the preceding
claims, in which the Phoz ‘solution obtained by
extraction contains metal cations (such as alkali
25 metals or alkaline-earth  metals, f£for instance sodium)
| and anions -{such as phosphates or nitrates) in contents
of greater than or equal to 0.01 g/l and less than or
equal to 10 g/1. '
6. Process according to any one of the pfeceding
30 claims, in which the H0, solution obtained by
extraction coﬁpriSes at least 5% by weight and not more
. than 50% by weight of hydrogen peroxide. ‘
7. Process according to any one of the precedlng
ciaims, in which the catalyst is titanium silicalite,
35, preferably of TS-1 type, with a crystal structure of
" ZSM-5 type, and the diluent is methanol. ‘
8. Process according to any one of the preCeding
claims, in‘which the reaction medium comprises a liquid

phase and a,gaseeus phase, and in which the content of



5 presence of a catalyst and an organic diluent, according to which.the
hydr ogen peroxide is an aqueous hydrogen peroxide-solution&gﬁi?ggﬁﬁ by
extracti'on, with substantially pure water, of the m xture AR rom
the oxidation of at |east. one al kyl ant hrahydroquiii.one, 10 w thout:
subsequent washing and/or purification trgataent. 2. Process according to
Caim1l, in which. the oxirane is 1,2-epoxypropane and the olefinis
propyl ene. 15c3gaRieceddueacodd nipet diGudidmphase 2s ghRewhieeh thize 35%
extraction vat gr %%9% %ns | ess than 3%.by weight of organic diluents, in
particul ar of arc6ho ?sf. 4. Process according to any one of the preceding
clains, in whi8h the HE®2ceobuttiamprdiligai nedahy o2@ .ofexthacpreceddntyai ns

at 1east 0. 001cgbkpand 006 20N Ldahn 10n 9kheOlor0AaNI & | PRULLLESS 1 th
expressed as TOC. 5. Process according to any, -one of the precedi ng
clai ms, in whi ERet Ry dEERNs PUMFBADDIAI HBE Bresenceacti ohheomrdiady sivet al

cations (such agqaliwdi o2gapRical §ihedt kaki ng- aarddh gret ah s, fOr jijRgtiance
sodi un) and anjons-(sych as, phosphates or nitrates), in contents "~ of :
greater than oPP8§fal B 0¥BICH/ 1tBRd ¥R Vhan i fedquaitio dydgrgens,
Process accordpagok@dangnanaiofiehheapr geedi ag lwiQhCIaaEE&idi o 'x@@igtge H202
solution obtaiped b extraction. conprijses, at ast 5% wei ght and not .
nore than 50"/?%? ﬁéi‘aaﬁ{l ‘—f’ﬁlghﬁgr68@%’&66%&&0%@%%@2@(%%8? di ng to any
one of thé(retédi ng Ekacess iacadwding heccatabymt $s tird anihdralsi kheal ite,
35. preferably ] gt =W cr:yst {1 uC ZS ype, and
t he dil uent is?%%?%ggopf éﬁ%ﬁngégsqébé%gﬁﬁﬁb c%qﬁigigngé%?gt%QES;eggding
claims, in whiéh%th¥ rFeherconrhedeuabtvnpPtses a |iquid phase and a.

gaseous phqse,lgnd‘in phbebsEhe canly ofo 381dhy 2004 1021 in which
. the content'of alkane(s) in the fluid is less thaﬁ or
15 equal to 95% by wvolume, preferably less than or equal
to 85%. | _ |

12. Process according to any one of Claims 9 to 11,

which is a continuous process in which the fluid fed

into the reactor during the start of the process

20 contains less than 10% by volume of alkane(s), but,
after recycling it into the reactor after the reaction
between the olefin and the peroxide compound, it is

.gradually enriched with alkané(s) until it reaches a
value of at least 10% by volume.

25 13. Process according to any one of Claims 9 to. 11,
in which the fluid which feeds the reactor during the
start of the procesé contains at least.lO% by volume of
aikane(s).

14. = Process according to any one of Claims 9 to 13,

30." in which the reactor is. a Jloop reactor, the fluid
comprising the olefin and the alkane(s) is a gas and
thé molar ratio of the flow rate of this gas to the
feed rate -of the peroxide compound is greater than or
equal to 5, preferably greater than or equal to 10.

35 15. " Process acgording to any one of Claims 9 to 14,
in which the oxirane is 1,2-epoxypropane, the olefin is

propylene and the alkane is propane.



organic diluent in the liquid phase is greater than 35% by weight. 9.
Process according to any one of the preceding clains, according to which
the olefin is reacted with 5 the hydrogen peroxide in the presence of the
catal yst and the organic diluent in'" a reactor in the liquid phase, in
-which the reactor is fed with hydrogen peroxide and dil uent aa w%ll as
with a fluid conprising the olefin and at |east 10% by vol gReuy2004
al kane. (s). 10 10. 'Process according éo Claim9, in which the content of
al kane (s) in the fluid is at |east éﬁ al to 20% by volunme, preferably
30% 11. Process according to daim9 or. 10, in which the content of
al kane(s) in the fluid is less than or 15 equal to 95% by vol une,
preferabky |e : : O : rQC : di yv one of
G ai ms o b cirockeiuf Lt 8, Bothickine HOFRImALGRMIRI By AT, T
t he r eactampdzesimmye tiaa 39taad lesethanti®%pbyeerht lhydosgeaipesoxlidess t han 10% by
vol une of al kane(s), but, after recycling it into the reactor after the
reaction between the . olefin and the peroxide conpound, it is gradually
enri ched 1 t hpaldangtslingth iahy bhe 5086 PRSeding YRIHET §f 18kn WaRRMIHBRY
vol une. 25 13. Process according to any one of Clains 9 to.11, " in which
the fl ui & sshiighout sathout wbsaquenitporifidatidnfreatthentst art of the process contains
at |east 10% by volume of al kane(s). 14. Process according to any one of
Clains 9 to 13, 30." in which the reactor is. a |loop reactor, the fluid
conpri si ng. t herdvesyf hetoadiflg ttheClaink arre (i) whish ah€ Focsél is Ich@iedOhar witBéto of
the flowrate of this gas to the feed rate-of the peroxide conmpound is
great er SH#aquant dishllationttepatinendr ef er abl y greater than or equal to 10. 35 15.
Process according to any one of Clainms 9 to 14, in which the oxirane is
1, 2- epoxypropane, the olefin is propylene. and the al kane is propane.

19.  Plant for carrying out a process according to Claims 1 to 18, which incorporates a

plant for manufacturing H>O; solution according to an AQO process.

20.  Integrated process for manufacturing H,O; according to an AQ process and for
manufacturing oxirane by reaction between an olefin and H,0,, using the plant according
to Claim 19.



30 July 2004 -22 16. Process according to CQaim6, in which the H202

sol uti on obtained by extraction conprises nore than 30 and -Oe‘%@é(?ﬂn 50%
by’'wei ght of hydrogen peroxide. 17. Process according to any O of 't he
preceding clainms 1 to 15,-in which the process is carried out w thout
‘subsequent purification treatnent. 18. Process according to daim1l7, in
whi'ch the process is carried out without subsequent distillation
treatnment. 19. Plant for carrying out a process according to Clains 1 to
18, which incorporates a plant for npgygbagkwri ng H2Q2 Sol ution accordi ng
to an AO process. 20. Integrated process tor nmanufacturing H22Q2 accordi ng
to an. AO process..and for manufacturing oxirane by reaction between an

ol efin and H202, using phecekantofChehdERBtutong ahmifrasd July 2004
ABSTRACT Process for manufacturing an oxirané Process for manufacturing an
oxi rane by reaction between an ol efin and hydrogen peroxide in the
presence of a catal ysttramesan ofgani aatidfsstyriragconmei ngokhrahech e
hydr ogen per oxi i.S..an 3 u r-ogen r,oxi de sol utiqn obtai ned by
extraction, V\n')gte%%tslz)%ls{%ae%tqﬁ%%ﬁl %np%%f\%a earnf)CFo ydtrnoeqerﬁ HUTE der ilv%dtetf?om

t he oxi dati onyafesgindeeastt one aklkykayshr amgmit ogannomeganiict hodit Lsesequent

washing and/O%dgﬁgdydgﬂﬂénhhﬁﬁ?QHﬂ§nﬁyd%@geﬁiQg&gxide is an agqueous

hydrogen peroxide solution obtained by extraction, with

substantially pure water, of the mixture derived from
the oxidation of at least one alkylanthrahydroquinone,'
without subsequent washing and/or“ purification
treatment. - |

No. figure.



