25 July 2005 1 SPECI FI CATI ON PROCESS FOR REGENERATI NG SOLI D CATALYST 5
Technical Field The present invention relates to a process for
regenerating a solid catalyst. Mre particularly, the present invention
relates to a process for very efficiently regenerating a sol iZ% Jodt 2005t
used for produci ng propyl ene oxide through 10 epoxidation of propylene with
an organi c peroxide in a reactor in which the solid catalyst is packed.
Background Art It is publicly known to]pCProduce ﬁropyl ene oxide by 15
epoxi dation of propylene with an o e in areactor in which
the solid catalyst is packed. But, the activity of the catalyst
deteriorates with tine used. The catalyst in which the activity has
deteriorated, reqU|r r f h ' a new one or
regenerating it. epﬁs géﬁrgogfqﬁgiqgﬁ qq;ﬁ{%ﬁéreggéﬁq§ituations, t he
subj ect to be solved by the present invention is to provide a process for
regenerating a solid catalyst, which permts the regeneration of the
cat al ystt 25re¢timiexdr emehyg hi gh efficiency, wthout the needs for taking
the catal yst to be regenerated out of the reactor when the solid

The present invention relates to a process for

regenerating a solid catalyst. More particularly, the present
inventionrelatestoaprocessforveryefficientlyregenerating
& 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 solid 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




catal yst used for produci ng propyl ene oxide by epoxidation of 25 July 2005
2 propylene with an organic peroxide in the reactor in which the solid
catal yst is packed. Namely, the present invention relates to a process for
regenerating a solid catalyst which has been used for produci r&p Juby 2005
propyl ene oxi de through an epoxidation r@action of propylene with an
organi c peroxide in a reactor packed with the solid catalyst, which

conprises allowing a_l.iquid to flow throu he catal yst packed.in the
reactor at P&%Pé’r?p%?%t"‘[ﬁ A8t °F 8RBAC ??\Eﬂxgaﬁ %‘l’é)&rfﬁu’r'let%:&a‘lp R YBASEr there
of the epoxj dat4 agli st Mode for Carrying out the invention
in the pfeéﬁﬁﬁu#%%%%%g%%? %%esggﬁgg'catalyst to be yregenerated, is a solid

talyst which 54 il '
catal yst which Randrpn inehiebont S REGHVSLAS AORYLTS Fidindlbouahe

epoxi dati on of propyl'ene w an organi c per oxl

the solid &@gﬁrﬁé’iﬁatiﬁ atﬂ?lﬁ@'dd?{:a'sv%‘ﬁ ¥l cH hak Dd¥ e udedESr i dififc fng

titani um containing silicon oxide Id catal yst, and as these catalySts,
so-cal | 8d Propylierse eadidle/ 3hoit ainepdxiidaA(} orhard et 1on hgashgyr ééi con
oxi de, are preferable. For exanple, there are illustrated a product in

whi ch a Ti widdmgoumddanisugpraxtidenisi &ai reactori packedmddicttlie) sdiid a
Ti -conmpound is mxed with silicon oxide by a co-grecipitation

catalyst, which comprises allowing a liquid to flow through
the catalyst packed in the reactor at a temperature not lower
than the maximum reaction temperature of the epoxidation

10 reaction.

Best Mode for Carrying out the Invention

In the present invention, the solid catalyst to be
regenerated, is a solid catalyst which has been used for
15 producingpropylene oxide through epoxidation of propylenewith
an organic peroxide in a reactor packed with the solid catalyst.
As the solid catalyst, it is preferable to use a
titanium-containing silicon oxide solid catalyst, and as these _
catalysts, so-called Ti-silica catalysts containing Ti
20 chemically bonded to silicon oxide, are preferabie.
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 pbwder, granule, particle, mass or the like can be adopted,

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



met hod or a sol-gel nethod, a zeolite conpound containing Ti, 25 and the

| ike. As a shape of the solid catalyst, any shape such as powder, granule,
particle, mass or the |ike can be adopted, but, it is preferable to use a
catal yst having several hundreds 25 July 2005 3 of nicron netetsiWp2edyer al
tens of mllinmeters in size taking accouny of separability of a reaction
liquid and a pressure |oss of a reactor. Further, when a catalyst is
primarily powder, it is preferable to use after nmaking it large in size to
some 5 exteRf ThFBOGHNBEES P sSAyeaned segandt melbkindters be sigartekisd h
propyl ene, cunmene hydroperoxide, ethylbenzene hydroperoxide and t-butyl
hydr oper oxi d8CERN e Odx EARGTARL L YE ¢hed reerebionliguidyangpe pagsisoize a

fixed bed Q.and the ]| d, | f I I
oper at on, re?ﬁﬁ?&%%ese‘éé‘%m-efafﬁﬁﬁri“wﬁére? Gberds b Pripanich powees
reaction cag - i nuqu

or conti nuougtp%) sés#g%gyépg%:i'%%%ﬁp?grﬁé?la?%r% iqlsa]f%%éjﬂ FLEP {8 5686,
and pref gy abbytdatt @ne@Reh mbGRFssure may be a 15 pressure enough to

keep a reaction mxture to a liquid state, and it is advantageously 100 to
10, 000kPa in USUNS-tﬂ@@r@ﬁﬂ@.‘&%é’ééﬁﬂd@r‘t@%i‘e%fctte'@w]?fﬁﬁ'?)tpﬁlll@’r?é',t tBReh |a
a ow

regeneration process of a solid catal yst, which conprisés owng to

a l'iquid thrbpghopecakaldest epdgKadrserte Nepdidperoxide and t-butyl
hydroperoxide can be exemplified. |
As the reactor, a slurry-type reactor, a fixed bed reactor
10 and the like can be used. In a case of a large scale operation,
it1spreferabletouseajixedbedreactor.Further,thereaction
can be carried out by a batch process, semi-continuous process
or continuous process. The epoxidation temperature is usually
0 to 2007, énd preferably 25 to 200T., The pressure may be a
15 pressure enough to keep a reaction mixture to a liquid state,‘
and it is advantageously 100 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 liquid 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 used for an epoxidation reaction at a tenperature of not |lower than the
maxi mum reaction tenperature in the epoxidation reaction. Nanely, the

regeneration is carried out without taking the catalyst out %J&:ﬂrez roeact or
used for the epoxidation reaction, therefore it is extrenely HigH -
efficient. The 25 tenperature during the4 egeneration is a tenperature not
| ower than the maxi numreaction tenperat ure i n the epoxi dation reaction,

f bl h
ﬁgilﬁL§1rga€?|on %éﬁ%@:g urgg%%uiﬁﬁ}era erab &Pgﬁe eraf%% %bhe?
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during regeneration I n t he mexi mum r eacti on tenperature of
epoxi dat i onzempe£hte6é . Of regenerat i on becomes insufficient. Herein, there
is a case of elevatlng gradual |y the epoxidation tenperature for

conpensating a Wieéarils gempereitdtedatting fygehkbation grlicwer than the
reaction, and the nmaxi mumreaction tenperature neans that 10 in that case.

Further § t maximperneactiat tegpeemaunawdﬁ;qpa#tﬂabiqn,Seﬁ effedtesst from
the viewpoint of durability of the catalyst In addition, herein, the
reaction t&igEanaTRtleon heﬁéﬁﬁérapﬁﬂéflﬂie@%at éﬂe}:ﬁlﬂ:ayfé?er%nfeﬁ vRePasher e

I s tenperat edlstrlbutlon 15_in the catalyst |ayer, S %rrperature
at the Iowég \fa ting gradually the epoxidatio temperature

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 1in the catalyst 1ayer, it is a temperature at the lowest part
in temperature.

As the liguid to be flown at regeneration, a liguid 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 propyiene. AS the regeneratlon process, a
ligquid may be passed through the catalyst, and as preferable

25 conditions, a LHSV of 0.5 h™! or more and a flow time of 1 hour

or more are mentioned.




in tenperature. As the liquid to be flown at regeneration, a liquid used
in the reaction systemis preferable fromthe viewoint of prevention of
contam nation of a product and the system and 20 the epoxidation reaction
liquid, cumene, liquid propylene ant the like can be illustratsekuly

liquid propylene is the nost preferred. gHerein, the liquid propylene also
I ncl udes a super critical fluid of propylene. AS the regeneration process,

a |iquid may be_ passed through the catalyst, and as preferable 25
condi ti ons,E¥2MRk® of 0.5 h"i or nore and a flow time of 1 hour or nore

are nentiogﬁg. ﬁf Jfly 2005 5 Exanple Exanple 1 5 cc of a silicon oxide
cat al yst comtdRTRgt1.3 % by weight of Ti (average particle dianeter 0.9

navi ng o cunencs IPSO A BBk G ParRotobreoBlesBaRELT € B ke s
| | 573 _
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and reasti GadkdPeiRld Pe2ELEP, { andN@ IditndrR Y Al &n 1Ha¥ef g0 a2 ildne
raised with deterioration of the activity. The reaction tenperature becane

110 " C af t arydiii}e ot Ge chaxentirGit1idregEnS 6b 36% bparalglonandisrdeellend t he
cunmene sol ution was
were allowed to flow to conduct an epoxidation reaction. The
reaction was initiated at a LHSV of 18 h™!, reaction pressure
of 5.5MPaG and reaction temperature of 80 C, and the temperature
10 was gradually raised with deterioration of the activity. The
reaction temperature became 110 T after 1800 hours. Next, for
regeneration operation, the feed of the cumene scolution was
stopped, then the temperature of the catalyst layer was elevated
to 120 C and only liquid propylene was allowed to £low through
15 the catalyst layer at a rate of 0.3 g/minute for 18 hours.
After liquid propylene was flown, the epoxidation reaction was
carried out byallowing to flowa 25weight® cumene hydroperoxide
solution and propylene at 110 T, again. The result is shown
in Table 1.
20
Comparative Example 1
An epoxidation reaction was carried out in the same manner as
in Example 1 except that, as regeneration operation, the

temperatureatwhichonlyliquidpropylenewasflown,wasiOSTl.

25 The result is shown in Table 1.

Example 2




stopped, then the tenperature of the catalyst |ayer was elevated to 120 "C
and only liquid propylene was allowed to flow through 15 the catal yst | ayer
at arate of 0.3 g/mnute for 18 hours. After liquid propylene was fl own,

t he epoxidation reaction was carried out by allowi ng to flowZ2? Iy 3@I5ght %
cunene hydroperoxide solution and propybene at 110 C, again. The result is
shown in Table 1. 20 Conparative Exanple 1 An epoxidation reaction was

i ed i h [ I , .
fligre'nir ation B Sq%”?igﬁ%%en{ efiaruPafa B rperairipd fod A By g teht was
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(average padkede 14 aret&ic o, "haal dethedld I Bt VB hPFEk§dal Bumhene

reactor, and a cunene solution having a cunene hydroperoxi dé concentration

of 25 to 3hydriperdiitie 808 cRNERH Y OF WY £o 3l5l VYR digHt aMalpr afTikes an
epoxi dation reaction. A LHSV of 18 h"1 and react?gn p(r:gessurei:‘gic 5.5 MPaG

wer e adppt edreasnldllowtiieto tfiow eacténduet aibepoxidatidrheeaegdiononA LHSV
tenperature was 110 "C. Next, for regeneration operation, the feed of the
cumene sobdit 18nhiagengt oppediorhressaune g fatiluMPad were efantest. |andr

after the reaction of 1500 hours, the reaction temperature was
110 C. Next, for regeneration operation, the feed of the cumene
solution was stopped, then the temperature of the catalyst layer
10 was elevated to 130 C and only liquid propylene was allowed
to flow through the catalyst layer at a rate of 0.7 g/minute
for 20 hours. Afterliquidpropylénewasflown,theepoxidation
reaction was carried out by allowing to flow a 25 weight#% cumene
hydroperoxidesolutionandpropyleneat110?3,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 |
Regeneratiﬁn 1290 105 130
temperature T
CMHP conversion *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)




10 was elevated to 130 t and only liquid propylene was allowed to flow
through the catalyst layer at a rate of 0.7 g/mnute for 20 hours. After

| i quid propyl ene was fl own, the epoxidation reaction was carried out by
allowing to flow a 25 wei ght % cumene hydr oper oxi de sol uti on adduly 2985 ene
at 110'C, again. The result 15 is showmndn Table 1. Table 1 Exanple
1Conpar ati veExanpl e 2 Exanple 1 Maximum tenperaturell0110110 i n epoxi dati on
t Regeneration%Zi%@SlSO tenperature t CVHP conversion *1 % Before
regenerati on54.852°342. 4 After regeneration60.854.873.9 *1: CVHP; Cunene
hydr oper oxi de : CVHP conversion = converted CVvHP(nol )/feed CVHP (nol) 25
July 2005 7 X 100 Industrial Applicability As described above, according to
t he presentlﬁ@gggfigm app1iReia 1687, be provided a process for regenerating
a solid cat regeneration of the catalyst with
extremely As described above, according to the present invention,

5 therecanbeprovidedaprocess forregeneratingasolidcatalyst,
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

is packed, is regenerated.




hi gh efficiency, without the needs for taking the catalyst to be
regenerated out of the reactor when the solid catal yst used for producing
propyl ene oxi de by epoxidation of propylene with 10 an organi c peroxide in
the reactor in which the solid catalyst _is packed, is regener 5

CLAI M5 25 July 2005 1. A process for reggnerating a solid catal yst which
has been used for producing propyl ene oxide through an epoxi dation
reaction of propylene with an organic peroxide in a reactor packed with
the solid catal yst, which conprises allld\#M8 a |iquid propylene to flow

t hrough the catal yst packed in the reactor at a tenperature higher by 5 "C
or nore than the maxi num reaction tenperature of the epoxidation reaction.

2. The process accorgding to cl.aimi1, wherein th ' t he
i quid Us flown. i %ipd%e"re%’yf?& rﬁgeﬁ?rﬁg%‘e‘gt%gﬁ’lﬁﬁggﬁ{é%ﬁéi‘@%eir%%?%{&ure
in the epox| ' | ' ' rein
Lhe cat o yaott b88a £62 R dilicthg PROIIGROSABEOAESoh 2P e ba el O 1
process acGHditihd O |dpieNd oLt &hCoPyEANECpePEkRERIEN & SeBRRST

hydr oper oxi de.
packed with the solid catalyst, which comprises allowing a
liquid propylene to flow through the catalyst packed in the
reactor at a temperature higher by 5 T or more than the maximum
reaction temperature of the epoxidation reaction.

2. The process according to claim 1, wherein the
temperature at which the liquid is flown, is higher by 10 C
or more than the maximum temperature in the epoxidation
reaction.

3. The process according to claim 1, wherein the catalyst
is a titdnium-—containing silicon oxide s0lid catalyst.

4. The process according to claim 1, wherein the organic

peroxide is cumene hydroperoxide.




