© 2 3'NAR 2004 1 REACTI ON METHOD BY USI NG HETEROGENEQUS CATALYST AND
REACTI'ON APPARATUS THEREFOR 5 BACKGROUND OF THE MENTION A TECHN%?AL HELD
The present invention relates to a reaction method by using a hetéf dfgh&®us
catal yst such as an ion-exchange resin particle as a catalyst, and a
reaction apparatus used in this reactign nethod Mre particularly, the

present inventi ggg A-TFo: i W 0 _
(meth)acryl ate by use d?ﬁ?ﬁgﬁﬁ?g§¥$Fw§&§§¢gﬁg. Aﬁ%%“éeaction

met hods whi ch invol ves carrying out a reaction in liquid phase by using an
i on-exchange resin as a catalyst, areANI»wWn as a nethod (fixed bed reaction
met hod) which involves using a reactor fix-packed with an ion-exchange
resin or a nethod (fl uidi ction method) which involves
carrying out a reaction iiﬁg“gﬁgxiithﬁAiﬂé1¥ﬁﬁqg%ﬁﬁnge resinis
suspended and di spersed in a reaction liquid, and separating the reaction
liquid and the ion-exchange resin after the reaction It is believed. that
the fluidized bed reaction nmethod is preferable because its reaction
efficiency can be inproved. 20 JP - A 54326/1974 proposes a nethod which

i nvol ve8 introduci ng a gaBACKGROIIND OFR THE INVENTAGMNct or so that an
i on-exchange resin can be suspended and dispersed in a reaction lied, and 2

3 MAR 2004 5 TRCHNICALFIELD

The present invention relates to a reaction mefthod by using a heterogeneous catalyst such
asanﬁxnwmhmgﬁ:eﬁnpmﬁdﬂasa<3whmgamian&wﬁa:apgnﬂmsuﬁﬂinﬂﬁsnﬂqkm |
method. More particularly, the present invention aims, for example, reactions for producing

10 (meth)acrylate by use of (meth)acrylic acid

B. BACKGROUND ART

Reaction methods which involves camying out a reaction in liquid phase by using an
kﬁe enﬁnasaumhm;mekmmmasanw&mi@mﬁ”xdnmdﬁnnw&abuhhh
nvolves using a reactor fix-packed with an ion-exchange resin or a method (fluidized bed

15 reaction method) which involves camying out a reaction in a state that the ion-exchange esin is
suspended and dispersed in a reaction liquid, and separating the reaction Biquid and the
" ion-exchange resin after the reaction.

It is believed that the fluidized bed reaction method is preferable because ifs reaction
efficiency can be improved.

20 JP-A-54326/1974 proposes a method which involves introducing a gas from the bottom

of a reactor so that an ion-exchange resin can be suspended and dispersed in a reaction liquid, and




.2 separating the reaction liquid and the ion-exchange resin by use of a
cat al yst-separating apparatus conposing a filter. In addition, 23 MAR 2004
JP- A- 1784411988 proposes a method which involves suspending and di spersing
an ion-exchange resin in a reaction liquid by use of starer, and

separating the reaction liquid and the jon-exchange resin by use of a wre
mesh of 80 nmesh. 5 placed at the botton?of a slimng vessel. In the

f1ui di zed bEPRFIRE theraetiondgmd andiheienexdhangs Fsinby vl eatalyshseparating ipmsuswhen

carrying out the separation of the ion-change resin and the reaction |iquid

by use of t%gqég- r Sddbdne 1PES veahAds| | or_the wre nesh is
cl ogged wit uc'#g g%ckierg |ond:néxc a??ge resi#qgo%%‘rfinﬁ ev@écgcfl?"g or a

si de-produced polynmer in the reaction. Therefore, it beconmes difficult 10

t o operat e suspending anmbdispersingrenh ibdrexchanpe kesth inon readtich diggid byest Rf bweR-amieasi | y

| eaked. For exanple, in case of the reaction to produce (neth)acryl ate by
allowing (neth)acrylic.. id,t eact wth al.cphols, there was, a problem
that the hf&P"G’%%i%%’E%aﬁ‘i’ﬂ&ﬂ%a‘i}%&& e‘@&%ﬁa\‘fﬁ"e%ﬁrﬁoﬁ&‘heaked.
I n addition, when the above reaction was continuously carried out; there
was a prﬂ)blﬁ&dﬁ%bbﬂﬁ]&ﬁgﬁﬁﬁéo%desi n amount was decreased with the
passage of tine 15 and the reaction rate was | owered because of ununiform
fl ow caused by such clogs. A sedinentation nethod is considered as
effecti ve neandndhe Bugiaedabedngactine megwd expng ihpeabows convéntional trixghode awdien on

m xt ures However, the apparatus becones |arger according to this nmethod. In

addi tion, tggﬁﬁ | fl.ec hat it takes ch ti t.Q, separ.gte.theca. In
addition, in &ggﬁvgﬁFkg%éﬁé%%aﬁémﬁ$“@Eﬁ%fﬁfFﬁﬁﬁ%ﬁ@ﬂ&kﬁ@%ﬁﬁﬁg Fesin )
and the 20 reaction liquid in the above way, the piling portion of the

i on- exchangke wits inesta 0 fleor et aish sidbgid Wwith £:3h 8 @RS 4 Renout the

separation. Therefore, the reaction further proceeds 2 3. MAR 2004
durmg the reaction or a side-produced polymer in the reaction. Therefore, it becomes difficult
10 to operate for a g ime and the eracked ion-exchange esin becornes easily leaked
For example, n case of ﬂle reaction to produce (meth)acrylate by allowing (meth)acrylic
acid to react with aloohols, maewasaprobmﬂ]atﬂlehydm&siswas'ﬁnmmsedbyﬂae
ion: e resin as leaked.  In addition, when the above reaction was continuously carried
out, there was a problem that the effective resin amount was decreased with the passage of time
15  and the reaction mte was lowered because of umuniform flow caused by such clogs. A
ﬁﬂmmmmknnxﬂmdhommﬁénd&ﬂﬁ&dﬁmnmmmoﬂggmﬁng&emncmﬁm%pmﬁnﬁmm
the reaction mixiure. waamgﬂmggxmusbmunwlmgﬂammdmgk)&hxmﬂmd In
addition, there 15 a defect that it takes much time to separate them.
In addition, in the conventional means of separating the ion-exchange resin and the
20 | reaction liquid in the above way, the piling portion of the ion-exchange resin and the reaction

liquid is caused when canying out the separation  Therefore, the reaction finther proceeds



,3 While piling. However, in this case, the reaction becones heterogeneous
because the liquid and the resin do not flow, and inpurities incrﬁ@s,@AR 2004
because the side reaction goes ahead Particularly, in cue of exothermc
reactions such as a reaction to produce hydroxyal kyl (neth)acryl ate by
all ow ng al kyl ene oxide to react with (neth)acrylic acid, it is difficult
to 5 renove heat at _the piling portionh Therefore, the extraordl nary rise
of tenperat P&@ﬁr b Ferghian becompsieteragemsonsthecauss, the linpid and :

pol ynmeri zati on of such as (neth)acaylic acid as a raw nmaterial or

hydr oxyal kyj,e éﬁ@@ﬁ%@ﬁﬁy t;&*_:aﬂ-ﬁle@m%ﬁ%xaé Sil aus and furthernore
the problemof the abdve ctogs I's cause tﬁﬁﬁ& aﬁ?pr the fixed bed

reaction nethod, the wire nesh is easily cl ogged W|th the 10 resin having

a smal |l di anetébrmﬂa@ﬂd&,ofmaﬁaﬁmtwﬁwmasétﬂcﬁ@@l w : |t is
S

difficult for the liquid to flow, and the reaction liquid i

Then, the ff ctive porjion to carry, out the reactiqgn becones |ess.

Because of tg’ d{??"!"grf’é}(y%'ﬁoi’oéﬁ % mragtwity @eedvenrylicrseid, Bris diffials to
reactivity |lowers and the side reaction ins but also the polynerlzatlon of
t he rawsma al tph,g% ct cgel econes
di ffi culst %évt%r?e?tgggfl on otﬁfgr 'Ithhbéaft?%f E‘g etﬁfeagctl y u5| ng %Sedb

i on- exchange resin, the sane problemis also caused in the react i on net hod

whi ch i nvolAldke pasionyaf high dempemsiure st folymerizatii of such ph@sthpyylic usill Bga vaw | OUS
het er ogeneous catal ysts. SUMVARY OF THE | NVENTION A OBJECT OF THE

separat i on A8 SR ORURLTRETS & PURR: 1 Peblenrd, mid ieeipmihe © *"

separation of the heterogeneous catalyst and the 2 8 MAR 2004
problemn of the above clogs is caused.

Inadcﬁﬁm,inﬂmxedbedmcﬁoﬁmeﬂmthemmhimsﬂydogge&wnh&m
10 resinhaving a small diameter or a side-produced polymer. At the clogged portion, it is difficult
for the liquid to flow, and the reaction liquid is piledup. Then, the effective portion to carry out
*the reaction becomes less. Because of causing the piling portion in fhe reactor, not only the
reactivity lowers and the side reaction increases but also the polymerization of the raw material
‘and the product i accelerated and the operation becores difficult

15 In reactions other than the reaction by using the ion-exchange resin, the same problem is
alsow:sedinﬂlemcﬁcnmcﬂzodwhidainvolvsmrq&ngwtamctimin]iqnﬁdpbaseby

using various heterogeneous catalysts,

SUMMARY OF THE INVENTION

A. OBJECT OF THE INVENTION

20 An object of the present invention is that: when carrying out a separation of a

heterogeneous catalyst anda reaction liquid, the separation of the heterogeneous catalyst and the



4 reaction liquid can be carried out certainly and effectively by using a
conpact apparatus with inhibiting the side reaction or the polyneﬁtmﬂﬁ

and avoi di ng unstabl e operation due to clogs of the heterogeneous caté@gst
B. DI SCLOSURE OF THE I NVENTION 5 A reaction nethod by using a heterogeneous
catal yst, according to the present |nvent|on I's a method which involves
carrying out a reaction in liquid phase*by using a heterogeneous catal yst
particle i nreactiondiquidcgn eneired wpt éesainly tahe efitctvly 19f usti@)a @hipasviap@iratiswitit | on
liquid supplied into the reactor to react in the presence of the

het er ogeneous. rticle, .and. ssi.ng th resul t ant eactlon

li quid cont ﬁ#@%%ﬁ@ﬁ*@@&?%ﬁ%@%@ﬂ%ﬁ@f@ﬂe&wﬁ@w&aﬂ toglogy

screen 10 having an openi ng wi dth where the heterogeneous catal yst particle
I S not aIIomgﬁa&q%gaﬁsmm@upstantiaIIy, and then extracting the reaction
liquid separated fromthe heterogeneous catalyst particle fromthe
reactor. The present invention ainms |iquid phase reactions, and does not

ai m gasphas8:-PIBeLOSHRE OF T INVIENITON | j ne screen havi ng an opening wi dth
where the heterogeneous catalyst particle 15 is not allowed to-pass
substant¢al |y’ tal vet rticle. whi.ch. passes
t hr ough %he | i me screen may g%'(%ath%e%%% m%%m mm%ts
attaining functions and effects of the present invention because the

het er ogeneoa snetha athjcht inyudves icarfingSuti analakdib iraliduid piged by iy Bakk
distribution wthout fail. The opening width of the line screenis

determ ned so. that.the ratio o partlcles mhlch ass 20 throu h the |ine
scam can be" At TH 3 feaRieh 804 epRsprises i siepg offa) B‘E Qufieg BFFRsion Hgu iedhan 2
volune % nore preferably not nore than 0.3 volune@b 2 3 MAR 2004

mio the reactor toreact in the presence of the heterogeneous catalyst particle, and (b) passing the

—(
b}

resuliant reaction liquid containing the heterogeneous catalyst particle through a line screen
10 baving an opening width where the heferogeneous catalyst particle is not allowed to pass
substantially, and then exiracting the reaction liquid separated from the heterogeneous catalyst
gmhhﬁmnﬁwmmmm'
The present invention aims liquid-phase reactions, and does not aim gas-phase reactions.
The term “a line screen having an opening width where the heterogeneous catalyst particle
15  isnotallowed to pass substantially” means that the heferogeneous catalyst partile which passes
through the line screen may exist in an amount which does not affect atiaining finctions and
dﬁwﬁ<fﬁm;mwanhnﬁmkmlwawéam@hamogmﬁmecﬂﬂyﬁﬁmﬁdeaskﬂwmﬁﬂyumﬂ
has particle distribution without fail
The opening width of the line screen is determined so that the ratio of particles which pass
20 through the line screen can be ordinary not more than 5 volume %, preferably not more than 2

volume %, more preferably not more than 0.3 volume %.




.In addition, the 15 % particle diameter is defined as the dianeter when the
particle distribution in terns of volune becones 15 % at the si@8 MaR 2004
particle side, and it is effective that the opening width of the line
screen is determ ned narrower than the above 15 % particle diameter. The
lower Iimt of the opening width of thesdine screen can be determ ned in
the larger size of 5 1/25 of the 15 %particle diameter or 0.05 mm In case
wher e the openilngddiian thei ¥ Heaparinkediametrain defired alb dwedisingter, whinethe patide

di sadvantages in |ong-funme operation because the sir is easily clogged

with even a; .| .apount. of such as |] fragnent .of the catal yst
particle, zgﬁfg%fadﬁ%lm e%H&P‘?‘FF%“@“\ﬁ @%%%&?%M“W?ﬁa@%@%e way
is with difficulty washed. These and ot her objects and the advant ages of

t he presentopbdietthQ tbilihé sden BeRmhibéd Mmook f5T R Bhrkifle dibbibOW NY
detail ed di scl osure BRI EF DESCRI PTI ON OF THE%%BG% 1Iéieg. 1 igs atlgrgcti onal
view (a), and_ major sectional views (b) and (c) of a fixed bed reaction
appar at us ribadpver kel the ormme idhe! tading srecep canslerdetermiperhiniti largfisige of i s an
cqnded sectional view of a solid-liquid separates. 15 Fig. 3 is an

d [ 1 5\6} Qf +a | I P ertigal ti I
i ow (2] oot RERS AR alnuk\R OV SGRC In o e iy bl S b act i on

apparatus. Fig. 5 is a sunmarized structural view (a) and a hori zontal
struct ur al tsedie aboed sizej thee @ie)disadvatthges inplog-is opertice bécalise €RsEén1geRT t he
present invention 20 .Fig. 6 is a sunmarized structural view presenting yet

anot her Modee LA il e o' Salf holel 5t sufh 55 SHAN Suprant of s catlyt portile- ol e
screen filled with the small fragment in the above way is with difficulty washed. |
| 'Ih&seandothﬂobjectsagdﬁ:sadvantagesofﬂxeprwmtimmﬁon“&ﬂbemoreﬁjﬂy
10 apparent from the following detailed disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig‘ lisa sectmml view (a), and major sectional views (b) and (c) of a fixed bed reaction
apparatus representing a mode for carrying out the present invention.
' Fig zmmmmseoﬁmwewofammqtﬁdsepmm.
15 Fig 3 1s an expanded sectional view of a line screen.
Fig 4 is a vertical sectional view () and a horizontal sectional view (b) of a fluidized bed
reaction apparatus.
Fig. 5 is a summarized structural view (a) and a horizontal stnictural sectional view (b)
representing another mode for carying out the present invention.
20 Figsisammmzademmwmmmﬁngyetmmmodefmmmgmme

present invention.




Fig. 7 is a summmarized structural view representing yet another node for
carrying out the present invention (Explanation of the Symbols) 23Qarb8%
Reactor 5 12: supplying inlet 14: Liquid-enacting outlet 15: Liquid
flowing inlet 16: Distributing plate 1S: Partition plate 10, 20:
Solid-liquid separator 21: Opening 22: Lene material. 30: Heterogeneous

catal yst particle _40: Reaction liquid 15 52; Stirrer DETAILS DESCRI PTI ON
OF THE | NVENTI ONi& %W@,W@%ﬁm@maﬁmﬁgmﬂe forlvemypgsitthe

invention are explained in detail. [Average particle diameter] In the

pr esent inv%@&%&g usabl e het erogeneous catal yst particle has an
aver age particle iameter of 0.1 to 3 mm The average particle dianeter

is defined as 50 % particle dianeter, and the neasurenent mnethod thereof
is in the same nEtphaatioasfht Sibels]> % particle dianeter. 2 3 MAR 2004 7

10, 50: Reactor
5 12 Supplying inlet
14: Liquid-extracting outlet
15: Liquid-flowing inlef
16: Distributing plate
18: Parfition plate
10 20: Solid-liquid separator
21: Opening
22: meauenal |
30: Heterogeneous catélyst particle
40: Reaction liquid
15 52: Stier
DETAILED DESCRIPTION OF THE INVENTION
Heremafler, the modes for carrying out the present invention are explained in detail.
[Average particle diameter]
In the present invention, the usable heterogeneous catalyst particle has an average particle
20  diameter of 0.1 to 3 mm. Theawagéparﬁcledimnﬁﬁhdeﬁnedasm%parﬁclem,

and the measurement method thereof is In the same method as of the 15 % parficle diameter.




. However, the evaluation standard is settled in 50 % In case wherg t he
particle dianmeter of the heterogeneous catalyst particle exceed'.%MAmZUﬂéhe
contact area with the reaction liquid decreases and the reaction
efficiency lowers. On the other hand, in case where the particle dianeter
of the heterogeneous catalyst particless smaller than 0.1 nm the cl ogs
are easily caused when the 5 heterogeneous catalyst particle and the
reaction | i Howeien fhe evaptiomstadard wetiadmnrs@de [darcdse ohere thd ipatiele dismetér of he

het er ogeneous catal yst particle is nore preferably in the range of 0 3 to 2
mm | ncideptall th article dianmeter of the heterogenequs. catal yst
particle caﬂé%(@ FW"E"&% ?M?WWW ﬁ??r‘?%"@?“glq”’éé?‘ﬁ@é%

cal i pers, ultrasonic neasurenment apparatuses, or optical mcroscopes; a

met hod whi cinditeloti@fefitha Iowas. NIche sEe D, i8R RE aAibe MRkt the10 W th
an i mage- processi ng apparatus and a conputing apparatus; or classification
by sieves. 15 % particle diameter.'] Wen the particle dianmeter of the
het er ogeneoﬁ%ﬂ?ﬁﬂm@@)ﬁbﬁﬂﬂ@ 15 smglleg dian (blymars therplogs l9e asily @usd avhen diee

di aneter, the particle diameter can be measured by the bel ow met hod. For

ter, reter can be measu et h
measur ot? by ARGl ellfs BRRL SF el ol MR B, 16 STl

resin particle is imersed and sedinented in a |iquid which can possibly

have the sadiemaarfdrdstroamenis cabalystgadtivle i movb ipferablyi ia tenande L0 PG L nfh e

(concretely, the volune is when the volune is not decreased any nore while

tapping the_ Qhotto . Wile the me particle mldly flows with the sane
liquid, theheﬁﬂ&@m@%@m@%%%@wm%wwmwf action.
by use of a neasuring sieve of which nmesh is accurately 20 determ ned. The

passed fracd Mﬁ%ﬁﬁﬁ&ﬁaﬁ@r@m&@%ﬁ%ﬁgﬁ@m@gﬁg €V Ol ure

Is nmeasured with a neasuring cylinder. raction is

| ess than 15 volume % 2 .3 MAR 2D04 8 )
optical microscopes; a method which involves obtaining microscopic images and calculating

10 wath an image-processing apparafus and a computing a;')params; or classification by sieves.
[15 % particle diameter]
When the palﬁcle' diameter of the heterogencous catalyst particle is defined as the above
15 % particle diameter, the particle diameter can be meastired by the below method.
f‘oremmple,incaseﬂﬁiﬂ:epmﬁcleisMamoiststale,ﬁlevolumeism&asmedbyuscof
15  such as a measuring cylinder in a state that the resin particle is immersed and sedimented in a
Tiquid which can possibly have the same component as of the solvent which moistens the particle
'(omcretcl&, the volume is when ﬁle. volumne 1s not decreased any more while tapping the
bottom.). 'Whileﬂae same particle mildly flows with the same liquid, the parficle is separated
into a passed fraction and an on fraction by use of 2 measuring sieve of which mesh is accurately
20  detemmed. The passed fraction and on fraction are collected respectively, and the vohamne is

measured with a measurning cylinder.  Then, when the passed fraction is less than 15 volume %,



it s understood that the 15 % particle dianmeter of this particle is |arger
tthan the nmesh of the sieves. The 15 % particle dianmeter of the artiﬁhg :
can be nmeasured by repeating the above neasurenment wth changi%’gmpﬁe sh.
When it is difficult to handle in the _sanme conponent or at the sane
tenperature as of the 5 soft which noi stens t he particle, the solvent such
as water may be replaced to neasure However, it is preferable to adjust

the resin vibisumdsrsided fhghe k4 partitly disheterof fhispaticle isflargs thamthe meshl of hasieven. t he

range of not nore than 10 % In case where the resin volune change of the

het er ogene aa -particle is.not,nore an 10 9% bet ween the noi st
state and ?ﬁ%lgf%péﬁgé%@”?ﬂgf%ggﬁgﬂgﬁPpﬁFﬁmﬁ$§E%F@?QWE%%%mHE?Fﬁ@EHQE0 with
the particle in the dry state. In this case, it is not necessary to use the
liquid The witz@agfindthang@nrticle conpared with the mesh may be -eval uated by

whet her or not the passed fraction is not nore than 15 volune % when the
particle is separated by use of a vibration sieves. Heterogeneous

catal yst] The hPeriby do langlg myibe same ogmpepentor ptthe some damperaiurpas of then | s

not especially Iimted 15 Exanples thereof include all the ion-exchange

resins I G ' [ ' t,r.on r weak
acidic \(?;t i%@m%%g%s@%@%%ﬁsﬁm Lsa\/\.ggt% %%gﬁé(;m%%ﬁ%&ﬂ%éxc ange
resins. Particularly, when using the resins in the exotherm c reaction, the
resin havilowdverit is prefesbla e adjiss the resirevehivheechhugeroplised by thetripdaclinéne bDBENneous
catal yst except for the ion-exchange resin include: netal, noble netal, or

g%’BEiE i Dl SR S RO ESRATAN Mol o meal . of oxi des thereof 2 3 VAR
In case where the resin volume change of tie heterogencous catalyst particle is not more
than 10 % between the moist state and the dry state, the 15 % particle diameter may be defined

10 with the particle in the dry state. In this case, it is not necessary to use the liqid.  The size of
.thepaxﬁcleommaiwithﬂlemcshmaybe evaluated by whether or not the passed fraction is
notmnxethan15v011m:e;%whmﬂzeparﬁcleissepatatedbyuseofawhaﬁonsim

[Heterogeneous catalyst]
ﬂmw catalyst as used in the present invention is not especially limited.

15 Examples thereof mclude all the ion-exchange resins which are ordinary commercially
avallable, such as strong or weak acidic cation-exchange resins, and strong or weak basic
anion-exchamge resins. Pm&mhﬂxvﬂwnmﬁgﬂmnﬁm;mﬁmemﬂwnmcmmﬁmxﬂnnxm
having heat resistance is preferable. Emuqmscfﬁwlm&ngammm<mmhﬁe3a$tﬁxﬁw
ion-exchange ‘resin include: metal, noble metal, or oxides thereof, oetam:cs such as silica,

20 aluming, and fitania, or active carbon, which contains such as meal, noble metal or oxides

thereof




.The shape of the heterogeneous catalyst is not especially limted but

usabl e exanpl es thereof include spheres, elliptic spheres, pel gg‘h@@ggu
col utms, quadrangul ar pyramds, circular cones, and needles. 3p By

elliptic spheres al nost spheres is preferabl e because of easily flow ng at
agitation or preventing the resin firm’gushing due to collision of each
resin particle: 5 [Cation-exchange resin] Particularly, the strong acidic
cat i on- exchange Theshape of the hsterrigencatl gatalyet 15 sistvespesialiy linhited, batatsaltk exexpleange

resins. The usable resins are porous or gelled resins. Exanples of the

porous stro Ldi G rationsexchange resins i.nclude:, MSC-|1 (ahove, _Dow);
PK- 208, PK- %&?ﬁ%‘@%&@k‘*}%" SRR relisizad %Weﬂ“ﬂ@ﬂ’é‘gﬁ @%ﬁ“"‘%ﬂ@ﬁ’i‘i‘l@él s):
10 AMBERLYST-16, | R-116, IR 118, IR 122, C 26, C 26TR, C- 264, and C- 265

(above, Robiconesaid asiies CoSpharey or; ellpREspHRs andst Sherel 1P prbRABY Becald 4o and
KC-470 (Sum tono Chem cal). Examé)uﬁlees of the gelled Ir’rgsi ns 1 ncl )tﬁ)g?sﬂﬁl-lCR S,

HCR- W2, and HGR-W2 (above, Dow), and SK 1B, SK 106 and SK-1 10 (above,
M t subi shi @tagggtion gprevEpling fe eneiamgashiagus fo llisioeef eadheesinpatticl or  weak

basi ¢ ani on-exchange resins can be used as basic cation-exchange resins.

When thesresins %Hﬁﬁ&ﬁﬁ%mﬁ” addition reaction of alkylene, oxide in -
tme st

the present invention, ng basi ¢ ani on-exchange resins are preferably
used In addition, either gelled, porous, nacroporous, primary crosslinked
or secondary cr desibularlye therstsignaidiccatibse2Barigs edins ExapRicablytte 458 a9 2kidied
resins include: SBR, SBR-P-C, and SAR (above, Dow); |RA-400, 2 3 MAR 2004 1
0 cation-exchange resins,  The usable resins are porous or gelled resins.
Examples of the porous strong acidic cation-cxchange resins include: MSC-1 (above,
Dow), PK-208, PK-212, PK-216, PK-220, and PK-228 (above, Mitsubishi Chemicals);
10 AMBERLYST-16, IR-116, IR-118, IR-122, C-26, C-26TR, C-264, and C-265 (above, Rohm
and Hass Company), SPC-108 and SPC-112 (abové, Bayer), and KC470 (Sumitomo
Chemical), |
Examples of the gelled resins include: HCR-S, HCR-W2, and HGR-W?2 (above, Dow);
and SK-1B, SK-106 and SK~110 (above, Mitsubishi Chemicals).
15 [Anion—exdﬁngemin]
Either the strong or weak basic anion-exchange resins can be used as basic
cation-exchange resins.  When the resins are used for an addition reaction of alkylene oxide in
the present invention, the strong basic anion-exchange resins are preferably used.  In addition,
either gelled, porous, macroporous, primary crosslinked or secondary crosslinked resins can be

20 wused. .

Examples of the gelled resins mclude: SBR, SBR-P-C, and SAR (above, Dow); IRA400,



. A-132, ES-137, A -101D, A-147, A-104, A-109, and A -102D (above, Rohm and
Hass Cbnpany) SAL0A and SA20A (above, M tsubishi Chemn cals) Eﬁh&m#ae%@ﬁ
t he macroporous resins include: MSA-1 and MSA -2 (above, Dow); | RA-900,

| RA 938, | RA-958, A-26, A-27, A-161, and A-162 (above, Rohm and Hass 5
Conmpany); PA306, PA308, PA312 PA316, RA318, PA406, PA408, PA412, PA416,
PA418, WA30, WA20, and WKI O (above M t subi shi Chem cals). There are weak
basi ¢ resi ng13)asR1¥i d1®D, am7, 04908 AS09sEd ASI02D! @hsk] Rjh BHOURsT S

di met hyl am ne anong the weak basic ani on- ext hange resins. Exanples of the
strong basi ¢ ani on-exchange resins |nclude type (1) whose kind of amno 10
group as udedmas)>410Acnd SAHIA gborMitsubish Cherigldammoni um group, and type
(11) whose kind of anlno group as used as a functional group is

dinethylethanoﬁkgﬂ ;:L§u§9§p :@9 g g ] t resent
i nvention, the reavtlon ca carried ou y sugp%%§§§%9§A§”§Ed@$§fng t he
above het erogeneous catal yst particle in the reaction liquid as the
fluidized HRA-908aHA-OBB, NBIARRNS, A-2 ANEr AFl6l candag-BAo@bas, Rblen r£d Ciasen
efficiency can be inproved by increasing the frequency of contact with the

et o 00Seg 2 Cab Bk R EAS IS RCEIR R SRR BRFIE O e

exotherm c reaction. Wen it is difficult to renove heat by the j acket
only, it |Swgﬁéqumygmf«ﬁmogh&mhgﬁam&ﬁqgﬁhﬁggabl|Ity can be raised by use
of such as wound coi'ls and hairpin coils 20 The means of suspendi ng and
di spersing the above heterogeneous cat al particle into the reaction
liquidis not dbpeercadal bsioresieivhospkinda @gbqummmdumiﬁMﬂmnﬂguugmves
using a sip 2 3 MAR 2004 11

dimethylamine among the weak basic anion-exchange resins.

Examples of the strong basic anion-exchange resins include type (T) whose kind of amino
10 group as used as a functional group is trimethylammonium group, and type (If) whose kind of
amnino group as used as a functional group is dimethylethanol ammonium group.
[SwmambnmﬁeSpaﬁmﬂ
In the present mvention, the reaction can be carried out by suspending and dispersing the
above heterogeneous catalyst particle in the reaction liquid as the fluidized bed reaction method.
15  Therefore, as soon as the reaction efficiency can be improved by increasing the frequency of
contact with the heterogeneous catalyst particle and the reaction liquid, the effects of reroving
heat can be expected in case of using jackets and/or coils in the exothermic reaction. 'When it is
difficult to remove heat by the jacket only, it is effective that the heat-removing ability can be
raised by use of such as wound coils and hairpin coils.
20 - The means of suspending and dispersing the above heterogeneous catalyst particle into the

reaction liquid is not especially Linited. ]%rmmnpb&anxﬂmdvmhhhwdmmtsmgaﬁﬁﬁr




.conprising such as a paddl e bl ade, a Pfaudler blade, a max bl end bl ade, and
an anchor blade, a nethod which involves introducing a gas fr@mjahezppttom
of the reactor, or the conbination of these nethods can be enpl oyed.

[ Char gi ng amobunt of heterogeneous catalyﬁﬁ particle] 5 In case of the
fluidized bed reaction nethod, the chargifig anount of the above

het er ogeneous catal yst particle is preferably in the range of 0.05 to 1.0
time of thecwrnmuisingsuchesa paddle bateedEudieniedst a inax blesdadefand ah arhor blade,@as e
where the chargi ng anount of the above heterogeneous catal yst particle
exceeds 1.0 fti f.the enti,rety of .th har ged.amount in, teens of

vol une, theFE&gigm%?gggv r@%ﬂ%@*%hg§ﬁgP%m%6%P@‘gg@&ﬁé@ﬂBﬁﬁ?ﬁﬁﬁmeFBmEUSpend
and di sperse the particle, and the stir-m xi ng becomes uneven. In addition,
there are digRéwtiiagebednibldyet the crush of the particle exceedingly
proceeds in the neighborhood of the stirrer, and the catalyst life
shortens. Bad influences such as causing the _clogs of crushed particles in
the latter proc ameund gidelsropmgous setalyshpasticleht us are exerci sed. The
tendency of increasing a harnful side reaction is also caused. 15 Wen the

ol une the h : k ' S time,
;/heu chg%ge of %%F%ﬁgg?nggﬁggggggﬁgg%%'#ﬁ@agﬁgﬁékﬁgméﬁgﬁﬁﬁ(?égggﬁéﬁn:ned

so that the charging anount can possibly be inhibited in the above range.

| n case whehaterogeaecnheatalystygrtalens preferably irhise mbgewd 008 tel Oias efthisentiriyadf it

particle is less than 0.5 tine, there are disadvantages in that the side
reaction w thout catalysts in the liquid proceeds 20 nore frequently than

t he nain1regﬁﬁ?%ﬂnﬁﬁPP¥gﬁ“g&amﬁﬁ the catal yst surface, and the selectivity .
is lowered. In addition, the pronotion of the reaction needs to stir

- strongly. Ther efQhg whehBhe charg¥dRntilof i above heterogeneous cataliyst particle exceeds

1.0 time of the entirety of the charged amount in termns of volume, there are disadvantages in that:

10 ﬁtmamxsdm&mhu)mmgmdami&queﬂn[nmd@amdﬂws&unkmgbamnmsumﬂ@n
In addition, there are disadvantages in that: the crush of the particle exceedingly proceeds in the
neighborhood ofﬂlesﬁﬁer,andﬁlewmlystﬁfe shortens. Bad influences such as causing the
clogs of crushed particles in the latter process while operating the apparatus are exercised. The
tendency of increasing a harmfia! side reaction 1s also caused.

15 When the volume of the heterogeneous catalyst is changed with the passage of time, the
change of volume is considered and the charging amount is determined so that the charging
amount can possibly be mhibited in the above range.

In case where the charging amount of the above heterogeneous catalyst particle is less than
QSﬁnnJhﬁedeEmhmm@ﬂﬂﬁﬁmtﬁwsﬁbnzdbnuﬁhxnamﬁwmﬁnﬂwﬁqddpmnuﬁs
20 more frequently than the main reaction carried out on the catalyst surfice, and the seleofivity is

lowered. kimﬁﬁmiﬂw]xmmﬁmlofﬁcnmdhnn&ﬁsk)mﬁsmxgh{'Hxnﬁm;ﬂm



.catalyst is easily cashed [Blade tip speed] Wen the reaction is carried
-out in the reaction vessel conprising the stirrer by stirring th@a,«g$gm;on
liquid, the tip speed of the stirring blade. of the stirrer is desiréb y
determined in the range 5 of 0.1 to 10 m's, preferably 0.3 to 5 nis. The
tip speed of the stirring bl ade of thelstirrer is calculated fromthe tip
span of the stirring blade and the stirring rotation nunber according to

t he bel ow eqgabttiseastlyToshedi p speed of the stirring blade (m's) = the span
(m X the stirring rotation nunber (rpnm) X r/60 10 In case where the tip
speed of the Sﬁﬁé@énﬁ b@fde exceeds 10 m's, it is not econom cal because

t he appar at us k: irring and the ruining cost of notive power becone
enornmous. | n addition, the power is exceedingly added to the heterogeneous
catal yst parti %m@a&@ﬁg@ﬁ@o&iﬁ%&&aﬁ&%c&%@%ﬁﬁe%@%@%&i nj ur ed
and crushed. Therefore, tyre are disadvantages in that the Catalyst life
shortens, and the trouble is easily caused due to the crushed materials in
the 15 | atreashondiquidetbetp speediofithe girieg blasa nffhe stirerindasinblyaletemined in fhe rampeed  of
the stirring blade is slower than 0.1 m's, there are disadvantages in the
reaction b it 1 A to float the heterogeneous catal yst
particlg i%ﬁgﬁgﬁpgg%Pﬁgﬁhbigﬁ?%%ﬁ%he reaction partially becones

het er ogeneous, the ununiformty of tenperature or concentration is locally
caused, and t helhstiplspesdufdticlstiing Hladefithe Stiet 18 calélthtedi 08 thé §1¥pen tGedtisfing

di sadvantages in controlling the reaction tenperature because the

heat - r enpvi effici.enc lowers when =mgving reaction heat. 2 3 MAR 2004
13 é&%aniéeﬂm£%¥mmmumubaaaméhgm bdgwﬁpmhn

The tip speed of the stimmg blade (m/s) =
fhespan (m) X the stiming oation mumber Gpm) X 60
10 In case where the tip speed of the stirming blade exceeds 10 m/s, i is not economical
because the apparatus cost for stirring and the nunning cost of motive power become ménnm:s.'
In addition, the powen*is. exceedingly added to the heterogeneous catalyst particle, and then the
heterogeneous catalyst particle is injured and crushed. Therefore, there are disadvantages in
that: the catalyst life shortens, and the trouble 1s easily caused due to the crushed materials in the
15  Iatter process.

On the other band, in case where the tip speed of the stiming blade is slower than 0.1 m/s,
there are disadvantages i the reaction because it is difficult to float the heterogeneous catalyst
particle in the reaction liquid, the reaction partially becomes heterogeneous, the unumiformity of
temperature or concentration is locally caused, and the side reaction increases.  In addition, there

20 are disadvantages in controlling fhe reaction temperature because the heat-semoving efficiency

lowers when removing reaction heat.



.[ Reaction tenperature] The reaction is preferably carried out in the
condition of the reaction tenperature adjusted in the range of 54@@‘?@@
T. In case where the reaction tenperature is higher than 120 C, th

di sadvantages in 5 that dine acids or oligomers increase, and father, the
side reaction for producing esterified pr ducts thereof and products
havi ng high boiling point. In addition, them are disadvantages in that the
trouble is easilRpactientemperaire] t o t he pol ymerized products. In case where the
reaction tenperature is lower than 15 C, there are di sadvantages in that

the cost of co f. t fo in I n d|t|on th are
many denerits ?m &%H%%?g% té ?Ogg‘h rﬁh @‘ﬁ'ﬂs%l sl ow,
and the size of the apparatus becones | arge. The reactlon t enperature can
preferably iacesiptoiiSth i20°Che range of 30 to 115 C, nore preferably 50 to
105 C. Incidenrtally, the reaction condition except for the above way is
not especially |[imted in the 15 present |nvent|on and is fitly

det erm ned accoidrRghes thesacion FEweriFeds higher than 1203 ithers asn dissdvaniigesinand

l'i qui d] In The present |nvent|on after the reactlon in the presence of the

het er ogen ﬁ:ﬂfe?‘% tor oR@ddenCit [ i Rg-the .
heterogeneous cata yc%torpa Cicle s passﬁﬁ-glglt H‘%%%ﬁ&gﬁqgfﬁﬂen%éee@hﬁﬁi ng

- function of separating solid and liquid Therefore, the reaction liquid and

the 20 honug@mﬂmﬁmﬂmdﬂamgﬁghbdﬁngmarmhﬁﬁmﬁhdeﬁhdﬂmhﬁﬁcti on
liquid is extracted fromthe 2 3 MAR 2004 14 The line screen has many |ine

mat eri al s V\é}at h areelgmsﬁyed ondl%z%o%llels atl a vved

I case where the reaction temperature is lower than 15 °C; ther are disadvantages in that

the cost of cooling refiigerant for cooling increases. In addition, ﬂaerearemauydemmtsm
16 economy because the reaction rate 1s frequently slow, and the size of the apparatus becomes
large,

The reaction temperature can preferably be employed in the range of 30 o 115 °C, more
preferably 50 to 105 °C. |

Incidentally, ﬂlereacﬁoncoediﬁonexceptferﬂxeabovewayismtecpeciéﬂyﬁmitedmﬁle

15  present invention, and is fitly determined according to the conventional arts.

[Separation of solid and liquid]

In the present mvention, after the reaction in the presence of the hetewgaieous catalyst
particle, the reaction liquid containing the heterogeneous catalyst particle is passed through a line
screen baving function of separating solid and liquid  Therefore, the reaction liquid and the

20 heterogeneous catalyst particle are separated, and then the reaction liquid is extracted from the

reactor.



.interval Supporting part materials mght also be placed perpendicular to
the line materials. Even in this case, the |ine opening is subst3iparadihy
formed by determ ning the placing interval of the supporting part

mat eri al s enough | arger than the opening width of the line materials each 5
other. It is preferable to use the |iA& screen of which opening w dth of
the line mterials each other conpromsed in the |line screen is
substantial ly naﬁglﬁmﬁe@hﬁ@mﬁﬂ%ﬁ' Aakdriak Shith ggeﬂa%d .Pa}ah : ous
catal yst particle. The heterogeneous catal yst part(iSHIe g?l%lﬁ e reaction
liquid can  be certain]y separated because the above opening width is

nar rower t hirehe SppRopting [part anatenals anighs false (be tplaced papendigdardo the lina naleyists.

particle. In addition, it beconmes difficult to cause the clogs of the

het er ogeneo | ysSt rticl.e,. h t abl.e pper.ati gn_gcan be carried
out for a |%%£%yﬁ%ﬁ%ﬂ%%§§%@?§ﬁ@@%%ﬁ?%%? ’é‘“’%"‘—ﬂa n
conprising the line material. The nesh opening of the |ine screen can be
uni forny ctatuppbitiag pat matetAy énigh lgtehyathe opathgt WiShRE e 1B nbayihls gachn
opening width narrower than the designed size is little. Therefore, it is
prefera%e gﬁ%t the clogs 15 are difficult to cause because an extrenely
smal | pafti - contained in the heterogeneous catalyst particle is passed
ffirough the screen. The ratio of nmaximal and m ni mal val ues of the nesh
openi ng scatter 11%e shbf Rﬂmhyoggﬂlﬁgeﬁﬂg N&Gd Rorfi@ of not
nore than two t%t%@ﬁ?ﬂé%%ﬁ&&%e thi(gf rati O exceeds t\/\lgle{n%rres, &?ﬁe
het er ogeneous catal yst particle is easily | eaked and the clogs are easily
caused at aothd comprissdinp the thine seresh it Nebsteptially naroweh than diei farticle dismestee LA tHey
determned in the range of 1.0 to 1.5 tines, nore preferably 1.0 to 12
tinmes. Incidentall e, _m.nj al ue hereip . is eval uated b 3, MAR 2004
15 excl udin %@%@%Wﬁ%%ﬁ%ﬁﬁ%ﬁ%ﬁﬁ&ﬁ@@%#ﬁﬂ ﬁq%‘ﬁ’t?eal i ng
portion to the seem

be certainly separated because the above opening width is narower than the particle diameter of

10 the heterogencous catalyst particle. In addiion, it becomes difficult to cause the dlogs of the
heterogeneous catalyst particle, and the stable operation can be camied out for a long time by
sepaxaﬁonofsoﬁdandﬁqmdmm&nmmcomﬁsingrheﬁnemwﬁal The mesh opening
of the line screen can be uniformly controlled at a certain interval, and the portion having an
openingwidﬂmauowerﬂmthedwigéedsizeis]iﬂle. Therefore, it 15 preferable that the clogs

15  aredifficult fo cause because an extremely small particle contained in the heterogeneous catalyst
particle is passed through the screen.

The ratio of maximal and minimal values of the mesh opening scatter of the scroen is

preferably determined in the range of not more than two times.  In case where this ratio exceeds

two times, the heterogeneous catalyst particle is easily leaked and the clogs are easily caused at a

20  narrow portion of the opening.  The ratio is preferably determined in the range of 1.0 to 1.5

times, more preferably 1.0 to 1.2 times. Incidentally, the minirmal value herein is evaluated by



. The:-line screen is not especially limted if it conprises the Iigg mat er i al
Exanplres thereof include: nesh or lattice plates, nesh cylinder%; 4
and pl ates obtained by placing straight |lines parallel; plane materials
obt ai ned by helically coiling Iines, and placing them along 5 plane
circle; plane materials obtained by prmoessing lines into plural circles
having a different dianmeter, and placing themalong circles which are at a

pr edet er m ngsuding setatablyandiobaly RaodepofiRBiuc:R A behectifbriicitd MSkeep! at €
materials obtained by processing lines into simlar multiangular figures

having a different size, and placing the nultiangular figures to adjust
t heir respectl&de@ﬁ§@ﬁ§lsmﬁt&PﬁﬁmYiﬁ@ﬁé&hégwmﬂgﬁampmatawﬁuﬂe Examples ur e
t hereof can be nade sinple. The line screen is effective if .10 the

chCrt e, A SRR i T RN, Wk Sl G B SRR

effective area for separating solid and Iiquid can take up nuch space and
the |ine sotaigt ling paale); tlane margiseobiahied by heliallys@iling Hia] andpipiag dfmtaltag | | me
material as conprised in the line screen is not especially limted, but
exanples th eof | ude ci.rcles, elllpses triangles, quadrilaterals, and

15 trapezoi maerigly phtained by, progessing dines:inie Rl sirslss brymg adiffsra er abl e.

| f the shape is a trlangle or a trape20|d and the wade base side is placed

at the | Nl efakdd!Snd SRRl Ablgsaltith il ot fine bk udbeotliant ages | n
t hat the fIOM/gdes W de toward direction of " the quu%1 flow I'f the narrow
base side is toward the inlet side for separating solid and |iquid, the

fl ow goes reanterpaud fardwa pldte diatesials obimmest bytpinesedsing dines ufitb eivailart .
bet ween nelghborlng l'ine naterlals 20 Therefore, there are disadvantages

inthat it,s ea clo ar ti addi tion the openi.ng
wi dt h of tﬁ@“ﬁ% %ﬁ éﬁ E?aﬁfﬁaWﬁ E#ﬁh y tn 2 3

MAR 2004 16 the range of 0.05 to 2 nm The size of openlng mndth of the
respecti ve the liie sdh &a phit; the Bindcti€e thereof can be made simple.  The line screen is effective if

10 the effective area for separating solid and liquid is even hittle but good. If the line screen is a
cylinder or a coil, it is i:referab_le because the effective area for separating solid and liquid can take
upnmbhqmwamhhﬂ%mﬂmxnﬁamymnmmwa

The cross sectional shape of the line material as comprised in the line screen is not
especially limited, but examples thereof include circles, ellipses, triangles, quadriaterals, and

15  ftrapezoids. Circles, ellipses, triangles, and trapezoids are preferable.  If the shape is a trangle
or a trapezoid and the wide base side is placed at the inlet side for separating so}idandliquid,
there are advantages in that the flow goes wide toward direction of the liquid flow. If the
narrow base side is toward the inlet side for separating solid and Liquid, the flow goes narrow
toward direction of the liquid flow at the opening between neighboring line materials.

20  Therefore, there are disadvartages in that it is easytoclogwiﬁlﬂleparﬁcle.

In addition, the opening width of the respective line materials 1s, for example, preferably m



longitudinal direction is not substantially limted if it is enogg? Ionﬂﬁr
than the opening wwdth For exanple, if the structure is that the MAR 2004
material is helically coiled, the length of the opening wdth can be
freely extended. However, when the supporting part materials are placed 5
perpendicular to the line materials, tH® intervals of the supporting part
materials can be evaluated as the substantial |ength of the opening and
det erm ned ihe rdrige of Q0§ & DinnDOThe 836 of dpatind widisfthe tegReivb lomaeH0yin thee
opening width The upper limt of the length is not especially limted if

the limt (s length which engbles tq place.the supporting part materials
in the rangbﬂﬂ%@%?é#ﬁmﬁ%%ﬁﬁﬁgﬁmﬂ%wyﬁﬁﬂﬁfﬁ&ﬁ%ﬁﬁ%@km&ﬁﬂﬁﬁgkéﬁﬁﬂﬁé“ﬂﬁterials
are not distorted forcibly due to such as liquid 10 pressure and pressure
differ ence. piAik ifthe e i il he 106 nlalBa ALY boflod el rd’fﬁg%gg&gsever al
tens centineter t nmeter. I'n the present 1 nvention, the“means assi ng
the reaction .liquid containing the heterogeneous catalyst particle through
t he above | wmadh sex be rfiealydexésndada c Howgver, hwhanethe tsiygportihis gt dmaténals nare Iplacedeact or
is not especially limted, but for exanple, the pressure of the reactor

side of the_15 gabave line screen.is preferabl dj usted hj gher than the
pressur eg of P?B%‘ﬁ’ﬂg'ﬁ‘g“’&!}?@iﬁ%mf‘ g’ﬁ&% O?ﬁedﬁ%ﬂx%{’é%ﬁg@#gﬂ&e[@ iC
gravity] The reaction nmethod according to the present invention can display
ef fects m pag the Gublstiritial WAEH of iR dpaesd AddCde@imivid i 19 mhdf HOONS thel Fhageneous
catal yst particle in a state of absorbing the 20 reaction liquid is in the
rage of 0.9 to 2.0_tinmes based _on the specific gravity in the reaction

li qui d cont &pghheped prethp apeaing yadi o Ul uppen 1y of thelengiis vt experially lmniigd fdie t he
specific gravity eatables to 2 3 MAR 2004 17 separate solid and |iquid

W th a more;c0mmach ARRALAISo SRR b ubloritl feriik AR, BE rafocllid dimechis

mxlmuﬁ&unamiuhmeﬂmlkw:nﬂaﬁ&;menmnﬁmmaiﬁxﬁUycmeu)mﬂhasﬁqdd
10 pressure and pressure difference.  The actual upper limit of the length is in the range of several
tens centimeter o 1 meter.

In the present mvenmm, the means of passing the reaction Liqud contammg the
heterogeneous catalyst particle through the above line screen and extracting the reaction liquid -
from the reactor is not especially limited, but for example, the pressure of the reactor side of the

15  above line screen is preferably adjusted higher than the pressure of the side where the reaction
liquid is extracted.

[Specific gravity]

The reaction method according to the present invention can display effects in partioular
when the specific gravity of the above heterogeneous catalyst particle in a state of absorbing the

20 reaction liquid is in the rage of 0.9 to 2.0 times based on the specific gravity in the reaction liquid

contzining the heterogeneous catalyst particle. This range of the specific gravity enables to



. sedi-nmentati on known as a conventional neans of separating solidéﬁyg hg@uid
Needl ess to say, even if the specific gravity of the above het&to AR Btts
catal yst particle based on the specific gravity of the reaction liquid is
out si de the above range, the reaction nethod according to the 5 present

i nvention can be applied. Incidentally?7the specific gravity can be
nmeasured in the followng way. The specific gravity of the particle in a
moi st st at esdparatd eblichaed lapid(witli g imorg) calyiaat appatathy thae x diquidi cpgopacegpdtyt | on of
the particle in a noist)/(volune cnB in the above state). As to the
exenplified asurenent nethod, a liquid.and a resjn _are accurately wei ghed
T0 Wt h & PR g A ORL T of PR A Bad., TGS Sbee of

t he noi st- sanple can match at 10 crud. The weight (W) of the sanple is
measur ed. Then 38R 5RcilE Shalit} Sf (hE FRRE Hetlo %&e&g Foe¥b10 Bhsed d
filtrated with a centri?ﬁgg}over a pgrio of g%%ﬁ?pgﬁ?g 10 g?ﬁ%t S in

order to separate the liquid and the resin. Then, the resin is transferred
into a wei geevity afdhe seection hgwifl isiputsigo thelabovesange sthe teaction methedeecdriins to e wei ght
(W2) of the resin after extruding 15 liquid-attaching portion The
centrifuge h r.at insa diameter of about 15 cmat about 3,000 rpm
The spec?fi gr§§F%§S§%H§%H%Ed|iquid i s measured beforehand. The space
gravity is calculated according to the bel ow equation fromthe neasured
resul t Speci fi chgidellyhe specificgRivilicats bexhesidfin Gk floWBd wap - (WL-W2)/y]

[ Exot herm ¢ reaction] 20 The reaction nethod according to the present
invention can fitly he applied to the reaction_  to generate a calorific

val ue of 0.1 tolbe Poaheaanyfihe neldn gme stateiipdeiachasdigieht ;obtaeedtyact or |
2 3 MAR 2004 18 Cenerally, when carrying out the exotherm c reaction, the

trouble is g@mqﬁ@éﬁ)ﬁﬂn%{ﬁeﬁaﬂi&e%mﬁy{wlmmmsinﬂxeabowstate).

Astoﬂ:eexanpliﬁedmmsmmnmtmemod,a]iquidandarminareaccmateljweighed
10 with a measuring cylinder so that that liquid and particle surfaces of the moist sample can match
at 10 em’. The weight (W) of the sample is measured. The sample resin is wrapped with
clothorvinylsponge,@ﬁl&atedmdhaomﬁiﬁlgeovaapaiodofabmistoIOminuiwhl
order to separate the liquid and the resin. Then, the resin is transferred info a weighing bottle,
and the bottle is sealed, thus measuring the weight (W5) of the resin after extruding
15  liquid-attaching portion. Theomhiﬁlgeﬁmybeopmtedmadiamcta‘ofaboﬁﬁmlatabom
3,000 pm.  The specific gravity y of the liquid is measured beforehand. The space gravity is
calerlated according to the below equation from the measured resuit
speciﬁcgm\atyinamoiststate(g/an’)zwzazo-ov,-w;)fy]
[Exothermic reaction]
20 - The reaction method according to the present invention can fitly be applied to the reaction

fo generate a calonific value of 0.1 fo 3,000 kealhkg based on the liquid amount in the reactor.



.locally heat generation or side reaction at a piling portion of the

het er ogeneous catal yst particle or the reaction liquid Therefone Mhﬁ%ﬂé
present invention which can solve these problens is effective. g
where the calorific value of the reaction exceeds 3, 000 kca/h/kg and the
piling portion is caused while separsing the heterogeneous catal yst
particle and the reaction liquid higher heat generation is partially
caused. TheGosedlycatnaianyihg eut theexotehie eactiohthe froubh & legsly dilised & 9 8RA
"Then, the partial heat generation causes inconveniences such as
polynerizing tggﬁareactlon product and shortenln he Iife of the

het er ogeneo pSPsTation.or side feaction gt aqling Q¥Rﬁﬂﬁ%#hﬁpﬁhd®m1lng

portion is not caused while separatlng the heterogeneous catal yst particle

and the reggtion -%?@ ﬁ“aﬁf [ b 9“9
Especi al 1y, the a%%vgﬂ%ro ﬂ&é cah ertectively eg%b%¥v case of t he

fluidized bed Incidentally, the calorific value as generated in the
reaction caeffebsef orecasted fromthe theoretical calorific value per 1 no
of the major reaction raM/nateriaI (anmong the reaction raM/nateriaIs,

Choor ot el car By P vt gt otk of Uil ey 0t e o 21

is in the range of 5 to 50 kcal/nol, the reaction nethod accordlng to the

present i nvERtikOR ciigyd Wil @%ﬂue%u%ﬁeoh@ arld§ thd R&cieALQkAT 1 C
value of the reaction is less than 0.1 kcal/h/Kg and if the present

invention is apgﬂ;ed t he p|||ng portion of the heterogeneous cat al yst
particle anbighs pegially faysrdd  Eherhepisanmiof afien be remevaesteyend refrigern
effective in |nh|b|t|ng the side reaction. [Reaction nethod] MAR 2004 19

fhe, react? of g "afer G Yebll ool Belilor GBS Thoch RAEALS Yht! & ARfmefZREHe' ' ¥
nzamnpnﬂwxamiﬂmmmkgtd3MEof&mhﬂmngmamscmﬂmﬁpmﬁda In the present
10 invention, the piling portion is not caused while separating the heterogeneous catalyst parlicleand
the reaction liquid, and these problems can easily be avoided .Especialljr, the above problems
can effectively be avoided mn case of the fluidized bed. Incidentally, the daloﬁﬁc value as
generated in the reaction can be forecasted from the theoretical calorific value per 1 mol of the
major reaction raw material (among the reaction raw materials, based on the material having the
15  smallest molecular weight). When the theoretical calorific value per 1 mol of the major
reaction raw material is in the range of 5 to 50 keal/imol, the reaction method according to the
present invention may be applied.
Needlass to say, even if the calorific value of the reaction is less than 0.1 keallvkg and if
ﬁwpnmaﬁﬁwmﬁmlkamﬁaiﬂw;ﬂmgpmﬁmuf&whdnogxmmmcmﬂyﬂpmﬁdcamime
20 reaction liquid canbe little. 'Therefore, it is effective in inhibiting the side reaction.

[Reaction method]



. reacetion method involves carrying out the reaction-in |liquid phase by using
the heterogeneous catal yst particle, and can be applied to vari c?gw%a&t I on
nmet hods. Especially, the reaction nethod is effective for reacti t €04

treat polynerizable materials such as a reaction using 5 (nmeth)acrylic acid
Exanpl es of the reaction using (nmeth)ecrylic acid include a reaction to
produce (nmeth)acrylate. In addition, the exanples also include a reaction

produce (meth)acrylate, In : the” exampl es al so i react|
| mpbri 11 b cont Mgk e SeRilh e SR iiciiis B SRRl BRRIVHRS L

a conpound having at |east one nercapto group in a nolecule, such as
mer capt an, feactibheetiod gonlve @itying outde rxditaindeuidgdise. by kg bedeptopaeats t he

reaction to produce (nmeth)acrylate preferably include: a reaction to
produce (neth)acryl.ate by a%%omﬁn neth)acrylic acijd to react with an

al cohol ; anﬁm&”fg%%@?6ﬂgfﬂn FBHW@&SH?HW%i?ﬁﬁ¥&@m€ﬁ%tH#E@W@%a TG0 | owi ng
al kyl ene oxide to react with (nmeth)acrylic acid In this reaction to obtain

the hydroxysakkid is fRbikapRheions td ﬁt&t?alm&iizfable AR A h§ rbdofon’ @il | ON
is large and the polynerizability of thé hydroxyal kyl (neth)acrylate as

obtained is very high 15 anong therm Therefore, it is thought that the
effect i3 etplvicalicypcarEamplee of theaeasberhasing Eretvaclin geid anchide apeastemio

invention is used. The (neth)acrylates are preferably treated in the

presence of gsner legyri aghﬁ nhibitors .or .stabilizers in _order that
t he present |nveﬁﬁ%%§i an'bé%hnre e P%%FF@%%?hggbﬂg% %dﬁ*#?bg%l’ not

especially limted if they are substances which have
pol yner i zat {esthcihic badid Rad/or? s edstrCby . allsking Calidndes oinpimsiride comidpiagryl ate
by allowing (nmeth)acrylic acid to react with al cohol 2.3 MAR 204 20

Acrylic acl grnﬁlh)ézb}:try gggnlianii/ol}/?tg &Qmﬁ%ﬁ’t'ﬁﬁﬁ Ju&;:giavmgatlmﬁmemamgow
- namolecule, such as mercaptan, inﬂmeprmeofanion—exd:angemﬁ
10 Exarmples of the reaction to produce (meth)acrylate preferably mclude: a reaction to
produce (meth)acrylate by allowing (meth)acrylic acid to react with an alcohol; and a reaction fo
produce hydroxyalkyl (rr.leth)acrylate by allowing alkylene oxide to react with (meth)acrylic acid.
In this reaction to obtain the hydroxyatkyl (meth)acrylate, the calorific value during the rﬁcﬁon
is large and the polymerizability of the hydroxyalkyl (meth)acrylate as obtained is very high
15 among them Therefore, it i1s thought that the effect is &cpegia]ly]arge“dlmﬁlemethod
according to the present invention 1s used.

The (meth)acrylates are preferably treated in the presence of general polymerization
inhibitors or stabilizers inmderﬁt&npmentinvmﬁmmnbemom effective. The above
addmvm are not especially lirmited 1f they are substances which have polymerization-inhibiting

20 effects.

< Reaction to produce (meth)acrylate by allowing (methacrylic acid to react with alcohol



. Acrylic acid +Ethanol ----- > Ethyl acrylate + Water Acrylic acid
+n-Butanol ----> n-Butyl acrylate + Water 5 Acrylic acid +2-Et%g?ﬂ§§§ﬂﬁl > 2
Et hyl hexyl acrylate + Water Methacrylic acid +Methanol -- > &
met hacryl ate + Water In these reactions, the reactivity and selectivity can
be i nproved by equi ppi ng such as reattors with a dewatering colum to
renove water. <Reaction to produce hydroxyal kyl (nmeth)acrylate by all ow ng
al kyl ene oxPde to react 10 with (neth)acrylic aci d> (Exothenic reaction)
Acrylic aci d+Et hyl ene oxi des--->2-hydroxyethyl acrylate Acrylic

aci d+Propyl ene ide-.y =22 By dr oxypr l, acr Met hacrylic acid +Et hyl ene
oxide-->2-hydrd@éﬂ?ﬁ?@+§§£ﬁ%%ryla@@gﬁ%@?ﬁﬂ%%s%ﬁﬁ aci d +Propyl ene

oxi de- - >2- hydroxypropyl nethacrylate 15 <Raw al cohol > Met hanol, ethanol,

propanol , but angdrylichso®Bamdl — iyl nlad + Wagohol , and 2- et hyl hexyl
al cohol can be used. <Rawacid> (Meth)acrylic acid is used. 20 <Raw
al kyl ene oxi de > Et hyl ene oxi de, propyl ene oxide, butylene oxide, and

styrene oxi de cA@ysatd fadiytanol —s—purbuleaybte+ Walg r eacti on net hod according
to the pwzA invention may be carried out by dividing two or nore steps. For

exanpl e,5 the r%@&ﬁk!&&¥2§ﬁﬂm&%ﬂﬂﬂiégﬁE&ﬂﬂﬁﬁQ&ﬂhﬁﬁ@ﬂ&?d by: extracting
Methacrylic acid +Methanol ——> Methyl methacrylate + Water
hﬂleserwcﬁms,ﬂnmcﬁ\&tyandselecﬁ\dtymnbeimprovédby equipping such as
mctoréwi&adewatexingcolmmtommovéwater. |
< Reaction to produce hydroxyalkyl (methjacrylate by allowing alkylene oxide to react
10 with (meth)acrylicacid > (Exothermic reaction)
Aaﬂhadd+E&Mawoﬁm}——aﬂig&nmbmﬂaaﬁMg
Adrylic acid + Propylene oxide——>2-hydroxypropyl acrylate
Methacrylic acid + Ethylene oxide——>2-hydroxyethyl methacrylate
Methacrylic acid + Propylene oxide~——>>2-hydroxypropyl methacrylate
15 <Raw alcohol >
Methanol, ethanol, propanol, butanol, isobutanol, tert-butyl alcohol, and 2-ethylhexyl
aleohol can be used.
<Raw acid >
(Meth)acrylic acid is used.
20 ,<Raw alkylene oxide >

Ethylene oxide, propylene oxide, butylenie oxide, and styrene oxide can be used.



the.resultant reaction liquid in which the reaction goes on to a certain
extent as nentioned above, and allow ng the resultant reactionBiMpR @0as
extracted to react further in the sane way. 5 [Reaction apparatus] The
reacti on apparatus, according to the Er esent invention, is an apparatus for
the reaction by using the above hetefbgeneous catal yst particle. Both
fixed bed reaction apparatus and fluidized bed reaction apparatus can be

appl 1 ed. The PP Ridin SRR ha6ling /B8 et KRGUFAGY B catNPBP Hivili @

stirrer, and a |iquid-extract i ne. "The apparatus cow a en 10
which is placed between the reactor and the |liquid-extracting |ine and has

function of woxqyamast $tepy.  Foo exathplen the Irdagfivityl afichselettivity cadredmprovedsbya extaptingi ng

wi dt h where the heterogeneous catalyst particle is not allowed to pass
substantial |y. e |line.screen.i,s, preferabl ttached to a sjdeswall of the
oactor so IR eBPIRR SR BB A o e AT Rt Lar o Hiap e
downward The clogs with the heterogeneous catal yst particle 15 can

ef f ecti vel ValdRllwiay @iadil Raaus Gqilie seicaen ke flicgthosnd Wt the screen
surface can face downward in this way. Furthernore, in case of the

fluidized bed reaction apparatus, the line screen is preferably placed not
to great?y previisectignapae®slon |iquid slurry including the heterogeneous
catal yst particle fromf lowing while separating solid and Iiquid 20 The

conpri 65 e e afRPHIPac bt Bt BRIl E s dn LS 1R Nin,

lines are connected to the above reactor through 2 3 MAR 2004 22 different

| i ne scr eenby usilpethe fabbwei letesgerdeons aatabar particky  Bothi fiked ibeld kdacfioh dipperstessandand

troubl es decreases because the |line
. fluidized bed reaction apparatus can be applied. The apparatus comprises a vessel-type reactor

“equipped with a stirrer, and a liquid-extracting kne. The apparatus comprises a Iine screen

10 which is placed between the reactor and the liquid-extracting line and has fimetion of separafing
solid and liquid The line screen has an opening width where the heterogeneous catalyst
particle is not allowed to i)ass substanfially.

The line screen is preferably attached to a side-wall of the reactor so that the screen surface
-of the line screen can face inside downward.  The clogs with the heterogeneous catalyst particle

15  can effectively be prevented because the screen is placed so that the screen surface can face
downward in this way.

Furthermore, in case of the fluidized bed reaction apparatus, the Iine screen is preferably
placed not to greatly prevent a reaction liquid shurry including the heterogeneous catalyst particle
from flowing while separating solid and liquid. |

20 - The reaction apparatus, according to the present invention, preferably cornprises the above

plural liquid-extracting lines, and the respective lnes are carmected to the above reactor through



.screen is settled in the flowng route of the reaction |iquid The concrete
place*'to be settled is not especially limted.. 5 For exanple, § nozzl e
may be attached to the bottom of the vessel, and the nozzle my & MAR 12002d
with the line screen or the line screen can be attached so that the |ine
screen can be wed fromthe nozzle. The plain screen can be attached to the
bottom of the vessel. A nozzle can be attached to the side of the vessel,
wherein thegiQaélie ssenki |/ €d With the line screen or the line screen is
attached to the nozzle with protruding partially fromthe nozzle. An
extracting 10 line can be attached to the upper pardon of the vessel, and

t he 1ine screenfsafidssoyplorsspating solidend liguid riskipaeltenbles decreassheafisd theline
fluidized bed reaction apparatus, when the line screed is placed at the
piling portion of the resin. troubles are easily, cause ue to goipg on
side reactioncat ﬁ%ie%iﬂ}eﬁ?&h%w?tﬁeﬁ%ﬁﬂ‘ﬂané{b@wuﬂ%Ig*i?@ltf’ba"ssg‘ﬂﬁﬁp’frreri zed
products. Therefore, the line sane is preferably placed at a liquid

fl ow ng porﬁdt@pam?ﬁfh@d_each agitation or circulation. 15 Wien the |ine
screen is placed at the piling portion, there are denerits that the

het er ogeneous catal yst resin particle is attached to the screen surface and
the pressure difareaplea nozrie maybe afacksd to thebaitomtof e vessal, apd themezdemaydanent
However, when the line screen is placed at the liquid flowi ng portion, the
pressure di I i dof, r 2t ty 1l hi ason is considered
that the heéﬂee?cyg%ﬁtg%gée cat alogtsﬁkeo%laertl ¢ %%lbse ﬁ%?%@ﬁ%g’“ﬁw&ﬁﬂ Fs not
piled on the 20 surface. Troubles such as side reaction and pol yneri zation

due to pil ipronidad e tlermgda e hs plagascby cin bakiachddsto HetIBME Of the vasdAR 2014 23
If the liquidis in a flowng state, a basket which eaters into the reactor

o e O A0S e B, A% LSO, IS AL ULl Lo e
theﬁnesmisgﬁached fo the nozzle with protruding partially from the nozzle.  An extracting

10 linecan beattached to the upper portion of the vessel, and the line screen can be placed at its tip.

However, in case of the fluidized bed reaction apparatus, when the line screen is placed at

| -ﬂmpiﬁngpmﬁonofﬂxcrﬁn,trwbl&aremsﬂymuseddtwtogoingmsidemcﬁonatﬂlepiling

portion or solid materials such as polymerized products. Therefore, the kine screen is preferably
placed at a iquid-flowing pqﬁm due to each agitation or circulation.

15 When the line screen is placed at the piling portion, there are demerits that the
heterogeneous catalyst resin particle is attached fo the screen surface and the pressure difference
of filtration rises at a rate of the attachment However, when the line screen is placed at the |
hiquid-flowng portion, the pressure difference of filtration does not rise. This reason is
considered that the heterogeneous catalyst particle is always washed away and is not piled on the

20 surface. Troubles such as side reaction and polymerization due to piling the héterogmeous

catalyst are also removed.



.basket and the catalyst is stirred. In case of the fixed bed react'ﬁn
apparatus, its fundanental structure is also comon to 5 that of % HMAR 2004
fluidized bed reaction apparatus. The sanme art can al so be applied to the
structure of the line screen. The linejgcree can be placed so as to
constitute a flat surface crossing the reactor The |ine screen can be

pl aced on. t he Wnﬁﬁ% or, part of, the cross vertical, section. The position of

the |ine screen hﬂ‘édﬁl%égms%ql@s@bﬂ&mww swnadeoithedinehe

vertical cross section against the Ilquid flow ng direction |n the react or

of the f|Uidkﬁ£Ean@$9 tEA% reen is
a cylindrical screen, nﬁ%@ﬂless plecegm%ﬁgﬁ?)pggm%? nay un| rmy
be placed toward the vertical cross section against the liquid-f | ow ng

di rection | nbasketanditesatelydt sstimddhan 3 pieces of it per | n2 are placed, there
are di sadvantages in that the piling portion of the liquid is caused in
the catal yst | ay. p oduct s, ar.e .egsi | roduced; the screen
is clogged; and ﬁ%ﬁ?ﬂ gg%qgﬁ%%é}qéaﬁQﬁﬂﬁF%W§ﬂFéﬁE@@ﬂ£ﬂTg” F@%ﬁ?%ﬁmﬁ@ t he
fi xed bed reaction apparatus is fix-packed with a heterogeneous catal yst
The met hosl agst of 98 Hirttiz&T befl EactiRA efaRist hmf@h@maﬁ@wa;ﬁgé&&ﬁw%&e
performed in the sane way as of conventional reaction t hods

reaction liquid can flow upward fromthe |ower side to the upper side of

the reactor, hofne sesy doanaseecncanbe plecadppes staisintoa thsurfawerossinglte | n
case of reaction distillations which 20 involves separating

transest or PRt UGB ek A R RS TR BEET 6. 1 case

of inhibiting clogs, the 2 3 MAR 2004 24 reaction liquid preferably fl ows

downward | n t he Tiegokitun oftitkdink edresh aaR IR Pligedsdtad ky/sttanPaimifosth EoWavka@he
conparatively | arger dianeter

vertical cross section agamst the hquid-flowing direction in the reactor of the fluidized bed

10 reaction apperatus.  For example, if the screen is a cylindrical screen, not less than 3 pieces of it
per 1 m” may uniformly be placed toward the vertical cross section agpinst the liquid-fowing
direction. Ineaseﬁmélmsthana,pim ofitperimza;eplaoed,ﬂmmdjsadmtagwin

 that: the piling portion of the liquid is caused in the catalyst layer; polymerized products are easily
produced; the screen is clogged; and the reaction effiviency is lowered.

15 The reactor of the fixed bed reaction apparatus is fix-packed with a heterogeneous catalyst.
‘The method and condition for packing the heterogeneous catalyst can be performed in the same
way as of. conventional reaction: methods.

The reactionliquid can flow upward from the lower side tomeuppasidé of the reactor, or
flow downward from the upper side to the lower side. In case of reaction dlsullauons which

20 involves separating low-boiling-point-having materials, such as esterifying reaction or

transasmﬁcauon, the reaction liquid preferably flows upward. In case of inhibiting clogs, the



_ can be placed at a position adjacent to the line screen, and the

het erogeneous catal yst particle having a conparatively snall er2(5li Z@r
can be placed at a position apart fromthe line screen. 5 The hete’ﬁ% éous
catal yst particle having a conparativgly |arger diameter is difficult to
pass through the opening of the screen. The heterogeneous catal yst
particle having a conparatjvely snaller diameter has good reaction
ef fici ency.%&%&%ﬁ%&%@@st particle having a conparatively
| arger dianmeter functions as a screen which prevent the heterogeneous
catal yst parti B BRakA b N A : 'ﬂgjg%[ﬁ si ng
t hrough 10 V\henlﬁ!tﬁ%e flé%?ﬁg%screen%%ﬁgl%@ag1 oﬁyo%%w t he
reactor, the upper space of the |ine screezi can be packed with the
het er ogeneocws be placadyed & ppsiticn adiacenh tothe fine saree apd the thieteepanetia regrelyst patticleet er i n
definite depth, and the further upper space can be packed with the
het er ogenequs. catal yst .partj cl.e havin C aratively sma|ler dianeter.
he to the. dranef sripiitivly Sreler il ret Be Mol AHhorion St ASgaHL R ol y s
particles, the 15 dianmeter of the heterogeneous catalyst particle having a
conpar ats veitg hegRlgbdbus tRfticleaRviREa oAbttt Qf ldgdr ahRMEr © dirddti® t hat
of the heterogeneous catalyst particle having a conparatively |arger
di aneter. The di aneter of the heterogeneous catalyst particle having a

.conpar at i velispugh tag epepingiplfhgsceen ¢ dhe beleraginenis evtalysopartile hazing e carfipatatigely 0 30

times of the opening wdth of the ine screen, and the dianeter of the

het er ogeneqQiisn&.a4; L.Cl l: a Lvel | l.er .20 di aneter
can be adj usteﬁﬁ%ﬂeﬁ%ﬁ%é&gﬁoﬁwﬁ%ﬁgﬁ?%&é&gﬁﬁ%ﬁﬁgg}ﬁw 5"%"“&% of the.
| ine screen. Furthenore, a conparatively |arger particle having no

catal ytic foompiratbwelydarertiiampten femticnt aPa ScrddARVIEQOdeREt theh@@Gchécas cadysacent to
the line sir, and the heterogeneous catal yst particle having a

conpar ati vel y. .l er di aneter n, be aced outside it. As an exanple of
P ;@Xlﬁ]gg?%amma?velymg]ﬁ-dmmghmpassmg&nwgh P

the particl

10 When the flat ine screen is placed at the bottom side of the reactor, the upper space of the '
Iine screen can be packed with the heterogeneous catalyst particle having a comparatively larger
diameter in definite depth, and the further upper space can be packed with the heterogencous
catalyst particle having a comparatively smaller diarneter.

As to the diameter ratio of the above two kinds of heterogeneous catalyst particles, the

15  diameter of the heterogeneous catalyst particle havipg a comnparatively smaller dlameter can be
adjusted to about 0.8 time of that of the heterogeneous catalyst particle having a comparatively
Jarger diameter. The diameter of the heterogeneous catalyst particle having a ocmpa:aﬁvely_
larger diameter can be adjusted to the range of 1.1 fo 30 times of the opening width of the line
screen, and the diameter of the heta‘c;gmm catalyst particle having a comparatively smaller

20  diameter can be adjusted to the range of 1.0 to 15 times of the opening width of the line screen.

Furthermore, a comparatively ]argér particle havmg no catalytic fimetion can be placed at



. no catalytic function, stainless steel can be used. In the reactor, a

di strikbuting plate having such as nesh can be placed at a side V\kfgmh .5
reaction liquid is supplied in order to prevent the heterogeneous Iﬁ@i
particle fromreversely flowing or to inprove distributing the reaction
liquid The reaction liquid preferably %i stributes toward the horizontal
cross section of the packed |ayer of % e het erogeneous catal yst as
uniformy as possible. Wien.the reacti.o iquid flows, downward, .t he

count er neast ‘Eﬁ"r@g’@?’ge@ﬁ? 1 Sty gl ?%‘Fd@’é‘h’éto%‘lv@a SES £
particle is not always necessary. Them the distributing plate to inprove
di st ri but i ngrihetiveRAGalQ Miskrdefttia 1 QRsedRlsida it VaXSar 4 Epib Bf GON¥EEd kY - The
distributing platemay be a perforfated plate, or per?orate pﬁ ate th
unbrell a shape placed fully or partially. The plate can be replaced with a
conpar at i v@%ﬁ@ﬂmﬁ% sieednaitgaredt | on of mai ntenance. The shape or
structure of the distributing plate is not especially limted if the liquid

is disributed he .15 hetero epus catal yst, particl i to
convent i onal d?fg‘t@elrgatﬂ:{of’ﬁg(ﬂ%g 6o %&&%ﬁ%ﬁﬁﬁfh‘%ﬂi’&?ﬁ%ﬁ%ﬁ%ﬁ%ﬁ‘g
Hereinafter, the reaction apparatus of the present invention as used in the
reacti ors byreattien liquid i BEpphddaN erdeOtd piverh 8RR Bterofibhs icitalpst Phidile 88m\WnkRelf | gur es.
<Fi xed bed reaction apparatus (1) > 20 The reaction apparatus rented in Fig
1(a) is a fjxed bed reactjon apparatus. The cylindrical reactor 10 of which
doss secti ito Eproye distbutne therpaction lighid,  Hisdeactmndiqud peefopdly diriuteys  ends
are done-shaped and cl ogged conprises a supplying inlet 12 of the reaction

i quid 40 i e 1d- i 4t t t
10, Sl HBREG  B  F0l Lniy5

(

t

as possible.
When the reacﬁcm liquid flows downward, the countermeasure of reversely flowing of the
10 heterogeneous catalyst particle is not always necessary.  Then, the distributing plate to improve
 distributing the reaction liquid does not always have to cover fully. The distributing plate may
be a perforated plate, or perforated plate with urnbrella shape placed fully or partially. Theplate
can be replaced with a comparatively smaller one in consideration of maintenance. | The shape
or structure of the distributing plate is not especially limited if the Hquid i disributed on the
15  heterogeneous catalyst particle by applying to conventional distnbuting methods.
[Exarmples of reaction apparatus}
Heremnafier, the reaction apparatus of the present mvention as used in the reaction by use
of the above ion-exchange resin is explained with figures.
< Fixed bed reaction apparatus (1) >
20 - The reaction apparatus represented in Fig. 1 (2) 1s a fixed bed reaction apparatus.

‘The oylindrical reactor 10 of which cross section is circular and of which upper and lower



end A nesh-shaped distributing plate 16 is placed near the upper portion of
the inner space of 5 the reactor 10, and a partition plate 18 i £ dlMamesiis
near the bottom portion The space between the distributing plate 16 and the
partition plate 18 is packed with the gt erogeneous catal yst particle 30.
The partition plate 18 conprises a solid Iiquid separator 20 having a

cylindrical The reactiaon |i qU| d 40 passes &vvgh the solid
i quid separ‘ﬁ%‘?kS ‘%E'&%Pad?@ cemprisesa supplng P 2 of heqeastis i gidhq i t i on
plate 18. 10 The definite depth of the |ower S|de near the partition plate

18 and the eﬁg% = 1 qe#méj

particle 34 v?ﬁ% gﬂ%§rat|v l'y gﬁgﬁ?ﬁ%gﬁglc e bgﬁgﬁﬁ?@h@ﬁﬁ%g solid
liquid separator 20 is in a state of filling with the heterogeneous
particle 34enhaving a conparatively larger particle dianmeter. The upper
portion of the heterogeneous particle 34 having a conparatively | ar ger
particle di anet ac 1h t er.ogeneo 15 part e 32 having a
conpar ativel y s?ﬁPﬁ%ﬁﬁﬁﬁgg?@ﬁgmﬁPgﬁgg béﬁ%?%¢%ﬂﬁ¥%ﬁ#ﬁ h&%“@ESF§CQ pplied
to the reactor packed with the heterogeneous catalyst partlcle 30.
Thereforg, Wm,mﬂaiﬁa&;ﬂaté@sis Iabddlpleat tha S M YheiPhRBewedhe t hE
reactor 10 by the distributing pIa e 16, flows downward |n the reactor 10,
and the reaction is caused in the presence of the heterogeneous catal yst
particl e 30 dstipatingplay 1oan8 thegaritioroplatp il 3 isipackad witks the beserpganeqis paalyst patidlh e

het er ogeneous cat al yst particle 30 mnth the liquid-solid separator 20, and

12,2 3 e BooiEpiiid (Shoin®h AMER LRI AR bR Sinil B, 01

reaction liquid 40 |ntenS|ver fl ows |nto the central portion of the

reactor 10 ITyé regotioh dityiid W pessdshibroiph thsolid-Siquithseparhtart20]dhd iS ke @ o the loiWee

space of the partition plate 18.

10 The definite depth of the lower side near the parfition plate 18 and the solid-liquid
separator 20 is packed with a heterogeneous particle 34 having a comparatively larger particle
diameter. The solid-liquid separator 20 is in a state of filling with the heterogeneous particle 34
having a comparatively larger particle diameter. The upper portion of the heterogeneous
particle 34 having a comparatively larger particle diameter is packed with a heterogeneous

15  particle 32 having a comparatively smaller particle diarneter.

The reaction liquid 40 is supplied to the reactor packed with the heterogeneous cafalyst
particle 30. Therefore, the reaction liquid 40 is fully and uniformly spread over the reactor 10
by the distributing plate 16, flows downwardinﬂ]creacta' 10, and the reaction is caused in the
presence of the heterogeneous catalyst parficle 30.  The resulant reaction liquid 40 is separated

20 from the heterogeneous catalyst particle 30 with the liquid-solid separator 20, and only the

reaction liquid 40 is extracted from the liquid-extracting outlet 14,



ratio of portion utilized effectively for the reaction anong the capacity
of the reactor 10 lowers and the reaction efficiency becones e?séal
deteriorated Particularly, the reaction liquid is easily 5 pile Méﬁr?(&mt he
portion near the upper end of the reactor 10, and the pol ynerization or
side reaction is easily caused The distributing plate 16 is effectively

pl aced to solve such a problem |In addition to the nesh shaped

R L L

right beneath the supplying inlet 12 as shovvn inFig. 1 (b). The pI ural

di stributi nge BEES] forin BLHE ka1l } irdlet @2.C MTHRkFRY, the

Incidentally, in addition to the g?rgl%ure that on?’iﬁgt he one suppl yi ng

inlet 12 is aced right er t he reactor t he pIuraI pl yi ng |nIets
12 can al so®B alglate% ehifoy ﬁ@cftcmarrw%%mpa@lw dherreas &;%

reactor 10. Furtherm)re as |s rimed in Flg Il (c), if placing a

quuidflo I eBor eﬁ,ﬂ{l t 12 in

t he reacto corrpr es a %t%sgi d&&%e or péeeﬂr"lﬁe1 %?&gg&bﬂaﬁgﬁ%l’@t t he

pl ural portions of a distributing piping tube 13 which is circularly shaped
overal |l ,5 tpiledmmasd the poitionnéad théQipparent) ef the s¢aciobil, end the golympgidati@Corsiddel or M y
in the circul ar directi_on. As is omtted to represent figures if the sane

as of the above distributi i p tﬂ{é 134 s 15P| ac a.si de. adj acent
to the liqu P’S@X‘i"‘w&aoﬁ%a’?‘%&%ﬁ? ﬁé’slegj?f’gw tB W@"%hﬁé"?% Ieglkt or
20 the reactlon liquid 40 whi ch passed through the solid liquid separator

20 can be col | et 88500 e Ratig i1 ngsaﬁepfgm%gnt out
to the liquid-extracting outlet 14. 2 3 R 2004 28 Figs. 2 and 3 represent

detail ed structures of the solid liquid-separator 20. The line material 22
conpri sed | fistibusing plate @e&ﬁﬁ]ﬁd@%mwtﬁaﬁmb@ﬂmg@hbmeaﬂl

thesui:plyinginlet 12 as shown in Fig. 1 (b). 'The plural distributing means can be placed in
10  combination with each other.
Incidentally, in addifion to the structure that enly the one supplying irlet 12 is placed right
over the reactor 10, the t)lmai supplying inlets 12 can also be placed dispersingly and fully over
the surface of the reactor 10.
Furthermore, as is represented in Fig, 1 (¢), if placmg a litpid-ﬂowing it:let 15 which is
15 conmected to the supplying irlet 12 in the reactor 10 and comprises a short tube or & penetrated
opening at the plural portions of a distributing piping tube 13 which is circularly shaped overall,
the reaction liquid 40 can be distributed and supplied uniformly in the circular direction.
As.isomﬂtadtompresmtﬁgnes,fmesameasoftheabovedimihﬁngpipingwbe 13 1s
placed at a side adjacent to he Equid-extracfing outlet 14 at the Jower porton of the reactor 10,
20 the reaction liquid 40 which passed through the solidJiquid separator 20 can be collected

uniformily from all the ciroular portions and sent out to the liquid-extracting outlet 14.



~cylindrical state. Supporting materials 24, 26 are placed over orzggggatﬁ
the Itne material 22 formng a cylindrical shape. The upper and F R 2004
supporting materials 24,26 are supported by 5 a supporting bolt 28 which
penetrates centrally. The solid liquid separator 20 is installed by fixing
t he supporting material 26 with the pat&ition plate 18. As is rg~ed in Fig.
3, the line material 22 helically coiled is placed to make an opening 21
bet ween t he nei Bigh@uanddeprieseat dataileeistnahured 2 thesolid-ligudstepasatir@fl t o t he supporti ng
shaft 23 which is placed inside the line material 22 and supported by the

upper and | ower ortin 0O mater.i al s. 24, 26.. The .cross, secti on .shape of
Lhecl i ne mater | e 55 el cofBinetin Hdli Seieis Lol <ot 8 Shmparese 8

pl aced outside, and its vertex is placed inside. Wen the reaction liquid

30 contai ni pgn&RE1 HEL CKGGRARE Yotesials 24 Y ardBhdell 612 oﬁgmeaqlﬁ:% 1O ndaRga 22t hrough

the cylindriccal Brie scréeen conprising the line material 22, the

het er ogeneous catalyst particle 30 having a larger dianmeter than the width
W of the opfnningagylindecalwbape. t ke ypperand Bwieesupportig snatepals 24,26 e sagortad byass

t hrough, and the reaction liquid 40 only passes. Therefore, the separation

of solidcand | iquid,i f.0r n.Elg. 2 the .l r f. ey lyine
‘screen c%rrpgl '%R%f%éi)ﬁfemg n%?aot% ‘f’gﬁalﬂ% ﬁ@gggc?“hﬁglwgsepq?ag%\ejra 1%}612@%@':1532 t han
the partition plate 18 inside the supporting material 26. This nakes the
reaction | i Gudhdthdhptotiginatdpalds with tepaitiieh pliepdr surface of the partition
plate 18 in order to separate 20 solid and liquid The reaction liquid 40 is
difficult to pile near the,upper surface of the partitjion plate 18. 2 3
MAR 20Q4 29 Thés/ls waespiee dnlignd s hne mpfenal g4 behcallycoged i fpempkstaBr i al 22

can be placed at the same or bel ow position of the upper surface of the

partition plghfigb$ betRkenthe fighbbriry tind i 20984 Is'4khéd 8 the' sifporting shaft 23

which is placed inside the line material 22 and supported by the upper and lower supporting

10  matenals 24, 26. 'Ihemmcﬁonslmpeofthelhemataial&isneaﬂyanisosod@suim@e.
Its wide base is placed outside, and its vertex is placed inside.

When the reaction liquid 30 containing the heterogeneous catalyst particle 30 tries to pass

- through the cylindrical Iine screen comprising the line material 22, the heterogeneous catalyst

particle 30 having a larger diameter than the width W of the opening 21 between the line

15  materals 22 is stopped to pass through, and the reaction liquid 40 only passes. Therefore, the

separation of solid and liquid is performed.

BaFgJ;ﬁwkwwxathﬂwlm@ﬂmxnomngbmgﬂwlmcnmwmﬂzzElmmaiMa

lower position than the pertition plate 18 inside the supporting material 26. This makes the

mmﬁonﬁqﬁd40mndypmmuptq&eugxrmnﬁmufﬁwpmmﬁunphm18ﬁ1mdmﬂnﬂ@mmb

20 solida:ﬁliquid The reaction liquid 40 1s difficult to pile near the upper surface of the partition

plate 18.



partition plate 18. However, the structure of the solid liquid separator 20
can preferably placed not to cause the piling of the reaction23 idZ[}ﬂ{) :
over the partition plate 18 to the best of the ability. 5 For _exa%]Re, he
i nterval between the | ower end of the above |ine screen and the upper
surface of the partition plate 18 is Preferably determ ned in the range of
riot longer than 15 nm In the fixed bed reaction apparatus shown in Fig.

4, the structur e bdden SRI9-dhd E':qen? . i 5. om t he
above node for ’gg(rh?lfn ng out 1?hdéé1?ﬁven ?@ﬁé@%@%&?@%&ﬁ%{g%%%} 20
conprising a flat line scramall over the cross section in the 10

hori zont al bHavepdsitomofi tse yipercadace efthe pditition platedi®) @fat 4 hite highee p@iiod han e i S
shown in Fig. 4 (b), in the cross section of the reactor, marry line

materials 22 are e arallel wth ki.ng. t he openi 2 t ween each
other. The pgggg%l g‘ﬁ‘i@@h@ﬁﬁ"‘%@’ﬁ%ﬁ@%ﬁﬁ@%ﬁ%ﬁ@%@m as of
Fig. 3, and its wde base is placed at the upper portion, and its vertex
is placed %Uﬁm&ﬂ%ﬂ:’n@@fiﬁéﬁbﬁm]ﬂﬁﬁl%&tﬂépﬁﬂﬁ&%ﬂﬁéi%%%aﬂ't&a‘wﬁp.orted
by the supporting shaft 23 placed at the bark side. 15 In the above node

for carrying out the invention, the whole cross section of the reactor 10

per f or me® t hieor exale, e ingsrvablesgen thejayves enidi ofi the albpve I sinden and theupper seheraft | on of

solid and liquid can effectively be carried out < Fluidized bed reaction

apparatus > . by REP@ . t L Fi g, Is a fluidized bed
reaction apﬂﬁé—a‘%gtﬁjogﬁ%ggi% e uﬁ%%ﬁ%ﬁgﬁwmgr%tor 50 is the
sane as of the above fixed bed reaction apparatus. As is omtted to

represent figurlashe fike bedpesctiqoipunats eiovidia Figas; ey stbbufeSofalie/sdbadguid 3 MAR |
2004 30 with a supplying inlet of the reaction liquid 40. A stirrer 52

rotated by Sucr{m%hadiﬁ%noﬂ:mﬂtﬁc Hl aced iforr]Si de &rj}%ﬁrﬁvgg:émcir 50- A heating or

The solid-liquid separator 20 comprising a flat line screen all over the cross section in the

10 horizonta direction s placed near the boftom of the reactor 10, Asis shown in Fig 4 (b), in the
cross section ofthereactor,manyljnematﬂria]s22mphwdpamﬂelwiﬂ1nml§ngmeopmh1g
21 between each other, "Ihecrosssecﬁonal shape of the line material 22 is the same as of Fig, 3,
and its wide base is placed at the upper portion, and its vertex is placed at the lower portion.
The many lne materials 22 are supported by the supporting shaft 23 placed at the back side.

15 In the above mode for carrying out the invention, the whole cross section of the reactor 10
performs the function of separating solid and liquid, and the separation of solid and liquid can
effectively be carried out.

<Fludized bed reaction apparatus >
The reaction apparatus represented in Fig, 5 is a fluidized bed reaction apparatus.
20 The ﬁmdamemalsmlcun*eofﬂlemctérSOisﬂjesamas of the above fixed bed reaction

apparatus.  As is omitted to represent figures, the upper portion of the reactor 50 is equipped



cooliing jacket 54 for heating or cooling is placed in outer bel ow
cireunference of the reactor 50. A solid liquid separator 20 acquHRgﬁQﬁd
in an accommodation cylinder 58 is attached at 5 the below side o

reactor 50. The solid liquid separator 20 conprising the cylindrical |ine
screen is connected to the |iquid-extrgcting tube 56 which is connected to
a flange plate 59 with which closes the end surface of the accommobdati on

cylinder 58, .The st .part, of t.he.so)jd-1iquid separator 20 is pl aced
i nsi de the 5?%8ﬁﬁ%§3¥@@%0%@9$ﬂ%%9h “-and the part of the tip thereof
protrudes inside the reactor 50 which is nore inside than the 10 :
acconmodat i on Q1A ke 52 Ribiedy dueh S8 Wi B i Bl redef 0! UA B or
accomodation cylinders 58 and solid liquid separators 20 are plated, and
the materials placed in the radial direction of the horizontal cross
section of wobdingjagkst Brfordeating of deelingas eackdin sutpr belowdintumitrnge ofitheamtiond. | eaned
toward the radial direction exist together. 15 In the fluidized bed

reaction appar atusy 1 i i qui Q and t he.het er.ogengou at al yst
particle 30 sup|6£Ts|%1el%lil i %ﬁieEE tuFﬂgggﬁéogg# | nmgpacpggnp%aggqun(%ggpgéa@%# er
with the stirrer 52 to carry out the reaction in a fluidized state. The
part of the thedrloiM side df igteddiof §0.1 SThesblidaizhidQegatitdr RO chriystsing tRxdy ikl fige t ube
56 by way of the solid liquid separator 20. Then, the ?gactlon liquid 40
al one is separated and extracted because 20, the heterogeneous catal yst
particle 30dpEibrEpgielfp E%%MW@&@W@@@W%@%&MW& he

opening 21 of the line material 22 conprised in the cylindrical scans of

the sol i d | it io38 RREA! i ot MRy s Lhe mode for drying out
the invention shown in Fig. 6, the structufe of the solid liquid

. The most pert of the solid-Jiquid separator 20 s placed inside the accommaodation cylinder
58, and the part of the ﬁpﬂnezeofWinsideﬂwmctorSOwiﬁchismminsidethantbe
10  accommodation cylinder 58.

As is shown in Fig 5 (b), the plural accommodation cylinders 58 and solid-liquid
separators 20amp]aoed;andﬂ1ermtmialgpheedmthemdialdimcﬁonofihehmimmﬂaoss
section of the reactor 50 or the materials placed in the direction leaned towaldﬁlemialduectlon

15 In the fluidized bed reaction apparatus, the reaction liquid 40 and the heterogeneous
catalyst particle 30 supplied to the upper portion of the reactor 50 are stired with the stirrer 52 to
carty out the reaction in a fluidized state.

The past of the reaction liquid 40 is extracted to the Hiquid-extracting tube 56 by way of the
solid-liquid separator 20. Then, the reaction liquid 40 alone is separated and extracted because

20 mewemgmeousmtalystpalﬁcleéo&spmedm&emﬁmﬁqmammotpassmlghﬂn

opening 21 of the line matenial 22 comprised in the cylindrical screen of the solid-liquid separator



separator 20 is differ nt. fromthe above node for carrying out th
invention. In Fig. 6 (a), the tip of the solid-liquid separator 2023'MAR 2004
accomobdated in the accormmodation 5 cylinder 58 is placed inside the inner
circular surface of the reactor 50. In Fig. 6 (b), the tip of the solid
liquid separator 20 is greatly protruged inside fromthe acconmodation
cylinder 58. In addition, the line screen conprising the line material 22
is placed ly at the portion having length L of the tip side of the
solid-liquid separator 20. In. Fig. 6 (c), the root portion of the solid
liquid separator 20 is extended at the outer 10 circunference so that the
openi ng 20 bet viadi rhdile f@canimpuieté DRerfiv tmdﬁmﬁ% 6208stiubiBre oS ik ‘sditdlhhﬁg
separator 20 beconmes as narrow as possible in the structure of Fig. 6 (b)

In case of the above_struct t he ling of the reaction liquid or
het er ogene oURARY 25 éﬁé&’ Eﬁ?%ﬂ“%ﬁ@ﬂ%@@ﬁmmﬁe acconmodat i on

cylinder 58 and the sol i d- I|qU|d separator 20, and the fornmation of

. pol yneri zed pr 4 %&mh@ﬁh% 8hi ng
bet ween t he 15q§c oﬁ#@gﬁ??ﬁﬁﬁ%g Aggﬁgggﬁan%@ e SO 1%|qumﬁnﬁbparator
may be filled with pang naterlals made of such- as Tefl on (commerci al nane
f1 uor ocdr bosylindesidniy pladedinsithethevnoke cifooler smefice yf thereatsr 56.he i nventi on shown in
Fig. 7, the solid liquid separator 20 is placed at the center bottom of

D 708tk FPh e R RSt S50 i ki B

solid-liquid separator 20 is accommbdat ed i nsi de the acconmmopdat i on

cyl i nder 58&ceioEesh &mmasd Atadiii@, ﬂﬁ%@@cr%téoﬁ?u%g R 8ink GafhAr In
Fig. 3 MAR 2UUW4 32 7 (c), the solid liquid separator 20 is placé% at t he
circunferential bottom of the reactor 50. The part of the solid-Iiquid.

separ at or Zuecpdonb ak the porfion baviag lsegthlnoiereipisidpofdlyd solivlequidseparatnd0.t he r est

In Fig. 6 (c), the root portion of the solid-liquid separator 20 is extended at the outer
10 circumference so that the opening 20 befween the accommodation cylinder 58 and the
soliti—]iquidseparatchObécom&sasnarrowaspossibleinﬂ:esh'ucun-eafFig6(b). In case of
the above structure, the pi]mg of the reaction liquid or heferogeneous catalyst particle is removed
 between the accommodation cylinder 58 and the solid-liquid sepasator 20, and the formation of
polymerized products or the side reaction can be inhibited. The opening between the
15  accommodation cylinder 58 and the solidJiquid separator 20 may be filled with packing
1mnmhhnmded%wmésﬂﬁbnﬁmnmmnmﬂnmn@ﬂwxamﬁnnnx&&
In the mode for camying out the invention shown in Fig, 7, the solid-liquid separator 20 is
placed at the center bottom of the reactor 50.
In Fig. 7 (a), the solid-liquid separator 20 is placed upward at the central bottom of the
20 reactor 50. In Fig 7 (), the soliddiquid separator 20 is accommodated inside the

accommodation cylinder 58 exterded downward at the center bottom of the reactor 50. In Fig.



~thereof is placed in the inner space of the reactor 50. The line screen
conprising the line material 22 is placed above the acconnndationiﬁbMAﬁdﬂh
58. The | ower portion of the 5 solid |iquid separator 20 is thickly
extended so that a wi de opening cannot fse caused between the solid liquid
separator 20 and the inner surface of the acconmodation cylinder 58. This
structure does not especially |limt the length of the solid |liquid
separ at or 20(c). thsrsoliskligrigl separads @0 isqsicitit the ginduch fesengialbatiam ofile macjor 5@  éfbeded t o
t he nei ghborhood of the liquid surface (Efts and Advantages of the

I nvention):__ 10 -Accof¢i. resent-invention, .in the reaction nethod
by using th@hhoef@ger%g@ln ou%%@f%@?ﬁ%ﬁe ewﬁaorbfyﬁmgaé Flé‘?ei of the
het er ogeneous catal yst and the reaction liquid, the separation of the

het er ogeneotigesfas ghoeatmamdimdaespaceatfftﬂﬁmdtdrwj diedihe ' He Imertainly
and effectively by using the om pact. apparatus with inhibiting the side
reaction or the polynerization and avaqiding unstable operation due to
clogs of t HeatFw &2 3§ ddnesliabevatths pecommpdation oylinden 8%, yThetlwen pastionsef ten f or

separating the heterogeneous catal yst particle and the reaction |liquid has

a suffic ent}ys %aé} I Ehﬁﬁaj j P?|gl =ti8P %ﬂ%ﬁth in the
| at er al 3 dirgroié%ltlwéns. ﬁ??é%]%rc%l? the r%éw&t%%&%% qu 8‘%‘n§tbﬁ e md@%ed to
pass even if the opening width is nmade narrow. In addition, the opening of
the |ine sciobéhquid sépaator @0 cnd gthe domer swrfateaof e aevommmadatidnheylinfieorigat This
reaction of viscous or adhesive polypus. 20 DETAI LED DESCRI PTION OF TIE
PREFERRED EMBODI NENTS Halter,.th esent Jinvention i e specifically
i1 lustrat efﬁ@%mﬁ@tﬁmgﬁ%%@migmﬁmﬂ%w ed
enbodi ments. However, the present ' invention is not limted thereto.
solid-liquid separator 20 may be extended to the neighborhood of the liquid surface.

(Effects and Advantages of the Invention):

10 According to the present invention, in the reaction method by using the heterogeneous
catalyst, when carrying out a separation of the heterogeneous catalyst and the reaction liquid, the
seperation of the heterogeneous catalyst and the reaction liquid can be carried out certainly and
effectively by using the oompact apparatus with inhibiting the side reaction or the polymerization
and avoiding unstable operation due to clogs of the heterogeneous catalyst.

15 Particularly, the line screen for separating the heterogeneous catalyst particle and the
reaction liquid has a sufficiently wider opening in the longitudinal direction than that in the lateral -
direction. ﬂmefmﬂaerwcﬁmﬁqtﬁdliskulehmdaedtopaésevmiftheopming“ddﬂlis
made narrow.  In addition, the opening of the line screen is little clogged or attached even in the

| 'fonnationrmcﬁmofvisoousomcﬁmivepolyma
20 B DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafler, the prescat invention is more specifically illustrated by the following



.[Fi xed bed reaction] <Exanple 1 > 5 The reaction to produce nethyl
acrylate is carried out by use of a fixed bed reaction apparatu®3 ﬂggqggmt:
nmet hyl acrylate Raw materials: acrylic acid, methanol Reans: fixed
reaction apparatus (refer to Fig. 1) having a dianeter of 1,400 nun, a 10
hei ght of 2,300 nmin, a body-pardon capacity of 3.5 n8 and charged resin of
2.0 n8B. Solld I|qU|d separator: Johnson screen (commercial name, N kki

Uni versal ) examples iof) dome pieferredh atbddigers. f lotviews, e ptesen ifvaritiohiid bt (11 ne
screen) is placed up to 10 mm below the partition plate (refer to Fig. 2).
Quter dianeter, of cylindrical screen 50 mm effective length: 170 mm w dth
of line matBfF%: 1.5 mm opening width: 0.3 mm nunber of placing: 20

pi eces (13.0 pieces/nR), 15 effective filtration area: 0.534 n2 (0.027
n2/ pi ece), and GeaPRRi i On area: 0.089 n2 (0.0044 nR/piece). Passing
l'iquid amount: passing l'iquid anount 1.67 nB/h, liquid. density. 900 kg/nB
passing velocity for effective filtration area: 0.87 mis, passing |inear
velocity for th&Espmaplehg portion: 5.2 mm's, and f1 ow downward from the
upper portion to the |ower portion of reactor 20 Fbterogeneous cat al yst

DI Al ON BK- 208 (fomer.ci name u |sh| cor.p ous

cati on- e%fchange eerﬁcé ?éfﬁ%ﬁ%hﬁmﬁﬂ %ﬂ aaﬁ’ﬁ‘?ﬁj %
2 3 MAR 2004 34 particle dianeter: about 700 pn1 and 15 @6part|cle

di amet er abappémattd0 pm). -Results as carried out

Product: methyl acrylate

menﬁ&ﬁﬂmamﬂhaddnxﬁmmﬂ

Reactor: fixed bed reaction apparatus (referthig, 1) having a diameter of 1,400 mim, a

10 height of 2,300 mm, a body-portion mpaci@ of 3.5 m’, and charped resin of 2.0 m”.

Solid-liquid separator: Johnson screen (commercial name, Nikkd Universal) is cylindrical,
mﬂﬂweﬁﬁh@pm&mﬁxﬁhwknﬂmeﬂmﬂﬂEphmﬂupwIOnmﬂnbwﬂmpmmmnﬂmﬁ
{hﬁﬁk&ﬁ;Z}‘CM&Edhnw&roﬂwﬁxﬁaﬂmmwmSOndeﬁﬂmmkmgh]70nm;vmﬁh
of line material: 1.5 mm, opening width: 0.3 mm, rumber of placing: 20 pieces (13.0 pieces/m?),

15 effective filtration area: 0.534 m” (0.027 m*piece), and opening portion area: 0.089 m? (0.0044
m/piece). |

Passing liquid amount: passmg liquid amount: 1.67 m’h, liquid density: 900 kgfm®,
passmg velocity for effective filtration area: 6.87 mm/s, passing linear velocity for the opening
portion: 5.2 s, and flow downward from the upper portion to the lower portion of reactor.

| 20 Heterogeneous catalyst: DIAJON PK-208 (cormmercial name, Mitsubishi Chernical corp,,

pdm.ls cation-exchange resin containing p-toluenesulfonic acid as a major component, 15 %




Conposition at the inlet of the reactor main raw material (acrylic acid) 50
suppl ementary raw material (methanol) 20 % product (nethyl acrylgg gm%
and water. 5 Conposition at the outlet of the reactor: main raw materla
(acrylic acid) 30 % supplenentary raw nmaterial (nmethanol) 5 /q product
(nethyl acrylate) 40 % water 10 /q aggd inpurities 15 % Conversion: 35 to
40 % 100 hours later no problemin operation. 10 1000 hours later: no
probl em as t ter ne cat rti.cle. Pol s.were not attached
at all. Fﬁﬁﬁ%%ﬁ@"@@%?’ﬁeﬁ%ﬁ%&ﬁc%&ﬁ%gﬁ@%uppmu ng structure
of the I|ne sweep, but it could easily be renoved. <Exanple 2 > A solid -
i qui d separ at aRe@ilts Mgl da-ne screen portion was placed in a state of
protruding 15 15 nm over the partiti on plate was used as Johnson screen of
the solid liquid separator. in Exanple 1. The interval is nmade between the
| ower end of t HeomposiEom aY tenimles pf ftag aeagior: tThen aw t metprish (aqutligt asid) s19d% he

solid-liquid separator has a structure of piling the reaction liquid a

little on t qugggi gi? S ﬁg‘ n. 1, 000 hours
passed from ry| g out the reac |onIpoi)F \rsd @tso;%n to the

supporting structure of the line screen. C ogs were caused on a half of the
line matseri al s.CEnBsiiéhRa? hB40ufiEt ofHbhwersmtor fohiayrawematedd n@yfid &a3d) car ¢yi ng out
jet washing. Sonme |line materials were washed w th a brush '

. supplementary raw material (methanol) 5 %, product (methyl acrylate) 40 %, water 10 %, and

impurities 15 %.
Conversion: 351040 %.
100 hours later: no problem in operation.

10 1600 hours later: no probiem as to heterogeneous catalyst particle. Polymers were ﬁot
attached atall. A slight amount of polymer was attached to the supporting structure of the line
screen, but it could easﬂyberemoved.

<BExample2 >
A solidliquid sepa;a:or of which fine screen portion was placed in a state of protruding 15

15 mm over the partition plate was used as Johnson screen of the solid-liquid separator in Exarnple
1. The interval is made between the lower end of the line screen and the surface of the partition
plate, and the solid-liquid separator has a structure of piling the reaction liquid a litfle on the
partition plate.

-Results as carried out-
20 When 1,000 hours passed from carying out the reaction, polymers were attached to the

supporting structure of the line screen.  Clogs were caused on a half of the line materials.



. <Exanple 3 > The reaction to produce nethyl nethacrylate was carved out The
expl anation of the 5 condition common to Exanple | is omtted. ?3#&

met hyl nethacrylate Raw nmaterials: nethacrylic acid, nethanol Reac 2004

fi xed bed reaction apparatus (refer to Fig. 1) having a dianeter of 1,800
mm and a height of 2,500nm used in3ma state of full. 10 Solid-liquid
separator: Johnson screen (commercial name, Nikki Universal), outer

F: ﬁremﬁr:{ e;):‘%(lgbyé 17 ESHB% openpjﬁWl&l\(i//?ng{ahl J%tf"‘@&r%%] numerﬂﬁmﬁ?awt hof

pi eces (4.8 pieceshn2) effective filtration area: 0.64 n2 (0.032
2/ pi ece), witlthlwwbni ng portion area: 0.058 n2 (0.0029 n®/pi ece). Passing

| i quid amount: passing liquid anount: 3.00 nB8/h, liquid density: 900 kghu3,
15 passing velogk%¥ ﬁog>effective filtration area: 1.30 nm's, passing

| i near velocity € opening portion: |14 nms. Heterogeneous catal yst:
the sanme as of Exanple | -Results as dried out Reaction twerature: 70 C

20 Conposi ti on He reddgon t6lpRdduef mbthl mdiRlhhite widtiied 84 MPhespRhatiof Bacr ylic
acid) 61 0,4, supplerrntary:'raw material (col) 9 % and product. (nedo
nethacrylate) 27 % 23 MAR 200y 36 Conposition at the outlet of the
react or i nditan cpmpmen fodixarppled Bemitpdi ¢ acid) 45 /Q suppl enentary raw
material (methanol) 3 % and product (methyl nethaarylate) 46 %
Product: methyl methacrylate
Raw materials: methacrylic acid, methanol
Reactor: fixed bed reaction apparatus (refer to Fig. 1) I*mvir;ga diameter of 1.800 mm, and
a height of 2,500 mm, used in a state of full.
10 Solid-liquid separator: Johnson screen (commercial name, Nikki Universal), outer
diameter of cylindrical screen: 60 mm, effective length: 170 mm, width of line matenial: 1.5 mm,
opening width: 0.15 mm, number of placing: 20 pieces (4.8 piecesAn®), effective filtration area:
0.64 m2 0.032 m¥piece), and opening porﬁm area: 0.058 1 (0.0029 mzlpiece).
]%mmnglxpmlmnmnﬁ.pmmmglxpmimmuxm 3OOrnAL]uwmidﬁumy'9G}kgkn
15  passmg velocity for effective filtration area: 1.30 mm/s, passing Jinear velocity for the opening
portion: 14 mm/s.
Heterogeneous catalyst: the same as of Example 1
-Results as carried out-
Reaction temperature; 70 °C

20 ' Composmm at the inlet of the reactor: main raw material (methacrylic acid) 61 %,

supplementary raw material (methanol) 9 %, and product (tnethyl mdhaqylate) 27 %.



. The-reaction tenperature is grated so as to adjust the conversion to 25 %
4 nonths later: The reaction tenperature was 79 C. It coul d be cao@BiMaredooy
that the life 5 of the heterogeneous catalyst particle is nore effectively
extended than that of Exanple 4. Theresemere no problens as to the

het er ogeneous catal yst particle when the continuous operation was carried
out for 4 nonths. Polyne we t attached at all.. | i ght : of

pol yner was at r3CRE ‘8{%@"@%6’33?% FSIP?JH&VVH@L*B?] @?@‘a‘frﬂﬁe@?@g‘r’ig%’ but
it could easily be renoved. <Exanple 4 > 10 The solid-liquid separator was
clanged to Hipplembiieiavitatil Eeaam)s %, and plokiaiRle@ylIneta&asy®logl v, a solid

i quid separator of which |ine screen portion was placed in a state of
protrurding 15 mmover the partition plate_was used as Johnson screen of
the solid-Iiqui Gherespavtammsraire ReRAiadso asio adiyst thegnwaRion 1625 %act i on
tenperature: 70 C Conposition at the inlet of the reactor main raw materi al

(acrylic acid) $1 ko Q%@&e}étxﬁ';@%‘a!@t i al ﬁm; ?glp -and
product (net hyIEacxyy}ate‘la%“'Z]Sﬁeg%ag§l rrp05|t|'on°g€ ?ﬁ% outcfa}gt 0 ﬂgh%%}l%actor:
main raw material (acrylic acid) 45 % supplenentary raw nateri al

(nmet hanad ) a%he huicropenodlisattalystepdnicle 1 oayd affefivelibedénd2Dthdn tanbfBxanglecd. The
reaction t ature was 83 C. 'here were no problens as to the heterogeneous
catal yst particle when the tenuqus operatiqn was carried out for 4, nonths.
3 MAR 2004 S50 WP PRBIRDICHE o JESBREtons HRE BRIV IR 4 OTMURI PGP ( he

line screen. Cogs were caused on a half of the Iine materials. However,
they were r@pEuBild B frdhiihs® UPoliBies WaR Bbiiach@PITBIL A slight amount of polymer

was attached to the supporting structure of the Ime screen, but it could easily be removed.
<Example4 > |
10 The solid-hquid separator was changed to the structure of Example 2 in Example 3.
Concretely, a solidliqud separator of which line screen portion was placed in a state of |
protruding 15 mm over the partition plate was used as Johnson screen of the solid-liquid
separator. |
-Results as carried out-
15 Reaction temperature: 70 °C
Composition at the inlet of ﬂ:e Teactor: mam raw matcnal (acrylic acid) 61 %,
supplementary raw material (methanol) 9 %, and product (methyl acrylate) 27 %.
Composition at the outlet of the reactor: main raw material (acrylic acid) 45 %,
supplementary raw material (methanol) 3 %, and product (methyl acrylate) 45 %.
20 4 months later: The reaction temperature was 83 °C.  There were no problems as to the

hetmogmem;swwlystpmﬁdewhmﬂ:ecmﬁhumsopaaﬁmwaswniedomfot4monﬂns.



line materials were washed with a brush <Exanple 5 > 5 The packin

condi tion of the heterogeneous catal yst particle was changed in AR 204
The expl anation ofthe condition common to Exanple 3 is omtted. Conely, the
het er ogeneous catal yst particle was cggssified, and divided into a | arge
particle portion having a particle dianeter of 700 to 1,200 pun (5 % of the

whol e), an smal | ticle portion havi article dianmeter of 300 to
700 pan (9?@8‘%@5Wagﬁﬁié?@ﬂ%w@%m%q?ﬁf%ﬂgwma@%wﬁﬁé%a Wi th
the large particle portion up to a position slightly higher than the

solid: i quighf FeRame Rkl HeRehe! ' bhent g ind Nt he
reactor was packed with the snﬁTﬁﬁﬁgﬁ&%ortio %@gon. - egu ts as
carried out Reactiontenper~ature: 77 C 15 4 nonths later: The reaction

t enper at ur elingaaterials @ere Whsbedwitles rusho probl ens as to the het er ogeneous

catal yst particle when the continuous operation was carried out for 4

nont hs.  Pol ymek§ vverge got attached at all. A very slight anount of polyner
as attached coul d“e ?'?y be renoved <CcrnparativeExanple 1 > 20 The sane
condition as of Exanple 2 was enpl oyed except that a wire nesh strai ner was

used as s: soli Miﬁmm&&%.ha&@m&%ﬁﬁﬁcle%&ﬁn@m&@wr ator:
wire nmesh strainer, cylindrical, 50 nesh The effective portion for

filtration i s placed 15 mmoover the partition plate.
The explanation of the condition comimon to Example 3 1s ormtted.

Conoretely, the heferogeneous catalyst perticle was classified, and divided irto 2 large
particle portion having a perticle diameter of 700 to 1,200 pm (5 % of the whole), and a small
particle portion having a particle diameter of 300 to 700 jum (95 % of the whole). As is shown

10 mFg 1, after being packed with the large particle portion up to a position slighfly higher than the
solid-liquid separator at the bottom side of the reactor 10, then the reactor was packed with the
small particle portion thereon.

-Results as carried out-

Reaction temperature; 77 °C

15 4 moniths later: The reaction temperature was 77 °C. Thmewmerbproblemsastome
hetaoéeneous catalyst particle when the continuous operation was carried out for 4 months.
Polymers were not attached atall. A very slight amount of polymer as atiached could easily be
remmoved.

< Comparative Example 1 >

20 | ‘The same condition as of Example 2 was employed except that a wire mesh strainer was

used as a solid-liquid separator.



-Results as carried out 100 hours later The reactivity and selectivity
becant |ower, and the pressure loss tended 5 to rise. \Wen about 280@amQpms
passed, the operatl on was difficult to continue Therefore, the 1inspection
was carried curt. Then, the nmesh of the strainer was clogged with fine
materials of the heterogeneous catal ysi8 particle. A great deal of viscous
materials and polyners were attached. It was necessary to exchange the

mesh The pol ynegS: Mel;: s%&faﬁf ;hgﬁir ing I

strainer. [Flui %ng\gﬁﬁlge reé%@?#ﬁ% < é%@l e @p@rﬁﬁg rlg{gcﬁl&tg I%A%%r oduce
2-et hyl hexyl acaylate was carried out by use of a fluidized bed reaction
appar at us. fitatien aoplaetd Binex pler the pytith @latdaw mat eri al s: acrylic acid,

2- et hyl hexanol Reach: stainless-made fluidized bed reaction apparatus
(refer to Fig. th a dehydratl on packed columm (100 4), having a

di anmeter of 5007 |ty of 100 1, and wurged anmount (reaction
liquid + heterogeneous catal yst particle: 70 liter, and heterogeneous 20

t al yst t t . .
catal yst par ti CiogrhobS hdrl B rkabfivitd af d1cShAY Bchme RERE bfihd naﬁ&?%ﬁd{}grsal)

steam Solid-liquid stator: Johnsen scram { conmer ci al

is cylindrical, MAR "LQX 39 and attached at outer bottom circunference of
the react ortoralter di aneter of cylindrical screen: 34 mm effective

| ength: 60 ran-, width of elenent (line material): 1.5 nm opening w dth:

0.15 When about 500 howrs passed, the operation was difficult to contimue.  Therefore, the
inspection was camried out. Then, the mesh of the strainer was clogged with fine materials of
the heterogeneous catalyst parﬁele. A great deal of viscous materials and polymers were
attached. It was necessary to exchange the mesh The polymers were attached to the

10 supporting structure of the strainer. |
[Fluidized bed reaction]
<Example 6> |
The reaction to produce 2-ethylhexyl acrylate was carried out by use of a fluidized bed
Teaction apparafus.
15 Product: 2-ethylhexyl acrylate
Raw materials: acrylic acid, 2-ethylhexanol
Reactor: stainfessanade fluidized bed reaction apparatus (efer to Fig 5) with a
dehydration packed column (100 ¢), having a diameter of 500 mm, a capacity of 100 1, and
charged amount (reaction liquid + heterogeneous catalyst particle: 70 Iiter, and heterogenecus
20 catalyst particle: 18 lter (in a dry state)), heating jacket/charging steam.

Solid-liquid separator: Johnson screen {commercial name, Nikki Universal) is cylindrical,



- mm " nunber of placing: 1 piece (3.1 piecesfnr), effective filtration area:
0.0064 n2, and opening portion area.: 0.00058 n2. ‘The solid |i @Bgar o0
separator of which structure is showmn in Fig. 6 (¢) 5 was placed upward
with rotation of 90 Passing |iquid anount: passing |liquid anount 0.039
rn3/h, liquid density: 900 kgfnB, pagsing velocity for effective
filtration am 3.17 mm's, passing |inear velocity for the opening portion:

O L Ml O ORI B 0 P )

velocity: 4 mis. 10 Heterogeneous catal yst: the sanme as of Exanple |
- Resul t s as3&miny effectutlengRe 6uaing midte sfdlbneent (B maka)ChFHmns iopdntng vidtht00ks i nl et
of the reactor: main raw nmaterial (acrylic acid) 49 % supplemtny raw

material . (2-ethy] hexanol) 35.6_%. product (2-etlry xyl acaylate) 14.2 %
15" ahd viat SRS mog S| kﬂﬁ%ﬁ-\(&@g@%gbfﬂffe@%ﬁw e ety andspemngc g/ h)
and the colum top (13.2 kg&), and phenol iazine of 0.05 % of the main raw
mat eri al vva?m@tg, - H 638 bt A it strh A Ge - af

reactor: maln rg‘%v&'rré{t eria ‘(glgr%lmiméq'ggi ) 136.%}? supp%&hn%ﬁé%}r&ﬁa@
material (2-etyl hexanol) 25.7 9% product. (2-e4lhexyl acxylate) 59.6 % 20
wat er 0.% Y%vasplated wpsatd with ibhigpmicfi%B%. 8 kg/ h 1.7 kg/ h of water phase and 0. 18
kg/ h of oil phase 2 3 MAR 2004 40 Conversion: 60 % (acrylic acid), and 58

i €105 0. ooh I bond? ol Rt OB my ARl st 0 BOREC Lo
t he i nspection was caned out. Polymers were not observed.
passing velocity for effective filtration area: 3.17 mun/s, passing linear velocity for the opening
portion: 18 mim/s, and flow downward from the upper portion to the Jower portion of reactor.
Stirrer: PBiudler blade, ratio of blade diarmeter: 0.7, and blade tip velocity: 4 m/s.
10 ‘ Heterogeneous catalyst: the same as of Example 1
-Results as carried out-
Reactor pressure: 70 mmHg
Composition at the inlet of the reactor: main raw mawnal (acylic acid) 49 %,
supplementary raw material 2-ethylhexanol) 35.6 %, product 2-ethylhexyl acrylate) 14.2 %,
15  and water 0.1 %. Thcalooholvmssxmpﬁedﬁom&emctor(l?.Skgﬂn)mdﬂwcol@ntop
(13.2 kg/ti), and phenothiazine of 0.05 % of the main raw material was added from the column
top.
'Comqsition at the outlet of the reactor: main raw material (acrylic acid) 13.2 %,
supplementary raw material (2-ethylhexanol) 25.7 %, product (ieﬂxymexyl acrylate) 59.6 %,
20 water 0.4 %, and reaction liquid 348 kg/h. 1.7 kg/h of water phase and 0.18 kg/h of oil phase.



.5 1,000 hours later: The opening of the screen was clogged with resins.

Pol ymers were not attached. No problem <Exanple 7 > The reactiop to
produce hydroxyl pnp 4 acxylate is carried out. Product hydroxypr po'yMAR 2004
acryate 10 Raw materials: acrylic acid, propylene oxide Reactor. the sane
as of Exanple 6 except for charging wgjh 48 liter of the heterogeneous
catal yst particle (ma noist state), and cooling by stream ng cold water

into the jacket. | i.d . kiQui da. ra 1 soa screw (pommatial. nnr,

Ni kki Uni ver sal )Coggeﬁéﬁédn‘%#%ﬁgc?ﬁfﬁ%%aﬁ(ﬂ%ﬁgg at a fluidized portion of
the reaction liquid at outer bottomcircunference of the 15 reactor (refer
to Fig. 6 (b)). Sekiteiy: d8.ataheylicaidcandioBdrs @edhopcreen: 34 min, effective
length 30 mm width of elenment (fine material): 1.5 mm opening width: 0.15
mm nunber of placing: 1 piece (3.1 pieces/n, effective filtration area:
0. 0032 nn2 and JB’BW%O%%@WW&W 86b29 n2. Passing |iquid anmount:

passing liquid anpunt: 0.031 nB/h, liquid density: -900 kgfnB, passing

velocity for ef fgpd, i I%g@&' : : / ﬁ‘ﬁgg"ﬁﬁ bh\grkd near
velocity for the opelg'?}rjl%lhj 0 pg{ratlgn:ﬁ!&%a%ﬁ%?égg t?er) er: t 1}?tsams as of
Exanple 6 R $ MAR 2004 41 Heterogeneous catalyst DIAION PK 316 (comerci al
name, M Bsubi shil,000bonrdaikr: Ty gpeningofiteseciased clagied mith resina n Pelymesiwere ibd %
particle dianeter about 700 .im and 15 % particle dianmeter: about 450

pm . -Resul tas as, c%]rorpim%ﬂnfut

<Example 7>
The reaction to produce hydroxylpropyl acrylate is carried out.
Product: hydroxypropyl actylate
10 Rawmaterals: acrylicacid, m1me oxide
Reactor: the same as of Example 6 except for charping with 48 lter of the heferogeneous
catalyst particle (ma-moi.st state), and cooling by strearning cold water into the jacket.
So]id—liqmﬁ separator: Johnson screen (commercial name, Nikki Universal) is cylindrical,
and attached at a fluidized portion of the reaction liquid at outer bottom circumference of the
15  reactor (refer to Fig. 6 (b)). Outer diameter of cylindrical screen: 34 mum, effective length: 30
mam, width of element (line material): 1.5 mm, opening width: 0.15 mm, mmnber of placng;: 1
piece (3.1 pieceskn?), effective filtration area: 0.0032 m?, and opening portion area: 0.00029 .
Passing liquid amount: passing liquid amount: 0.031 m’h, liquid density: 900 kgfm’,
passing velocity for effective filtration area: 2.7 mm/s, and passing linear velocity for the openmg
20 portion: 30 muns.

Stirrer: the same as of Example 6



.5 Reaction torrperature: 80 C Conposition at the inlet of the reactor: main
raw material (acrylic acid) 45 weight % and supplenentary rawzratMNRi ooy
(pr ylene oxide) 55 weight % Piling tinme: The raw naterials were added to
adjust the Piling time to 1 hour. Cones lion: 80 % 10 100 hours | ater No
problem 1,000 hours later: Polyners were not attached. <Exanple8> The
separation of solid and liquid was carried out by use of 2-hydroxye hyl

acayl ate. Rea r: the s . e 7 except .that. t. react or was

st ai nl ess- mdeﬁ%wmaww%gm%'gw W%M%@%t or was
charged with the heterogeneous catalyst of 60 %of the reactor. Solid

li qui d sepakaietiasddpichariag edi 89 patide Basietn ghdut W0 En A UL % pasde Ng

l i quid amount 0.0095 nB8/h, and liquid density: 1,050 yW20 Stirrer: paddles
(3 pieces),_ ratio, of bl ade dianeter 0.4, and blade tip speed: 1.5 m's.
Homogeneoudtiasterabat 430k ane as of Exanple 7 18 MAR 2004 42 -Results as
carried out- Qperation Mature: 60 C 100 hours later: No problem 1,000

hours later No RLohlem Staple operatioa No clogs.
5 Reaction temperature; 80 °C
Composition at the inlet of the reactor: main raw material (acrylic acid) 45 weight %, and
supplementary raw material (propylene oxide) 55 weight %.
Piling time: mmwméxaialswemaddedtoadjasnhepﬂmgﬁmtolm.
Conversion: 80 % |
10 100 hours later: No problem.
1,000 hours later: Polymers were not attached.
<Example 8 > |
The separation of solid and liquid was carried out by use of 2-hydroxyethyl acrylate.
Reactor: the same as of Example 7 except that the reactor was stainless-made and had a
15 capacity of 20 liter, and that the reactor was charged with the heterogeneous mtalyﬁ of 60 % of
the reactor.
Solid-liquid separator: the same as of Example 7
Passing liquid amount: passing Liquid amount: 0.0095 m*h, and liquid density: 1,050
kefr’. |
20 Stirrer: paddles (3 pieces), ratio of blade diameter: 0.4, and blade tip speed: 1.5 m/5.

%ogmeouswtalystfhesameésof&mplc?




5 <Conparative Exanple 2 > The sanme condition was enpl oyed except for using
a wire nesh of 80 nesh as the solid-liquid separator in Exanple 623 2004
Solid-liquid separator: The wire nesh of 80 nesh (dianeter 100 nné"dg@R
attached to the extracting tube of the reactor bottom Wdth of nesh |ine:
material: 1.5 mm opening width: 10 0.%% nm opening ratio: 25 %
effective filtration area: 0.0079 nf? and opening portion area: 0.00196 n2.
Passing liquid nt: passing liquid anount: 0.039 nBlh, liquid density:
900 kg/ nB, pas?&ﬁgs é?§%$ " for effective filtration area: 1.4 nm's, and
passing linear velocity for the opening portion: 5.5 mis (, and f | ow
downwar d from tQgeration j@P 0 the lor portion ofreactor). 15 Stirrer
and het er ogeneous catalyst the sane as of Exanple 6 Results as carried
out When 150 hours passe |t was clogged with resins and the p sure |oss
tended to rise. P@ operatlon was stopped and the inspection
was carried out. The mesh was clogged with the heterogeneous cyst In

addition a greaiogﬂﬁhm Er@#?ﬂ&ﬂm%osﬁﬂﬁoégm& pol ymers voere observed

The solid liquid separator- *was necessa 0 reco er after washing it
enough. $ 3 MAR 2004 43 <CoTarative Exanple 3 > The sane condition as of
Exanpl e $ was erdflompedtivedixithgle 32ne nay as of Conparative Exanple 2 except
for using a wire nesh of 80 nesh as the solid-liquid separator Solid liquid

separator. The ﬂr e neosnhdrggn ‘gvaos rre y chgegte L € mi&gog m%%?ﬁtrﬁeﬁg%gmat
solid-liquid separator in Examnple 6. |

Solid-liquid separator: The wire mesh of 80 mesh (diamoter 100 mm) was attached to the
extracting tube of the reactor bottom. Width of mesh line matenial: 1.5 mm, opening width:

10 0.17 mm, opening ratio: 25 %, effective filtration area: 0.0079 m’, and opening portion area:
| 0.00196 n?”

Passing liquid amount: passing liquid amount: 0.039 m’h, liquid density: 900 keghn’,
passing velocity for effective filtration area: 1.4 mm/s, and passing linear velocity for the opening
pmﬁmx55nmn&¢andﬂmvdnmnmndﬁmnﬁmumxrpmﬁaﬁoﬁwknmx;nﬁonoﬁ&wbﬂ

15 Stirer and heterogeneous catalyst: the same as of Example 6

-Results as carnied out-

When 150 hours passed, it was clogged with resins and the pressure loss tended to nise.
Therefore, the operation was stopped and the inspection was carried out.

The mesh vas clogged with fhe heterogeneous catlyst. T adifon a greatdeal of clogs

20 due to attaching polymers were observed Thexﬁdﬁqﬁqunmkr“msnaﬂﬁéyunaxwa

after washing it enough



5 outer- cirewnference of the reactor bottom The attached position thereof
is outside of 50 % or nore of the blade diameter of the sti rrergmgrzum
di aneter of cylindrical mesh 34 nm effective length: 60 nm w dth of hesh
line material: 015 man, opening width 0.17 mm nunber of placing: | piece
(3.14 pieceshn), effective filtrationgarea: 0.0064 n2, and opening portion
area: 0.00016 nR2. 10 Passing liquid anpbunt: passing |liquid anpunt: 0.039
P4 1iquid densi{@omRE 3>passing velocity-for effective filtration
area: 1.7 marls, passing |inear velocity for the opening portion: 7 nms,
and Row downward fromthe upper portion to the |ower portion ofreactor.
Stirrer andl ogeridesmneepdiignas of Exampletrivasenpeyest imhe see wanas of Canpsitivar r i ed
out 15 500 hours later: The mesh was clogged with resins a little. The nesh

was washed - {Q%Qi t©oFf . <Ccxrrparat he
Exanpl e 4 >%€%§fﬁtlﬁ%n eé@%n%ﬁﬁg@bo él‘%psf)ﬂeg']%?d\‘/\i/a c%’?‘-‘ri ed out in

conbi nation of the reactor and the sedinentation tank. 20 A solid-liquid
separat or was n@blipliquikspaitot The wiraaiesh of gnohedhdiatbtar 100 funy) wadlatachgirat Si ng
the reaction liquid and the heterogeneous catalyst particle extracted from
the reactor was .sent out E 3 MAR 2004, 44 i ght -sedi pentation tank (40
mm 4) x $00 OHist HEPgIFTERCe of Mf reasion sa%%%ﬂa#wﬁ@@pfawt@é@ofﬁﬁé%w

sedi nentation tank was al so cooled with a cooling jacks (I liter/hr

ci 1 cul at | ON)more UG dAMCEASMRAGR! SIS idiIAe 8 JAHERaIRARS 3 mrk BtediBIIeNCY

of raising tenperature in the sedinentation tan

length: 60 mm, width of mesh line material: 0.15 mn, opening width: 0.17 mm, number of
placing: 1 piece (3.14 pieces/m?), effective filtration area: 0.0064 m?, and opening portion area:
0.00016m” |
10 Passing liquid amount: passing liquid amount: 0.039 m*h, liquid density: 900 kgfr’,
passing velocity for effective filfration area: 1.7 mum/s, passing linear velocity for the opening
portion: 7m}:nls,andﬂo;v downwand from the upper portion o the Jower portion of reactor.
Stirrer and heterogeneous catalyst: the same as of Example 6
-Resuits as carried out- |
15 500 hours later: The mesh was clogged with resins a litffe. The mesh was washed
because of attaching a stall amount of polymers.
< Comparative Example 4 >
The formation reaction as of Example 7 was carried out in combination of the reactor and
the sedimentation tank.
‘ 26 A solid-liquid sepaiator was not placed at the reactor, and the slurry liquid comprising the

reaction liquid and the heterogeneous catalyst particle extracted from the reactor was sent out a



5 was observed The trouble of the circul ati on punp was observed, 2?5 t hen
stopped. Polynmers and solidified heterogeneous catal yst were obs MAR 2004
Various details of the invention may be changed without departing fromits
spirit not its scope. Furthernore, the foregoing description as of the
preferred enbodi nents according to th& Present rove Lion is provided for
the purpose of illustration only, and not for t e purpose of 10 |limting

VAR * 2004 ASgiardtfelRs ik (0 P 008 o ehCHRL I e §Bei S0 noous

catal yst for reacting a reaction liquid, said nethod conprising the steps
of . (@) supsmdtedy The'seikGibrii0i0n lahlchkislso bolbd vith & 86dliB ja6k@ (Il Biefihroulafion).

het er ogeneous catal yst particle and reacting said reaction liquid in the
presence of the_ heterogeneous catal yst particle to produce a reaction
product, and (bRepdisaicaged e resul tant reaction |iquid product containing
t he het er ogeneous catalyst partlcle through a line screen havi ng a

substantial ly Uﬁ%&f&ﬁb Eﬁ%%ﬁﬁ# gﬁ&g{ f said
het er ogeneous catal yst partic es to pg@s sugg trally throug sai

openi ng, and where said opening has maxi mal di nensi on and a m ni nal ,
di mensi dn awab biesrved r ditieotrable sfaihd ensadationl prangsl wass nobservedd iand s ostioppéd. 1. 0 t o
1.5, separating said liquid reaction product fromsaid catalyst, and then

extracting e reacti,. i qui d product separated from the heterogeneous
catal yst p *iveF%M$?%ﬁﬁFﬁE%F§§€35F55¥5WﬁB on method using a

het er ogeneous catal yst according to claim1, wherein: the line screen is.
a cylindrical Wmmshmeﬁveﬁwhﬁ?%wlme&w dbpeetio] oA p&weterial
at intervals; the line material of the cylindrical screen has a tapered

cross section which is
scope, Furthermore, the foregoing description of the preferred embodiments according to the

present invention is Imwided for the purpose of illustration only, and not for the purpose of

10 limiting the invention as defined by the appended claims and their equivalents.



t hi ck outside of the cylindrical screen and narrow inside thereof, said

met hod conprising passing the reaction liquid product from an- @8 ghplenf
the cylindrical screen to an inside #Bereof in the step of (b). 3. A
reacti on nethod using a heterogeneous catalyst according to claim1l or 2,
whi ch further conprises the step of (-a) packing the reactor with the

het erogenequs . catal yst particle before carrying out the step of (a), said
packi ng st t&ﬁ*ﬁm@ilﬁg pl aci ng the heterogeneous catalyst particle having
a conparatively larger particle dianmeter the position adjacent to the line
screen and. fireasting metiochading o beterqoscss oathlyst foP Rlabiifg £reabR] B, said | |
conparati M}%k%dsnal | er tﬁrt | cl e.%amet er at the position apart“fromthe line
screen in tne s%ogﬁ’"émg? he §teps;of: fa)supplyingn ieestisndigyid int apactohedmainggneous
cat al yst atetefdtieRchs ' land Leh.. further. conprises the step of
(-a) packjng tc%g rea?fl %&ﬁ\tmg?ﬁdt&ﬁggﬁ%%b%g%%é%ﬁéoﬁgqlﬂggy kl&l?r?ﬁ@‘if’ ‘ééklﬁl yst
particl e PRifiogenceys estalygt particle e psidee ofeabtion proasd; 44 (b)'Fask@adhd on 1iquid

f .lop t.q a Loywer portipn of the reactor packed with the

e or ogerisaiEin: RALbR Rabid sfod it EonehiSing Re heliroasheons satelnet Toriats thgougn

cyl i ndri clite sesepdnvinger s@s@ﬁﬁéllﬁﬁrﬁfbrﬂlo%ﬁm %P%ﬁﬂ%t i?har?oxpgtt{x%}n@hgg she space
iC

packed with the heterogeneous catalyst "par e reac that the
i nt erval %'Q’P&Wr?ﬁ@eﬁﬁ%mtﬁ’qswmfée&ﬂa@asmlb‘sthnﬁallyithmiugh sﬁ&%ﬁ@niagl,chnan upper
surface ofhdiB8si ateqis not larger.than.5 mmin the step of (b).
5. Areacti gnﬁaﬁgﬁgﬁhggﬁ?\(@ a ae]tdzipg'%fé% et _CQ%E%PE#BQ:?E{T@IQ!O& m 1 or
2, conprsais meximedand njninml Siemsion) ofSR0 t 1.528hirand éa%li%liwé;{cﬁo{‘l ui di zi ng

e

said reaction_ liquid, and sai d _heterogeneous catalyst partic 0 suspend
and di speﬂrg(guc% gio srad gatalysty apd, then extracting the reaction liquid product separated from

the heterogeneous catalyst particle from the reactor.

2. A reaction method using a heterogeneous catalyst accc-)rding,to claim 1, wherein: the
line screen is a cylindrical screen which is obtained by helically coiling a line material at
intervals; the line material of the cyiindrical screen has a tapered cross section which is
thick outside of the cylindrical screen and narrow inside thereof, said mettiod comprising

passing the reaction liquid product from an outside of the cylindrical screen to an inside
thereof in the step of (b).

3. A reaction method using a heterogeneous catalyst according to claim 1 or 2,

which further comprises the step of (-a) packing the reactor with the heterogeneous
catalyst particle before carrying out the step of (a), said packing step comprising placing
the heterogeneous catalyst particle having a comparatively larger particle diameter the
position adjacent to the line screen and placing the heterogéneous catalyst particle

having a comparatively smaller particle diameter at the position apart from the line

screen in the step of (-a).

4. A reaction method by using a heterogeneous catalyst according to claim 2 or 3, which

further comprises the step of (-a) packing the reactor with the heterogeneous




lyst particle in said reaction liquid. 6. A reaction nethod using a
ﬁgt 2rggengous catal yst according to any one g claims | tﬁ '51me2%924::%
- heterogeneous catalyst particle is an ion-exchange resin having an. avera
particle diameter of 0.1 to 3 mmin the step of (a). 7. A _reacalt)n °
usi ng a heterogeneous catal yst according to any one of clains o] ,

_ : . b @hictd HPP : yl.ene oxide ang. é ::g h)acrylic
aci o and wher ?’t'sgltzed Ee;@ggt !mo'ﬁglimééégg?mﬁ%jsﬁgﬂ;aggga; ﬁ@fﬁ%l St o

i s .
( met h) ac MPPEROIU@ tom t potion a herein said Yo I%UId

compr i 562 (RERINERE BF o g Forine e ot indiiel emeoncrven pasioip pies ngated

or oduch ne sbosmor apgoe fod (AAT §A-288R6A UATIR: LB LS2GEAST) \ype
met hod recited in any one of clains 1 to~8, I'C Sﬁﬁ’ ¥ el -typ
react or ai‘ﬁt e 1ntesbhpiaveen she ¢rsningtveliang dreareatsion digaldyskses Rad bi @pgerand the

' TIeTR| I A stirrer, a liquid-extracting line
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6. A reaction method using a heterogeneous catalyst aécording to any one of claims 1 to

5,wherein the heterogeneous catalyst particle is an ion-exchange resin having

an average particle diameter of 0.1 to 3 mm in the step of (a).

7. A reaction method using a heterogeneous catalyst according to any one of claims 1 to
6, wherein said reaction liquid comprises alkylene oxide and (meth)acrylic acid and

where said reaction method comprising producing hydroxyalkyl (meth)acrylate.

8. A reaction method using a heterogeneous catalyst according to any one of claims 1 to
7, wherein said reaction liquid comprises (meth)acrylic acid and said reaction method

comprisiﬁg producing(meth)acrylate.

9. A reaction apparatus used in the reaction method recited in any one of claims 1 to 8,
which comprises: a vessei-type reactor which accommodates the heteroger_leous catalyst
particle and the reaction liquid, and is equipped with a stirrer, a liquid-extracting line
which is connected to the reactor so that the resultant reaction liquid can be extracted;
and a line screen which is placed between the space accommodated by the reaction
liquid in the reactor and the liquid-extracting line, and has an opening width where the

Keterogeneous catalyst particle is not allowed to pass substantially.



to 8 and 10, wherein said opening width of the respectlve line material is

in the range of 0.05nMmto 2mm . 47 .83 MAR 20u4

10. The reaction method using a heterogeneous catalyst according to any one of claims 1
to 8, wherein the ratio of maximal and minimal values of the mesh opening scatter of

said line screen is determined in the range of 1.0 to 1.2 times.
11. The reaction method using a heterogeneous catalyst according to any one of claims 1

to 8 and 10, wherein said opening width of the respective line material is in the range of

0.05mm to 2mm,



