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AN OLEFIN Field of the Invention The invention relates to a process for

t he epoxiwatazemoonf an ol efin, which process conprises reactusg2/areeed
conprising the olefin, oxygen and a reaction nodifier in the 5 presence of
a highly selective silver-based catalyst. The invention also relates to
systens suitable for use in connection with the process. Background of the
I nvention The catal ytic epoxidation of olefins using a silver 10 based
catal yst has been known for a long tine. Conventional silver-based

catal ysts have provided the olefin oxides notoriously in a | ow
selectivity. For exanple, when using conventional catalysts in the
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Background of the Invention

The catalytic epoxidation of olefins using a silver-

10 Dbased catalyst has been known for a long time. Conventional
silver-based catalysts have provided the olefin oxides
notoriously in a low selectivity. For example, when using
conventional catalysts in the epoxidation of ethylene, the
selectivity towards ethylene oxide, expressed as a fraction

15 of the ethylene converted, does not reach values above the
°/; or 85.7 mole-% limit. Therefore, this limit has long
been considered to be the theoretically maximal selectivity
of this reaction, based on the stoichiometry of the reaction

equation
20 7 CpHy + 6 0 => 6 CoH4O + 2 CO, + 2 H,0,

cf. Kirk-Othmer’s Encyclopedia of Chemical Technology, 3%
ed., Vol. 9, 1980, p. 445.

Modern silver-based catalysts however are more
selective towards olefin oxide production. When using the

25 modern catalysts in the epoxidation of ethylene the
selectivity towards ethylene oxide can reach values above

the 6/7 or 85.7 mole-% limit referred to. Such highly



5 Besides better catalysts, reaction nodifiers have been found which may
be added to the feed to inprove the selectivity (cf. for exanple

EP- A- 3528®0)03/08woh reaction nodifiers suppress the undesipcalisez/smezati on
of olefin or olefin oxide to carbon dioxide and water, relative to the 10
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the reaction modifier in the feed may be chosen such that

15 the selectivity is at the optimum value. The concentration
at which the selectivity is at optimum may be found during
the operation of the epoxidation process by a trial-and-
error procedure, viz. by stepwise changing the reaction
modifier supply rate and monitoring the effect on the

20 selectivity. Such a procedure, however, would be
cumbersome, and it would keep the process operating for some
time at conditions which are less than the most economical.
Moreover, the trial-and-error procedure would need to be
redone when the feed composition has changed, in order to

25 adjust the concentration of the reaction modifier to the new

reaction conditions.

Summary of the Invention

The present invention enables the operator of an
epoxidation process to avoid unwanted variations in the
30 selectivity when the feed composition changes by changing
the concentration of the reaction modifier such that a
relative quantity Q of the reaction modifier is maintained
substantially, preferably completely, at a constant level.

Herein, the relative quantity Q is basically the ratio of



words, the teaching of the present invention is that the concentration of
the reaction nodifier needed to achieve a 5 certain effect on the
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It has also been found that in a quantitative sense
there may be differences in the behavior of the various
hydrocarbons which may be present in the reaction mixture,

20 and it is therefore more preferred, when calculating Q, to
replace the molar quantity of hydrocarbons by a -so-called-
effective molar quantity of hydrocarbons. The effective
molar quantity of hydrocarbons in the feed can be calculated
from the feed composition, as set out hereinafter, such that

25 it accounts for differences in the behavior between the

various hydrocarbons present.

Further, it has been found that in a quantitative sense
there may also be differences in the behavior of different
reaction modifiers, while in practice a mixture of reaction

30 modifiers is frequently present. Therefore it may be
preferred, when calculating Q, also to replace the molar
quantity of the reaction modifier by a -so-called- effective
molar quantity of active species of the reaction modifier.
The effective molar quantity of active species of the

35 reaction modifier in the feed can be calculated from the



WO 03/ 044002 PCT/ US02/ 37022 feed conposition, as set out hereinafter, such
that it accounts for the differences in the behavior of different

reacti on wodsfi®ns. Not w shing to be bound by theory, it PC3/uSawsmbt that,

5 unli ke other conponents of the feed, the hydrocarbons (for exanple, the
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of hydrocarbons, present in .the feed, and, whi ch praqocess conprises the steps
of - - Ope?%??%%t ?tjaorh?%s ction modf\{| er an clﬁaces TP RS
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15 the removing/stripping process and differences in the
effectiveness of the various reaction modifiers and their
susceptibility to the removing/stripping process are thought
to be accounted for by calculating and applying the

effective molar quantities, as explained hereinbefore.

20 Accordingly, the present invention provides a process
for the epoxidation of an olefin, which process comprises
reacting a feed comprising the olefin, oxygen and a reaction
modifier in the presence of a silver-based catalyst with the
reaction modifier being present in a relative quantity Q

25 which is the ratio of an effective molar quantity of active
species of the reaction modifier present in the feed to an
effective molar quantity of hydrocarbons present in the
feed, and which process comprises the steps of:

- operating at a first operating phase wherein the value of

30 Q0 is Q;, and
- subsequently operating at a second operating phase
wherein the feed composition is different from the feed
composition employed in the first operating phase, such that
the value of Q is Q,, whereby the value of the quotient Q,/Q;

35 is in the range of from 0.5 to 1.5.



the value of Qis @@, whereby the value of the quotient Qerr)/Qerr) 35 is
in the range of from0.5 to 1.5. 4 WO 03/044002 PCT/ US02/ 37022 M SSI NG AT
THE TI VE Wb 0BOBIODICATI ON 5 WO 03/ 044002 PCT/ US02/ 37022 | nraTsnt/smed ar
enbodi ment, the second phase is operated at a hydrocarbon conposition and a
reaction nodifier conposition of the feed of which at | east one is 5
different fromthe hydrocarbon conposition and the reaction nodifier
conposition of the feed enployed in the first operating phase. The
invention also provides a systemsuitable for performng the process of
this invention, which system 10 conprises a reactor which holds a
silver-based catal yst, neans for feeding to the reactor a feed conprising
the olefin, oxygen and i L d control nmeans for
controlling the feed aansospﬁﬁ(#ef %%%iq%ﬁg%”%gonpri sing nodifier
control neans for controlling the 15 reaction nodifier being present in the
feed in arelative quantity Qwhich is the ratio of an effective nol ar
guantity of active species of the reaction nodifier present in the feed
to an effective nolar quantity of hydrocarbons present in the feed, and
whi ch feed control means are configured 20 such as to control the process
steps of: - operating at a first operating phase wherein the value of Qis
Qr and - subsequently operating at a second operating phase wherein the
feed conposition is different fromthe feed 25 conposition enployed in the
first operating phase, such that the value of Qis @, whereby the val ue
of the quotient - @@/ QL is in the range of fromO0.5 to 1.5. The invention

al so provides a conputer program product



whi ch conprises a conputer readabl e nmediumand a conputer 30 readable
program code, recorded on the conputer readable nedium suitable for
i nstruct iwg 0a/0d@ba processi ng system of a conputer systempPCa/(EB0EsWLE
cal culations for the process of this invention. 6 WO 03/044002

PCT/ US02/ 37022 The invention al so provides a conputer system which
conpri ses the conputer program product of this invention and a data
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oper at i ngopdseingustiaddat the concentration of active species of the
reaction nodifier 15 on the catalyst is substantially unchanged. Detailed
Descri pti on ofThéeirnveent orona é hotghi dde Ppreserdm epoxi adslte divpr ocess may
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phase pro%eers S - P %r%’é%%%s‘? noémﬁkglﬁ’ tHe T eed s "%:}b%?}};\&}és b in the gas
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comprising modifier control means for controlling the

15 reaction modifier being present in the feed in a relative
quantity Q which is the ratio of an effective molar quantity
of active species of the reaction modifier present in the
feed to an effective molar guantity of hydrocarbons present
in the feed, and which feed control means are configured

20 such as to control the process steps of:
- operating at a first operating phase wherein the value of
Q is Q3, and .
- subsequently operating at a second operating phase
wherein the feed composition is different from the feed

25 composition employed in the first operating phase, such that
the value of Q is Q,, whereby the value of the quotient Q./Q;

is in the range of from 0.5 to 1.5.

The invention also provides a computer program product
which comprises a computer readable medium and a computer
30 readable program code, recorded on the computer readable
medium, suitable for instructing a data processing system of
a computer system to execute calculations for the process of

this invention.



The olefin for use in the present epoxidation process my be any olefin,
such as an aromatic olefin, for exanple 30 styrene, or a di-olefin,
whet her cwojouagatoerl or not, for exanple 1,9-decadi ene or 1pgThishacioene.
Typically, the olefin is a nonoolefin, for exanple 2-butene or isobutene.
Preferably, thg, ol gfjdhd o MNO-G-AHelddNa fQmBraPl &, deedUlang, or
propyl ene. The m)sji preflerred ol eEf?ji n JL| S etah Iénne. 7 \/?‘80'36/ 044002
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while in The oxygen-base processe§ igh-purity (> nole- 7@ oxygen is
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epoxi Sati_on Fgl a t.sr1 araer_l_oaxy .erns-tbaoseedra nld thihsasies %rﬁ]eferred enbodi ment  of
t he r} esent THVENt10h.2 "THe oxygen Forcent & /i i e feed is not materi al
to this +nvarsameand ywapdmtsielected wddoml apsde irtangahas20 However, in
practice, .oxygen is neral |y appl.ied at oncentratiqn \MF;tu ch, avoi ds the
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15 on the catalyst is substantially unchanged.

Detailed Description of the Invention

Although the present epoxidation process may be carried
out in many ways, it is preferred to carry it out as a gas
phase process, i.e. a process in which the feed is contacted

20 in the gas phase with the catalyst which is present as a
solid material, typically in a packed bed. Generally the
process is carried out as a continuous process. Frequently,
in commercial scale operation, the process of the invention
may involve a quantity of catalyst which is at least 10 kg,

25 for example at least 20 kg, frequently in the range of from
10?2 to 107 kg, more frequently in the range of from 10° to
10° kg.

The olefin for use in the present epoxidation process

may be any olefin, such as an aromatic olefin, for example
30 styrene, or a di-olefin, whether conjugated or not, for
example 1,9-decadiene or 1,3-butadiene. Typically, the

olefin is a monoolefin, for example 2-butene or isobutene.

Preferably, the olefin is a mono-a-olefin, for example 1-

butene or propylene. The most preferred olefin is ethylene.



concentration of oxygen in the feed nmay be | owered as the concentration of
the olefin is increased. The actual safe operating ranges depend, al ong
wi th the wead/emnposition, also on the reaction conditi oreTaisoly3ms2t he
reaction 30 tenperature and the pressure. The reaction nodifier is present

in the feed fop, iNcLeAsi O dde: S0l &G1 T M tohe SHARS 851 NG Lhe dndesidpabl e
oxi dation of of&fin or ol efin oxide to carbon dioxide and water, relative
to the deshiedifivempiomnnd olefdan sxiekted WAGIOBE (4400 PCTIIS02/ 37022
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conpounds_(cf..e.g. EP;A-3642 US-.A-4822900),.. 10 Organic halides are the
preferredf%%%c}?ogo%h‘??fee(?stfd ]?%S%}%ﬁt?%m%sr tolrognan"i%lq%} om cFeosn,taacﬁc(fJnDre in
parti cul awitlorgaai catcdl wet des. Preferred organic halides are

chl or ohydr ocar bons or bronohydrocarbons. Mre preferably they are sel ected
fromthe groupTioé pieddwht cdybantidbet i@t hytodds chiay itge,aiat+hyd ek oi chl ori de,
et hyl ene di broni de, yinyl hloride or, a mixture thereof. Mst eferred
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ni trogen conpounds are nitro conpounds, nitroso conpounds, am nes,
nitrates %ﬁgc%$§@$tg%gh—purlty (>95 mole-%) oxygen is employed as the

15 source of the oxidizing agent. Presently most epoxidation
plants are oxygen-based and this is a preferred embodiment:

of the present invention.

‘ The oxygen concentration in the feed is not material to
this invention and may be selected within a wide range.

20 However, in practice, oxygen is generally applied at a
concentration which avoids the flammable regime. Typically,
the concentration of oxygen applied will be within the range
of from 1 to 15 mole-%, more typically from 2 to 12 mole-%
of the total feed.

25 In order to remain outside the flammable regime, the
concentration of oxygen in the feed may be lowered as the
concentration of the olefin is increased. The actual safe
operating ranges depend, along with the feed composition,
also on the reaction conditions such as the reaction

30 temperature and the pressure.

The reaction modifier is present in the feed for
increasing the selectivity, suppressing the undesirable
oxidation of olefin or olefin oxide to carbon dioxide and

water, relative to the desired formation of olefin oxide.



for exanple nitronethane, 1-nitropropane or 2-nitropropane. 25 In
preferred enbodi nents, nitrate- or nitrite-form ng conpounds, e.g. nitrogen
oxi des amaOas/oetogani ¢ nitrogen conpounds, are used toget [RET/US02/BIT0OAN
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inthe f For exarrpeu atlveto e total feed,
for exarrmpasﬁlrcmnibrojbmd) rmum@mrqmiaar%nq rrqmtmoa:ulnwdmﬂl@rra lrereol efin i s

et hyl ene, refe r.eaction ifier resent, i t he
feed at & ceocn%resn rat9on’ gtr rom (I} %Iroltfst o@%()xfgl-e m)leg %I%n p%’tl cul ar
from 0. 2xlicatte- 30X Tkt inted -ef-mink) aoaipatinds t(@f.he .tgot aEIP—fAeéicMZI n

addi tion th oxygen and the reaction nodifier, the feed may
contain 4150 ZFér@rgegdo)p'tl onal conponents, such as car bon di oxi de, water,

i nert .gases a sat ur.at.ed h droc rbons rbo de and vater are by 15
pr odbjgts of thryér% § dithsie pr‘_’lorcee;%se rebfca oxﬁf‘e lé)élnéﬂréﬁ 7 ha< an
adver se eir qﬁrmam catcpdrnyist actnidetsy,. an'Ey[moO:&l liyn, paaxmmmﬂlatrr ation of

of 25 A;d preferably in excess of

igrﬁgrediﬁoﬁaﬁr&%&@g fdeet‘°1"re {13 eﬁ(cr?%éjd oﬁgfrﬁ\?mh(f‘el& ®R Edifcentration of 20
carbon di€xidieorasdtavsmsors Y erdnhyideiarbeisat | v rieo drieFeradllgl f eed,
may be em'lleoyeadre V\saélegcte g)rom I’%:tt‘xr Odgurco%% Io tmethyl chloride, ethyl
15 chloride, ethylene dichloride, ethylene dibromide, vinyl
chloride or a mixture thereof. Most preferred reaction

modifiers are ethyl chloride and ethylene dichloride.

Suitable nitrogen oxides are of the general formula NOy
wherein x, which denotes the ratio of the number of oxygen
20 atoms to the number of nitrogen atoms, is in the range of
from 1 to 2. These nitrogen oxides include for example NO,
N,O3 and N;O4. Suitable organic nitrogen compounds are nitro
compounds, nitroso compounds, amines, nitrates and nitrites,
for example nitromethane, l-nitropropane or 2-nitropropane.
25 In preferred embodiments, nitrate- or nitrite-forming
compounds, e.g. nitrogen oxides and/or organic nitrogen
compounds, are used together with an organic halide, in

particular an organic chloride.

Although the reaction modifier may be supplied as a
30 single compound, upon contact with the catalyst a variety of
compounds may be formed which function as reaction modifier,
and which may be present in the feed if a recycle is
applied. For example, when applying ethyl chloride in an

ethylene oxide process, the feed may in practice comprise



feed as a result of the recovery of olefin oxide and carbon dioxide from
the reaction product. Water generally has an adverse effect on the

cat al yst wotosmi4092 Typically, a 25 concentration of water PCa/tishg3foerd in
excess of 3 nole-% preferably in excess of 1 nole-% relative to the

total  fegdy, i Scpuolded, AAANGANAldON @Jhm%&r A 1Y 3k Yy Mol e-% or

| owner, ve to t total” feed, may oyed. Inert gas, for exanple
nitrogen retayhorhloride 30 m xture thereof may be present in the feed in a
concentration of fromO0.5 to 95 nole-% In an air based process inert gas
may be presentThe réwct b nafif iaggheat ragriomn oy fafdmao o WEmol e- %

typically 4 % yaen, ba_éﬁd ?q(ﬁﬁ gas may
be 10 V\O%%%%OJZ&B&%%;O%? rhrfgcskgér(lt in'the fe":![egir mse; ggﬁ%éentraﬂ on
of frédm Q51 th@—%mlm%tlwluralﬂm foagrall feedl5 ol eex0amr8id tfalime sat ur at ed

hydr ocar bons_ ar e ,prop and. cycl opr opane, d i articul nmet hane and
et hane. 19- QL at Ea ﬁyg}o‘?}%}%ohs g‘? ?ﬁ%%%‘t‘u?argg}f%é ha ﬁ%flp"l‘ es®nt in a

quantity @Eh/}upertx@ 80 npd g5 b e FRiAtINA: tthd hedatialn frﬁmfﬂé} pay ticular up
0

to 75 nol e-9 Frequently they are present in a quantity of at |east 30
nol e- % nEresénequenthy oeed edsta 4PpmHre=P4t Sat wiatferbm Hy.droeddr bons nmay be
added to the feed in order to increase_ 10 the oxygen flammgbility limt.
The rel at? Vel QuaRPiey?Q &f PhEtieat?T obr ¢MdP f 220 stPhéoxiL%tl 8oL~ fhe

ef feglyi ve opl @l yQuahtifty of Actéygy species of the reaction nodifier
present in the teed to the effective nolar quantity of hydrocarbons

present in theyf eady; babh A5 1ol an uant il eeebelng expreasedda the same

units, for exanple as nole-% based on the total feed. VWen the reaction
modi i er medbf hef oglere chrpbural, dataithepurgiogeost ardlicuiadti ng t he

effective, %%ﬁerﬂ&’&”té&é’h s AHHHE FREGIES, Qladdie rgactd g dmdifier and

t he val ue
saturated hydrocarbons. Carbon dioxide and water are by-

15 products of the epoxidation process. Carbon dioxide
generally has an adverse effect on the catalyst activity.
Typically, a concentration of carbon dioxide in the feed in
excess of 25 mole-%, preferably in excess of 10 mole-%,
relative to the total feed, is avoided. A concentration of

20 carbon dioxide as low as 1 mole-% or lower, relative to the
total feed, may be employed. Water may be introduced in the
feed as a result of the recovery of olefin oxide and carbon
dioxide from the reaction product. Water generally has an
adverse effect on the catalyst activity. Typically, a

25 concentration of water in the feed in excess of 3 mole-%,
preferably in excess of 1 mole-%, relative to the total
feed, is avoided. A concentration of water as low as 0.2
mole-% or lower, relative to the total feed, may be
employed. Inert gas, for example nitrogen or argon, or a

30 mixture thereof, may be present in the feed in a
concentration of from 0.5 to 95 mole-%. In an air based
process inert gas may be present in the feed in a
concentration of from 30 to 90 mole-%, typically from 40 to

80 mole-%. In an oxygen based process inert gas may be

10



20 the nunber of active species is deened to be the nunmber of hal ogen
atons, and when the reaction nodifier is a nitrate- or nitrite-formng
conpound, wolw/omenrber of active species is deened to be treTusobero2nf
nitrogen atoms. This inplies, for exanple, that 1 nole of ethylene

di chi or! de. prai ds 200465 26, of AHUR PP e Tefon A 1o ofg The chl or [ ne

atons pr rovi an active specles. n5d, It has also
been founiP txtrrale-reacttymaMffmns m@w%mm%ywummwmwm as

210’5 mi oY R e G AR e B B sitee of T
the net hyétrmrmcnmﬂsetmqmdae db’férﬁatlma’q&obmmhfdcauﬂcms)fartd]@ran

speci es. This nu deter rlfled routlne
per:%msnt[%ﬂ oY and pr outlr\l/\llasmlﬂaefl R rEOL}Onat by (RS v i's

beI i eved tdibdt ive stmwﬂmrtmsahlfgmei as tgee 3 uiethydp dmrp?cmmub]lmaquesti on
has a | esser abl%fsty to agrr t WD .03/.04400 PCT/ 2{} 02 of f the
het er oat om TH YU S f é?(%?ﬁ)eir}a b haBYEr o © gjge aton). Thus,
for exarrpi(e moer® t heo f e efir epugriilsesat 2ek}(tera( mrm]lee—° Y% dfatatdaydeachl ori de

3x10-4 % of VI nyI or x10 | e-% of e |.ene dichlori de and
3L ek 10T ARG MRS B B0 e THTEAT VTR 0 AT o

acti e spged %X}Qjert hfel 4reedxsi oIt yodirfiter may be cal cul ated to anpunt to
2x10-4 x 1 + 3x10-4 x 1 + 1x10-4 x 2 + 1. 5X10-4 X 1/3 = 7 .5X10-4 nol e-%
Sunmmari zi ng, tive efdective qEdmiguantds ytm:.f B d tvieorl Ghsietieas i6f tihhe
reaction nodifier present in the feed ma culated by mul tiplying the

mol ar qua 1y f Flofethee Mdan s etf3i' é’rfls a&tés"&ts SF1t3% Feed with

a factor,tendrenedi a9 mbd 1 fiee ¥ gstd dditg mIldH ! fecad itan tpfé)félﬂﬂe%tlw’@er ein
each factor_represents the nunber of active heteroato n 15 particul ar

hal ogen dROAT AL T (g ERGHS O d¥éiitePerl » H%?eecftﬂeéj'ofbottﬁ’e reaction
nodi fliser mdn Auestd ikt s theing expressed in the same units, for

example as mole-%, based on the total feed.

When the reaction modifier is a halogen compound, for
the purpose of calculating the effective molar quantity of
active species of the reaction modifier and the value of Q,

20 the number of active species is deemed to be the number of
halogen atoms, and when the reaction modifier is a nitrate-
or nitrite-forming compound, the number of active species is
deemed to be the number of nitrogen atoms. This implies, for
example, that 1 mole of ethylene dichloride provides 2 moles

25 of active species, i.e. all of the chlorine atoms present
provide an active species. On the other hand, it has also
been found that reaction modifiers which are methyl
compounds, such as methyl chloride and methyl bromide, are
less responsive and therefore from 2 to 5 moles, in

30 particular from 2.5 to 3.5 moles, suitably 3 moles of the
methyl compounds may be deemed to provide 1 mole of the
active species. This number may be determined and verified
by routine experimentation, and -without wishing to be bound
by theory- it is believed that this number is higher as the

35 methyl compound in question has a lesser ability to split

11



understanding that the factor for a reaction nodifier which is a nethyl
conpound may be in the range of from1l/5 to 1/2, nore typically from1l/3,5
to 1/ 2.5 weustoaddby 1/3. 20 The hydrocarbons present in thedrasd2emoeprise
the olefin and any saturated hydrocarbon present. As indicated

her ei n- be €., It ] t. e hy r in the feed
have t he (gfgfl?}ﬁ/ ?%é?%%g/e thrﬁi er%aglc?r?oﬁf%ogél)?%l%%%et %l(%:é;%nal%/rst
surface amittbgemxdeon) t ol chfoR5xdmayl hawehehi shabfd¢ed ycomyridds er for

the various _hydrocarbons. In order to account, for these differences
(rel ative?tH’ gt BoLend) oLt RENKDI %l?f‘&ﬁé‘g‘?it xﬁ#’] ‘eBEReGE PheViRYdr ocar bons

pr esent iéh?yl{(ij%)llnieﬁgjrqsiz;t{Aogeigggﬁ;?%pﬂgﬁg &?§h%§@%ﬁé %;.; ntities are added

up to calcurate ectrve 30 r'quantrty rocar bons.

Herei B, thesfastionho0t-sebhyhepgyl ScAlobyddef tRetiphectheefactoF for nethane
may be at nmost 0.5, or at nost 0.4, typically in the range of from 0 to
0.2, norede§pitay|9Lidcthee rapreled 3F drR® TRt 1on thedi iRy gRay dre et hane
may be in_the ran of fromp50 t a 12 3/ 04400 / 2/ 37022 nore
typi cal | yc?f%‘ﬂiafbg‘?ot‘izﬁ?o‘é%‘a tt%gzﬁjlggt or %\(;%) %’f er™ ﬁygr i‘:g bo’ﬁsz(i%. e.

havi ng atq | easi-43cafban,atQnp)s M N .in the range of from 10 to 10000,
nore typically from 50 to ~2000. Such factors may be determ ned and
verified by routi er. i on, it i S hl - bound by
theory- it is eﬂuﬁg{/gﬁﬁhtﬁﬁg?ﬁaﬁ%}ﬁ?gﬁ%%e astlt e%?garéo%ar on in
questlibon $pschegyreht ere abdddtion onddrimeadicadent Sul tidid efeddgtay P or

net hane, . fe i o..et e e 0.3,
55, 2000, Chha Ear & 7 AR BLtb DA RPN oL BB DEIHOERS IS Dios
30 nol e- erhyl emenoddf het 2-gsafemetiransie (eedmoi et ffactdnerahd 0. 0001

mol e- % of _ propan he eff iV |.ar tity. of e hydrocarbons may be
cal cul at e%g?%ﬁ(gng%nﬁh o]?e%[gfél gefqgtlotalf]olq#aagl%{ APISC:O ol .V%&Or%lxn 1000 =

68. 1 npl eedeh factor represents the number of active heteroatoms, in

15 particular halogen atoms and/or nitrogen atoms, present per
molecule of the reaction modifier in question, on the
understanding that the factor for a reaction modifier which
is a methyl compound may be in the range of from /s to '/,

more typically from /35 to Yok, suitably 1/,

20 The hydrocarbons present in the feed comprise the
olefin and any saturated hydrocarbon present. As indicated
herein-before, it is thought that the hydrocarbons present
in the feed have the ability to remove/strip reaction
modifier from the catalyst surface and the extent to which

25 they have this ability may differ for the wvarious
hydrocarbons. In order to account for these differences
(relative to ethylene), the molar quantity of each of the
hydrocarbons present is multiplied with a factor, before the
molar quantities are added up to calculate the effective

30 molar quantity of the hydrocarbons. Herein, the factor of
ethylene is 1, by definition; the factor for methane may be
at most 0.5, or at most 0.4, typically in the range of from
0 to 0.2, more typically in the range of from 0 to 0.1; the

factor for ethane may be in the range of from 50 to 150,

12



15 1t is noted that when ethylene oxide is produced from ethylene w thout
further hydrocarbons being present, the effective nolar quantity of the
hydr ocar bwol3meewat s t he actual nolar quantity, and that tlae/@deldtoeon of
et hane or higher hydrocarbons to an ethyl ene feed contributes 20

significantly to it f ' I U i t re .is relatively
little conrlﬁ]féi/btﬁglon%flﬁénﬁé]rgvﬁéﬁgara\iez (%d?flg{di. tME #&?%ﬁeog?vga%ehggok#&() are at
| east 1x10ydro@ebans par+te cHarirag dtealsta Ax1D-GriEn @ times valayedeofim ar e

at nost 00x10- 6 ' ticul t t 10- 6. LN oper ating
phase of the lb%‘r&ées(gpt ﬂeoq%gf\q:etn? ;ha(fqooff o% th reaac]tlyoﬁfsrrrooncljiﬁ%ro and, thus,
t he val ue®@io Q sSwsh hitactadjustsed o dest dmmiacdd eval areopfiarhlbysedcedtiing ty

towards the ol efin oxide formatiqgn, for. the prevailing reactiqn

condi g’i onE P} Ay i a_rvflitglﬂuatr W Reftsh it £ n%%’yt K€ Went i on
i n whi ch ithei caieliwsted ltaathitghd yf sl @ctiisvéni @didwers hdseth eitalapdton as
defined hereinafter. In accordance with this invention, en t he feed
Conmos t 1 0h SIEHGRE K S oM Sl 1 eSS ABI S Vo 0FGHF002
PCT/ Usozlﬁeg@@@rs ml | fzﬁ@{\harwa/,dtkﬁvmkfd}mhgqﬁo@&nlmldnd stiedl dhadpdrig val ue of Q
is not substantially nged, ich e that QL i proxi mately equal,
or prefersht3tefudic t‘?ﬁ@ieqﬁ'efaerredﬂ?y%' %?aﬁe ]3131% ad?gtf’?Pg quotient Q/ QL is
in the ranggpadt f¥omy 0.8 &n tdkamle, wHea tirdll yed radigki%d0 1.1, nmore in
particular from0.95 to 1.05. Mst preferably the val ue of the quotient
@/ QL equil SALeTHh §HELERE, tHe Mssentoh MRty dhadbMled ®dtermine by

cal cul at i ophahdeasid ab! ®comesd 44 or rddhd eaatd ¥ At figrs) or the
hydrocarbon(s) in the feed which may be applied in the second operating

phase of I¥NeokiUatiimh NYRIREROOTIH Bk fish < 1B e farige a1 U He Heed
conposi tign as, regards, yhe Guant) by ar ot ypg 10 43 cemRaNgNL§ 8yt he feed.

15 It is noted that when ethylene oxide is produced from
ethylene without further hydrocarbons being present, the
effective molar quantity of the hydrocarbons equals the
actual molar quantity, and that the addition of ethane or
higher hydrocarbons to an ethylene feed contributes

20 significantly to the effective molar quantity, whereas there

is relatively little contribution from any methane added.

Fligible values of Q are at least 1%x107%, and in
particular at least 2x107%. Eligible values of Q are at most

100x10°%, and in particular at most 50x107°.

25 In any operating phase of the process the concentration
of the reaction modifier and, thus, the value of Q may be
adjusted so as to achieve an optimal selectivity towards the
olefin oxide formation, for the prevailing reaction
conditions. This relates in particular to embodiments of

30 this invention in which the catalyst is a highly selective

silver based catalyst, as defined hereinafter.

In accordance with this invention, when the feed

composition changes, the concentration of the reaction

13



In a preferred enbodi nent, a desirable concentration of the 15 reaction
nodi fier(s) in the feed is calculated which may be applied in the second
oper at i ngwphiaee4002 n response to a change in the quantity par/uspperoet
hydrocarbon(s) present in the feed. In another enbodi nent, a desirable

concentr wﬂfiﬁé hde YRR §)yd 1t hedpedhis Gal ol Aled sy chs may be

20 applied 1n the second operati n&ophase, in response to a change in the
quantity Bettywesinthellvachandedoditieh (B9anpridhantQi isthe feed. In again

anot her e | pent i {ab i re i ifier(s)
in the f%%‘gpéfs ca %@aﬁé%i%ﬁ %%f%’%%‘?‘@ﬂ nﬁ$ﬁ%2 'sggttgrﬁi}fgqgéer ating
phase, inthespohse ¢H Bhehawgeiemt the/type of the repget Pénfnowifi@r(s)
present ip_ t feed, i Pt i refer t £ tity or
type gf tﬁ% ?%ﬂr%lga‘?%%%i.éf n§%%r§i (Sna %n% &e&’e%@ﬁ%ﬁ?&aé&feﬁ%&gbl e
concent rafron ®f9% hieo hydd bcaibon(seferdkhky feed va1380 chltthe ajwed Mritch may

be applie % t he s&c nd operating phase, in response to a change in the
type of hydr cggﬁgnfs " present in the feed, while it is preferred not to

change the quantifty O&atVPﬁeOfréshgnreﬁg\gér?”iéwdéééﬁfﬁ)t Thers fmay, be
various reasons for the Dceur rence o changes in e Fee conposi tion.
For exanpbe, chycehanippmga dds Wa0B¢ OdetiiPs ROTGUSHZ/ 3vd 22 a ¢ thisoroxygen

concentration_or the olefin concentration the roductign. rate of the

ol ef ﬁ?l) ox?‘(&gl%?/r [)%) c%ﬂt?}b?l}é\é‘?r%cfar%%g%)l g tHeE ¢ %ecéen Lt dF % at ur at ed
hydr ocar bepsl ey ihamngesébend | apaedi ind yphdse tef e «@sbhiodatdicoxi de 5
concentration in the feed mRy change‘? as a resglbt Jgn)f gat al yst. .aqq]ei ng. The
concent r b TOREHF 7 i HerTe RS | IO the St EH ey “thange” s 6° a
change i nréber&onecieat qadnont pf o UEfpe gRSEShé Nedrigormyge s wid ifkeed.0 the

Sel oot vi 19 FeBFGEETERT RPOVRE St arr AT EO S ST S S TR
cat alygst B¥action modifier(s) in the feed is calculated which may be
applied in the second operating phase, in response to a
change in the quantity or type of hydrocarbon(s) present in
the feed. In another embodiment, a desirable concentration
of the hydrocarbon{s) in the feed is calculated which may be
20 applied in the second operating phase, in response to a
change in the quantity or type of the reaction modifier(s)
present in the feed. In again another embodiment, a
desirable concentration of the reaction modifier(s) in the
feed is calculated which may be applied in the second
25 operating phase, in response to a change in the type of the
reaction modifier(s) present in the feed, while it is
preferred not to change the quantity or type of the
hydrocarbon(s). In again another embodiment, a desirable
concentration of the hydrocarbon(s) in the feed is
30 calculated which may be applied in the second operating
phase, in response to a change in the type of hydrocarbon(s)
present in the feed, while it is preferred not to change the

guantity or type of the reaction modifier(s).

There may be various reasons for the occurrence of

35 changes in the feed composition. For example, by changing

14



i ncreasing the ethylene content of the feed (cf. US-6372925- Bl and

WO A-01/96324, i.e. non-prepublished PCT patent application

PCT/ USO01/wBemd/py400By appl ying this invention when the pro®eISOF3IMRPEr ati ng
at optimal selectivity, the change 15 in the feed conposition leads to | ess

deviat ion, of Lhgoed CLEFldN I {SOM L NG ORI Aot LIies Gl aed T vity may
be maintained A<t he optimumTevel. By applying this invention when the
process igrodtcopenatitry of optiekdfselectdeingy beappdittaeledofont his

i nvention_prevents, the [.at. m t he
opti mum s%}ﬁae%?%%t%/ﬁe A%\c%{ég%rgi?\%ae{{%nt%g %gﬁﬂo%ow%%ﬁgr%\@%ég radual , or
st ep W sechamngle antye chiemgeabnl 1 te I etk corprosidd dromayidreideacconpani ed with

a correspondi ng, change in the concentration of_ the i 0 difier, such
that the 9%?ﬁ%g5?a%<?% by sfean(?i%ﬂ ycrhan%%%nagseag] ol?élgt?ﬁ% soﬁecg‘%)c aclélnsgtt ant .
Gener al | yageiheg. chiageoncentent emd edDnpostt igases accunpafeet eyt h a co-
current chﬁn e in the co ig‘ant ation of the reac(;tci)o(pen rrPaifier. The_,pr esent
epoxi dat i DR PFDHcRIs? eSS heE c&F rf e Y Bb U i et ot Y riferatdt es
sel ect ed §&68%aim tige rengeen e erad! o titee rpande o9, tRpEiat Urehdrs d N t he
range of from 180 to, 340 C,_ noye preferably in the r e of. from190 to
325G, | PHAR FRLRGH 1T HEY HATRRGR of® (15 S0 (0 S0TF KSCE UG \P° as ¢ he
cat aljyst aggBovéhieat eactdOrahcapesd e ool o i 0P/ HA4002 RGTd B2 /37022 is
slowy increased as to conpensate for a rqeguctio i Lh{: act@’t of the
catal yst. ' HohRYRINI| the CTHLIERT LRI ¢ t%aﬂ?ﬁgeeé]i Fihe’¥¢ yosi tion
occurs supst andi woly-0d tdQt 4, ai changshigrdhie reaedd orct epgaiat ure.
Frequently a change in 5 reaction tenperature, if any, acconpanying the
change i nPRRelCHelRn cRimpdst e 1ok Ol bRy |3l Hh ol €, iR fdeglish 1y
less thantBe GorbfeParis dharat 88§ dhadp2idal Mistectiefef abine dhmdgdange in
the feed conposition is effected
15 in the feed composition leads to less deviation of the

selectivity from the optimum or even the selectivity may be

maintained at the optimum level. By applying this invention

when the process is not operating at optimal selectivity,

application of this invention prevents the process from

20 deviating further away from the optimum selectivity.

Any change in the feed composition may be gradual, or
step wise, and any change in the feed composition may be
accompanied with a corresponding change in the concentration
of the reaction modifier, such that the wvalue of Q is

25 substantially unchanged or it is kept constant. Generally,
the change in the feed composition is accompanied with a co-
current change in the concentration of the reaction

modifier.

The present epoxidation process may be carried out
30 using reaction temperatures selected from a wide range.

Preferably the reaction temperature is in the range of from
180 to 340 °C, more preferably in the range of from 190 to

325 °C, in particular in the range of from 200 to 300 °C.

Preferably, as the catalyst ages, the reaction temperature

15



W thout a change in the reaction tenperature at all. 10 Generally, the
silver based catalyst is a supported catalyst. The support may be sel ected
froma wiwemange2 of inert support materials. Such supporCTnEsbESI022 S nay
be natural or artificial inorganic materials and they include silicon

car bi de, cla% %]t_)umc eazseeoA 1€%4 az{%pcqurefé;rred a'xl%%d e arth rgatal

car bonat es sTEAIFUm ¢af boh r'e TefTrac ory support
mat er i al sactsireht asofal e naa,tawesicaae\zelr,cam damresfidimad thee mist

preferreds ort te um na, T SHRRQr L @l rial
pref erabl § Ig(ir’)%ujsn arH;e h%%adz d pre Selrta TR Oaccht}esf ace SgC;‘_jenat,rrla““aglyrr\s\‘”'a{“stﬁ]roe(iC by the
B.ET. ned t‘@ldang@fld esse tieset R0 gu@ench i ur parfiiesuleart fy amdhabiye 20

me/ Mo f bl f f t t th
ange Sof T At GO R Fi%u B o O DR RIS el .

the B.E Tfeéc&”é@rﬁﬁoﬁ@?orls rEERe iR Eé’sé’%r?id)‘?@n HT%%%UFE%qménﬁ:ﬁ? met hod as
described in Brunauer, Enmet ~ and Teller inJ. An Chem Soc. 60 (1938)

309-316. Tdes sthaers b’&sednc@ta&it)i&ﬁ;lph:eflersabttyanoﬁpﬂtseMostI ver and a

further elenent or co ound thereof. Eligible further elenents are
sel ect ed ??%ﬁﬁ’fﬁ‘ﬁl@rcﬁ% dtnaf9s dgrént %Lﬁ?etff BhidsHbrivs € d

fluorine,w{F@epr | A dRIAS, i G Adaot adesnperﬂmrtgnatrmimbdenum
tungsten, chromum titanium hafnium zirconium vanadium thallium

thoripgm tant a(tékﬁ@ralm}pblﬁﬁ@ galJd 1 aduh gerdmEnidimiand uggeresd her eof .
Preferably the Goup A netals are sel ected from l'ithiu, 16 WO 03/ 044002

PCT/ US02/ 37025Y s hot B i SHRP Uit iR i &G Sim E 0% 12 pHisterzaddp Ofe G oup

A nmetaljhsctidbpune RRi@asSSi 4 angliel fasddrn e eral yndhee Goup 1A
metals are selected fromcal ciumand barium Were possible, the further

el enent mMagteERt abY 2 Hel Hroha el g & "dpanidde st té&?a}hﬁif\&lé"gea
sulfate, boraten PEENENAtE aydPINbgRLE Ofed e €. cHdr &1 8iq aci d form

15 alkaline earth metal carbonates, such as calcium carbonate.
Preferred are refractory support materials, such as alumina,

magnesia, zirconia and silica. The most preferred support

material is o-alumina.

The support material is preferably porous and has
20 preferably a surface area, as measured by the B.E.T. method,
of less than 20 m?/g and in particular from 0.05 to 20 m?/g.
More preferably the B.E.T. surface area of the support is in
the range of 0.1 to 10, in particular from 0.1 to 3.0 m?/g.
As used herein, the B.E.T. surface area is deemed to have
25 been measured by the method as described in Brunauer, Emmet

and Teller in J. Am. Chem. Soc. 60 (1938) 309-316.

The silver based catalyst preferably comprises silver
and a further element or compound thereof. Eligible further
elements are selected from the group of nitrogen, sulfur,

30 phosphorus, boron, fluorine, Group IA metals, Group IIA
metals, rhenium, molybdenum, tungsten, chromium, titanium,
hafnium, zirconium, vanadium, thallium, thorium, tantalum,
niobium, gallium and germanium and mixtures thereof.

Preferably the Group IA metals are selected from lithium,
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It is preferred to enploy highly selective silver-based catalysts. The
hi ghly sel ective silver-based catalysts conprise, in addition to silver,
one or nowe oaf440beni um 10 nol ybdenum tungsten, a G oup PATASVZB7022nd a
nitrate- or nitrite form ng conpound, which may each be present in a

quant' ty fé 0. Oéuﬁhdﬁ%t’ JAP! &l i cq\tm ;’ﬁf&&% Ne e FRAL, (Fzheni um

ybden tun st’en oup | A netal trogen) "on the total
cat aI yst .meTtrel m$ retthiwr, matdgeiurs afrbi/rﬁmgimuﬁﬁfsﬁf@ﬁﬁhﬂat ttiheul ar

sel ect | ons: 8l ML AEea £L 2l L La-Il gy SAMAUNIS A &85 Bl et o

her ei nbefore eni um rm enum tungsten or the nitrate- or nitrite-
f ormi ng cmxmljmljenam@mltmheyr tﬁelq@rremn dexly a1 oy drei @rovides aams aa

perrhenat e | ybdat e tat tyate, 0 d form O
speci §I pr &éggegnlgea%re %’E y se elc{| ve sk% vaetr2e gjaé cat;élysts whi ch
conpri se mdkybdan ¢ rbladm*rtlradre,t on sidMeraor Sucid cfatral.ysts are known from

EP- A- 266015. Broadly, they conprise silver, rheniumor conpound thereof,
the 25 furt herIteImetztei(eatsre:tEftimaﬂnmgneihﬁbﬁﬂqr e lotdigve hmin viehrerdiasad or
conmpound t e of, an tio enl um.cQ- prqnot e Ry be

sel ected 3 ef‘rf%?t% o?nh%r}él r]ﬁfalysuslef %osp o('jlrarugD ec% ocr'tj\q{nal corrpounds

t hereof . ¢cympersed amoadd st iodn tdwe smdmpnnerﬁrsa afr tntter@dﬁ/erhdmsmd 30

Cal AL 38 Gl CRUSHLAL S0 SR LE SETBIL on (e dolda Gt Aot ¢
- i f presentyitderdimimerceaimmand, amhiettenent ssddarome p]rets:erttlﬁnV\@ 03/ 044002
PCTI SO S1022 900, K EACT o sy bt eosil s Lt rhenim
epoxi dat | @refs € e68h 151 g eyl derand,r ittthgsten, the Group IA metal
or nitrogen) on the total catalyst. The nitrate- or nitrite-
15 forming compounds and particular selections of nitrate- or
nitrite-forming compounds are as defined hereinbefore.
Rhenium, molybdenum, tungsten or the nitrate- or nitrite-
forming compound may suitably be provided as an oxyanion,
i.e. as a perrhenate, molybdate, tungstate or nitrate, in

20 salt or acid form.

Of special preference are the highly selective silver
based catalysts which comprise rhenium in addition to
silver. Such catalysts are known from EP-A-266015. Broadly,
they comprise silver, rhenium or compound thereof, the

25 further element (as defined hereinbefore) other than rhenium
or compound thereof and optionally a rhenium co-promoter
which may be selected from one or more of sulfur,

phosphorus, boron, and compounds thereof.

Preferred amounts of the components of the silver based
30 catalysts are, when calculated as the element on the total
catalyst:
- silver from 10 to 500 g/kg,
- if present, rhenium from 0.01 to 50 mmole/kg,

- 1if present, the further element or elements from 0.1 to
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5 out at a reactor inlet pressure in the range of from 1000 to 4000 kPa.
"GHSV' or Gas Hourly Space Velocity is the unit volune of gas at nornal

t enper at uwe ama4opz essure (0 C, 1 atm i.e. 101.3 kPa) pas®cmgsowygro2one unit
vol une of packed catal yst per hour. Preferably, when the epoxidation 10

process i S a ga hase process involving a packed catal yst bed, the GHSV
isin the§ora eo%ﬁ?foe%%oc?qlacef 10000 NI/ (l.h). Preferably, the process of

thi s i nventiih pisesaar,s itde auterdtuma cgordke amgtten ot e -ramge tefr sf rforon0. 5 t o
10 knol e ol efin i de produced.per nB of catalyst per hour, 15 in
parti cul a(f'JO.tf)t%d(ﬂorrlD‘? e goleeafclﬁrof oxi de produced per n8 of catalyst per

hour, for exanple 5 knol.e ol ef. id r oduced er. nB.aof catal.yst per
hour. As used §§%§s§%te e\ﬂ?r}?ld:ae{:t%)eg)q gorpot eesSarrlosuﬁ%egfertar?celyolceaﬁrnlegid de
produbed qper amid wdabrer dinla@atmlesstuyEerirhdire arhgehe Selrent i1y tics t he
mol ar quaptity 20 qf , ol efin ide fqorned relati.ve t.o the nol.ar quantity
of the o éﬁ r}(%adnveq}i d. 0Fhed"_"cs'sl %%ﬁé’xgd)eacpﬁ'aje &5d ay Sod FedBVér ed rom
the reactdQindrOdusts byr Ui ch IMBthRds QW 4y the safdre f@ ecexanpl e by
absorbing the olefin oxide froma reactor outlet 25 streamin water and
opti onal Iy aEtovierd ngl @hed dHBEH) papdidew dvegmarite Wgteoied vl @i on by
distillati t giaf; i 0 ol yt | i;nj.ng the

ol efin oﬁagfekeﬁ\a%/al e aspﬁlqe[e%g k%dr%ﬂg' gjrbeéﬂééguagﬂ;rt%p@c%sg%;éo%rbgg(%@tg%ﬁ%ﬁg t he

ol ef A oxiwecess olm ds 2 diagd phase broaiss letvedrvingO aThp@akesf i n oxi de
produced in t resent,_.e jdat.i o C Y. rifed into a

1, 2-di ol éoérlcalll sotDa]O ?e’z-t %ﬁgﬁs‘g{ahlesr ﬁnmpgq%hﬁzaﬁ}ﬁgn%%ggﬂr\ggsg? &8 a nore
attracti Vi r®oess(1 flor. thre fermadiiot,i drheofprdve sy effi thdyd deyveintt ioondwr rent | y

031 044002 PO 501 5 7022 NTHE SR 1 it hic 1o e Cor GARED Uit % he | nvent f on
and the Xubseslenileion afxitdee mhtdiceed pEefi’nodxicdealpsthper hour,
15 in particular 0.7 to 8 kmole olefin oxide produced per m® of
catalyst per hour, for example 5 kmole olefin oxide produced
per m®> of catalyst per hour. As used herein, the work rate is
the amount of the olefin oxide produced per unit volume of
catalyst per hour and the selectivity is the molar quantity
20 of the olefin oxide formed relative to the molar quantity of

the olefin converted.

The olefin oxide produced may be recovered from the
reaction product by using methods known in the art, for
example by absorbing the olefin oxide from a reactor outlet

25 stream in water and optionally recovering the olefin oxide
from the aqueous solution by distillation. At least a
portion of the aqueous solution containing the olefin oxide
may be applied in a subsequent process for converting the

olefin oxide into a 1,2-diol or a 1,2-diol ether.

30 The olefin oxide produced in the present epoxidation
process may be converted into a 1,2-diol or into a 1,2-diol
ether. As this invention leads to a more attractive process
for the production of the olefin oxide, it concurrently

leads to a more attractive process which comprises producing
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manuf acture of the 1,2-diol and/or 1,2-diol ether. The conversion into the
1,2-diol or the 1,2-diol ether 5 may conprise, for exanple, reacting the

ol ef i n oxwoa®3im40b2 water, suitably using an acidic or a ba€rasoasmkyst. For
exanpl e, for making predom nantly the 1,2-diol and less 1,2 diol ether, t he

O'Efinoﬂﬁ&@ﬂ?éﬁ&é%ﬁé&ﬁérﬁféfﬂ% Y & W%f , Ina

l'iquid phase reaction in 10 presence of an acid cat 0 5-1.0 %w
sul furic %L@:bfdeunb'atsetuSQ)rpﬁ hiehe ortdla imesk tq 1@ iR xaxirde at t*«530370 C at 1 bar

absol ute, %%Ig% S, Phase f%l% aegd/Jo’sLO 124% Hand G, 40 bar absol ute,

pr ef erably In sence of a catal yst. e proportion of water is

lowered the_pr ré&?@ef idn 2, il 1etélerl S b hgqeggla Igmamattiae i s

i ncreased. Th ers thus produce -ether, tri-ether,
t et r adet heary ocrorepm,eqﬁentemrnelre Adetaextriatq venel, @Ledﬁm O>e3tdeewsmi°ay be

prepared nveri al ¢ rticular a
primary a co p slu%%%a%h%)ﬁ{ri %ano or g%}noﬁgjby rep% a?’m@ngggotgleast a
portion oéxatrtr;ele,waﬁcew vk it @tedyholnarifie e di 0 -dimgl tdred Lezadilol2-et her
may be us | ar,ge vari et ndust ri al i cat. ns, fQr le in
the fi eI%ls of t'food’ ! e%e%eg%sry %X]bdaec%loasﬁ} (%)oesrrreaalocir:ltse& Vfllet&lrmpltaes feo

pol ymer s, melanabdeceesiof systens,irdet drigentds pﬂm tearisifer imsyst em; etc.

Unl e speci fied otherw se, ,the arganic co nent i d .herei.n, for
oramiPe DREti s GG o B e RPTRRAE, o T ARG Sy o
have typigaldy &t mtt%ﬂoré‘@é&% QR r 101 H: tB’GJJ”Rﬁ|°bYa@t1”B§E 20 carbon
atoms, in particular at nost 10 carbon atons, nmore in particular at nost

6 car bon askbmﬂmte%s stefimed dwes @hysa aﬂ@es:zfcor atursr-<=2 4 ©f°Ccanbdoalat ons

ﬁla.ngésear 103? i ncI ud he unbers e)cs!é‘rllceed (;‘foral tcgetalllyrgtt S Ioff t he

the proportlon of water is lowered the proportion of 1,2-
15 diol ethers in the reaction mixture is increased. The 1,2-
diol ethers thus produced may be a di-ether, tri-ether,
tetra-ether or a subsequent ether. Alternative 1,2-diol
ethers may be prepared by converting the olefin oxide with
an alcohol, in particular a primary alcohol, such as
20 methanol or ethanol, by replacing at least a portion of the

water by the alcohol.

The 1,2-diol and the 1,2-diol ether may be used in a
large variety of industrial applications, for example in the
fields of food, beverages, tobacco, cosmetics, thermoplastic

25 polymers, curable resin systems, detergents, heat transfer

systems, etc.

Unless specified otherwise, the organic compounds
mentioned herein, for example the olefins, 1,2-diols, 1,2-
diol ethers and reaction modifiers, have typically at most

30 40 carbon atoms, more typically at most 20 carbon atoms, in
particular at most 10 carbon atoms, more in particular at
most 6 carbon atoms. As defined herein, ranges for numbers
of carbon atoms (i.e. carbon number) include the numbers

specified for the limits of the ranges.
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The conput er program product of this invention conprises a conputer

readabl e nedi um and a conputer readable program code, recorded on the
conput er weadadoe2 nedi um suitable for instructing a dat @cqr@ozssRng
systemto execute 5 the calculations in connection with the process of this
invention. In r I :p]c;pﬁ gmyt.er . pr oduct
conprises, in %d%lﬁngldteé} %égﬁreoa ab gjproglfs;n%mv%{c}ggnr ecorded on the
conput er ceegalEes rediamguisy tesidefley madigmr wotd Ry qdwpudatra neeceéslsi ng
system t o, coptr el ddie 10 proceps,of fidauent hanq e samufer readadl e
medi um nmay et eadabl e, for exanple, by ans of an optical systemor by
means of saiinegried | 015 yistsemucithieng Gplater uraagrssanny cdiusdten ey exedutet he

f orm of di sk which is a permnent, .entit.y . of . the conput .stem of this
i nventi o?lt,heorcafjtc%%/ S dF ORI wltl}s{thl NSt 41 Ceer%)sntogrt%sscorrput er
system Thevdreeibn contn ol pesfes neay dwbocimdargyr ethes usimpvhatr theygram
communicate wth the conputer systemof this invention facilitating the
control cﬁr?%‘e“pr%%%%lSs%nsgpslrbfa%/%etlpcfndceasscoﬁpli s ﬁer‘?\?je@r@ieor?.rogf@"%he
fol | ow n®exapte-omddd idd utHe aleenduted mearddare mdanp! euivppdehetdrcal ) A

catal yst,, as defined in EP-A-266015, containin silver, rhenium cesi
[Tt Um S SHTUNBEHE A R OSRES Y I BT HSor iR Qe um cesium

ectivity So of
9g% no t l&@c&df&h st airﬁsgiﬂxﬁerﬁmﬂéo.yedfﬂd”l ddagp il lczvufarcgam)eparédmmt makhe
above val ue o So was_det erm ne measuring selectivities in a range of
gas hour I5F STRAE AT 0di 1 &3 (TR B0 ShyARIE 2 180 SEFHEF, 5%
carbon digxites g th A 40Gnddtas t e st .| OmHee MaiAlty e heigiam @R ocducand
extrapol ating back to zero 30 oxygen conversion. In the experinent
et hyl ene B3Y € i prividd £F & YN AN 4G S RHAFETE T e tddvaldst i s
| oaded i ntix acoﬂgmlarsy% Ut G sitdvehtaford Yraiill ess, Heeal diwhe. The
tube is imersed in a boiling kerosene containing coolin
15 which is insertable into the computer system. e feed
control means may be configured such that they communicate
with the computer system of this invention facilitating the
control of the process steps of the process of this

invention.
20 The following example will illustrate the invention.
Example (hypothetical)

A catalyst, as defined in EP-A-266015, containing

silver, rhenium, cesium, lithium and sulfur on a-alumina and
having a theoretical selectivity Sg of 93% in the fresh state
25 1s employed in the following experiment. The above value of
So was determined by measuring selectivities in a range of
gas hourly space velocities, each time at 30% ethylene, 8%

oxygen, 5% carbon dioxide and 1400 kPa, the reaction

temperature being 260 °C, and extrapolating back to zero

30 oxygen conversion.

In the experiment ethylene oxide is produced as
follows. A 1l-kg sample of the catalyst is loaded into a
tubular reactor consisting of a stainless steel tube. The

tube is immersed in a boiling kerosene containing cooling

20



20 WO 03/044002 PCT/ US02/ 37022 jacket and the ends are connected to a gas
flow system The inlet gas flowrate is adjusted as to achieve a gas
hourly sweas/owebpcity of 6800 NI /(I.h). The inlet presseca/uis®22h0D kPa
(absolute). The feed to the reactor conprises ethylene 5 at a concentration

of 28 nol e: % X t ' f = % r | oxi,de at a
concentra ?Co/%egfé/rgg&D%-%%&Qg%ﬁgn%&gég%%%n%gnﬁa% o%l(%? %Q%teqrr‘lf)] )élh’q et hyl
chloride atlat goncElnvw atdton b SxIOsZedie-9% atthgene dizhllonide at a

concentragj of 0.5 -4 <%+ Vi pyl, chl@Qrd 0 ncent ration of
1x10- 4 rm%gégé}g %%10 Tre y?fc (ggiﬁdle a{]y'ah) 'coﬁ?:éeg]tq}%tl %}%?g%(elol-%%o d;-%
and the rkepai taesobitd he Tleedfeed to trlogersadiher reagir sed enperladna e i s 250
C. The selectivity to ethyle Xi is optimal i.n respect of the

chl o Paesst The- TRt E 1L 2 Ot ey SpgBb A0 Bl e 2
| x10-4 x 4f 48 2xdDe-43 X ddjord 2B ddd at r Tcon Gt =@l @dxdD-H.mAte-& ,cert ai n
point in tine the feed conposition ¢ s such that et ene is present
B B conceHiTat i Th DI T R WAE QL Ta T % COIEht T T &

mol e- %  then 20, CONCRY rét i B PF LB 04 hesr coNshé t 4eah So P8I hel d constant,
except ethyl chloride. In order to keep the selectivity at an optinum

| evel , theowtdryt rotl @t icle Comcentradionsj sviagd] ushedride4atixd0-4 nol e- %
After these changes, the value of Q(i.e. Q) equals (4.1x10-4 x 1 +

0. 5x10- 4 gopcentEatham-Af x1410 " 2nede4sx and)metiipl ghloride7ak B5) =
8.01x10-6. 21 WO 03/044002 PCI/ US02/ 37022 AIMS 1, A process for the
epoxi dati%‘?fl%efn%??%]t%rfi?f %ﬂi%h ng %FBce@%chﬁ&rf)r?%IB%l?%%Et? gt 1ae £ &%

(S:?FB;S' Ngs tRE AL SIA N rn OXYOEL AN Gk RACH Bk MRAi 4 £rod Nphfie presence of a
selectivity to ethylene oxide is optimal in respect of the
chlorides. The value of Q (i.e. Qi) equals (3x107* x 1 +

15 0.5x107" x 2 + 1x107* x 1 +

2x10™% x /3) / (28 x 1 + 0.5 x 85) = 8.04x107°.

At a certain point in time the feed composition changes
such that ethylene is present at a concentration of 25 mole-
% and ethane at a concentration of 0.7 mole-%, the
20 concentration of the other constituents being held constant,

except ethyl chloride. In order to keep the selectivity at

an optimum level, the ethyl chloride concentration is
adjusted to 4.1x107* mole-%. After these changes, the value

of Q (i.e. Qz) equals (4.1x107™% x 1 + 0.5x107% x 2 +
25  1x107* x 1 + 2x107* x '/3) /

(25 x 1 + 0.7 x 85) = 8.01x107°.
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based catalyst with the reaction nodifier being present in a relative
quantity Qwhich is the ratio of an effective nolar quantity of active
speci es owotodp440eacti on nodifier present 10 in the feed t@®@carvset/bmeri ve

nol ar quantity of hydrocarbons present in the feed, and which process
conprises the steps of: - operating at a first operating phase wherein the
value of Qis Qr and 15 - subsequently operating at a second operating
phase wherein the feed conposition EEAghgferent fromthe feed conposition
enployed in the first operating phasé, Such that the value of Qis @,
whereby the value of the quotient @Q@/QL is in the range of fromO0.5 to
1.5. 20 2. A process as clainmed in claiml1, wherein the olefinis

et hyl ene,land wher é} retdreeseakes orhersid+iedat iconprf sas @refoirganilciadhl ori de

andotiqu! i fe-.0 itrite-form | ) rocess as
cl ai rr%d i'n C %?%%xﬁé\ﬁle%esl nf?%é;éjzrﬁid raeafg: %%nn&rgrnﬁl r%)lgwgcohnegi%%sﬂo !
chl or ohy draozarboarsd heavir ergc tuipon trood0f icar bion tAteormsresangrardfl culsdrlwgrto 6

car bon at,o i co i.se .one_or .nore of,.methyl, cl ride t hy|
chl ori de,bge%s%%/l%gr?eacl&sc%ﬁg{r%%et%gndreﬁcnty]lOnch Oo‘%%@e?lyfelkl%réorgeesses?ecag%cIaai med
i n any ofrelaiinge loBgnthey €) whi3th tie EBfd ecttiive ablar efiffdtitne ofolsat i ve

species of the. . reaction nodifier pre t in the feed can be cal cul.ated by
I L1 by ot ST | 15 6 et 01® (iR ot PO Tsch 2y esent
in the fead whd hfeed acd cin affk@ddragnalpm r thearnteisiut ta M yddddaplbceat | on
products, wherein e Qrﬂ fgctir 22dV\(]2h.10%/h044002 PCT/ US02/ 37022 represents

t he nunbe?® BFeHetiV e Hetkron R 1 ARTEEHH CLHT U Sand!%or YRS ogen

atons, present per nolecule of the reaction nodifier in question, on the
under st andi ng that. t he fac%.or for a reactiqn nodifier, which is1 a rrefthyl
co - erating at a first operating phase wherein the value o
npound,
Q is Qi, and
15 - subsequently operating at a second operating phase
wherein the feed composition is different from the feed
composition employed in the first operating phase, such that
the value of Q is Q,, whereby the value of the quotient Q»/Q:

is in the range of from 0.5 to 1.5.

20 2. | A process as claimed in claim 1, wherein the
olefin is ethylene, and wherein the reaction modifier
comprises an organic chloride and optionally a nitrate- or

nitrite-forming compound.

3. A process as claimed in claim 2, wherein the

25 reaction modifier consists of chlorohydrocarbons having up
to 10 carbon atoms, in particular up to 6 carbon atoms,
which comprise one or more of methyl chloride, ethyl

chloride, ethylene dichloride and vinyl chloride.

4, A process as claimed in any of claims 1-3, wherein
30 the effective molar quantity of active species of the
reaction modifier present in the feed can be calculated by
multiplying the molar quantity of each of the reaction
modifiers present in the feed with a factor, and adding up

the resulting multiplication products, wherein each factor
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5 if present, is in the range of from1/5 to 1/2, in particular in the
range of from1/3.5to 1/2.5 5. A process as clainmed in any of clainms 1-4,
wherei n wbaseidoerti ve nol ar quantity of hydrocarbons pregemuson3toke feed
can be calculated by nultiplying the nolar quantity of 10 each of the

hydr ocar bgn resent. . e i th. a factor and addi p. t-he
resul ti nggﬁéf%s%ﬁ%a%%%nﬁ%r%?)%ﬁcﬁg%%\?%iPgeé?ﬂ%atf%r% ort 't cf?agrrréét%&alnaer, if
present, ssliurtded/angelofodemmtdnd, tordsdnt ther fractarulorofetttteme, if

present, is_in.the range of.fr . to 150;, .and the factor far r.ocar bons
s havi not SrTRaRma el il QRS0 o Lol e e, Jr YR o 20
to 10000, fattoftatdtors beaagiorelmddiveido wiich fictormddiy etdyhmned whi ch

equals 1,,pby definition.. 6. A process as_clained_in;¢lai,mb5, erein the
Factop ot IRERAEE |15 shbeeh FRESs o f e dnds bF Haom'G £6= 35, (e
factor foifnethangangé ¢f eSemt,’/i;s ito therange of from 70 to 120; and the
factor for the hydrocarbons having at |east 3 carbon atons, if present, is
in the rabge of frompbicdes 2000;1adhed aid cirsy hef ngl a@hative, tuhdideif act or

for ethy] ene, ich equal]s 1, by definition. 25 7. A process as clainmed in
oy of o i R CrE AT e 1 Db MRS TSEa9S STt he SardiE of 5 rom
1x10-6 t ofed@0xd0-16e ¢l Pardtedldy hunlthel yangerod idm oddhts 8y HOx10- 6.

8. A process as_claimed in any of clains 1-7, wherei t he hydrocarbons
presét | A2the°f el ‘?%%r%fés RIGRFE of" J° é”’l‘g't kPan%‘,Ctd’rrUpane and

cycl opr opang, adidi @gldhp i e t Sest el 9 ahi Tt 11 1 A I OC §SSodScted AiwrRd-dih any of
clainms 1-8, wherein such a value of Q is enployed that the selectivity

towards 2B VIER 8B DAEV0 BT I02} BRZS e of efft i R TR FOrHati A i s
opti mal . d.o_l fo PO 9§,‘35L51'_1@Cﬁ3é)ét§jcbflgf<§19 SWard, clal derfs, whergi nend he val ue
of the quotient Q2/QL is in the range of fromO.8
range of from 50 to 150; and the factor for hydrocarbons
15 having at least 3 carbon atoms, if present, is in the range
of from 10 to 10000, all factors being relative to the

factor for ethylene, which equals 1, by definition.

0. A process as claimed in claim 5, wherein the
factor for methane, if present, is in the range of from 0 to

20 0.4; the factor for ethane, if present, is in the range of
from 70 to 120; and the factor for the hydrocarbons having
at least 3 carbon atoms, if present, is in the range of from
50 to 2000, all factors being relative to the factor for
ethylene, which equals 1, by definition.

25 7. A process as claimed in any of claims 1-6, wherein
the relative quantity Q is in the range of from 1x107® to
100x107%, in particular in the range of from 2x107® to 50x107°.
8. A process as claimed in any of claims 1-7, wherein
the hydrocarbons present in the feed comprise one or more of

30 methane, ethane, propane and cyclopropane, in addition to

the olefin.

9. A process as claimed in any of claims 1-8, wherein

such a value of Q; is employed that the selectivity towards
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to 1.2, in particular in the range of from0.9 to 1.1, nore 5 in
particular in the range of fromO0.95 to 1.05. 11. A process according to
any of clwoms/0d400D, wherein the second phase i s operatedPa/sohgwencar bon
conposition and a reaction nodifier conposition of the feed of which at

| east oneij s gigﬁgﬁe@;{la‘iéoga,hhgzthygrpga@p@ﬂn&prrpom tion and 10 the reaction
nodi fi er conposition of the feed enployed in the first operating phase.

12. A proggss accorﬂlﬁﬁoé@sglawbﬁém eiiy the cronrenirat ionofid he
reaction nodifier(s) in the feed ggled in the second operatlng ghase IS
a

cal cul at efihej Halse r @5 pod et @t HerhaPayéhi ASt he §hantrbgeopLt fpemo
hydrocar bpg( §%\%Pr§§e§£rﬁf‘c\5f§rffﬁdthé?’rarﬁ%é)r@ﬁe%rﬁc@oé diHop Lo, %yré)f

clainms 1-12, erein the silver based st _conprises silVer a
furthér énemmlwl@brﬁp@u‘h‘@leth@m@%fOfV\ﬁf@h u?? he? ?el%rent is 20 sel ect ed
fromthe group of nitrogen, sulfur, phosphorus, boron, fluorine, Goup IA
met al s, bup 1A rﬁtm@cefmeﬁm@ydlml%mwﬁft@l@m%nl b omiangin

titanium  faf %‘é&'&'ﬂld dﬁ£§8“ié'”é>u%]é’95'§9a”£‘& éh‘?‘ycﬁ Mr}%&‘?ré od AN um

ni obium galTtum and ger mani and m xtures ereo support, in 25
parti cul agndna ared i o BoPppbier qcxmpwspﬁrwescsf a@c@rﬁ&er@ b vchmfmm

wher ei n tgg?sél e %aéfﬁ SALALYBLof o e f&%\%r? n colfiph e £ coppound

t her eof , urt enen or conpoun enent is
sel ecltted therrrceetncetgcmmupo@ifhér r ogepes sl drurqf B@q)fmoemxslom aim

fluorine, ?oupr é]?;l\éin gsél A metals, nolybdenum tungsten,
chrom um "tita Zi Tconi um vanadl um thalli um t horium

tantal um £II obi um ééélg%agl Cg‘@WQ %n@faglrﬁnﬁ o ed}%]lr and

optlonally a rheni u CO-prono h™may be se om one or nore 24
WO 03/ 044662c &Y 1SDEHh 36’f)212he ofesat fom , mghioSidrof s, idortom, ferd conpound
thereof, ggpfied in the second operating phase is calculated, in
15 response to a change in the quantity or type of

hydrocarbon(s) present in the feed.

13. A process according to any of claims 1-12, wherein
the silver based catalyst comprises silver and a further
element or compound thereof, which further element is

20 selected from the group of nitrogen, sulfur, phosphorus,
boron, fluorine, Group IA metals, Group IIA metals, rhenium,
molybdenum, tungsten, chromium, titanium, hafnium,
zirconium, vanadium, thallium, thorium, tantalum, niobium,

gallium and germanium and mixtures thereof, on a support, in

25 particular an a-alumina support.

14. A process according to claim 13, wherein the
silver based catalyst comprises silver, rhenium or compound
thereof, a further element or compound thereof which further
element is selected from the group of nitrogen, sulfur,

30 phosphorus, boron, fluorine, Group IA metals, Group IIA
metals, molybdenum, tungsten, chromium, titanium, hafnium,
zirconium, vanadium, thallium, thorium, tantalum, niobium,
gallium and germanium and mixtures thereof, and optionally a

rhenium co-promoter which may be selected from one or more
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support material, in particular an a-alum na support. 15. A process for the
epoxi dation of an olefin, which process conprises reacting a feed
conpri si ngote4mbef i n, 5 oxygen and a reaction nodifier imrdrEsopsmience of
a silver- based catal yst, which process conprises the steps of: - operating

at a firsheopef AlL NGRS, A 5o SUbSeoiatidyo GRETALd b A1 & second

operati ng phase ~wh conposition 1s difterent’ fromthe feed 10

conposi ti oapesPt gt inl heid ipstt Dperat i g phasenisuchsddedrt t he
concentration of active species of the reaction nodifier on the catalyst

is substaptially unghsngesks Ior An@tdesk { @t BKidY #h b %edin] WHidh
1,2-diol ether conprising converting an olefin oxide into the 1,2-diol or
15 the 1,RLQFRFS cEHBRLIMRrEid 1 I of 990 SOHRF IR hedit Mt ied by a

process forybbe pr@ductd o ofn ah&difioxi de trregrddidird v any of1wdal ns
1-15. 17. A Systemsuitable for performng a process according to any of
clai ns 1-B&sedhfehabyst et rRiecess 2RIt hhi DS a

si | ver-based,gatal y8d . ameans; foF dgedinthd e reacdor a feed conprising
the ol efin, oxygen and a reaction nodifier, and feed control neans for

control | ing shes¢eeenihi/ e rHel 1eedt cOMRZING ARSTAITII FE nodi fi er
control nmpanse{ore OOl 14 %%@@gﬂt i PRI ©rf 2o GiDG U psent in the

feed in a relative quantity Q) _ e ratio of an effective nolar
quantli®t y efnpesivieosped kayedfin Hehe ehitsorrpmitifing prasemudh that feed to

an. ef fectig copLarcAuan tyr ooty agarbans g agent- 4L, (et e AN

whi ch feed control neans are con as to contro the process
steps of :on operadtapyst bsfiulsttaperatingiptieswatherein the value of Qis
Qr and - subsequently operating at a second operating phase wherein the
feed conpbs€ition isAdidferdniorf rorkine 4 eedk-RPL or a 1,2-diol ether

comprising converting an olefin oxide into the 1,2-diol or
15 the 1,2-diol ether, wherein the olefin oxide has been
obtained by a process for the production of olefin oxide

according to any of claims 1-15.

17. A system suitable for performing a process
according to any of claims 1-15, which system comprises a
20 reactor which holds a silver-based catalyst, means for
feeding to the reactor a feed comprising the olefin, oxygen
and a reaction modifier, and feed control means for
controlling the feed and/or the feed composition, comprising
modifier control means for controlling the reaction modifier
25 Dbeing present in the feed in a relative quantity Q which is
the ratio of an effective molar quantity of active species
of the reaction modifier present in the feed to an effective
molar quantity of hydrocarbons present in the feed, and
which feed control means are configured such as to control
30 the process steps of:
- operating at a first operating phase wherein the value of
Q is Q;, and
- subsequently operating at a second operating phase

wherein the feed composition is different from the feed
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WO 03/ 044002 PCT/ US02/ 37022 conposition enployed in the first operating
phase, such that the value of Qis @@, whereby the value of the quotient
Q@/ QL i swostolkmoz ange of fromO0.5 to 1.5. 18. A conput er PoTagoaaTopz oduct
whi ch conprises a 5 conputer readabl e nmedi um and a conputer readabl e

program C ter 3%?59_1 ui

instructi %&géosd{tfa&%rd&g%g& ng Jérgggt%% ﬁfrsrte uascequ?gdfsjrtmen?t ostl?ch:tc%atocg

cal cul atioms Vatue hef (2 ccesiacberdbyg the aﬁ)’w@f o¢| &ihes quot3ent0Q180:1 A

conput er Péoggatrpl r %éd@% £lained iy, ol & m20, which conprises, in
a I

addi tion, a conputer € program code, recorded on the conputer

r eadabl e dium sujt die, S systemto

control a{%rocess L%c%%é@fgnég)f t%fﬁﬂnv%f({& ch fﬂa[g{i Cpg igg Sséquaonputer

syst el wheahpeoapr i sadaial € onpdit we arp:t oy reammrtotucte b I dategyamocessi ng

system confl ured to, ecel ve ins ct s fromthe comput.e ogram

pr oduct , %’r eﬁf:?lﬁe corrpu %er Pr Ecan% %%oé{&alde n(eads’guc "ai e ‘#’n C|fg.l m 18

or 19. 20i@6tructing a data proce551ng system of a computer system to
execute calculations for the process according to any of

claims 1-15.

10 19. A computer program product as claimed in claim 20,
which comprises, in addition, a computer readable program
code, recorded on the computer readable medium, suitable for
instructing the data processing system to control a process

according to any of claims 1-15.

15 20. A computer system which comprises a computef
program product and a data processing system configured to
receive instructions read from the computer program product,
wherein the computer program product is as claimed in claim
18 or 19.

20
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