; ABe3e(z%~. J6&Tz$PCT/ JP02/ 02102 SPECI FI CATI ON PROCESS FOR REGENERATI NG
SOLI D CATALYST 5 Technical Field The present invention relates to a process
for regeneQtPRY%31%| i d catalyst. More particularly, the ﬂmm ) tion
relates to a process for very efficiently regenerating a s mum’mmm
used for producing propyl ene oxide throqﬁh 10 epoxi dation of pegpylene wth
an organic peroxide in a reactor in which the solid catal yst iwwpacked.
Background Art It is publicly known to produce propyl ene oxide by 15

epoxi dation of propylene with an GRECERIQATIONde in a reﬂmmmmmumm h the
solid catal yst is packed. But, the activity of the cataly [ es
with tinme used. The catalyst in which the activity has deteriorated,
require recovery of the activity by changing to a new one or regenerating
1. 20 Di scl osur e of PRACHSS, FAR FEGHMHALING SOLTR SATRLYSTne subj ect t o
be solved by the present invention is to provide a process for regenerating
a solid catalyst, which permts the regeneration of the catalyst 25 with

extreneky R ffiCi wi t hout the needs for taking the catalyst to be
regenergt eméi—h@@e@ac; or when the solid catal yst used for producing
propyl ene oxi de hpeeRPdsat Ohwintion relates to a process for

regenerating a solid catalyst. More particularly, the present
inventionrelates toaprocess forveryefficientlyregenerating
a solid catalyst used for producing propylene oxide through
10 epoxidation of propylene with an organic peroxide in a reactor

in which the solid catalyst is packed.

Background Art

It is publicly known to produce propylene oxide by
15 epoxidation of propylene with an organic peroxide in a reactor
in which the so0lid catalyst is packed. But, the activity of
the catalyst deteriorates with time used. The catalyst in which
the activity has deteriorated, require recovery of the activity
by changing to a new one or regenerating it.
20

Disclosure of the Invention

Under such situations, the subject to be solved by the

present invention is to provide a process for regenerating a
solid catalyst, which permits the regeneration of the catalyst

25 with extremely high efficiency, without the needs for taking
the catalyst to be regenerated out of the reactor when the solid

catalyst used for producing propylene oxide by epoxidation of



PGT/ JP02/ 02102 2 propylene with an organic peroxide in the reactor in which
the solid catal | s packed. Namely, the present invention relates to a
process foPC'F/&fé/r%]roatl ng a solid catal yst which has been used for producing
5 propyl ene oxide through an epoxidation reaction of propylene with an
organi c peroxide in a reactor packed w the solid catal yst, which
conprises allowing a liquid to flow through the catal yst packed in the
reactor at a tenperature not |ower than the nmaxi mumreaction tenperature of
t he epoxi dariopylederg¢athiam orgegtidperokddeChnrjhiegeadtorhén|wivkehitdre | n
the present invention, the solid catalyst to be regenerated, is a solid

cat al yst \/\,ﬁpéﬁdh&?‘tlééé’ﬁtuééd pRgkers produm ng propyl ene oxi de through

epoxi dati on of Ien with an or er oxi de q_é):eactor%ap d W th
the solid catal Pﬁep§GPP&tc on r&latas,itq /) Rrq

titani um c% _ glhgtrg&ﬁl IA%%qTi%ngg Lh%&ﬁé@bé% bedl ca%I% £€§§)§-"e§ﬁ{°a“y i eon

so-cal |l ed e Cat gont nlng

oxi de, mre I%%Sr%ﬁ@ SxiEQrtﬁ‘f h%n%}f‘éﬁ@éﬂbﬁ'f@éé@i@ﬁ (o34 Eﬁ%ﬁﬁﬂedé‘
whi ch a Ti “conpound is supporte Ica carrier, a product in“which a

Ti - conpoungliith BEhXegguntll pelrokddeoinda Ryaztor ParMdd MalttHEduIhDr a
sol -gel nethod, a zeolite conpound containing Ti, 25 and the like . As a
shape of tbetadlyisd,cahdlchs compaiseshald csuicly s loopdal tgyridmw eshyxargh cl e,
mass or the like can be adopted, but, it is preferable to use a catal yst
havi ng sevshal catadyalispacked/ Uptheo Zeastaroatna ctempamatuse trotdawed tens
of mlli metﬁrs IB size .takin account of se ar abi I% \\_/ of a rgg tr_l on liquid
and a pres$BpB EB&sMERiMUM, tiqn, teqmper a lé?yg?or BELRBrily
powcler1 |tra§ QE._SF‘erable to use after makl ng it large in size to sone 5
ext ent Qhrougﬁ mol'ding. As the organic peroxide to be reacted with

propyl ene , cunene hydroperoxi de, ethyl benzene hydroperoxi de and t-butyl
hydr oper oxi de can be exenplified. As the reactor, a slurry-type reactor, a
fi xed bed Beatt Mbda0 famd Calteyliinke odetn tiee URetentiom case of a | arge scale
operation, It is preferable to use a fixed bed reactor. Further, the
reaction can belBatheenregenty iavieatdionpr ddes ssoklkhicatmiystiotd beocess or
continuous process. The epoxidation tenperature is usually 0 tg 200 , and
pr ef er abl yregepgraged. ?ﬁeap:séé'&@r AL é"rl%crbr%%%u?%e’ént}ﬁ@ﬁ £8%keep a

reacti mxtyre.to a and_i.t ntage

16, 000ktha PROHEEARS Shap it S8 s rilibad eb8x BRI LR RR PV I SBeo i < &
regener at | I i I flow
aliquidt rouﬁ a cgtgg Sétagpjérgﬁclgé%lﬁéf a\agltj}lteoﬁrkqggﬂﬁsrfgfi ?%)?haér%vﬁe% x"ﬁ'atl on
reaction at a heMp@ledlswiqa dfcdidliysmerit hod pReseBXbIEMEbEAGRI an
tenperature in the epoxidation reaction. Nanely, the regeneration is
carried outiwanhuwtcpatiedginiges thiabysixicid soflidheatabysbr amskdsftdresehe
epoxi dation reaction, therefore it is extrenely high efficient. The 25

t enper at ur EaHG?-Yﬁﬁst'héoréﬁé—l%&dat'rllo'ﬁli@cé‘t B tF econtalinhRe tHan t he
maxi rature int OXde.a&I on reactlger gieferabl y a

t enper %hﬁilngﬁgﬁ-i g&d&d &or 1 n ide, are pre

For example, there are illustrated a product in which a Ti

compound is supported on silica carrier, a product in which
a Ti-compound is mixed with silicon oxide by a co-precipitation
method or a sol-gel method, a zeolite compound containing Ti,
25 and the like. As a shape of the solid catalyst, any shape such
as powder, granule, particle, mass or the like can be adopted,

but, it is preferable to use a catalyst having several hundreds



PCT/ JP02/ 02102 4 the maxi numreaction tenperature, further preferably a
tenperature higher by 10°C or nore than the maxi numreaction tenperature.
When t he t eRgJdEQR/02182 duri ng regeneration is |ower than the 5 maxi num
reaction tenperature of epoxidation, an effect of regeneration becones
insufficient. Herein, there is a case of 3eI evating gradually the

epoxi dation tenperature for conpensating“a deterioration of the activity
with time during the reaction, and the naxi mum reaction tenperature neans
that 10 in bbaiicree metiershen, séveraknpaisiofr aidl inegener i isdzd taking
preferably 300 C or less fromthe viewpoint of durability of the catal yst
I n addi ti onactiennktnoft Beparablildtyt effper zeactioy aiguideradupepyesgure
catal yst layer, and when there is tenperature distribution 15 in the

cat al yst | ayeps af aireactanpBrALheE . Athema ks hasiPrinarhbepavdes. As

the liquid to pe fl t tion, i.qui d din, the ti
System s pLEres FRELTTME D FREnGGEAE BRkARBy Lhi TOROB e Gt bR EoBR of a
pr oduct 5ande anﬁy’?%’g?kgﬁrﬁﬁ%%ﬁ‘ e epoxidation reaction |iquid, cumene,

l'i quid propyl €ne  an € canm'be illustrated, and liquid propylene is

the nost prefer h%%hé’@fﬁhﬂictd@:d:iﬂé Ho DePPYAEHEA ¥R pFépyTETe AchHBRE
critical fluid of propylene. "AS the regeneration process, a liquid nay be

passed t hr onglrbperosiidkysethydbénzeny aiydriperadbidorahd iosutyyl LHSV of
0.5 h-1 or nore and a flowtime of 1 hour or nore are nentioned.

PCT/ JP02/ 02hpdrspexerplie Eranplec exeBhpddfdieda silicon oxide catal yst
containing 1. 3 % by weight of Ti_ ( average particle dianeter 0 . 9 TMm

nmol ded articl e A5 #h& TRaEREd 3 Y EFadyPe reagtereupehiied bed 582F4PTNg a

d ' trati f 25 to 35 % i ght d I
were ol 1hueBREce e CeBRm A dpoRitRas 57 RetARIS R aNROPRERELOR was
initiated - | i ; ti
{emperat ur o5 og e At Fpleed SR KEALM F3R0LEr  pupenad RO GIBAC! | O

deteriorati ggnafe theraeld sut by dhBatEAG UL d £ MR- Yo thehAds pEBcessafl ter
1800 hours. Next, for regeneration operation) the feed of the cunene

sol uti on wasrtampipathiolud @rddesd cTher epoxkdatidohcteampertytiré dcusvwaily

el evated to 120 9C and only liquid propylene was allowed to flow through 15
the catal ys9 tgy@QOEt, andapreferabd yg28i hat 2008y . Bhehmuesswte aay ibguiad
propyl ene was fl own, the epoxidation reaction was carried_out by allow ng
to fiowo 2BTREFHREISROMER S hkhedhar 5RAAE10B| lawsﬁranﬁom&&ﬂ%ﬁﬁsaétm C
again. The fegult i3 3894R+h3e5881% Yoo to 10,000kPa in usual.

The regeneration process of the present invention is a
regeneration process of a solid catalyst, which comprises
allowing to flow a 1liquid through a catalyst packed in a reactor

20 used for an epoxidation reaction at a temperature of not lower
than the maximum reaction temperature in the epoxidation
reaction. Namely, the regeneration is carried out without
taking the catalyst out of the reactor used for the epoxidation
reaction, therefore it is extremely high efficient. The

25 temperature during the regeneration is a temperature not lower
than the maximum reaction temperature in the epoxidation

reaction, preferably a temperature higher by 5C or more than



20 Conparative Exanple 1 An epoxidation reaction was carried out in the
sanme manner_as in Exanple 1 except that, as regeneration operation, the

t enper at ur ECATPRMNZER only 1iquid propyl ene was flown, was 105 C . 25 The
result is showmn in Table 1. Exanple 2 PCT/ JP02/ 02102 6 5 cc of a silicon
oxi de catal yst containing 1.3 % by meighl of Ti ( average particle dianeter
0. 9 M nolded article ) was packed in"a reactor, and a cunene sol ution
havi ng a cunene hydroperoxi de concentration of 25 to 35 % by wei ght and
propyl ene Rhemaxdnwwarkaot férmvtémpevatiuce , afiuepberdpriederabdgt iaon. A LHSV
of 18 h-1 and reaction pressure of 5.5 MPaG were adopted, and after the
reacti on oftelpEraisine higher dyctliddn eEnperat thanykke maxnunegeact en
regeneration operation, the feed of the cunene sol ution was stopped, then
the tenper HSTRETFLYGR- catal yst |ayer 10 was el evated to 130 C and only

19012 D1 oDY et 08 BB O LL KPS S e,
iy e F b S L B LN
15 i s showkdgentHdtioh becomes insufficient. Herein, there is a case
of elevating gradually the epoxidation temperature for
conpensating a deterioration of the activity with time during
the reaction, and the maximum reaction temperature means that
10 in that case.
Further, the temperature at regeneration is preferably
300 T or less from the viewpoint of durability of the catalyst.
In addition, herein, the reaction temperature is a temperature
of a catalyst layer, and when there is temperature distribution
15 in the catalyst layer, it is a temperature at the lowest part
in temperature.

As the liquid to be flown at regeneration, a liquid used
in the reaction system is preferable from the viewpoint of
prevention of contamination of a product and the system, and

20 the epoxidation reaction liquid, cumene, liquid propylene ant
the like can be illustrated, and liquid propylene is the most
preferred. Herein, the liquid propylene also includes a super
critical fluid of propylene. AS the regeneration process, a
liquid may be passed through the catalyst, and as preferable

25 conditions, a LHSV of 0.5 h™' or more and a £low time of 1 hour

or more are mentioned.
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CMHP(nol )/ feed CMHP (nol )  PCI/ JP02/ 02102 7 X 100 I ndustri al

ity As described above, according to the present invention,

be provided a process for regenerating a solid catalyst , which
gzggggggration of the catalyst with extrenmely high efficiency,

e needs for taking the catalyst to be regenerated out of the
Exampd.esdl i d catal yst used for produci ng propyl ene oxide by
n ofdfropylene with 10 an organic peroxide in the reactor in
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e of the epoxidation reaction.
were allowed to flow to conduct an epoxidation reaction. The

reaction was initiated at a LHSV of 18 h™', reaction pressure
of5.5MPaGandreactiontemperatureof8073,andthetemperature
was gradually raised with deterioration of the activity. The
reaction temperature became 110 C after 1800 hours. Next, for
regeneration operation, the feed of the cumene solution was
stopped, then the temperature of the catalyst layer was elevated
to 120 C and only liquid propylene was allowed to flow through
the catalyst layer at a rate of 0.3 g/minute for 18 hours.
After liquid propylene was flown, the epoxidation reaction was
carriedout byallowing to flowa 25 weight% cumene hydroperoxide
solution and propylene at 110 C, again. The result is shown

in Table 1.

Comparative Example 1

An epoxidation reaction was carried out in the same manner as
in Example 1 except that, as regeneration operation, the
temperatureatwhichonlyliquidpropylenewasflown,waleSTL

The result is shown in Table 1.

Example 2

5



10 2. The process according to claim1l, wherein the tenperature at which
the liquidis flown, is higher by 5 or nore than the maxi numtenperature in
t he epoxi dB¢VHN2PEAEtion . 3 . The process according to claim1 ( wherein
the catalyst is a titaniumcontaining silicon oxide solid catalyst. 15 4 .
The process according to claim1, wherei,n the liquid is propylene. 5 . The
process according to claim1, wherein tlfi;e organi ¢ peroxide is cunene
hydr oper oxi de.
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oR' () - R () -
NIlOA%d) £§%0é§é$gtgd to 130 C and only liquid propylene was allowed

to flow through the catalyst layer at a rate of 0.7 g/minute
for20hours. After liquidpropylenewas flown, the epoxidation
reaction was carried out by allowing to flow a 25 weight% cumene
hydroperoxidesolutionandpropyleneat110T3,again.Theresult

15 is shown in Table 1.

Table 1
Example 1 | Comparative | Example 2
Example 1

Maximum temperature 110 110 110
in epoxidation T

Regeneration 120 105 130
temperature T

CMHP conversilion *1 %

Before regeneration 54.8 54.8 42 .4
After regeneration 60.8 54.8 73.9

*1: CMHP; Cumene hydroperoxide

: CMHP conversion = converted CMHP(mol)/feed CMHP (mol)
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As described above, according to the present invention,
5 therecanbe providedaprocess for regeneratingasolidcatalyst,
which permits the regeneration of the catalyst with extremely
high efficiency., without the needs for taking the catalyst to

be regenerated out of the reactor when the solid catalyst used

for producing propylene oxide by epoxidation of propylene with

10 an organic peroxide in the reactor in which the solid catalyst

1s packed, is regenerated.
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15 4. The process according to claim 1, wherein the liquid
is propylene.
5. The process according to claim 1, wherein the organic

peroxide i1s cumene hydroperoxide.



