2 Novenber 2006 WO 03/093255 PCT/ EP03/ 04442 1 PROCESS EPR THE EPOXI DATI ON
OF OLEFINS The present invention relates to a process foNWVRBOERI9P dation
of olefins, in particular to the working up of the product streamfromthe
5 epoxi W&o3@es235eacti on. Prior Art From EP-A 100 118 ipCTiBosion@nn t hat
propene can be converted with 10 hygdrogen peroxide into propene oxide if
titaniumsilicalite is used as catalyst. The reaction is preferably

carried out in the ppRESSErORITHE EPORIIATION 6icioptErngo!l vent in order to
th [

i nprove the solubility of propene in e reaction m xture. Preferably

solvents are used that have a boiling point between the boiling points of
- propen Xi d., t in qrder to_ 15 be ahle separ ate the, sol vent
from tﬁreh r@ggﬁqﬁgnjww% rﬁejagesditgt i% |PAPFO 3P'ég%ﬁ%nﬂ%%@&?rb 9% to t he
reacti aflefiviet hnphriisul 4pr €6 ehabiorkingedh a% aR! yielict Werdn9P¢d7HR0 descri bes
a process for the purification of a nethanol- 20 contai ning product stream

f r on®t HRPOSHI%I Arateashia®. propene that al so contains acetal dehyde as an

inmpurity. In this case the crude product streamfromthe epoxidation is
subjected to a fractional distillation, 1in which connection it is

parti craot Yrt nportant that nethanol is present in sufficient anount in

the overhead product in order to achieve 25 a substantially conplete

transfer of acetal dehyde to the bottom product. To this end the

concent, i n ' o} a ' 6 W% A
CPoC LB EBD 3po TE8 AROES 58%%5%"5&%%0%@{’%@@%@ et ik ratio of
bet weemydfbgén aeroX3de lints prupdneerxiod 4 F NECasanrY 1idalatadas uskd adchi eve the
best possible quantitative separation of the 30 acetal dehyde. This

ar r ang&REHYShe cBrarergtyon A aretarablyganried sukrdnt thenpresenser o isng costs for
the di ghtdd-HIIMEAMER: % HUPTRmpfRRBthe solubility of propene in

'the reaction mixture. Preferably solvents are used that have a boiling
point between the boiling points of propene oxide and water in order to

15 be able to separate the solvent from the reaction mixture by a
distillation stage and recycle it to the reaction. Methanol 1is
preferably used as solvent.

WO-A 99/07690 describes a process for the purification of a methanol-

20 containing product stream from the epoxidation of propene that also
contains acetaldehyde as an impurity. In this case the crude product
stream from the epoxidation is subjected to a fractional distillation,
in which connection it is particularly important that methanol s
present in sufficient amount in the overhead product in order to achieve

25 @& substantially complete transfer of acetaldehyde to the bottom product.
To this end the concentration of methanot in the overhead product s
2-6 wt.%. A distillation column with 20-60 separation stages and a
reflux ratio of between 10:1 and 30:1 is furthermore necessary in order
to achieve the best possible quantitative separation of the

30 acetaldehyde. This arrangement accordingly involves high investment and

. operating costs for the distillation column.




WD 03/ 093255 PCT/ EP03/ 04442 2 From US 5,849,938 it is known that in the
distillative working up of the nethanol-containing reaé®Nogempsrddiee from
t he propene epoxidation, the difference in volatilities of propene oxide
and netwenahsezsn be i ncreased by carrying out the di strkbdBlokQ@n as an
extractive distillation 5 using m?ter or propyl ene glycol as extraction
agent. The purpose of this extraclTive distillation is to separate nethanol

uant1 £t o PyAcEon, 0L 33 e Bl AR ATPHT eb 1 Btk e AR BT G ene " oxi de.
I N onemetthagdi- borabiving Ste@pt i of i xbwret AitnstheegpércoBpdxXidaidos; ithd ati on

containing 10 nethanol, the polar extraction agent and inpurities is
pr ef er diifgrencarinheg! abiblikées QB PgPede aXide and grthagot &sBvke t he pol ar

cpoxt ot rea: su Vel BB G 950 50 BR dsCoh, ERURER B AREIMAERAC 2%, Phi ng

up gf asipgaftiet orSiropient rgiycdines ertracttoni sgendf Phoperppsé et cont ai ns
propene, propene oxlde, nethanol and water, bﬁ sep%Hatin Ehis pr oduct

st r eantliist extapctiye siiseddabiopdiscto separathmakiapebps e rﬂsoﬂﬁ'ﬁ €oxi de and

met han . ; L L ni d water, wherein
t he zoﬁggdgﬁig%%ﬁ3?%ﬁ2@ﬁ%ﬁggéﬁﬂﬁgg&ﬁﬁggg@gigFa SHE&??ﬂngﬁgxinun1of 5

t heor epossaihies Enumr tiid desistdgesduatd n2fie1y propéieodxidbe inosrel anount of

net hanol entrained in_the product sire is. renoved with the overhead
producg",Sti‘Hé‘t?@"sF’EﬂPe n’@n’a‘?ﬁ%‘ﬁ&%r%mt @mg‘g‘]ﬁt%ﬁtbﬁgﬁm CoEaYEhe over head
prqdu e | | RV LS tion using 25
P aPer e ieRRCBeBIEE AEraRRS 28 i SELFRTeL U8 SeRbbl e O e

ext r acftirtkerdivertikiet! Hupt by rli sioitbatiien rig rembveaibd patat weltrecticanagest directly

recycled to the epoxi dation stage., Fromthe got om stream of the pre-
evapor 34 & @%@En&e?%a?n darPrs r,ag'gb{;%qyglgedo 0 ﬁ%ﬁr@"ﬁ?‘ﬁg—'qr‘r acti onat ed
distillfhon and recycled to the epoxidation stage. Although this 30
process Hhas consi derabl e advantages in that the | oss of propene oxide by

15 EP-A 1 122 248 discloses a process for the working up of a product
stream from the epoxidation of propene that contains propene, propene
oxide, methanol and water, by separating this product stream into an
overhead product containing propene, propene oxide and methanol, and
into a bottom product containming methanol and water, wherein the

20 separation takes place in a pre-evaporator with a maximum of 5
theoretical separation stages and 20 to 60% of the total amount of
methanol entrained in the product stream is removed with the overhead
product, the residue remaining in the bottom product. From the overhead

product propene oxide is separated by extractive distillation using
25 preferably water as extraction agent. The bottom stream from the
extractive distillation comprising methano! and water can be directly

recycled to the epoxidation stage. From the bottom stream of the pre-

" evaporation step methanol can be recovered by means of a fractionated
distiliation and recycled to the epoxidation stage. Although this

30 process has considerable advantages in that the loss of propene oxide by
secondary reactions in the working up is significantly reduced, it has
now been discovered that in an continuous process whereby methanol




secondary reactions in the working up is significantly reduce ,Izét has now
been di scovered that in an continuous process whereby mtWaEBIPe2485y enber
2006 WD 03/093255 PCT/ EP03/ 04442 3 recovered fromthe work-up of the

reacti GRoRsedsist 1s recycled to the epoxidation stageriPosfsdQng termview
the activity and selectivity of the catalyst in the epoxidation stage is

reduced and a build up of inpuritifes in the propene oxide product is

observed. 5 Therefore it is desired to hav roces r the epoxidation
of ol éTqCﬁgereﬁﬁé‘P@iWetW%'E(aleQE ¢ Jeaslden Rﬂ"iog’éﬁvﬁf Eﬁ’gieigﬂ %‘E avoi ded. In WO

02/ 025 L he . . Of Jool t bk [ oduct 10

pr Qpenei’%éi&géa! §%‘%§7}‘3§S£‘§’9 %ﬁ?%&l% ﬁ%ﬂgﬁr%@ ?ﬂgﬁ%@ggﬁf Pfrret hyl formate
i s rengheedatfall g tihechovdpogidatidr sidgeois bgducediand enbiidd updp®til | ation prior
to recycling the TIEt hanol fraction to.t h%ﬁe!poﬁi dation stage. This

r ef er eHPHIges GNathe, PEIPERR OXTe: AroduEhdStODSE e probl em of  cat al yst
deagtivation and it has been discovered that renoving of nethyl 15 fornmate
alohe in a single distillation step as taught in WO 02/02545 woul d not

sol ve THeeefurebitens aesiredgtd bave dgmocéssaforotheotpaxidatian aifystefing st em

Especially 1, 1-D net hoxyet han, one of the ippurities identified to cause
cat al y»ﬂieraahééﬁ'- \%?V%HW%?‘% %ﬁaBYfﬁéa%i fn g%)r?ﬁgldeﬁdent ical with nethanol
and can therefore practically not be separated from nethanol by 20 neans of

distillation. Furthernore according to the teaching in WO 02/02545 an
addi t i bm#0 (£/82546| thei probdene pf ibei Hk op sxfamathyth Foemage sini theaprasict col urm havi ng

L0 o reStiebhe By X 23403 0B, HOTH vhoet P KRRt B3 P s herei
ol ven T i PO £ et 03/ 003255
PCT/ EPOR/0UE20n prior to recycling the methanol fraction to the epoxidation
stage. This reference is totally silent with respect to the problem of
catalyst deactivation énd it has been discovered that removing of methyl
15 formate alone in a single distillation step as taught in WO 02/02545
would not solve the problem of long term deactivation of the catalyst
system. Especially 1,1-Dimethoxyethan one of the impurities identified
to cause catalyst deactivation has a boiling point almost identical with
methanol and can therefore practically not be separated from methanol by
20 means of distillation. Furthermore according to the teaching in WO
02/02545 an additional distillation step is necessary and a distillation
column having'lo theoretica1 plates has to be used to achieve desired

results contributing to increased jinvestment and process costs.

25 Disclosed herein is a process for the epoxidation of olefins that can

result in a recovered solvent stream of increased purity.




4 Subject matter of the invention According to a first E reis
provi ded a process for the epoxidation of olefins by i? ?ﬁ@ n ol efin
W th hydro en peroxide in the presence of an epoxidation catalyst and an
al cohol M@ nggh whereby hydrogen peroxide is enplRI&POH&44N aqueous
solution containing 10 to 70 w.-%of hydrogen peroxide or as an
al coholic solution prepared by reaction of hydrogen and oxygen in the
pr esencubdéc ta maiel eofisha|ineettapyst and the al cohol; ii) separating product
ol efin oxide and unreacted ol efin fromthe reaction product of step i);
iii) recovering a stream conprising the alcoholic solvent, characterized
by i v) Ambjr@mgi g at fiest espver, edhastr saprofidst eppidceds tfor pdr ogenat i on.
Preferably. recovered solvent streamconprises less than 2 w.% olefin
OXIde aFRPX} éoWﬁ’ Oﬁﬁwﬁsggunreacted olefin, nore preferred less than 0.5
. % ol ef ijn oxirdgc1ang dnesBetihanth. Hy dvbgelo pepbeiaiet frfl the efrbseraachf i s nost
preferably substantially free of olefin oxide and unrea teﬁ olefinto
m ni m ze produ@h M@§§E§1WhC?H@YHQGWQqﬁhéP¥%Hh§t@ﬁ”eﬁbcg g to a preferred
embodi ment  di S%}&&%%Qn fb%&&hraetﬂeem%@ﬁsféﬁra bus G@TRfiaes the steps of v)
optionally purifying the solvent streamresulting fromthe hydrogenation
'step iv)and vikoneusingl®He sdwvertt of Andrdgen nsretisler @dagrodi ment di scl osed
herein refers t 0 h t stream
after separati o(]r?lC %?OE){ %glﬁﬁclgil Q;?Jﬂeﬁg;ﬂruﬁ%g\ég " ﬁ@@[ﬁ%&eﬁxl %@E%gt ed to
hydr ogenat i on dndthehgresbgahof iecnolsel manl dasakepaarat ek il oriod he hydrogenated

stream 2 venber 2006
il separating proéﬁct olefin oxide and unreacted olefin from the

reaction product of step i);
_ 1i1) recovering a stream comprising the alcoholic solvent,
‘characterized by
iv} subjecting tﬁe recovered stream of step iii) to hydrogenation.

Preferably the recovered solvent stream comprises Tess than 2 wt.%
otefin oxide and less than 1 wt.% unreacted olefin, more preferred less
than 0.5 wt.% olefin oxide and Tess than 0.1 wt.% unreacted olefin and
is most preferably substantially free of olefin oxide and unreacted
olefin to minimize product losses in the hydrogenation step.

According to a preferred embodiment disclosed herein the process further

comprises the steps of

v)  optionally purifying the solvent stream resulting from the
hydrogenation step 1iv) and

vi) reusing the solvent.

Another preferred embodiment disclosed herein refers to a process as
defined above, wherein the product stream after separation of olefin oxide
and unreacted olefin is subjected to hydrogenation and the alcoholic

‘solvent is separated from the hydrogenated stream.




As di scl osed herein, the inventors discovered that not gnly nethyl formate
present in the solvent streamrecycled to the epoxidati SRVYEREEF have a
detrinmental effect on the 2 Novenber 2006 WD 03/093255 PCT/ EP03/ 04442 5
reactivity of the catalyst system Also other inpurities |ike carbonyls,
acetal s and ketals, such as formal dehyde, acetal dehyde, di nmet hoxynet han
and 1, 1-di net hoxyethan lead to th? deactivation of the catalyst: 5 The

i nventors have surprisingly disco &red that the Ievel of inmpurities
conprised in the solvent streamrecovered fromthe epoxidation reaction

may be s %ﬁ@g&hi Rcbin,| ot 8dnhirs Bideageanthannef ot lyemetbgbVermade sol vent
streamafter the mgjority of the product ol efin .oxide and g%ﬂfgonverted

ol ef i rpreamtbienhe enbwest Strepm rasackdl trohbe SPOEAMIMRARES B\ TG the 10
solvent after .supjecting to hydrogenation to the epoxidation stage

deact i FW@Hﬁﬂfeﬁ%ﬁgéﬁtgpyst system may be consi derably reduced.
Furthernore it has been discovered, that conpounds found as by-products

and inpurities and that are difficult to separate fromthe val uable 15
products and additionally lead if the solvent is recycled to a .
deactivation of the catalyst system are not only fornmed in the reaction
step, but also in subsequent working-up stages. The formation of undesired
by-products and inpurities will especially occur in high tenperature

wor ki ng-up stages like distillations when peroxide conpounds 20 are stil
present. Peroxides that may occur for exanple in the product of the

epoxi dati on of propene are hydrogen peroxi de and organi ¢ peroxides, |ike
1- hydr oper oxy- 2- pr opanol and 2-hydroperoxy-|-propanol that are formed in
the reaction stage by the reaction of propene oxide wth hydrogen
‘peroxi de. Thus an inportant advantage is that by 25 hydrogenation, not only
inpurities that are difficult to separate are converted into conpounds
that can be nore easily separated, but also, reactive internediates that
can result in subsequent reactions to




impurities that are difficult to separate are renoved. Thus the di sclosure
herein is particularly advantageous if the solvent is Z&Npesdherdqially

recycl epoxi dation step i), but is not 2 Novenber 2006 WO
03/093§§8%%E??§p03/04442 6 restricted to such an entSdVHEM*44A ternatively

the solvent recovered fromthe prbcess of the present invention may al so
be reused in different manners well known by a person skilled in the art.
5 Det aiehetivite of i ghei catadystt hysteny diso otherThspysi biesskikacawbaiyig. t o t he

t t t | bl th d f ol ef
i ngoetn s ghds RRea1S BaRh 8 ot oo Bt cocdial sVt FIEERIIS Ao e rod. The
epoxi %Hlpn dAREAGGRURN R 0 3hd AeAQS08EHORGR thd Beed)ptent I on is described

hereinafter with the exanpl e of propene as preferred olefin. The
epoxi dation reaction with hydrogen peroxide is carried out in the presence

f | | ' | | | F 15 th
opoki dbe  BNeTiT s R G3hla Hscalesl BB o {efet s TEE 851 1 1 g poi
i s betayReR sk nbeid saYeROisBFEamOedBl RN BrodXt HECeRIdNAbE heactTeht abl e

sol vents include, al cohols, for exanple nethanol, ethanol or
tért. -HBKIth&n@ﬂbstMattlﬁblrrolOWEEQ%bEﬂIEdeIelyaHJQEebfa’dlesmcvmd @dvénte to recycling

f b h h 0 20 % of
vt or SErgl oen e BHRRELY O rbe Pradi STRFiHaHAS Bl pEPRPLHEA i ng 10 (o

70 Wt o Bin ﬁ%db@&ﬁ'ﬁe!ﬂﬁé@ﬁr&@ thé\ Y RIS reaR WA decyel #ife tRE oduct obt ai ned
fromthe extraction step of ant hraqui none process and containing 30 to

45100t S93 et Fafden gahiendink tddlﬂﬂ:)genatploaf’@r &hﬂ ypm@dah opl stegdmat i vel y, hydr ogen
per ox tio ghol s r ef tha can be used. These
alcohggﬁgﬁg%ﬁoPﬂ%iéhe(?% ﬁ@tﬁﬁﬁﬁﬂfgﬁy§¢ H?ﬁ?%gen and oxygen in

presence of a noble netal catalyst and the alcohol. Propene may be used

~mxed with propane in an amount of between 0 and 10 vol. X of propane.
Furthermore it has been discovered, that compounds found as by-products

and impurities and that are difficult to separate from the valuable
15 products and additionally lead if the solvent is recycled to a
" deactivation of thefcataiyst system, are not only formed in the reaction
‘step, but also +in subsequent working-up stages. The formation of
undesired by-products and impurities will especially occur in high
temperature working-up stages 1ike distiliations when beroxide compounds
20 are still present. Peroxides that may occur for exampie in the product
of the epoxidation:of propene are hydrogen peroxide and organic
peroxides, 1ike 1-hydroperoxy-2-propanol and 2-hydroperoxy-1-propanc]
that are formed in the reaction stage by the reaction of propene oxide
 with hydrogen peroxide. Thus an important advantage is that by
25 hydrogenation, not only impurities that are difficult to separate are
converted into compounds that can be more easily separated, but also,
reactive intermediates that can result in subseqguent reactions to

impurities that are difficult to separate are removed.

Thus the disclosure herein is particularly advantageous if the solvent

is at least partially recycled to the epoxidation step i), but is not




30 Crystalline, titaniumcontaining zeolites especially_those of the
conposition (Ti02),(S 02)1_, where x is fromo0.001 to 020%vgRbERAPng a MF
or MEL crystalline structure, known as titaniumsilicalite-1 and 2 Novenber
2006 WO 0309633255 PCT/ EP03/ 04442 7 titanium silicabCI/EP@/p44aze suitable as
catal ysts for the epoxidation progess according to the invention. Such
catal ysts nmay be produced for exanple according to the process described

In Usg‘és‘ﬂrﬂ@d Wlsuchhsh ehbdddidnd M kbiradivel ¢ thatRhvait FPRYvdiedenpl oyed as a
shaped catalyst in the 5 formof granules, extrudates or shaped bodies. For
t he fofminnigeppocess oft the predsahly dnverdyor any ailae bet vewyedoinf a bi nder or
carrier. material. all ..binders and carr,i. terials being suitable that do
not re‘g'(f?&ﬁ”fl' H“ann‘:;’fcfr %ﬂénhﬁ)é’P&Yi aé)e{;?owlpﬁﬁ?cﬂgn 3&8{?" e under the reaction
conditions enployed for the epoxidation. Extrudates with a dianeter of 1
fixed bed catalysts. In one enbodi nent of
3 5 191 egllont e catal yst is suspended in the
- reaction mixture during the reaction. The catalyst is then used in the
formof a powder or in the formof a suspendable 15 granular material that
has beg pioeesk aecdpilifOtHthe present M RiveREiolin@partRalafBy shifabRxanpl e by
spray drying or fluidised be ﬁrqnulatlon._Vhen usi ng a suspended
cat al yfor, thel enoxidadiiagy of eelefiss havisg teaiepbix sanhoneatons.apropegéct ors or

recycl.e. r non- £l Qw,mi.xi [ t .for exanpl e tubular
f|OM/#Eﬂ@f%ﬁ@%Cﬁkvagéwﬁbéﬁgﬁbr?$%85$89§%983%3ﬂ5§6‘@2@%%&@9consisting of one
t 018 hreeofdiay tH tHeNInveRBTONOTS dastshiBed Rérefi hafter Wi ¥h ee reafdler oftonnect ed
downstreamis preferably used. In another enbodi nent of the invention the
tit anipfepeliel a prefesredhodefist is used as a fixed bed over which a mxture
of the feedstock materials 25 is passed. The catalyst is then used in the
formof forned bodies that have been produced in a manner known per se, for
exanplpebapofidatico PBacthbh vithayddgen peruxafie Bk nderfed Miten ubeng a fixed bed

catal yst, reactors = _ ]
presence of a titanium silicalite catalyst in an alcoholic solvent. For

15 the epoxidation of propene a soivent is preferably chosen whose boiling
point is between the boiling points of propene oxide and water.
Suitable solvents include, alcohols, for example methanol, ethanol or

tert.-butanol. Methanol is preferably used as solvent.

20 Due to recycling of substances in the process, the solvent used may
contain 0 to 20 wt.% of water. Hydrogen peroxide is used as an aqueous
solution containing 10 to 70 wt.% of hydrogen peroxide. A hydrogen
peroxide crude product obtained from the extraction step of the
anthraguinone process and containing 30 to 45 wt.% of hydrogen peroxide

25 s preferably used. Alternatively, hydrogen peroxide solutions in
alcohols, preferably in methanol can be used. These alccholic solutions
can be prepared by reaction of hydrogen and oxygen in presence of a
noble metal catalyst and the alcchol. Propene may be used mixed with
propane in an amount of between 0 and 10 vol.% of propane.

30 Crystalline, titanium-containing zeolites especially those of the
composition (Ti0,),(S10,);, where x is from 0.001 to 0.05 and having a MFI
or MEL crystailine structure, known as titanium silicalite-1 and




wi th bubbl e colum characteristics can be used, i.e. a continuous |liquid
phase and a di spersed gaseous phase si mul t aneousl| y f1 owetNovember 3096 30
reactor. Alternatively the reaction can be run in a trickle bed nodus. 2
Novenbew0280%3255\W0 03/ 093255 PCTI EP03/ 04442 8 The epest@pdsiodfy2r eaction is
carried out at tenperatures between 0 and 80 C, preferably between 40 and
65C, and at eI evat ed pressures of "atnospheric pressure to 50 bar

prefer under an,  atno ere l.aldy consisting of

bt operrrel i srasEhuer BN B CALENSHS IR bl e in [ he
react %ro'cés§@@§cﬁ‘ﬂ1ﬁg3tb ke Averftyel.00SuEhPeftaxyste g rbeepridacedoformor e than 90%
preferably nore than 95% is achieved. The anmpbunt of solvent used is

pr ef eredamy] & Aol iR tadhe proeassi deser e air BS-6f 4.#14.60% p’éﬁ‘et s by wei ght of

gt or oL tAE o IARGH e ek oy s, BRHPHE ap HEREL RBIBE AR BRI ™
- preberggphyof grmeﬂ extradaﬂesaﬁusrepéelbeaﬁes stragethe ofohiringppressss e enpl oyed

in the working up of propene oxide. Part of the EQF pene_di ssolved in
the redet caha Mgt may é‘»%"r?d“ﬂo%lgﬂ*y)fp@ bindRr 0% caerdgemataiial TRE! 15 resul t ant

gas | 1n98r85"9ﬁ(?%§frqe¥' 1%?%5@9{11:%914 tpfi(?%ﬁf”r‘@actpﬁ?éﬁa' ling in the

reacto s re rne I on pene oxide still contained

in thm;@asganspmidy arblwyrthr eh@epmede lundeodhe mgaeindn cpaditia@is condensati on
after the conpression. of the reactrggliea duct can be
[ t

conducimpdoyed E¥hvemepPer PtT\%y EXEP&éﬁteéswrﬁm.an'&e e R steps as wel |
Kngy dé?"rtﬂeeféﬁémg%seﬁnﬁ ﬁﬁed%d%%‘ﬂ?lg&rtége of the entire working-up

procedure”at |ea one solvent stréamis recovered. The at | east one
solvent streamor a conbined streamresulting fromdifferent stages of the

the. pris et ERVERETIGRT ThAdEEIGTG th ACHHIR o) G| BRpGaRhEt: (31 ¢ he. pr esent
Procesg shthd@leh tHe reaction mixture during the reaction. The catalyst is
then used in the form of a powder or in the form of a suspendable
15 granular material that has been produced by forming in a manner known
per se, for example by spray drying or fluidised bed granulation. When
using a suspended catalyst, flow mixing reactors, for example stirred
tank reactors or recycle reactors, as well as non-flow mixing reactors,
for example tubular flow reactors, may be used for the reaction. A
20 cascade consisting of one to three flow mixing reactors and a non-flow

mixing reactor connected downstream is preferably used.

In another embodiment of the invention the titanium silicalite catalyst
is used as a fixed bed over which a mixture of the feedstock materials
25 is passed. The catalyst is then used in the form of formed bodies that
have been produced in a manner known per se, for example by extrusion
with the addition of binders. When using a fixed bed catalyst, reactors
with bubble column characteristics can be used, j.e. a continuous T1iquid
phase and a dispersed gaseous phase simultaneously flow through the

30 reactor. Alternatively the reaction can be run in a trickle bed modus.




the recovered solvent streamis subjected to a heterogeneous catalytic
hydr ogenati on at a hydrogen partial pressure of 0.5 to 2dNoyemben300ps 30
particularly preferred to conduct the hydrogenation step at a tenperature

i n the wargesess 80C and 150C, preferably 100C to 180€cTtapedeaisza hydrogen
partial pressure of 1 to 25 MPa. 2gNovenber 2006 WO 03/093255

PCT/ EP03/ 04442 9 Suitable catalysts are selected from supported catal ysts
conpri gy : At ; t j sting of Ru,
R, ol PP OREt R, FEREEIO 1sTEACHIBd L WE! GliptraBlel TR kel " and
Raney @baté¢ferbistyhbaipeanodtrlahg 6580, ngndlapedevated poessuces obre of the above

mentioned can 5 be used. The catalysi. s ort is preferably selected from
act i'vaPEf@PSP'&?i"r‘BdWeéWeg@t% g?ﬁ(i"ﬂ% Pé%lyefqoga 20, R H)dep At o2, zr 2 and A120"

m xed Pﬂﬁﬂfgﬁﬁﬁﬂﬁcgﬁfaﬁn‘%ﬁﬂgﬁ%néﬁﬁﬁg to‘ﬁ“pr‘aée];n%'t hTﬁé prdfen@n@ dfedaitd m xtures

t hereo epoxi dat1 on process e present Invention, carbonyl
conpouaxiessaand fher nexddéncetitime eipoklied a¢dodor rieaahbsan s thalr iang subsequent

or 0duc HATEeE PR ERATR EPETS R e MR et oro s PEFGTHD o BPT FEar BRE met hyl
format %T farcﬁgﬁveﬂheTﬁ@%ﬁédnglrjbgrldétvgﬁ@us@d 5 RRfBraRITEicseM G0 @S ko Of the sol vent

nmet hano wat er, resi ydr ogen peroxi de and carbonyl conpounds is
obt ai nachievé m natdotofoh tocd phetschy menght edispbentidoame paré RN cohol i ¢ sol vent

t he corr%%pc&ndi ng ageﬁial s and k talf are al so present. Therefore,

accor d¥ni@M Y 2A4Y5PRT BYF AT enP B %t he present invention, a
hydgpogenati on 20 system including reactor, catalyst and reaction conditions
is chosen to hydrogenate the carbonyl compounds as well as the

cor r espafine ridieadrkingsyp stagectieoprasisure nébhe ceatliien MixkurEsisand heni ket al s.

Those HEATATED i Oradt B AT oS eiat ot egs: Budenearde ot o " or et ous
et al syp, tthe vAPkITRE @) of ahe proptRr 8ide. Part of the propene dissolved
in the reaction mixture and possibly propane is gassed out. The
15 resultant gas is recompressed via a compressor to the pressure
prevailing in the reactor and is returned to the reaction. The propene
oxide still contained in the gas is preferably recovered by cooling and

partial condensation after the compression.

20 The work-up of the reaction product can be conducted in conventional way
such as multiple distillation steps as well know in the art as Tong as
at some stage of the entire working-up procedure at least one solvent
stream is recovered. The at least one solvent stream or a combined
stream resulting from different stages of the working-up procedure is

25 subjected to a hydrogenation step according to the present invention.

According to a preferred embodiment of the present process in step iv)
- the recovered solvent stream is subjected to a heterogeneous cataiytic
hydrogenation at a hydrogen partial pressure of 0.5 to 30 MPa. It is
30 particularly preferred to conduct the hydrogenation step at a
temperature in the range of 80°C and 150°C, preferably 100°C to 180°C
and at a hydrogen partial pressure of 1 to 25 MPa.




The catal yst support can be any solid which is inert and does not
deteriorate under the reaction conditions. Exanples are2davemher 200ni na,
titania, zirconia, clays, calciumcarbonate or m xed oxides like silica 30
al um nawvolsmsessal | y suitabl e catal ysts for hydrogenapifirdshengar bonyl
conpounds, acetals and ketals are garbon with precipitated platinum
palladium iridiumor ruthenium Preferred is ruthenium 2 Novenber 2006
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spheres, pellets,"tablets, granules, extru baT et'™c. The precious
met al - droadesd obraedaksheelestgdpiran teengtospi cons tetingo§RuofR). B, P 50 wt . %

Pr ef d.is_th f 1tqQq.5.% \ th ' th t.
The prte: BraFie it 180 G-y Ucexiat il Vo RN AUGRady T ST 0o (e art
met hodhorhNeh LBty $Rng E@e@:vﬁ‘th'cﬁfét&dm&‘éebf tth@laﬁw?aofﬁéﬂtﬁwdféﬁﬁ by reducing

the corresponding netal salts. These netal salts can be oxi des, chlorides,
ni t § atles psechy theogdid st suppboinads qureéenabiy Gercbek foait atlivakedcan be acquired

comercially fro roducers L.ike. De sa...or ,Johnso tt.hey (see Johnson
VAt e b el rRE L b RS T ected e i Tisbo 2 e dHeda)

Fur t hegyT8BES comphiSTUAE 1By BgepaisH Om10fTiCadRM¥hd GARBMeRds and 15
correspondi ng acetals and ketals, It is preferred to adjust the

t enperéeued.i n the hydrogenation step to be at |east 80C, nore preferably
in the range of from 100 to 150C and the hydrogen partial pressure to be
at least 2 MPa, nore preferably in the range of from3 to 5 MPa. The

hy g ogenehd epoxidacionrprotesdr &F en@blysenpemastdony tdrdahy120oadids onal cooling
(adi abatic reactor). The hydrogenation can be carried out continuously or
bat ch-amestoraied) in the enpxidatipemseastondr ndrieg subsenyesy-welkingetmod. It is

o be geats { RBEIH S SPutifiof by Bl oebSRtW the Pl o7 %0. 5710 Brm
especipropylehetdxide, propene and other Tight boilers Tike methylformate from
the reaction mixture, a stream comprising most of the solvent methanol,

15 water, residual hydrogen peroxide and carbonyl compounds is obtained.

In addition to the carbonyl compounds and the alcoholic solvent the
corresponding acetals and ketals are also present. Therefore, according
to a preferred embodiment of the present invention, a hydrogenation

20 system including reactor, catalyst and reaction conditions is chosen to
hydrogenate the carbonyl compounds as well as the corresponding acetals,
Tike formals, hemiformals, ketals and hemiketals. These carbonyl
compounds can be hydrogenated by using metal catalysts. These metals are
preferably Nickel or precious metals. In case of precious metais, the

25 metals are supported.

The catalyst support can be any solid which is inert and does not
deteriorate under the reaction conditions. Examples are silica, alumina,
titania, zirconia, clays, calcium carbonate or mixed oxides like silica-

30 alumina. Especially suitable catalysts for hydrogenating the carbonyl
compounds, acetals and ketals are carbon with precipitated piatinum,
paltadium, iridium or ruthenium. Preferred is ruthenium.




mmand with a length of 1 to 10 mm The noble-netal content is in the
customary range, preferably 0.5 to 5% by wei ght. By hyd?dpueaberolf06f a
solvent streamresulting for exanple fromthe 30 epoxidation of propene
wi t h hy@psge2iser oxi de i n a nethanol solvent, wherepoTRr@RgNAe Oxi de and
propene have been substantially regpoved, hydrogen peroxide is converted to
wat er, 1-hydroperoxy-2-propanol, 2 2 Novenber 2006 WD 03/093255

PCT/ EPA @4tt9s¢ SupftrelrcaRefeoxy the RoPROLohaRd Md1axsyagsiqne are converted
PP orml dehyd it

to 1, 2-" propanedio or mal dehyde is converted to methanol, acetal dehyde is
conver gragui es, eextanddtean dall s1eih. nBehprecdolkrametail sloadeds enttoethe o met hanol — and

et hanol ., Met hyl f,or ma nd di et ho thane wi Ll under_the above 5
speci f?@(ﬁm %r‘fé?tqeo?{%ttﬁ%?a% %ﬂﬁy@r ?é owﬁgnlﬁye%%wé&ﬂ@s%rraé‘??ent . The
al cohohf @, salovE Nt badelednthiefeight e EheoRupdARL NYRY P_ﬁeﬂﬁa{ﬁd fgLs3t ep can by
either directly reused or if necessanytfor specitic applications

di

addft | eatallyst gen ibpiprepared byxampsiatpyoldike iart aethed. ghedietab ceBusi ng the 10

or of erred 38 AR 04 e B A RO Th B el e, resPlidinds b6 betow 7
Thi s cmgtabesadese Thaseamsta® Galltd bai beapadaat chldbflek eratMitks, subsequent
process steps like sulfuric acid. 15 According to the nost preferred

enbodi hkexidgs. $arkesptessetteam purified according to the teaching of the
present invention is recycled to the epoxidation stage i) of the present
process. Most inportantly, in a continuous process deactivation of the

epegi diicsercatalyalty stan drnadegirld cdmpesdialtDnsiaepdlioers erike iéghysd reating the
solvent streamto be recycled 20 in a_hydrogenation stege.1 Addi tionally the

bui | d QpIeAmsPBWaBEaY; fge Johmsen NatsEey AhG featalysihdpenasalabingbaekict ¢ hat ar e

diffi t | substantially reduced resulting in an inproved
produggh%UJ%Péggo&ﬁhgﬁfionalIy It has been surprisingly found that in a

process wherein 25 the solvent for exanple nmethanol is recycled to the
reacti on stage i% a .
Furthermore, to ensure hydrogenation of carbonyl compounds and
15 corresponding acetals and ketals, it is preferred to adjust the
temperature in the hydrogenation step to be at least 80°C, more
preferably in the range of from 100 to 150°C and the hydrogen partial
pressure to be at least 2 MPa, more preferably in the range of from 3 to
5 MPa. The hydrogenation reactor is preferably operated without

20 additional cooling (adiabatic reactor).

The hydrogenation can be carried out continuously or batch-wise e.g., in
a suspension method or a fixed-bed method. It is especially preferred
to use a trickie-bed reactor. The fixed-bed catalysts to be used therein

25 are preferably pellets with a diameter of 0.5 to 5mm, especially 1 to 3
mn and with a length of 1 to 10 mn. The noble-metal content is in the
customary range, preferably 0.5 to 5% by weight.

By hydrogenation of a solvent stream resulting for example from the
30 epoxidation of propene with hydrogen peroxide in a methanol solvent,

wherein propene oxide and propene have been substantially removed,

~hydrogen peroxide is converted to water, 1-hydroperoxy-2-propanol, 2-




bui |l d-up of nethylformate and di net hoxynet hane i s not observed, although

t hese conpounds are not or only to a | esser extent convéMNoyembsr 20He

hydr ogenati on reacti on under the above specified conditions. Wthout

wi shi ngvee3sazisound by theory it is believed that hyprogesatdésnn renoves 30
per oxi des whi ch otherw se would react in subsequent working-up stages
formng nethyl formate, dinmethoxynethane and precursors to these conpounds.

At th | JTe, | | dgor 2 Novenber 2006
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~di net heayametheneforhildehydeotsrabniehyetiefo mathapslevacetsldehgda is om bei ng recycl ed
to the reaction tage w t.he solvent. 5 Cons ntly. the present

i nventCP’EbY?"_ft%& Q%a@qng}geigf'ﬂa@?ﬁweg ec‘és?o-m’%’?%gac'oeﬂ%/th%@xi dati on
PrOCe3fd Ethfh .tivfb;flgﬂ?ﬁf‘n?att%%dcd‘iﬁlb?d% SRAR wTIFARKIEF &hé Qiboge/Cl es of the

epoxi I on cata can be considerably prolonged and to an inproved

pr gdushedified topndithesenaddbacpapeted an dnéy tachiessed @xgert.rel ativel y sinple
measure of a hydrogenation step. 10 Modreover the hydrogenation step can be
easily integrated into the work- up procedure of the epoxidation product.
Accor hag1Bh@RE BIRAI JtPBim Pésifl BthPFRSmCEHe hyivednbeTbnt Stepremction 15

m xture is separated in a pre-evaporator into an overhead product

cont aibgi eighpr dieees]y pegssidbiry i Hrepessary geo e Tk age! i§aEI088| vent, and into

a bott roduct copt gi ni ng sol vent,. I. -C dr ogen
perox@a&hﬁpﬁh Wiﬁﬁ?1ﬁﬁd%ﬁo SEyE%ﬁ%aﬁﬁﬁﬁ?bgﬁﬁﬂﬁgggﬁﬁggﬁﬁéﬂ%|e pr opyl ene
9! ¥ Olaicatittit 'sofvehtS PR RUrOginaetbrl SndipEdr i dishe] Rter datison step 20
suspended titaniumsilicalite catalyst. The pre-evaporator preferably has
at nogrefanrgd Sotadjostethe all ofciher atoobnl ist splyerdnstrean doshyyRePWso t hat ~t he

Separ ge1 BHcE T o BERRGUERthef ey Bof MYAAHSHH L efREpicte Temmin

process steps 1ike sulfuric acid.

15 According to the most preferred embodiment the solvent stream purified
according to the teaching of the present invention is recycled to the
epoxidation stage i) of the present process. Most importantiy, in a
continuous process deactivation of the epoxidation catalyst can be at
Jeast considerably reduced by treating the solvent stream to be recycled

20 in a hydrogenation step. Additionally the build up of Tow boiling
impurities in the propene oxide product that are difficult to remove is

substantially reduced resulting in an improved product quality.

Additionally it has been surprisingly found that in a process wherein
25 the solvent for example methanol is recycled to the reaction stage 1) a
build-up of methylformate and dimethoxymethane is not observed, although
these compounds are not or only to a Tesser extent converted in the
hydrogenation reaction under the above specified conditions. Without
wishing to be bound by theory it is believed that hydrogenation removes
30 peroxides which otherwise would react in subsequent working-up stages
forming methylformate, dimethoxymethane and precursors to these
compounds. At the same time, hydrogenation also removes said and/or




The pre-evaporator is operated at a reflux ratio of at nost 1.5 and if 25
desired may al so be operated totally w thout reflux. Thé Nrember2006n the
pre-evaporator is preferably chosen in the range from1l.5 to 8 bar in
order twolensbise to condense the propene oxide wth ¢ppkp@syater fromthe
over head product w thout having tgsouse a cooling unit. The pre-evaporator
IS operated so that between 10 and 60% of the anmount of 30 solvent fed in

with t t Qver d product and the
resi du@:eFl Ffpg'lgéllsr%rﬂﬁ ﬂé%&]fér;ﬂa@?‘%ﬁﬁ@?%ﬁiﬁ%@h peﬁg?l onal procedure

accor dfgrgaldehydis amprdvents ﬁﬁdmefrtohafmﬁ@%cﬁ’db@vtenﬂ@r redefon WO 03/ 093255
PCT/ EPO3/ 04442 13 typ| cally nore than 98% and preferably nore than 99% of

the propeRaithEhasoli@ntin is contained in the overhead product, and nore
than 90% typically nore than 97% and preferably nore than 99% of the
water fed in is contained in the bottomproduct. In this enbodi nent the

bot § onGdmspauetiot tiie predent ipventéormpeddst (o aimorewdfifecitied ahd dobt- hydr ogenati on
step of the prese i nvention. The product streamfed to the

pre- eﬁﬁé?lﬁ“@remﬁ Oy PESRERI RECH. @32@3?9&10%% ®beleRR 0 - 4 wt. % of
prOpar\‘eegeﬁ’erat'ﬁfh Y148 CBHf Weﬂf@?‘?&?}a‘%}f?}ﬁjﬁa%ﬁ?ft n 'be%%n%de/%lﬂf met hanol, 5 - 40

. % of "wat e 0.1 - oi nt yprgducts 01t05

. % hyrad md épndrtlx boleimproved pm(ﬁxctvmja%’uyt Thesaraxjuantagdm cal b¢ e catal yst.
Th| s pr duct strea epargted int cess accordl ng to the invention
Tto ehogeiRAa TR BhETY SaBeAsUG of 2 BTaETeE BN FeBpose. 0 - 10 v %6 o
preggane, 15 - 75 wt.% 15 of propene oxide, 20 - 85 wt. % of met hanol and O -
5 wm.%of water, and into a bottom product containing O - 2 wt. % of
pr operteresiedetheOhydragenat %n sifeppranpleneasil® intégraied Sotf theewbrdkiol , 15 - 65
vvt % of wat e her boiling point byproducts 0.1-5

. % dP HWP@H@nOTlﬂ}E? &Rpﬁgéﬂﬁa RFOQ“C% .%of titaniumsilicalite catalyst.
20

According to one embodiment of the present invention the reaction
15 mixture is separated in a pre-evaporator into an overhead product
containing propene, possibly propane, propene oxide and solvent, and
into a bottom product containing solvent, water, non-converted hydrogen
peroxide higher boiling point by-products, such as for example propylene
glycol, and if a suspension method is used for tThe epoxidation step
20 suspended titanium silicalite catalyst. The pre-evaporator preferably
has at most only 5 theoretical separation steps and is designed so that
the stripping section corresponds to a simple evaporation and the
remaining separation effect is achieved in the rectification section.
The pre-evaporator is operated at a reflux ratio of at most 1.5 and if
25 desired may aiso be operated totally without reflux. The pressure in
the pre-evaporator is preferably chosen in the range from 1.5 to 8 bar
in order to be able to condense the propene oxide with cooling water
“from the overhead product without having fo use a cooling unit. The
pre-evaporator is operated so that between 10 and 60% of the amount of
30 solvent fed in with the reaction mixture is removed with the overhead
- product and the residue remains in the bottom product. In the
~operational procedure according to the invention more than 95%,




The overhead product is preferably only partially condensed and the
uncondensed propene, possibly nixed with propane, is reédiyrab¥ed%ia a
conpressor to the pressure prevailing in the reaction part and is recycled
to the weasnsess, the propene oxide still contained i pcimeos@dsz2d preferably
being renoved by partial condensatjpn after conpression. The propene stil
di ssolved in the condensate and possi bly propane are stripped out fromthe

d ' - ' | ed h
Condens el ) a8 G, kLt or BSpipetecveled Lo Lhe

t he C3ogidel Pgakein iis &mpaxmad et the ovevhedd pitadoct ,38nd mére ﬂmanmene oxi de crude
pr oduct , iCh can

sol ventYPiga] ghmere F@(%y@ relﬁf]‘c grgq fﬁgar 23’59%?3%5‘?? cﬂgpr(&amel eBl reggmsi’ o?ngaﬁlhge
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streans from feren ng-up stages and subjected to hydrogenation

pri ¢r preoduet yfcbi he tire-evaporabdr o suh,mcrtedid:blthe Intdegpenationasteprti cul arly
.preferr enbod nt the mxture of propene oxide and 5 solvent,

pr ef er &bl qyedﬁ?ﬁ ol Weghi0%i ned fromthe C3 stripper is worked up further by
extractive distillation to achieve as quantitative a separation as

possi ble of the solvent. In this connection the mxture of propene oxide
‘and neThempodduct skdeksd fed te Hbe prddiveparaton anrmafl 1)xagontatny 8c i-vé0 di still ation

col um, erab t oi,nt . correspandi 1/ 3 of the tal nunber
ot nebt & £t ok, & <A REHnG PRARERG boprgnt OTaRIPEROaKER” S vent i h

hydgpoxy lgof wingt d)f)ﬂi@iﬂahbﬂ angl .hayiydg af BRkéd NG, 1 PQ BE. shbmeghdrhan that of

met hanol is added to the extractive distillation colum at a point above

t he pobeitl ieg paintchypheductndBnis fio & weidt bydroggr péroxidsl gndad ¢ & poi nt
15 of theoretica ys counti ng

dj 2/ 3
From tHE Bt LHP Tha " blBbURe RIS - orle PrOYBH T oML eGPl of { af the
head ofy tfe pfﬁ@éé&&“a@ﬂﬁh1ﬁgf’ﬂoxfﬂérﬂ1\@ht1dﬁe’imnﬁ ofdMledd pradater sol vent is

extracted as bottom product.

containing 1 - 40 w.% of propene 0 - 10 wt.% of propane, 15 - 75 wt.X

15 of propene oxide, 20 - 85 wt.% of methanol and 0 - 5 wt.% of water, and
into a bottom product containing 0 - 2 wt.% of propene oxide, 0 - 1 wt.%
of propene, 30 - 80 wt.% of methanol, 15 - 65 wt.% of water, 0.1 - 10
wt.% of higher boiling point byproducts, 0.1 - 5 wt.% of hydrogen
peroxide and 0 - 10 wt.% of titanium silicalite catalyst.

20
The overhead product is preferably only partially condensed and the
uncondensed propene, possibly mixed with propane, is recompressed via a
compressor to the pressure prevailing in the reaction part and is
recycled to the reaction, the propene oxide still contained in the gas

25 preferably being removed by partial condensation after compression. The
propene still dissolved in the condensate and possibly propane are
stripped out from the condensate in a C3 stripper and the stripped-out
gas is recycled to the partial condenser. The mixture of propene oxide
and solvent contained in the C3 stripper is separated by distillation

30 into a propene oxide crude product, which can be purified further in a
manner known per se, and the solvent, which is recycied to the
epoxidation reaction directly or can be combined with other solvent




pol ar solvent is selected fromwater, glycols, glycol ethers and m xtures
thereof. The preferred polar solvent is water since in 2R¥eyemberci{9é t he

m xture of water and methanol can be either recycled directly to the
react i oWO9B/@9923 t hout further purification or preferabixrismagagonbi ned with
ot her solvent streans and is hydrogenated prior to recycling. 25 In order
to achi eve as conplete a separation of the nethanol as possible, a colum

Wi th 250306 FRRPEetfePalt ﬁ&ﬂ@ﬁ@hff) WagdsCRY SishettddNtd hydRbéideigmti o of 1-4 is
al ready sufficient on account of the concentration of the propene oxide in

t he ov@ribeds praydlicy, thensolvasi e the ineattionozlage. of the nunber of separation
steps and the reflux 30 ratio typically being 75 to 125. 2 Novenber 2006
WO 03/ 093255 PCT/ EP03/ 04442 15 On account of the pre-evaporation only a

very syl parefdul¥rTyapreferiid &ibadineit A6 tixeurdi &t phdphé @Ridet @i i s still
necessary in order to achieve the desired separation effect. Despite the

t woS st saj¥et, oprsdarab 1y ethaned atobkained drem the (Sep&iprarnts werkedaPer and

or et or e O e 1 U 1t EE R Aot n WPt E , * Bhtes 1o &
pr ocessephpdtibMesCadssiibliel 6F ep@XbTaht OonInfihps eomEetion W aixtupd in a reaction
step the propene is reacted with aqueous hydrogen 10 peroxi de in nethanol

i n t heofppeapepe @xide and metfnahnisiaddedhitptide igddle peetiop)oft#e product stream
f t & . . | 1
ong o) RERECHINE 1831 oh oot DR renkbbE ST A pbfht, BarteSEIHE 8 0T vl 15

- separ at/Bogf;, the tatdlr aumben T thicoretiayl hpaydt comsingd fitdmethiecbottah, separation
steps into ap overhead product containing propene, propene oxide and
met harfd¥d, 8 PAEEN g0 et wath Sxdraxybderctdenalatniang having a boiling

point higher than that of methanol is added to the extractive
distillation column at a point above the point at which the condensate
enters, preferably at a point corresponding to 2/3 of the total number
15 of theoretical trays counting from the bottom. The propene oxide crude
product is distilled off at the head of the column and a mixture of
“methanol and the polar solvent is extracted as bottom product. The
polar solvent is selected from water, glycols, giycol ethers and
mixtures thereof. The preferred polar solvent is water since in this
20 case the mixture of water and methanol can be either recycled directly
to the reaction step without further purification or preferably is
combined with other solvent sireams and is hydrogenated prior to

recycling.

25 In order to achieve as complete a separation of the methanol as
possibie, a column with 25-100 theoretical separation steps and with a
reflux ratio of 1-4 is already sufficient on account of the
concentration of the propene oxide in the overhead product, the
mathematical product of the number of separation steps and the reflux

30 vratio typically being 75 to 125.




met hanol and water, 20 to 60% of the total ampunt of nethanol_ introduced
into the product stream being renoved with the over head22OvpEba?d6and t he
residue remaining in the bottom product, d) the overhead product from step
c) is awologresstssparti ally condensed, the condensate ¢gfkRisakdlg, optionally
after stripping out propene and gmy propane present 0 - 12 wt. % propene,
25 0 - 5 w. X propane, 15 - 75 wt. % propene oxide, 25 - 85 w. % nethano

and Opg agcd%t%J‘é‘@ﬁf@ﬁ%?%{oﬁt%ﬁ'm?f%d@ |§.ﬁaﬁ "Bt P if)rol-Streubj ected to

an extractive i on, €rein the condensate is added to a
i dd| eexteattiiva dift i abianr siepi isestidi stecedsary oim crlenrbo, achidneviitdber 2006 WO

03/ 093255 PCTI EPO3/ 0444 6 .e2 ter is,added tqQ the extractive
di st i | festresh SeRAra r‘a?fécgpopw')'%vﬁ‘\ﬁet\?’%'étﬁslﬁ HFOCQBU"\RH? h the condensate

ent er SppePadi nBr&ﬂ%Q?O‘PX&éCﬁ%rdﬁn@ ikRd Whidpda] {song?gﬁ hipe N@BRELY Trebifigeqc ol umm, — and

5 e4) a bottom product contalining nethano water is renoved. The

bot Soncqmparhdcto ftherprtibie apt e- evaporator is optionally conbined with other
sol vent streans recovered in working-up stages as descri bed above and is
subj ected to the hydrogenation step of the present invention. The 10 pH of

- the proguptichesit pradefredBrbhEnditds P 2RO PreSéhti fvaft ik tReordndy below 7 and
I's then separated in a further distillation st;€ Into the solvent, which

“is retrglates to a proagsd ot dihieontalyiie iepoxidahioni ot prepengriikliieh of wat er and
i o boy 1 0§l RHPSRE Y roftecTh acthl RiEn IS dytobh ther o s
10 peroxide in methanol in the presence of a titanium silicalite ‘
" catalyst,
b)  the product stream from the reaction step is optionally passed to
a pressure release step, and
c) the product stréam is then separated, without prior distillative
15 separation, in a pre-evaporator having at most 5 theoretical
separation steps into an overhead product containing propene,
propene oxide and methanol, and into a bottom product containing
methanol and water, 20 to 60% of the total amount of methanol
introduced into the product stream being removed with the overhead
20 product and the residue remaining in the bottom product,
d)  the overhead product from step c) is at least partially condensed,
the condensate containing, optionally after stripping out propene

and any propane present

0 - 12 wt.X propene,

- 25 0 - 5 wt.% propane,
15 - 75 wi.% propene oxide,
25 - 8 wt.% methanol and
0 - 3 wt.¥ water, and

e) the condensate from step d) is subjected to an extractive
30 distillation, wherein
el) the condensate is added to a middle section of an extractive

distillation column,




15 When using a suspended titaniumsilicalite cat al yst the cat al i's
recovered fromthe bottom product of the pre-evapor at or 2 Bpvespsr pﬁqU|d
separation, for exanple by filtration or centrifugation, whereby the

sol i d/ I'wQuB/e#3g¥paration is carried out prior to the pygdeegerati on of the 20
sol vent stream A separation of thg catalyst at this point of the process
i's particularly advantageous since the propene oxide, which represents a

neal th hazapd Dagrals biih ROLA cRtep PREMTACRA’ @AM agd |ess stringent

reqU|renents are erefore pl ace on I ndustrial safety, which considerably
sinplifies the pwrtaaboverlmeemssmaaﬂ widkie $hé tcondepbateoender5 cost - ef fecti ve.

The advant ages of the sent 1 be apparent. in view of the
fol |l owi ng EhmpPEPENs gXIens) 101 F3h BB abste JRS0 LD Y/ Ganse 17
Conpar ative Exagpie: A ti tanl umsilicate catal yst was enployed in all
exanpl es. The titanium silicate powder was shaped into 2 nm extrudates
usi fig a si lehra adothen rasuetiepntiainirgcrethancand vaterxisnpamevesl.in EP-A 1 138

387. The H. O enployed was prepared according to the anthraqui none process
as a 40 wt-% aqueous solution. Epoxidation is carried out continuously in

a reacﬁhb%btﬁ:btp‘br@ducﬁoﬂ'omthe e \evhapdrato® 91 piedral 1yotonbdnetnwithd a | ength of 4

m The equiprment is furthernmore conprised of three containers for |iquids
and r aitbersol yantpsEreansdrecorergdi it wakangup riagassaedescrifed APAE cont ai ner s

aat ust iR R IV b St B BT RBRED, T T TE e

congr q.JHl 6l thé HréfucknragUsay Srow ehe ﬁ@di‘dgéﬂaﬁiomtlscadjaiﬂedg:d bea cooling jacket
whereby the cooling liquid tenmperature is controlled 1% %1thernostat The
react delow 7 and is then separated in a further distillation step 1in
soivent, which is returned to the epoxidation reaction, and into a
mixture of water and high boiling point byproducts, which is either
worked up further or is discharged.
15
When using a suspended titanium silicalite catalyst the catalyst is
-recovered from the bottom product of the pre-evaporator by solid/1iquid
separation, for example by filtration or centrifugation, whereby the
solid/Tiquid separation is carried out prior to the hydrogenation of the
20 solvent stream. A separation of the catalyst at this point of the
process is particularly advantageous since the propene oxide, which
represents a health hazard, has at this point already been separated and
less stringent requirements are therefore placed on industrial safety,
which considerably simplifies the overall process and makes it much more

25 cost-effective.

~ The advantages of the present invention will be apparent in view of the

following examples.

30




pressure was 25 bar absolute. Mass flow of the feeding gunps was adj usted
to result in a propene feed concentration of 21.5 wt - % 2aovepb#raie8f f eed
concentration of 57 wt-% and an H202 feed concentration of 20 9.4 w-% The
react orwoas/spssr ated i n down-fl ow operation node. Thecegpdsind, ] acket
tenperature was 41 C, the total rnfﬁ flow was 0.35 kg/h and the maxi mum
tenperature was 59C. Product output was determ ned by gas chromatography

and thg E%pg.ggﬁxgﬁﬁipn by titration. The catalyst 25 selectivity was
cal cul s of gas chromat ographi cal analysis of the propene
oxygenates as the ratio of the anount of propene oxide forned relative to

the anmpunt of all| propene oxygenates formed. |Initial H202 conversion was
96% at A igarianysd 1epde eeata st Wast empgogedTie at e g¥enpdes .niha Gi@ndWt-ai ned from

t he reagti I 3 r . 3t | he

pro- cvandrath Bircet B8 RB8 Thes AR BTHRe R0 BB Ul 88 Cpene,

pr oganginder ojpegteordande witig ermiphariolin Eanal 1213808872, 0ThepHOdemblogedit ai ni ng

met hanol , propy| ene gl ycol nonet hyl ethers, 2 Novenber 2006 WD 03/093255
PCT/ EPY3Y Bepae BCC%EH&F%EES@FW@HWW PFoGRTd 4%i Qﬁmb‘ﬁi‘r‘i%e%i nt conpounds
and nofsyeopverted hydrogen peroxide. A liquid condensate that contains
propene oxl de and nethanol as well as propene and propane dissol ved
therein was obtained fromthe vapour state overhead product. The

uncondensed .5 stream . which substantially consisted o opene and propane,
v "GOO 55 (T EEHTaSLOMOUBHE T GhrSoPRipEaserte S0hdl pr opane
di 550! yftne | B &1%&&?;@9@%%&6‘953& thi P25 [ TRMe @mérﬁtﬁ@r in the G -

stripper and return n the vapour state toget Wwth the streamto the
par t i afurtbermden serprosed v dareer bantainezanforwhiqoidsc amd retevdnis pimpsant i al |y of

was sGBH &UGH TS ERE BB Tle HesHee JORBH PR APF JATEer was fed | n a5
o operc B R R BT g R BB T O R s Rl an 0. 506
with ammonia to a pH of 4.5. The reaction temperature is controlled via
15 an aqueous cooling Tiquid circulating in a cooling jacket whereby the
cooling Tiquid temperature is controtled by a thermostat. The reactor
pressure was 25 bar absolute. Mass flow of the feeding pumps was
adjusted to result in a propene'feed concentration of 21.5 wt-%, a
methanol feed concentration of 57 wt-% and an H0, feed concentration of

20 9.4 wt-%. The reactor was operated in down-flow operation'mode.

The cooling jacket temperature was 41° C, the total mass flow was 0.35
kg/h and the maximum temperature was 59°C. Product output was determined
by gas chromatography and the H,0, conversion by titration. The catalyst
25 selectivity was calculated on the basis of gas chromatographical
analysis of the propene oxygenates as the ratio of the amount of propene
oxide formed relative to the amount of all propene oxygenates formed.
Initial H,0, conversion was 96% at a catalyst selectivity of 96%.
The reaction mixture obtained from the reaction after release of
30 pressure was separated in the pre-evaporation stage into an overhead
product containing propene, propane{ propene oxide and methanol, and a
bottom product containing methanol, propylene glycol monomethyl ethers,




of propene oxide, and into a bottom product that consisted substantially 15
of methanol and water, the water content being |ess thaflNayembad06h0t t om
product was returned as solvent to the epoxidation reaction. The bottom

productwoliasnssd in the pre-evaporator was separat edpifipposoisgti| | ation
stage at a pressure of 2 bars abs. jgsing a continuously 20 running col um
havi ng 35 stages at a reflux ratio of 2 for recovering nethanol, into an

overhewoﬁ@%ﬁycgtw&dwtwa%@ﬁl%h?trﬁgh %Bff‘iﬂgepé)fiﬁ'%?r%?{ﬂd%f andTﬁgrflam" and into a

bott om'product consisting o opyl en yCco nonomnet et hers, propyl ene
gl ycol ,comegraed hytedgeh geroxide pod niti qeishperddaokate atHatoobytatinapespené hydr ogen
peroxi de. ,The over head prqduct was 25 continuoysly returned as solvent to
bhe. epdXi e merubel iagire AaScPrigBes and PLPRIAGT T BN SRPTHIN 8% pr ocess ¢ he
‘cool i nghteIHRETA0H the | VAphte stdt@asielRiAdSHRButad The PRohdersgpsed to 50C to

mai ntain the conversion constant at 95% and the catal yst selectivity

dr oppedtreamonhiciTisabgiaopieidy corsigted of quopanerandi propao wiset al dehyde, 0. 5%

t hyl f t 0. 29 .di t h . 2 Novenb 2006 03/ 093255
nor LreShaRed A3 e pipiiditaoh PRS- I Renote AR FEPEG BSSauEE: oF with the
except ijantHehadndehsitd Qek® Bt Hped yebn ¢hé Alapag ’iﬂ“tﬁé‘%pﬁ?éﬁi@p@fdator stage was

rog

directed to a trickle- 5 bed reactor for continuous hy enation. The
hydr og&RB{NNed inelier vapouagtatentogethen withytheustrean 1s0thel pagihitilwas filled with

comor1 SPnsnEAn “Bade 2cthe, Sredhchfishriat Al 4l M epared accor ding
-t 0 fthe prapengi cXitie ang ng iMoo drdd UstleR OFrBed=F2om bﬂpﬁﬁ@raﬁﬂimbprﬁfe, Cat al yst ",

Dermon, B. et al., 10 Elsevier, Arsterdam 1976, page 13). The hydrogenation
was peMp®rseRaraked Tnsm extaactive diskidbatien W Wyieh swéer mesfedatreast 10 ni / h.

The hy pate r | I epoved h a_pH of 9. The
pH wasggggﬁced g%%ebﬁﬂﬁgkgéﬁéwﬁgﬂgggﬁﬁéaéﬁ?@dﬂ? (%E$@H%Tﬁﬂ?390 entering the
final propene oxide crude product that consisted initially of more than 99.5%,
~ of propene oxide, and into a bottom product that consisted substantially
15 of methanol and water, the water content being less than 20%. The

bottom product was returned as solvent to the epoxidation reaction.

-The bottom product obtained in the pre-evaporator was separated in a
distillation stage at a pressure of 2 bars abs. using a continuously
20 running column having 35 stages at a reflux ratio of 2 for recovering
methanol, into an overhead product that consisted of more than 95% of
methanol, and into a bottom product consisting of propylene glycol
monomethyl ethers, propylene glycol, water, high boiling point compounds
and only traces of hydrogen peroxide. The overhead product was
25 continuously returned as solvent to the epoxidation reaction. After 500
~ h runming the epoxidation process the cooling temperature in the
reaction step had to be increased to 50°C to maintain the conversion
constant at 95% and the catalyst selectivity dropped to 90%. The propene
oxide stream contained 2% acetaldehyde, 0.5% methylformate and 0.2%
30 dimethoxymethane. |




distillation step according to the conparative exanple. 15 After 500 h
runni ng the epoxi dation process the cooling tenperat ureZ2iNpvemher 32098ct i on
step was 42 C and the H202 conversion was still 96% at a catalyst

sel ect i wiotag/omkss96% The propene oxi de stream cont ai nggrRpi%is;acet al dehyde,
20 ppm net hyl formate and 10 ppm dijget hoxymet hane. 20 As can be seen from
the conparison of both exanples the activity of the epoxidation catalyst
even afekgfpte0P: h running the process was only very marginally reduced if

t he solvent stream was hydrogenated prior to recycling the solvent to the
reaction stage. In contrast thereto w thout 25 hydrogenating the sol vent

e SRR A Wb B ARG bl oo !

mai nt aipRouctoststiatitd THy €hd Pre-ROSIFRES: SERRRALSIiPEeted O ﬁfﬁﬁemeon pr oduct
quallté IS even nore dramatic. Thus it 1s shown that hydrogenation of the
e

sol Ventbedthieagtar forpeontaeupys duydeagendis 080 The dydndgenabiompireactss Hadads t o

Noverbal BUSE T B8 68204 pef BB Bleden e Ml BBRE S PThe epoxi dat i on
react i estalgst per formrerdedsudies wibR® . Bain BRetP "RADHAII1YE 25ERABR! €. The

bottom product obtained in the pre-evaporation was analyzed 5 and
subj ecetivabed garhep Thg sabalvsh was rrepanadmsgonding Erakhsl #ncipiante conposition

of the i QL: an Ve | Tahle 1. .. Apart from
hydrogg%y'%égg'%@%q Bgﬁéq@g]ead gir?%é;r%'ﬂmgfﬁgga‘i ?t Ot%@f’n' Ber‘%}_x?1 conmpounds. 10
Talloe Elsdvidrogestardamn, 1976cdadge RPBPATRS hfgropamitiooias beefopaanati on Feed
FNdroginq;ion Proguct

40% C and 40 bar,, at a hydrogen fiow rate of 10 m1/h. The hydrogenated
product was continuously removed and had a pH of 9. The pH was reduced
to be below 7 by adding suifuric acid prior to entering the final

distillation step according to the comparative example.

15
After 500 h running the epoxidation process the cooting temperature in
the reaction step was 42° C and the H,0, conversion was still 96% at a
catalyst selectivity of 96%. The propene oxide stream contained 0.07%
acetaldehyde, 20 ppm methylformate and 10 ppm dimethoxymethane.

20

As can be seen from the comparison of both examples the activity of the
epoxidation catalyst even after 500 h running the process was only very
marginally reduced if the solvent stream was hydrogenated prior to
recycling the solvent to the reaction stage. In contrast thereto without
25 hydrogenating the solvent stream a considerable reduction in catalyst
performance is observed, which requires a gradual increase in the
reaction temperature in order to maintain a constant hydrgen peroxide
conversion. The effect on product quality is even more dramatic. Thus it
is shown that hydrogenation of the solvent stream to be recycled to the
30 epoxidation process leads to considerably reduced catalyst deactivation
| and improved product quality, '




CX] C¥4 Formal dehyde 0.06 0.00 Acetal dehyde 0.09 0.01 _Methanol 72.17
71.92 Ethanol 0.37 0.49 1, 2-Dinethoxyethane 0.54 0.592November 2006

1- Met hoxypropanol -2 0.26 0.26 2- Methoxypropanol-1 0.19 0.19

1, 2- Pr owensfiwss0. 21 0.23 O hers 0.18 0.23 Water 26pdPrrBodd,; Hydrogen
Peroxide 0.28 0.00 pH 4.04 9.36 Ag is evident from Table 1, by neans of
hydr ogenating the solvent stream carbonyl conpounds |ike acetal dehyde and
fornaldﬁhm?@ are 15 substantially and selectively renoved. There is no
substanti a ydrogenol ysis of alcohols |ike nmethanol or propandiol. In
addi tion, hydrogen peroxide is conpletely renoved. 2 Novenber 2006

14- 04- ' 444 ' . Proces r e .epoxi dati on of

ol efi ngﬁ] géeqokﬁz@fog'aﬁ?%ﬁs&hﬁgoI%éﬁi%ﬁm%ﬂ ?gdﬁ%{ﬁ%}{eﬁor‘pﬁ%@ PPN YEhe presence
of 5 dxamiexiThetbotbor piedugs lobedited inadHeOh@l- bfapsRaty 6 ivas WAETY2RY hydrogen
peroxi de is enployed as an aqueous solution containing 10 to 70 w. -% of
hy drdgeéd pabdsatad tar theshyirodemeiononrs desasiibad for Pxaspie dd by reaction of
hydrogen and oxygen in the presence of a noble netal catalyst and the 10
al cohol; ii) separating product ol efin oxide and unreacted olefin from

The composition of the hydrogenation feed and product are given in
Table 1. Apart from hydrogen peroxide, the feed stream was free of other
peroxy compounds.

10
Table 1: Hydrogenation, Feed & Product Composition
Hydrogenation Feed | Hydrogenation Product
[%] %]
Formaldehyde ' 0.06 0.00
Acetaldehyde 0.09 0.01
[Wethanol - 72.17 71.92
Ethanol 0.37 0.49
1,2-Dimethoxyethane 0.54 0.59
1-Methoxypropanol -2 0.26 0.26
2- Methoxypropanol-1 0.19 0.19
1,2-Propandiol 0.21 0.23
Others 0.18 0.23
Water - 26.19 26.60
Hydrogen Peroxide 0.28 0.00
pH 4.04 9.36

As is evident from Table 1, by means of hydrogenating the solvent
| stream, carbonyl compounds 1ike acetaldehyde and formaldehyde are
15 substantially and selectively removed. There is no substantial
hydrogenolysis of alcohols Tike methanol or propandioi. In addition,

hydrogen peroxide is completely removed.
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. the solvent stre

the reaction product of step i); 1ii) recovering a stream conprising the
al coholic solvent, characterized by 15 iv) subjecting £REOVEBEHOPRI stream

fstep iii) to hydrogenation. 2. The process of claiml, whergsiyihe-
(ggéﬁégred sol vent stream conprises less than 2 wt.%olefin o?ﬁ%@?&gg%Less

than 1 wt.X 20 unreacted olefin. 3. The process of claim1l or 2. wherein
the product stream after separatipon of ol efin oxide and unreacted ol efin
is subjected to hydrogenation an he al coholic solvent is separated from
the 25 hydrogenated stream 4. The process of claim1 or 2. wherein the
recovered stream conprising thecladimsholic solvent is a conbined sol vent
stream resulting fromdifferent stages of the working-up procedure of the
30 reaction product and t-he conbi ned solvent streamis subjected to

hydr ogehat i dirocessNbare hhe ep@0i@ist ioh4efOo REMGAs byEPQB04442' > 22 5. The process

of any of the precedi.ng cl aj further conprising the steps of v
opt i o%al ly ﬂﬁr Pf W?i%"?%é"s@leﬁ'ﬁl’mé} }'é‘g{'ﬁﬂ?'éggf%‘%qf‘ra\% lﬁﬁ?ée’?(Fﬂ/GifogZanat i on

stepsiv) and 5 vi ' . . Qr m 5, wherein
stepsv) of puri fgﬂdn%ﬁtéﬁdeaegooﬁ \F/lgtnats%t\s/tglﬁﬁegnm%g%lﬁﬂgesg?%mégjrhﬁg%@ng t he pH of

nogeiu peraxjde risremplayedyaly ageagaedusnsadutioni v) to be bel ow 7
and b) subj ecti ngo flign3h FRTh RS LL W AYRTS Shroitad O 2/ 5511 1At on.
alcoholic solution prepared by reaction of hydrogen and
oxygen in the presence of a noble metal catalyst and the
10 alcohol;
i1} separating product olefin oxide and unreacted olefin from
the reaction product of step 1i);
ii1) recovering a stream comprising the alcoholic solvent,
characterized by
15 iv)  subjecting the recovered stream of step iii) to
hydrogenation,

'2. The process of claim 1, wherein the recovered solvent stream
comprises less than 2 wt.% olefin oxide and tess than 1 wt.%

20 unreacted olefin.

3. = The process of claim 1 or 2, wherein the product stream after
separation of olefin oxide and unreacted olefin is subjected to
hydrogenation and the alcoholic solvent is separated from the

25 hydrogenated stream.

4. The process of claim 1 or 2, wherein the recovered stream
comprising the alcoholic solvent is a combined solvent stream
resulting from different stages of the working-hp procedure of the

30 reaction product and the combined solvent stream is subjected to

hydrogenation.




7. The process of clains 5 or 6, wherein the solvent is _at |east

partially recycled to the epoxidation step i). 8. The p?%’é@@b‘é}'fzoﬁﬁy of the

preceding clains, the recovered stream conprising the alcoholic solvent
"“CU r{:3es car bonyl conpounds. acetals and/or ketals as inpugit+ess-ahereby

9jel of these 20 inpurities is reduced by hydrogenati OEP@iOéﬁ"ra V). 9.

~ The process of any of the precedi r% claims, wherein the stream conprising

t he organi c solvent conprises acetd dehyde and acetal dehyde is reduced in

hydrogenation step iv) to ethanol. 25 10. The process of any of the

pr ecedi g cI nms, wherein in step iv the recovered solvent streamis

subj ect REACRH QB iy theaPrgceding chajiais.oferthel eompati simghtier ogen parti al

pressure of Qtéstd? 30 MPa. 30 11. The process of claim 10, wherein the

hydrogenation I's operated at a hydrogen partial pressure of at |east 2

MPa, preferaMly @ptﬁ)naHyZpummembd:he 20Dent 3irkah 4200King rRMOBA442 23 5 MPa

and at- a terrpera ure of  at 80@ preferably of 100 to 150C. 12. The

process of claim ﬂf g?naﬂ " ré‘f) he catalyst is selected 5 from

supp@ted cavpl y%@mﬁ@rméls%qmi;one or nore of nmetals selected fromthe
group consisting of Ru, Rh, Pd. Pt, Ag, Ir, Fe, Cu. N and Co. and Raney

‘Ni ckel and Raney Cobalt both opti onal ly bei ng doped with one or nore of
G N o CpebrobRp SO DuRRR! Sebi, f ety weneati ot yot
- support is s¥ireapt eanprisesm act i vat ed carbon and netal oxides sel ected from
S, T, a)  adjusting the pH of the solvent stream resulting from |
10 ' hydrogenation step iv) to be below 7 and
b) subjecting the stream resu]ti‘ng from step a) to

distillation.

7. The process of claims S or 6, wherein the solvent is at least
15 partially recycled to the epoxidation step ).

8. The process of any of the preceding claims, the recovered stream
~ comprising the alcoholic solvent comprises carbonyl compounds,
acetals and/or ketals as impurities, whereby the level of these

20 - impurities is reduced by hydrogenation step iv).

9. The process of any of the preceding claims, wherein the stream
- comprising the organic solvent comprises acetaldehyde and
acetaldehyde is reduced in hydrogenation step iv) to ethanol.

25
10. - The process of any of the preceding claims, wherein in step iv)
the recovered solvent stream is subjected to a heterogeneous
catalytic hydrogenation at a hydrogen partial pressure of 0.5 to
30 MPa.
- 30

11.  The process of claim 10, wherein the hydrogenation is operated at
a hydrogen partial pressure of at least 2 MPa, preferably of 3 to

R Dunnr T L e
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—Z€2 and A1203, m xed oxides conprising at |east two of S . Tiand Zr
and m xtures thereof. 15 14. The process of any of cIa|%€kT@“P@7£§ wher ei n
- drogenatlon is carried out using a fixed bed catal yst in-the: shape
'14d¥*§ bets with a diameter of 0.5 to 5 nmand with a | ength ofPP304448 rm
20 15. The process of any of clains 10 to 14 wherein the hydrogenatlon IS
~carried out using a fixed bed cat%% st and the recovered solvent streamis
directed through the catal yst bed a trickle node. 25 16. The process of
any of clainms 10 to 15. wherein the hydrogenation 1is carried out in a
hydr ogenat i orP Méa@ndratwp thesparabieng of ehadleast 867G.nprefemblyd plbtess of any
of the precegpﬂq:clalns wherein the product 30 streamfromthe reaction
step i) cont s'olefin, olefin oxide, alcoholic solvent, hydrogen
per oxi de and wat er, sald product stream being separated in a
pre- evaporator |nto an overhead --- - ---- - ------ 2 Novenber 2006 14 04;
2004' . :12.gpdhgaurgcess ob4lpimiRier Horwfmrmm@hencetamﬁ dﬁeeralacf@m de and

2 SOnBLILC SOILGH Supited LB ORI AG "L B85 B REER RO 01 o

organi ¢ sol vénem ithé rgirdu]:cednsMst’mgtdsiER@.r QHU®d, i, egn Irs Femoye@iwi th 5 the
over head prodﬁgt and t@h Sld e rennins_in_the bottonyﬁroduct and wher eby
the bottom pPBH&e: and kapgy ansl Bgney depbalt ibaHh epkignally beigg The process

of claim 17, qyfear @ith Bﬁbeop%f'@'@fgie@mtse@cté@‘?r&ﬁ €he group
consisting of Ru, Rh, Pd, Pt, Ag, Ir, Fe, Cu, Ni and Co.

10
13. The process of claim 12, wherein the catalyst support is selected
from activated carbon and metal oxides selected from $i0,, Ti0,,
Zr0, and Al,0,,- mixed oxides comprising at least two of Si, Al, Ti
and Zr and mixtures thereof.
15

14. The process of any of claims 10 to 13. wherein the hydrogenation
is carried out using a fixed bed catalyst in the shape of pellets
with a diameter of 0.5 to 5 mm and with a length of 1 to 10 mm.

20 15. The process of any of claims 10 to 14, wherein the hydrogenation
is carried out using a fixed bed catalyst and the recovered
solvent stream is directed through the catalyst bed in a trickle

mode,

25 16. The process of any of claims 10 to 15, wherein the hydrogenation
is carried out in a hydrogenation reactor without additional

cooling.

17. The process of any of the preceding claims wherein the product
- 30 stream from the reaction step i) contains olefin, olefin oxide,
alcoholic solvent, hydrogen peroxide and water, said product

stream being separated in a pre-evaporator into an overhead




10 evaporation is conbined with other solvent streams recovered in the
-process prior to hydrogenation. 19. The process accordi AQAVEMBerZ0R0 17,
wherein nore than 95% preferably nore than 98% and particularly
;--s-prefﬁr—ably nmore than 99% 15 of the entrained ol efin oxide is. remyed wth
41 0e200r head product, and more than 90% preferably nore t haERPE0R4aRd
‘particularly preferably nore than _99% of the entrained water’ 1§ “feroved
with the bottom product. 20 20. THe process according to any of the
preceding clains, wherein the olefinis selected froma C. -C6 olefin, the
catalyst is atitanium silicalite and the solvent is nethanol. 21. The

process accoprhidiet tentainingfolefie, pﬂetﬂdmge GhéalEohoWaescR véht! Nghg 25 olefin is
I ai_m 21 wherein thé propene is used

propene. 22..The ess ordin
m xed with pi"?ﬁ?a%@ &?Fj pfg‘?“‘:$ t"i‘ i QS’*‘O]dFa‘iD epd, hW@GQ,ﬂ n propane is

present in aperekkNind Witer PwhcPed) 19 o yenper 2006
' =14-04: 20. OgetEP030444 - w' . e Cﬂo 6805t %OP@:E? aBr ocess according to

claims 21 toormenicnsalventhintsodicad mittp the pract dbeamds oemneved withcl ai ns 17 to
19, erein e he reaction s e contains: 0.5 - 20
%Vg;;ropenem% %F&%g%&@gi a?'g]péh F?IEU%BGW"S%%F%@E%W ct35 - 80 wt. %
rret hanol 5 -andOshatebi thet sottéh prédust 1% SupsHcOGE o RSArdndion
step iv).

18.  The process of claim 17, wherein the bottom product of the pre-
10 evaporation is combined with other solvent streams recovered in

the process prior to hydrogenation.

19. The process accbrding to claim 17, wherein more than 95%,
preferably more than 98% and particularly preferably more than 99%
15 of the entrained olefin oxide is removed with the overhead
- product, and more than 90%, preferably more than 97% and
particularly preferably more than 99% of the entrained water is
removed with the bottom product.

20 20. The process according to any of the preceding claims, wherein the
olefin is selected from a C,-C; olefin, the catalyst is a titanium

silicalite and the solvent is methanol.

- 21. The process according to any of the preceding claims, wherein the
25 olefin is propene.

-22.  The process according to claim 21, wherein the propene is used

mixed with propane.

30 23. The process of claim 22, wherein propane is present in an amount
of up to 10 vol.% of propane. |




TO O-1T =78 W . % by-products 0 - 5 WA titanium silicaliﬁgﬂcatgl y.St t he
overhead product fromthe pre-evaporator contains 1 - QXA 2(98§ne 0 -
IO WA propane 15 15 - 75 . wt. % propene oxide 20 - 85 w. % nethatel-+0- -
“@ﬁz”%%t er and the bdttom product fromthe pre-evaporator cont&PR3044A42:% 2
* Wt.% propene oxide 20 30 - 80 w.%nethanol 15 - 65 w.% water 0.1 - 5 WA
hydr ogen peroxide 0.1 - 10 wt. X hy-products 0 - 10 wtA titaniumsilicalite
catalyst. 25 25. The process of aim 24, wherein the overhead product
fromthe pre-evaporator is at_|east partially condensed, constituents
havi ng #4boi Praggspaceardingttoi e1aisedl tondh inzsmucbfaspelpesn@lotd 82 are

Sl et e o SR b Bt CIGIETHT AT oy HHE pEPALE Sk 0% on agen:

wher eby a hetitk pesuticd scag@pedistiaigs:propene oxide and a bottom stream
conprising nethanol and water are recovered 2 Novenber 2006 d4 U4k2094:; k

3044 ' 26 ah® t'he Bottom S’Fr’é&ﬁ?ﬁeﬁeopt lonally subjected to a hydrogenation

stepsprior tp recygling to ion step U 26. The process according
to ar?y of cl ains 2% and 25%%8?@%&%% 5 titaniumsilicalite catalyst is

present suspended 36 the rebdt propengrioxider e and titaniumsilicalite present
in the bott duct f .
n the bottaop prodyg romwt.z methanol

5 - 40 wt.% water
0.1 - 5 wt.¥ hydrogen peroxide
10 6.1 - 8 wt.% by-products
0 - 5 wt.% titanium silicalite catalyst.
the overhead product from the pre-evaporator contains
1 - 4 - wt.X propene
0 - 10 wt.% propane
15 15 - 75 wt.% propene oxide
20 - 85 wt.% methanol
0 - 5 wt.& water
and the bottom product from the pre-evaporator contains
0 - 2 wt.Z propene oxide
20 30 - 80 wt.% methanol
| 15 - 65 wt.% water
0.1 - 5 wt.% hydrogen peroxide
0.1 - 1 wt.% by-products
0 - 10 wt.X titanium silicalite catalyst.

25
25. The process of claim 24, wherein the overhead product from the

| pre-evaporator is at least partially condensed, constituents
having a boiling point that is lower than that of propene oxide
are optionally stripped from the condensate, and the condensate is
30 - then subjected to an extractive distillation using water as
extraction agent whereby a head product comprising propene oxide
- and a bottom stream comprising methanol and water are recovered




the pre-evaporator is renoved by solid/liquid separatio rior to
* subj ecting the bottom product to hydrogenation. 10 27. 29@“ﬁ?@?@?§6
according to any of clains 1 to 25, wherein the epoxidation catalyst is.
TECBEEDR as a fixed bed. 28. The process according to clai mZiEgaghef#i n the
iﬁﬁg%&%@gétion catalyst is an extrudate with a diameter of 1 Péﬁgmﬁﬁff

26

and the bottom stream is optionally subjected to a hydrogenation

step prior to recycling to the reaction step i).

26. The process according to any of claims 24 and 25, wherein the
5 titanium silicalite catalyst is present suspended in the reaction
mixture and titanium silicalite present in the bottom product from
the pre-evaporator is removed by solid/liquid separation prior to

subjecting the bottom product to hydrogenation.

10 27. The process according to any of claims 1 to 25, wherein the
epoxidation catalyst is present as a fixed bed.

28. The process according to claim 27, wherein the epoxidation
catalyst is an extrudate with a diameter of 1 to 5 mm.




