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REACTION METHOD BY USING HEl'EROGENEOUSCATALYSf 

AND 

REACTION APPARATUS THEREFOR 

5 BACKGROUND OF THE INVENTION 

A 1ECHNICALF1EID 

The JXesen1 invmtimrelates to a reactim medtod by using a~ catalyst sucli 

as an ion-exchmge resin pn1icJe as a ~ and a reacti<n appnatus used m 1bis reacticn 

method More pn1icu1miy, the JXesen1 invmti<n aims, far example, reactioos foc J:Xodncing 

10 (meth)aay]ate by use of (me1h)aaylic acid 

B. BACKGROUND ART 

Reacti<n methods which involves canying out a reacti<n in liquid phase by using an 

kn-exchange resin as a catafyst, are known as a method (fixed bed reactim method) which 

involves using a reactoc fix-pwked with an im-excbange resin er a method (fbridized bed 

15 reactim method) \\bi.ch ~Ives canying out a reactim in a state 1bat the icn~chmge resin is 

suspended and dispersed in a reacti<n ~ and separating the ~ liquid and the 

im-exohangeresin aftectbereaction. 

It is believed 1bat 1be fhJidized bed reacticn method is preferable because its reaction 

20 JP-A-5432611974 ~ a method which.involves in1roducing a gas fum the bottom 

of a reactor so that anicn-exohangeresin can be suspended ml dispersed in a reactim liquid, and 
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sepamfingthereacticn liquid and the ion-exchange resin by use of a catafyst-sqma6nappmatus 

ccmpising a filter. In additim, JP-A-1784411988 pqx>SeS a meftl.od whim invoJ:ws 

suspeming and dispersing an ion-exchange resin in a reactim liquid by use of stirrer, and 

sepnating the reactiai liquid and the ion-exchange resm by 1lSe of a wire mesh of&> mesh 

5 p]acedat 1he bottom of a stirring vessel. 

Jn the fhlidized bed reactioo method am.mg the above anventional ~ when 

canying Olt the sepamtioo of the ioo-diange resin and the reaction liquid by use of the filtec a: 

the wire ~ the filter oc the wire mm is clogged with sooh a cracked im-excbange resin 

during tbe reactim a: a sicJe.p:oducOO polymer in the reacti<11. 1herefon; it becomes difficult 

10 to opirate fir a big time and thecrackOO icn-excbangeresin boca:nrs easily leaked. 

For exampl~ in case of 1he reacticn to JXOduce (meth)laylate by allowing (me1h)aaylic 

acid to react with alcohols, there was a problem 1hat tbe hydrolysis was further causa1 by the 

i<n~cbange resin as leaked Jn addition, when the above reactim 'W8S cco.tinuously canied 

out, there was a problem 1hat the effec1ive resin amotmt was deamsed with 1he pl~ of time 

15 and the reacti.oo rate was lowered because of ummifa:m fiow caused by sooh cl~ _A 

secJi11 entatim method is coosideled as effective means of sqma1ing the ion-exchange resin fiom 

·the reactim mixture. However, the apparatus boca:nrs larger accmting to this method. In 

addi1im,. there is a defeot1hat it takes much 1ime to separate them 

20 reactiq:i liquid in the above way,. the piling porticn of the ion-exchange resin and the reaotim 

liquid is caused when cauying out the sepamtim. Therefore, the reactim further i:roceeds 
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while piling. However, in 1bis case. the reactim beocmes heterogeneous beatuse the liquid and 

the resin oo not flow, and impurities ina:ease because the side reaction goes ahead 

Particu1arly, in case of exothennic reactioos such as a reactim to produce hydroxya1kyl 

(melh)aaylate by allowing a1kylme oxide to react with (meth)aaylic ~ it is difficu1t to 

5 remove heat at the piling pcxtion. Therefore, the extra01dinwy rise of tfmpelat1Jre is causOO. 

At the portim of higb tempemtun; 1he polymerizatim of Sldi as (meth~c acid as a raw 

material or hydroxya1kyl (meth)aayJam as a podua is easily caused, ard furthermae the 

pubkmoftheabareclogs is caused 

Jn additim, in 1he fixed bed reaction method. 1he wire mesh is easily clogged with the 

10 resin having.a small diameter or a side-produood polymer. At the clogged pOOim, it is difficult 

for1he liquid to flow, and 1he reaction liquid is piled up. ~the effective p<Xlioo to cany out 

the reactioo. beocmes less. Because of causing the piling p<rion in the reactor, not only the 

reac1ivity lowers and the side reactioo inCRaSeS but also the polymeriz.a1icn of the mw material 

and thei:mhJCtis ~and the qxntim beocmes difficult 

15 ·In reactims other than the reaction by using the im-exdlange resin, the saim pubkm is 

also caused in 1he reactim method which involves canying out a reaction in liquid Jiiase by 

using various heterogeneous catalysts. 

SUMMARYOFTHEINVENTION 

A OBJECTOFllIBJNVENTION 

20 .An oiject of the JXesmi invmtioo. is that: wbm canying out a sepnaboo of a 

heterogeneous catalyst and·a reaction licpiid, the sepnabon of the heterogeneous catalyst and the 
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reactim liquid can be canied out ceL1ain1y and effecfivdy by using a oompict awmatus wi1h 

inlnbiting the side reaaim a: the polymeri2atim and avoiding uasaable opemtion due to clogs of · 

the heterogeneous catalyst 

B. DISCIDSURE OFTIIB JNVENTION 

5 Areactimmelhod by using a heterogeneous ca1al~ ~tothepresentinvmtl~ is 

a Imthod vmich involves caeyiag oot a reactim in liquid }Use by ming a heterogeneous 

catalyst particle in a reacta:, and conpises the Sit? of (a) allowing a reactim Jiq.lld SUfPied 

into 1he reacta: to react in the presence of 1he heterogeneou5 catalyst pa11icle, and (b) ptssing the 

resul1ant reactim liquid cnntaining the heterogeoxu catalyst pnticle 1hrough a line. screen 

10 having an opening width where the heterogeneous catalyst pnticle is not allowed to JESS 

particle fium 1he reactcc. 

TheixesaUinvmtion aims liquid-phase reactioos, and does not aimgas-phase:reactioos. 

The tenn "a line saeen having an opening width~ the heterogeneous catalyst particle 

15 is not allowed to plSS substantially" means that the heterogeneous catalyst particle w.bicb. pisses 

1hrough the line screen may exist in an amount which does not affect ~ining fuaotims and 

effects of the pesmt invention because the heterogeneous catalyst Jmticle as industrially used 

bas particle distn"butim without mil. 

The opening width of 1he line screen is &mmined so that 1he ratio of particl~ which JESS 

20 1hrough the line screen can be adinmy not moce 1han 5 volume o/o, i:eferably not moce than 2 

wlume%,morerreferablynotmore1han 0.3 volume%. 
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Jn adcJitial, ·the IS% puticle diameter. is defined as the diameter whm the pnticle 

ctistnbulim in tenns of volmne becxmes 15 %at the small particle~ and it is effective that the 

opening width of the line saeen is determinOO IJairoWer than the above 15 % ptt1icle diameter. 

The lowec limit of the opening widfh of the line screen can be detmnmerl in 1he 1arger size of 

5 1125 of the 15 % particle diameter oc 0.05 mm. In case where tbe opening width is nauowec 

than the above siz.e, 1here are disadvantages in lmg-time opmtim ~the sa:een is easily 

clogged with even a small am.amt of such as small ftagment ·of the ca1alyst particle, and the 

sa:een filled with the small :&agmentin the above way is with difficulWwasbed. 

These and other oljects and the advamages of the present inveotim will re IIDe fully 

10 appment from the following detailoodisclosure. · 

BRIEFDE.SCRIPTIONOFTHEDRAWJNGS 

Fig. I is a sectiona1 view (a), and majoc sectimal '\oiews (b) and (c) of a fixed bed reactim 

apparatus represei 1ting a mode fa:canying out the iesmtiIMntion. 

Fig. 2 is anexpmded secticoal view of a solid-liquid sqmata. 

15 Fig. 3 is an expmded sectiona1 view of a line sa-mi. 

Fig. 4 is a va:ti.cal sectional view (a) and a lui2mtal sectiooal view (b) of a Onidiz.ed bed 

reactim appmatus. 

Fig. 5 is a summarized structma1 view (a) and a horizontal structma1 sectiooal view (b) 

rep:~ anothecmodeforcanying outtbepresentimaltion. 

20 .Fig. 6 is a sunmmized structural view represen1ing yet another mode foc canying out the 
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10. 

15 
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rig. 7 is a Siil I Ill 181 izOO structural view npesenting yet another mode for cany.ing out the 

(ExpJaoatioo. of the Symbols) 

10,. 50: Reada' 

12: Supplyinginlet 

.14: Liquid-extracti outlet 

15: liquid-flow.ing inlet 

16: Dis1ributing plate 

18: Partitim pJate 

20: Solid-liquid sepirator 

2l:Opening 

22: line mareria1 

30: lJetfrogmeous catalyst puticle 

40: Reactioo. liquid 

52:81irrel-

DETAILEDDESCR1PTIONOFTHEINVENTION 

Hfreinaftec, 1he modes for cany.ing outthepn:sent inventi.mare eJq>1ain.ed in detail. 

[Awmgepirticledi!DJldfr] 

In 1he p:esent invention, the usable heterogeneous catalyst pn1icle has an~ puticle 

20 diameter of 0.1 to 3 mn. The awmge pn1icle diameter is defined as 50 % pn1icle diameter, 

and the~ method thereof.is in 1be same mdhod as of the 15 % particle diameter. 
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However, the evaluation standard is settled m so o/o. Jn case~ the pnticle diameter of tbe 

heterogeneous catalyst particle exceeds 3 ~the cmtact area with the reaction liquid decreases 

and the reactim efficiency lowers. On the o1hec hm1, in case where the pnticle diameter of the 

heterogeneous catalyst pnticle is smaller than 0.1 mm, the clogS are ~ caused when the 

5 heta:ogaieoos catalyst particle and the reactim liquid are sqmatai. The average particle 

diameter of the heterogeneous catalyst particle is mere preferably in the range of 0.3 to 2 mm 

Incidentally,, the pmicle diameter of the heterogeneous ca1alyst particle am be measured by Strh 

as: measurenient with mi~ vernier ~ ultrascmic measmanent apparatuses, er 

optical microscopes; a method which mvolves ~ microscopio image; and calcu1ating 

IO with.an~ apparatus and a computing api:matus; crclassifi.artim by~-

[15 % pn1icle diametec] 

Wlm the puticle diameter of the heterogeneous catalyst particle is defined as the above 

15 % pn1icle diamete:, the pn1icle diarneifram be measured by the below method 

For example, in case that tbe pnticle is in a moist~ the volmne is measured by use of 

15 sucli as a measuring cylinder in a slate that tbe resin pnticle is inunersed and sedimented in a 

liquid whicli can :pos.miy have the same comp<Dfll1 as of the solvmt which moistens the particle 

{cxna-etely, the volume is when the volume i$ not decreased any moce while tapping the 

bottcm.). ·While the same particle mildly flows with the same liquid, tbe pmicle is separated 

into a passed fi:actim and an m fiactim by use of a measuring sieve of which mesh is aoourately 

20 ddennDd The plSSf.d fractim and m fiactim are collected respectively,, and tbe volume is 

measured with a measuring cylinder. Then, when the passed fiactim is kss than 15 volume%, 
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it is understood 1hat the 15 % pn1icle diameter of 1his pn1icle is larger~ the mesh of the si~ 

1he 15 % pnticle diameter of the pn1icle can be measured by repeating the &bow measuremmt 

with changing tbemesb. 

When it is difficult to handle in the same oompmmt or at the same tempernture as of the 

5 solvent which moistms the pn1icle, the solvent sooh as watec may be rq>1aoed to measure. 

However, it is :r.refemble to a4just the resin vohme diange caused by the replaam.mt of the 

solvmtin tberange.ofnotmaetban±lO %. 

Jn case wme the resin voh.me change of 1lie ~eneous catalyst pa11ic1e is not mcxe 

than ±10 % between the moist state and the dry ~the 15 % particle diameter may be defined 

10 with the puticle in the diy state. In this case, it is not necessary to use the liquid The siz.e of 

the pnticle coropnm with the me.sh may be evaluatOO by whether oc not the plSSfrl fraction is 

not.mere 1ban 15 whme% when thepa11icle is sepna1fd by use of a Wntion~ 

[Heterogeneous catalyst] 

Theheterogmeous catalyst as used in thepesent invention is not especially limitOO. 

15 Examples thereof include all the im-exchange resins vmidi are mlimny canmerciaily 

available, sucl:i as strong or weak acidic ca1im-exchange ~ and stnmg er weak blsic 

anioo.-exchange resins. Pi;uticularly, when using the resins in the exotheunic reactim, the resin 

having heat resistance is preferable. Examples of the ~c:naxis catalyst except foc the 

ion-eXchange ·resin include: metal, noble metal, er oxides ~ cemnics sucli as silica, 

20 alumina, and 1itania, oc active carboo, which cmtains such as nmJ, noble metaJ, oc oxides 

thereof 
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The shape of 1he heterogeneous adalyst is not especially limitOO. but usable examples 

1heceof imlude Sf.heres, elliptic Sf.heres, pelletiz.ed ~ quadrangular pyramids, circuJar 

~ and needles. S}ilel-es or elliptic SJiieres ahnci9t SJiieres is i:refemble bearuSe of easily 

flowing atagitatimor~ tberesinmmausbingduetooollisi<nof eachresinparticle. 

5 [Catim-exdiangeresin] 

PaI1ioularly, the strong acidic mtim-exchange resins can pefembly be used as acidic 

catim-exchangeresins. 'The usable resins areprous oc gelledresins. 

Examples of1he porous s1roog acidic cati<D-excbange resins include: MSC-I (above. 

Dow); PK.-208, PK-214 PK-216,. PK-220, and PK-228 (above_ Mitsubishi ChemiraJs); 

10- AMBFRLYST-16, IR-116, IR-118,. J&.122, C-26, C-261R, C-264, and C-265 (above. Rolnn 

and Hass Compmy); SPC-108 and SPC-112 (above, Bayer); and KC470 (Smnitomo 

Chaniat)). 

Examples of the gelled resins include: HCR-S, HCR-W2, and HGR-W2 (abc>ve, Dow); 

and SK.-IB, SK.-106 and SK.-110 (abcM;Mitsubisbi Ovmimls). 

15 [~resin] 

Ei11D- the strong oc weak basic anim-excbange res.ins am be used as basic 

mtion-excbange resins. When the resim are used for an a&litioo. reaction of alkylene oxide in 

the present invmticn, the strong hlsic anim-excbange resins are preferably usOO. Jn additioo, 

ei1hec gelled. pcrous, Imaqx>rOUS,. p:imaiy crosslinkOO or secoodmy aosslirikOO resins can be 

20 used. 

Examples of the gelled resins imlude: SBR, SBR..P-C, and SAR (above, Dow); JRA-400, 
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A-132, ES-137, A-lOID, A-147, A-104, A-109, and A-1020 (above, Rdm. and Hass 

Ccmpany); SAlOAand SA20A (above, Mitsubimi CllemicaJs). 

Examples of the maaopcrous resins include: MSA-1 and MSA-2 (above, Dow); 

IRA-900, IRA-938, JRA-958, A-'lf,, A-27, A-161, and A-162 (above, Rohm and Hass 

5 Ccmpany); PA306, PA308, PA314 PA316, ~A318, PA406, PA408,.PA414 PA416, PA418, 

WA30,. WA20, am WK.IO (abme,.Mitsubishi CJxmiawJs). 

There are weak basic resins whose kiOO of amino group as used as a fuadiooal group is 

dimethylamine amcmg the Weak basic~resins. 

Examples of the stroog OOsic anim-exchange resins iidtxle type (1) Whooe kind of amino 

10 -group as used as a fimctional group is 1rime1hylamnooium group,. and type (.11) whose kind of. 

amino groop as ustrl as a functional group is~ 8IIllIDlimngroup. 

[Suspension and dispersioo.] 

Jn the ixesmt inveotioo, the reactim can be carried out by suspending and dispersing the 

above heterogeneous mta1yst particle in thereactim liquid as the fhiidim:l bed reacticn method 

15 Therefore, as socn as 1he reactim efficiency can be improwd by increasing the ~ of 

oontact with the heterogeneous catalyst particle am the reactioo. liquid, the effects of removing 

heat can be expected in case of usingjackets and/oc coils in the exothermic reactim. When it is 

difficult to remove heat by the jacket only, it is effeaive that the heat-removing abili1y can be 

raised by use of such as wound ooils and hallpin coils. 

20 · The means of suspending and dispersing the above beterogmeous mtalystpn1icle into the 

reactioo. Jicpid is not especiaJly limited F<r examples, a mediod which involves using a stiim" 
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ccmpising such as a piddle blade, a Pfiwdlec blade, a max blend~ and an anclu blade, a 

method which involves introducing a gas fum 1he botta:n of the reartoc,. <r the combinatim of 

1hesemetbods can be employed. 

[Chmgiag amount ofbetfrogeneous catalyst particle] 

5 In case of the fluicliml hd reactim method,. 1he dmging amotmt of the above 

heterogene.ous catalyst particle is i:referably in 1hemnge of0.05 to 1.0 time of the entirely of the 

cllarged amount in tmns of volume. 

In case where the clmging ~ of the above heterogene.ous catalyst particle exceeds 

1.0timeof1he entirety of the cllarged amount in tenns of volume, there are disadvantages in that 

10 · it becomes difficult to suspend and dispel"se the pn1icle, and the stir-mixing becomes unevm 

Jn additioo. there are disadvantages in that 1he cnm of the puticle exreeding1y proceeds in the 

neigbbahood of the stirrer, and 1he catalyst life shcrteas. Bad infiueoces· such as causing the 

clogs of crushed particles in the Jattec~ while opemting tbe.awmatus are emcised 'Ihe 

tmdmcy ofina-easihg a hannful sidereactico is also caum 

15 Whm the vohme of the heterogeneous ca1alyst is changed with the pssage of~ 1he 

change of volume is CaJSidered and the dmging amomt is determjmi so that the diarging 

amount can possibly be inlnDited in the above range. 

Jn case where the clmging amount of the aboveheterogene.ous catalyst pmicle is less than 

0.5 time, 1bere are disadvantages in that the side reactim without catalysis in the liquid proceeds 

20 nue fi:equm.tly than the main reactim caIIied out on the catalyst surface. and the selectivity is 

lowered Jn addition. 1he p:omotim of the reaction needs to stir s1Imgly. Therefore, the 
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When the reaction is carried out in the reactico. vessel comprising the stirrer by stiaing the 

reactim Ji~ the tip spe00 of the stirring bJade of the stirrer is desirably detennfued in the mnge 

5 ofO.l to lOm/~peferably0.3 to5m/s. 

The tip speed of the stirring blade of the stirrer is calcuJated fum the tip span of 1be stirring 

blade and the stiningrotation mmm according to the below eq.ia1im. 

The tip speed of the stirring blade (mis)= 

. the spm (m) x tbestiningrotatia:mmnlB"(lpD) x 7d60 

10 Jn case where the tip speed of the stining blade exceeds 10 ml~ it is mt ecmanical 

because 1be appn-atus cost fer stirring and the nmning cost of motive powa:-beocxne enonnous.· 

Jn addition, the power is exceedingly added to the heterogeneous catalyst pn"ticle. and then the 

hekrogeneous catalyst puticle is -iajured and crusbOO. ~ 1here are disadvantages in 

that the cata1yst life shortens, and the 1rouble is easily alUSed due to the ausbec1 materials in the 

15 lattecpoooss. 

On the othec hand. in case where the tip speed of the stilling bJade is sk>wec than 0.1 ml~ 

there are disadvantages in the reaotim because it is difficult to float the heterogeneous catalyst 

particle in the reactico. liquid, the reaotim partially becxmes heterogeneous, the ummifonnity of 

temperature or ooocentratim is locally caused, and the side reactico. increases. Jnadditioo, there 

20 are disadvantages in cmtrolling the reaotim tempmitme because the heat-removing effici~ 

lowers when removing reaction heat 
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The reactim is peferably anried out in the cmditim of the readim tempemture a4jusmd 

inthemngeofl5to 120°C. 

Jn case where the reactim tempemture is higher than 120 °C, there are disadvantages in 

5 that ~ acids <r oligomem inaease, and fin11.ier, the side readim fir puducing esterified 

J1'0duas thereof and poducls having high boiling point Jn additim, there are disadvantages in 

1hat the trouble is easily caused duetothepolymet izai poduds. 

. . 

Jn case where the reaction t.empemmre is lower than 15 oe; there are disadvantages in that 

the cost of coOling refiigmmt fir cooling increases. Jn additioo, there are many demerits in 

10 ecmomy because the reaction rate is fi:equent1y slow, and the size of the appai:atus beocmes 

large. 

The reactim tempemture can peferably be employed in the nmge of 30 to 115 °C, ma;e 

preffl'ably50to 105 °C. 

fucidentally, the reaction oco.ii1ion except focthe above way is not especially limitRl in the 

15 pesent invmtion, and is fitly detamined accading to the cmwntiooaJ. arts. 

[Separation of solid and liquid] 

Jn the present invmtioo, after the reacticn in the JRSellOC of the heterogeneous catalyst 

particle. the reactiro liquid oontaining the heterogeneous Catalyst particle is passed 1hrough a line 

saeen having fimcticn of sep1I81ing solid and liquid Therefon; the reaction liquid and the 

20 heterogeneous catalyst puticle are sepnated. and then the reactia:t liquid is extratted from the 

reactoc. 
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The line screen bas many line matt'1iaJs wbidi are p1aood m pmillels at a p:a:1etet 111ined 

inUva1. StJwor1ing pnt materials might ~ be placed pequdw]ar to the line materials. 

Even in this cast; the line opening is substantially f<n:ned by detmnining the p1aciog interval of 

the supp<Eiog pnt materials mougb Jarga- than 1he opening width of the line materials each 

5 otha-. 

It is ]Eferable to use 1he line saeen of which opening widfb of the line mataials mch 

heterogeneous catalyst pnticle. The heterogeneous catalyst particle and the reactioo. liquid can 

be certainly sepmrted because the above opening width is nmrowec 1han the pmicle diamftfr of 

10 the heterogeneous catalyst puticle. Jn addi~ it becomes difficult to cause the cl~ of 1he 

heterogeneous catalyst pnticle, and the s1able operatioo. can be caa:ied oUt for a 1oog time by 

separatioo. of solid and liquid with the screen com¢sing the line material. . The mesh opening 

. . 
of the line screen can be unifonnly cootrolled at a certain inte:rvaI, and the portioo. having an 

opening width narrower tban the demgned siz.e is little. Th.eref~ it is pefemble that the clogs 

15 are diffiwltto cause because' an exlRmely small particle cmtained in the heterogeneous ca1alyst 

particle is p!Ssed through the screen 

The mtio of maximal and minimal vabB of the mesh opening scatta" of the screen is 

imfembly detmninOO in the range of not more than two 1imes. Jn case where this ratio exceeds 

two~ the heterogeneous catalyst p:u:ticle is easily leaked and the cl~ are easily caused at a 

20 nanow portim of the opening The ratio is peferably determined in the nmge of 1.0 to 1.5 

~more ixefembly 1.0 to 1.2 1imes. Jnci&ntally, the minllnaI value herem is evaluated by 



15 

excludingslrucO.milly and locallynmrowpxtioos sucllas a ronnedingpa:tim to the screen. 

The line screen is not especially limited if it canpises the line i:nateria1. Exampies 

thereof incbJde: mesh or lattice pla~ mesh cylinders, coils, and plates obtained by placing 

straight lines pu:alle1; pJane materials obtained by helically coiling Jines, and placing them aloog 

5 p1am circle; p1ane materials obtained by p:ooessing lines into plural circles having a different 

dimneter, and placing1hemaloog circles which are at a ~intervalandhawthe same 

oem-r, mi further, plate materials obtain.00 by p:ooessing lines into similarmultiangu1ar figures 

. having a diffinmt s2e, and placing the mUltiangu1ar figures to adjust their respective centas. If 

the line screen is a plate, the structure thereof can be made simple. The line screen is effective if 

.10 the effective area fur sepnating solid and liquid is even little but good. If the line screen is a 

cylinch-oc a coil, itis ixe~e because the effective area fer sqmating solid am liquid can fake 

up much sp100 and the line saeen is easy tom:nove. 

The cross sectiooa1 Shape of the line material as canpised in the line screen is not 

especially limited, but examples thereof include circles, ellipses, 1riangles. quadolatmls, and 

.15 trapezoids. Ciroles, ~ 1riangles, and trapezoids are ixefembJe. If the shape is a triangle 

oc a tr8pezoid and the wide base side is plaoed at the inlet side for separating solid and licp.rid, 

there are advantages in that the fl.ow goes wide toward directiai of the liquid flow. If the 

nmow base side is toward the inlet side for sepnating solid and liquid, the flow goes narrow 

toward directim of the liquid flow at the opening between neigblxEng line ·materials. 

20 'lbaefore, there are disadvantages in 1hat it is easy to clog with the particle. 

In additioo, the opening width of the respective Jinematerials is, for example, prefembly in 



16 

the range of0.05 to 2 mm. The size of opening width of1be respective line materials in the 

longitudinal direction. is not substantially limited if it is enough I~ than the opening width. 

. . 
For example, if the structure is tbat the line mataial is helically coiled, the lmgth of1he opening 

widdi can be fteely extmded However, when the suppca1ing part materials are placed 

5 papendicular to 1he line~ the intervals of 1he suppca1ing part materials can be evalua1ed 

as 1he sub;1antia1 length of the opening and detf'mlined in 1he range of not less 1ban 5 times 

bJgtb blsOO en the opening width. The uwer limit of 1be length is not especially limited if the 

limit islmg1h which mables to place the suppcdingpart:materials in the range where the mesh is 

not 1Dllmifnnn and where the line materials are not distorted forcibly due to such as liquid 

10 pessure and pressme difference. The actual tg:>eJ."" limit of the length is in the range of sewra1 

tens rentimetecto 1 meter. 

In 1he p-esent invention, the means of plSSing the reaction. liquid containing the 

beterogEneous adalyst pntic1e through the above line saeen and ex1Iaoting the reacticn liquid . 

fum the reacta: is not especially limited, but for example, 1he pressure of the re:actoc side of the 

15 above line saeen is prefembly aqjusted higher than the ~ of 1he side where 1he reacticn 

liquid is extracmd. 

[Specific gravity] 

The reactim method aoocnting to tbe ·ixesem inventim cmi dispJay effects in pn1icu1ar 

\\hen 1he specific gmvi1y of the above heterogeneous cam1yst pnticle in a sCate of absabing the 

20 reaction liquid is in the mge of0.9 to 2.0 times blsed m the specific gravi1y in thereactim liquid 

containing the heterogeneous catalyst pn1icle. This range of 1he specific gravity enables to 
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sqmate solid and liquid with a IIl003 canpKt apparatus than a liquid.cyclaie or a gmvity 

sedimmtation known as a convmtiooal means of sqmating solid and liquid Needle$ to say, 

ewn if the specific gravity of the above hetecogmeQUS catalyst pn'licle based on the specific 

gravity of 1he reacticn licpid is outside the above~ the re8ctioo. mdhod ~to the 

Jncideatally. the specific gravity can be measured in the fb1lowing way. 

The specific gravity of the pn1ic1e in a moist state is defined as (weigbt g obtained by 

excluding spicepa:tion of thejm1icle in a mOist)l(volmnemi in the abare state). 

10 with a measuring cylinder so that that liquid and pn'licle surfiices of the moist sample can match 

at 10 crrl The weight <J/1) of the sample is measured The sample re.sin is wmwed with 

cloth or vinyl sponge, and filuated with a centrifuge ovec a period of about 5 to 10 mirnJte.s in 

ro:1er to sq:m-ate 1he liquid and the resin. 1hE. the resin is transfeued into a weip]ring bottle, 
.· 

and the bottle is sealed, thus ~ the weight (W~ of the resm after extruding 

15 liquid-attaching portim The centrifuge may be opeeted in a diameU2:- of about 15 an at about 

3,000 ipn The specific gravity y of the liquid is measured befon:hmd. The ~ gravif¥ is 

calcu1atedaa:O:ding to the below equation fum themeastedresuh. 

Specific gravity in a moist state (J1} a:n.3) = W:1/ll0 - <J/1-W2)/y] 

20 . The reactioo method accmting to the~ invmtim can fitly be applied to the reactioo. 

to genente a calOOfic value ofO.l to 3,0CIJ kca1lhitg based oo. the liquid~ in the reactor. 
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Gaierally, when can:ying out the exo1bennic reactiao, the 1rouble is easily cawm due to the 

locally he.at gmemtim a side reactim at a piling pcxtim of the heterogeneous catalyst particle or 

the reactioo. liquid Therefcxe, the pres:ent inwntioo. which can solve these problems is 

5 In case where 1he calorific value of the reaotim exceeds 3,000 kca1Ailkg and the piling 

portim is caused while ~ the heterogeneous catalyst puticle and the reactim liquid, 

big1:n' heat gmemtioo. is pu:tially caused The heat cannot often be reimved e'\m if refiigecant 

is used Tum, the partial heat genemtim causes inoonvmiencies such as polymerizing the 

reaction plXhJct mi shortening the lifu of the heterogeneous catalyst pmicle. In the p-esent 

10 inventiao, the pilingpatim is not caused while sepuating the heterogeneous catalyst particle and 

the reactim li<pid. and these problems can easily Pe avoided :&pecially. the above problems 

can effectively be avoided in case· of the fiuidiz.ed bed Jncideota1Jy, the calorific value as 

gmem1ed in the reactim can be forecasted fum the theoretical calorific value pee I mol of the 

majareactimraw material (amoog the reactim raw~ based m the material having the 

15 smallest m>lecuJar weight). 'When the thea:etical calaific value pee 1 mol of the majoc 

reactim raw material is in the range of 5 to 50 kcaJ/mo1, the reacticn method acomiing to the 

~inwntimmaybeapplied. 

Needless to say, even if the calaific value of the reactim is less than 0.1 kca1lblkg and if 
. . 

the p:esem inventim is awJied, the piling portioo. of the heterogeneoos catalyst particle and the 

. 
20 reactioo liquid can be little. Therefore. it is eJfeai\e in inhibiting the side reacli<n 
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The reactim methcxi aocnding to the pesmt inveotim is not especially limited if the 

reactim method involves cauying out the reactim in liquid phase by ming the heterogeneous 

. . 

catalyst puticle, arid can be applied to various reaction methods. Especially, 1he reactim 

mefuod is effective for reactims to treat poJ.ymerizable materials st.di. as a reactim using 

5 (meth)acrylic acid Examples of the reactim using (meth)aaylic acid include a reactim to 

produce (meth)aayJate. Jn addi1i.oo, the examples also include a reactioo. to purify 

(meth)aaylic acid and/or its esrers by allowing a1dehydes in implrities omtaiaed in 

(meth)aaylic acid and/or its esm to react wi1h a caI1p<XlDd having at least me mereapto group 

in amolerule, such.as men:a~ in the JreSfllOO of an im-excbangeresin. 

I 0 Examples of the reaction to produce (melb)aay1ate p-eferably include: a reactim to 

produce (meth)aaylate by allowing (meth)aaylic acid to react wDh an alcohol; and a reactim to 

producehydroxyalkyl (meth)aay1ate by allowingalkylene oxide to react with (udi)aaylicacid. 

Ii1 this reactim to o1Xain the hydroxyalkyl (meth)aaylate, the calorific value during the reactioo. 

is Jmge and the polyme.rizabilicy of the hydroxyalkyl (meth)aayJate as obmined is vay high 

15 amoog them Therefore. it is thought that the effect is especially 1arge when the method 

The (meth)aayla.tes are preferably 1reated in the pesence of gmml polymeriiatim 

inJ:nbitois or stabilizers in ordec that the present inventim can be more effective. The above 

additives are not especially limited if they are substances which have polymerizatim-inlnbiting 

20 effim. 

<Reaction to produce (meth)aa.y)ate by allowing (meth)ac.rylic acid to react with alcohol 
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Aaylicacid +Methanol--.> :Melbyl aay1ate +Water 

Aaylic acid+ Ethanol--> Etlwlaay)ate+ Water 

Aaylicacid +n-Butanol--.> n-Butylaay]ate+ Warer 

5 Aaylicacid+2~2~aaylate+Water 

Metbaaylicacid +Methanol--.> :Melbylmedlaay1ate+ Watec 

Jn 1lr.re reacti~ the reacti~ and selecti\ity can be impowd by equipping such as 

:reactocs with a dewatering cohmn to remove water. 

<Reactim to p'Oduce hydroxyaJkyl (meth)lClyJate by allowing a1kyJme oxide to react 

10 with (meth)aaylic acid> (Exothermic reaction) 

Aaylicacid + Etb;yleneoxide-->2-hydroxyelhylaay)ate 

Aaylic acid+ Propylene oxide >2-hydroxypupyl aaylate 

Melbaaylic acid+ Etb;ylene oxide-->2-hydroxyetb.yl metbaay]ate 

Melbaaylic acid+ Propylene oxide-->2-hydroxyp:upylmethaaylate 

15 <Raw aloohol > 

Methanol, ethanol. propanol, butanol, isohmmoL tat4:>utyl alcohol, and 2-efuylhexyl 

alcohol can be used 

<Raw acid> 

(.Meth)aaylic acid is used 

20 , <Raw alkylme oxide> 

Etb;ylene oxide, pupylene ~ bulyJene ~andstyreoeoxidecan be used 
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The reactim method aCCO!ding to the p-esmt. inwmim may be caIIied out by dividing 

two or more stq:5. For example, the reactivity and selectivi1y can be impuwd by: extracting 

the resultant reactioo. liquid in whiob.1hereactim goes m to a certain extent as mmti<ned above, 

ml allowing 1he res1ilfant reactim liquid as~ to react further in 1he same way. 

5 [Reactioo. appmitus] 

The reactim awm~ accmting to 1he p:esmt inventioo, is an ai:pnatus for1hereactim 

by using the above heterogeneous catalyst pal1icle. Both fixed bed reaction appnatus aDd 

fluidiz.00 bed reactian aPJW31us can be ai;:plied The appnatus OOIIJ?ist'S a wssel-type reactoc 

· ecpig>ed with a stllm-, and a liquid-exlracting line. The appnatus ocmpises a line screen 

10 which is placed between the reactor and 1he liquid~ line and bas :functim of seplIBting 

solid and liquid The line screen has an q>ening wid1h \\here the hetemgeneoos ca1alyst 

particle is not allowed to piss substantially. · 

The line screen is infemb1y attached to a side-wall of the reactor so that the saeen smfiice 

. of the Jine scnm can fuc.e inside downwan:1. 'Ibe cl~ with the.heterogeneous catalyst pnticle 

15 can effectively be JXeVmted because 1he semen is pJaaxl so that 1he semen smfiice can fiwe 

downward in this way. 

Furthennae, in case of the fluidized bed reactim appnatus, the line screen is p-efembly 

placed not to greatly p:event a reactim liquid shmy inclitding 1he heterogeneous catalyst pu1icle 

mm flowing while sepmating solid am li<pid. 

20 ' The reactim appam~ accmting to thepesentinventioo, ixeferably oomp:ises the above 

plural liquid-extracting~ and 1be respecti.w lines are OODOeCted to the above reacta through 
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diffemtline screens. 

The efficiency fir sq:mating solid and liquid rises, and 1roubles decreases beanm the line 

screen is settled in the flowing route of the reactim liq.iid. The cmcrete place to be settled is 

not espmJ1y Jimitffi. 

5 For exaIJlfle, a I102"Lle may be attachrl to the bottan of the vesseJ, and_1henozzle may be 

filled with the line screen or the line screen can be attached so that 1he line screen can be 

potruded mm the nozzle. 'Ihe plain screen can be attached to the bottan of the vessel A 

nozzle can be attadted to the side of the~ wherein theDOZ'Zle is filled with 1he1ine screen a 

the 1ine screen is attached to the nozzle with JrOb:Uding partja1ly film the nozzle. An extracting 

10 line can be attached to the uppel"pcxtim of the vessel, and the line screen can beplaredatits tip.· 

Howerer, in mse of the fluidi2lrl bed reactioo. a~ vmai the 1ine screm is placed at 

the pilingpartim of the~ troubles are easily caused dµe to going m sidereactim at the piling 

pcrtim a solid materials such as polymerized poducts. Therefore, the 1ine scxee:n is ixefuably 

pJaood at a liqui<Mlowingpcxtimdue to eachagitatim occiretdatim. 

15 When the line screen is p1aoed at the piling porti~ 1hre are demerits that the 

heterogeneous catal~ resm pnticle is attacl:ied to the screen surmce and the JRSSllre difference 

of filtrati.m rises at a rate of the attachment. However, ~ the 1ine screen is p1aced at the 

liquid-flowing ·portion, the ~ diffeRnce of filtratim does not rise. This reascn is 

considered that the~ catalyst parlicle is always washed away and is not piled on the 

20 smmce. Troubles such as side reactim and polymeriz.atim due to piling the heterogeneous 

catalyst are also removOO. 
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If the liquid is in a ft.owing slate, a blsket which enters into the reactor is made of the line 

screm, ml the :rmctim can be amied out while the heterogeneous catalyst ml the stirrer in 1his 

OOsket and the catalyst is stirred. 

Jn case of the fixed bed reactim appimtus, its fimdammfaJ structure is also onmmm to 

5 1hat of 1he fluidized bed reactim appu:atus. The same art can~ be aPJ>liec1 to the structure of 

the line saeen. The line screen can be placed so as to constitiJte a ftat sm:&we ~ 1he 

reacta. The line screen can bep1aced m thewholeorpnt of the cross wrtica1 sectioo. 

The positim of 1he line screen may be placed so as to obtain a uniform flow towmd the 

va1iad cross secti.m against the liquid-flowing directicn in the reacta of the fluidized bed 

10 reactim~tus. Fex example, if the.screen is a cylindrical ~not less 1han 3 pieces of it 

per 1 rd may tmifonnly be p1aced towmd the vertical cross secti.m against the li<pid-fiowing 

direction. In case~ less than 3 pieces of it pa- 1 m2 are p1aoed, there are disadvantages in 

that thepilingpcaticn of the liquid is caused in the catalyst layer, polymerimi p:oducts are easily 

JXOduced; the screen is clogged; and the reacticn efficieooy is J.ov.aed. 

15 The reactoc of the fixed bed reacticn 8JP!I81us is fix-pdced with a heterogeneous catalyst 

The method and ooo.ditim fex ~the heterogeneous catalyst can be perf<Xmed in the same 

way as of oonventiooal reactionme1hods. 

The reaction liquid can flow upward fum the lower side to the uppec side of the react<r, ex 

flow downwmd fum the upper side to the lower side. In case of reactim distillatioos which 

20 invol~ sep1rating low-boiling-point~ving materiaJs, such as t9erifying reactim ex 

1ransesferificaon, the reaction liquid pefembly flows upward Jn case of inhibiting cl~ the 
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reactimli<pid p:eferably flows downwani 

Jn the reacta> the heterogeneous catalyst particle having a OOJ:~vely ~diameter 

can be pJaced at a positim aqjaoent to the line ~ and the heterogeneous catalyst particle 

having a compmitively smalkr diameter can be placed at a position. apnt .fum the 1ine screen 

5 The heterogeneous catalyst particle having a compmatively Jaiger diameta- is difficult to JllSS 

through 1he opening of 1he screen ·The heterogeneous catalyst particle having a cnnparatiwly 

smaJk ctiamet.er has good reaction efficiency. The heterogeneous catalyst particle having a 

COD.1pllativdy 1arger diameter fimctions as a screcl whicl:t. ·p-event the heterogeneous catalyst 

particle having a cxmpnafudy smaller diamek'r film pssing1hrougb. 

10 When the flat line screen is pJaced at the bottom·side of the reactor> the upper space of the · 

line sa:een can be ptd<ed with the heterogeneous catalyst particle having ·a 09JJJP!ll31ively Jargec 

diameter in definite ~ and the furthec uwei- space can be pacbd wi1h the heterogeneous 

catalyst particle having a canpmltivelysmallec dimnete:r. 

As to the diameter mtio of the above two kinds of heterogeneous catalyst particles, 1he 

15 diarmec of the ~eous catalyst particle having a C<n1plllltive1y smaJ1ec ctiameter can be 

adjusted to about 0.8 time of that of the heterogeneous catafyst particle having a canparatively 

larger diameter. The diamet« of the heterogeneous catalyst particle having a canparatively 

larger ctiameter am be adjusted to the range of 1.1 to 30 times of the opening width of the line 

sa:een, and the diametec of the heterogeneous ca1alyst particle having a cnnparatively smallec 

20 ~am be adjust.eel to the mngeof 1.0 to 15 tim:s of the openingwidlh of the Jim sa:em. 

FUI1benncre, a compu:atively Jargec particle having no catalytic funaion can be p1aced at 
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a positial a<ijaceot to the line ~- and the heterogeneous catalyst pu:ticle having a 

canpmrtively smaller diam* can be placed ootside it As an example of the particle having 

no catalytic fi.mc1im, stainlec;s steel can be used 

In the reactor,. a dislribu6ng plate having such as mesh can be placed at a side where the 

5 reactim liquid is supplied in order to pre\QJ1 the heterogerierus catalyst pnticle fum reverseiy 

flowing oc to D:nprove distributing the ~m liquid The reaction liquid p-eferably distn"butes 

fowald ~ h<mmtal a"OSS sectim of 1he pachd Jayer of the heterogeneous catalyst as 1mifonnly 

as possible. . 

Whm the reaction liquid flows downwan:l the OOlDltmneasute of reversely flowing of the 

10 hetfrogeneous catalyst pn"ticle is not always mcessaiy. 'Ihm, the distnbuting plate to imfrove 

distributing 1he reactim liquid does not always have to cover fully. The distnbuting pJat.e may 

bea perforated plate, ocperfomted p)atewith_umlreJJa shapep)aarl fully orpm1ja]ly. The plate 

can be replaced with a oanpua1ively smaller one in ooosidem1icn of maintenance. The shape 

oc strucnn'e of the distributing plate is not especially 1imitM if the liquid is disribnted en the 

15 hekmgenecxJs catalyst particle by appfying to ccnwn1ima1 distributing methods. 

[Examples of reactim appIIatus] 

Heremafter, the reaction apparatus of the present invmtion as uSed in the reactim by use 

of the above im-excbangeresin is expJamed with figures. 

<Fixed bed reactionappuatus (I)> 

20 ThereactiCn ~ represent.ed inFig. I (a) is a fixed bedreac6on ai:pmmis. 

The cylindrical reactor 10 of which aoss sectim is cirru1ar and of which upper mi lower 
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ems are dane-Dped and clogged oompjses-a suwJying inlet 12 of thereaction. li<pid 40at1he 

uwer ~ and a liquid-extracting outlet 14 to ex1ract 1he resultant reaction liquid at the lower 

end. 

A mesb.-sbaped dislributing plate 16 is placed near the upperpcnion of the i1mfl' space of 

5 · the rmctoc 10, atd a pn'titim plate 18 is placed near the bottan porti.cn The spice between the 

distnbuting plate 16 and the pll1itim pJate 18 is padced with the heterogeneous catalyst particle 

30. The prti1im plate ·1g OOID}Xises a solid-liquid sepnattr 20 having a cylindrical line saem. 

The reactim liquid 40 plSSeS tbrOugb the solid-liquid separator 20, and ~ sent out to the 1~ . 

spweofthepartitionp]ate 18. 

IO The definite depth of the lowec side near the partition pJate 18 and 1Pe solid-liquid 

separator 20 is padced with a heterogmeoos pnticle 34 having a 001DJB81ively huger pnticle 

di~. The solid-liqUid sqmator 20 is in a slate of filling wi1h the heterogmeoos particle 34 

having a C<UlplI8tively Jarger particle diameter. The uwer pcx1ion of 1be heterogm.eous 

particle 34 having a cxxnpnatively larger pnticle diameter is packed with a heterogeneous 

15 pntic1e 32 having a ampmmvely smallerpnticle diameter. 

The reaction liquid 40 is supplied to 1he reacta padced with the heterogeneous catalyst 

particle 30. Therefore, the reaction liquid 40 is fully and uaifronly sJmld over 1he reacta 10 

by the distributing plate 16, flows downward in the react<r 10, and the :reaction is caused in 1he 

~ of the heterogeneom catalyst particle 30. The resultant reaction liquid 40 is sepamted 

20 fum, the heterogmeous catalyst pnticle 30 wi1h the Jicpid-dd separata: 20, and ooly 1he 

reaction liq.lid 40 is extmcmd mm. the liquid-extracting outlet 14. 
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Whm the distributing plate 16 does not exist, the reactim liquid 40 immsively flows into 

the cen1Ial porticn of 1he reactor 10 lying right bneatb. the supplying inlet 12 Theref~ the 

mtio of pMim utilized effectively for the reacticn amoilg the cap!City of the reactor 10 lowers 

and the reacticn efficiency becomes easily deteriomt.ed. PmticuJady, thereactim li<pid is easily 

5 piled around the p<Xtim ~ the upper end of the reactor 10, and the poJ.ymematicn or side 

reaaim is easily caused The distnlllingplate 16 is effeclively p1aarl to so1w such a poblem 

Jn additicn to~ mesh-shaped distn"buting plate 16 rqxesemfd in Fig. 1 (a). a pefiorated 

distributing plate can be ~ and an 1lDJlel1a distributing pJate 17 can be p1aood right benea1h 

the suwJ.ying inlet 12 as shown in Fig. 1 (b). The plural distributing means can be pJaoed in 

10 ccmlinatim witheacli o1her. 

Incidentally, in addition to tbe structure that m1y the ooe suw1Ying inlet 12 is p1aced right 

over the reactor 10, the plum1 suw1Ying inlets 12 can also be pJaced dispersingly and fully over 

thesurJaceofthereac.toc 10. 

Furthennoce, as is 1tpesent.ed in Fig. 1 (c), if placing a liquid-flowing inlet 15 which is 

15 coonected to the suwJ.ying inlet 12 in the reactor 10 and <xmJpiises a she.rt tube or a penetrated 

opening at the plural prions of a distn"buting piping tube 13 vmich is circuJady shaped ovmtl1, 

the reactiai liquid 40 can be distnbuted and supplied unifcnnlyin the circu1ar directioo. 

As is ooiittei to represent figures, if the same as of the above dislributing piping tube 13 is 

p1aood at a side adjaant to the liquid-exb:acting outlet 14 at the lowecportim of the reactor 10, 

20 fue· reacticn liquid 40 which piSsed through the solid-liquid sqmator 20 can be collected 

urrifamly fum.all 1he cirou1arportioos and seat out to the liquid-eKtracting outlet 14. · 
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Figs. 2 and 31epceseut detailed structures of 1hrsolid-liquid sepnata 20. 

The line material 22 canpised in the line screen is helicaily coiled and suppa:ted in a 

cylindrical state.. Sugxnting materia1s 24, 26 are pJaced ovec a benea1h the line material 22 

forming a cylindrical shape. The upper and lowa-suppo11ing mataia1s 24, 26 are suppa:ted by 

5 a suppoI1ing bolt 28 ~ch penetmtes cmtrally. The solid-Jiquid sqmata 20 is installed by 

fixing thesuppo11ing material 26with1hepn1iiion plate 18. 

As is 1qaesemed in Fig. 3, the 1mt: material 22 helica1ly coiled is p~ to make an 

opening 21 between the neigbbocing line material 22, and is attached to the suppoI1ing shaft n 

which is pJaced inside 1he line material 22 and suppa:ted by the upper aad lower suppoI1ing 

I 0 materials 24. 26. The ~ section shape of the 1ine material 22 is neatly an isosceles 1riangle. 

Its wide 1me is placed outside, and its W41ex is pJaarl inside. 

When the reaction liquid 30 cmt.aining the heterogeneous arta1yst pmicle 30 tries tops 

through the cylindrical line screen oomJXising the line material 22, the heterogeneous arta1yst 

pnticle 30 having a 1mgeJ' diameter than the width W of the. opening 21 between the line 

15 materials 22 is skg:>ed to piss through, and the reactioo liquid 40 roly JESSfS.· Therefore. the 

separatioo. of solid and Iicj.lld is ped"amtxi. 

In Fig. 2, the lower end ~f the line saeen oomJXising the line material 22 is placed at a 

lower positioo. than the partition plate 18 inSide the SUfPCEing material 26. This makes the 

reaction liquid 40 surely p!SS up to the upper surfiwe of the pmitim p1ate 18 in ader to separate 

20 solid and liquid The reaction liquid 40 is difficuh to pile near the upper smfilce of the partition 

plate 18. 
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The line screen, namely, the lowec eo.f of the line material 22 can be p1aced at the same a 

below pa;itim of the upper surface of the pmitim plate 18, oc at a little higher positim than the 

partitim plate 18. However, 1he s1ructure of the solid-liquid~ 20 can ].Efembly placed 

not to cause the piling of the reaction liquid 40 ovec1he pmitim pJate 18 to the best of the ablity. 

5 For~ the interval between the lower eni of the above line saeenand the upper surfuoe of 

the ptI1itioo plate 18 is pefembly detenniml in the rangeof notkmgectban 15 mm. 

In the fured bed reactim apparatus shown in Fig. 4, the snucture of the soJid.ilquid 

separatoc 20 is di1femJt mm the abowmode namying out the invmtion. 

The soJid.li<Pd sqmata 20 CODJ.Pising a flat• screen all over 1he cross secticn in the 

10 ha:izontal directioo is p1aced near the bottom of the reactor 10. As is shown in Fig. 4 (b). in the 

cross sectim of the reactor, many line maffria1s 22 are placed pmillel with making the opening 

21 between each other. The cross sectiooal shape ofthelinematerial22 is the same as ofFig. 3, 

and its wide OOse is p1aced at the upper pmtion, and its vertex is p1aced at the lower pmtim. 

The many liaemataials 22 are supportfrl by the suppering sbaft23 pJaced at the blckside. 

15 In the above mode for canying out the invention, the \\bole cross section of the reactor 10 

perfonns the functim of separating solid and liquid, and the sqiaration of solid and liquid can 

effectively be canied out 

<Fluidiml bedreactioo appuatus > 

Thereactiaiappuatus rep:esented in Fig. 5 is a ftiridimf bed reactionappamtus. 

20 'The :fin:damental sl:ructm"e of the reacti>r 50 is the sane as of the above fixed bed reactlm 

apparatus. As is omitted to represent figures. the upper porti<n of the reactoc 50 is equipped 

·-
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with a supplying inlet of 1hereactim Jicpid 40. 

A stimr 52 rotamd by such as a motoc is pJaoed inside the reactor 50. A heating a 

coolingjadcet 54 foc heating occooling is pJaced in outec below circumference of 1hereacta 50. 

5 1he below side of the reaot<r 50. The solid-liquid sepirata 20 ccmprising the cylindrical line 

screen is cmnected to the· liquid-extracting 1ube 56 vmidi is coonected to a flange plate 59 with 

which closes the end sm:fare of the acoar• 111llJdati.mcylindec58. 

. The most part of the solid-liquid separator 20 is p]aoodinside the aocommodation cylindf1" 

58, and the part of the tip thereof putrudes inside the reactor 50 which is mre iDside than the 

10 aooammdation cy1inder 58. 

As is shown in Fig. 5 (b). the pluml aoo<mmodatim cylinders 58 am b'01id-1icpid 

sq:mators 20 are pJacOO, and the materials pJaood in the radial direction of the Jnizootal cross 

secticn of the reactor 50 or the matmals placed in the <firecticn leaned toward the radial direction 

exist togedrc. 

15 In the fhlldi7.ed bed reactim ~ 1he reactim liquid 40 am 1he heterogeneous 

catalyst particle 30 supplied to the upperpation of the react<r 50 are sliired with the stirrer 52 to 

cany out the reaction in a fluidized state. 

The part of the :reaction liquid 40isexiractmtothe1iquid-extracti tube 56 by way of the 

solid-liquid sepnatoc 20. T1:m, 1he reactim liquid 40 a1me is sepuata:i and extratted because 

. . 
20 the heterogeneous catalyst pirticle 30 disptned in 1he reactim liquid 40 cannot pm tbroogb. tm 

opening 21 of 1he line material 22 comprised in thecylicdical screen of the solid-liquid separator 
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20. 

In the mode for carcying out 1he invmtim shown in Fig. 6, the structure of 1he solid-liquid 

separator 20 is different.mm the above mode ircanying out the imaJtion. 

InFig. 6 (a), 1he tip of the~ separator 20 aoocmmodated in the acccmmodation 

5 cyJinh" 58 is plaood inside the :imu circular surfiloeof tbereactor 50. 

In Fig. 6 (b), the tip of the solid-liquid separator 20 is greatly p-otrudtrl inside fum the 

aocommodati.on cylinder 58. Jn a&itioo, the line screen ocmp:ising the Jine material 22 is 

plaood cllly attbepcxtionhavmg blg1hL of1be tip side of the solid-liquid separator 20. 

Jn Fig. 6 (c), the root portion of the solid-liquid separator 20 is extendOO at the outer 

10 ciroumfennce so that the opening 20 between the acCcmmoda1ion cylinder 58 and the 

solid-liquid separator 20 bOOanes as nanow as ~ole in the structure of Fig. 6 (b). Jn mse of 

the above slructure, the piling of the reaction liquid or heterogeneous catalyst pmicle is removed 

between the aooommodatim cylinder 58 and 1he. solid-liquid separator 20,. and the fonnatim of 

polymerized puducts or the side reactim can be inhibited. The opening between the 

15 aocommodati.m cylinder 58 and the solid-liquid separator 20 may be filled with packing 

materials made of such as Teflon (OCDlillflcial name, 1hmx:arl:xnresin). 

Jn the mode for carcying out the inventim shown in Fig. 7, the solid-liquid separator 20 is 

plaood at the oentec botta:n ofthereactoc 50. 

Jn Fig. 7 (a), the solid-liquid separator 20 is pJaad upwani at the central bottan of the 

20 reacta- 50. Jn Fig. 7 (b), the solid-liquid separator 20 is accomtnodat.ed imide the 

aocommodatim cylind« 58 exteodoo downwmd at the center bottom of the reactor 50. Jn Fig. 
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7 (c), 1he solid-JiqJid sepnator 20 is placed at the ciroum.feRaia1 bottom of thereactoc 50. The 

pnt of the solid-liquid sqmatoc 20 is p1aced in -the accommodation cylinder 58, and 1he rest 

thereof is pJaood in 1he inner spice of the react<r 50. 1he line screen ccmpising the line 

material 22 is placed above 1he accommodation cylmer 58. 1he lower portion of the 

5 solid-liquid separata: 20is1hickly extmded so that a wide opening camot be cmarl between the· 

solid-liquid separatOr 20 and the inner surfi1ce of the aoccmmodatim cylinder 58. This 

structure does not especia11y limit 1he 1englh of the solid-liquid separata 20. For exampl~ the 

solid-liquid separatoc 20 may_be_extmded to themghbodiood of the liquid sudiwe. 

(Effects and.Advantages of the Jnvmtim): 

10 Accoiding to the ~t invention, in the reactim method by using the hettrogel:teous 

catalyst, whm amying out a sepmrtim of the heterogmeous ca1alyst and the reaction liquid. the 

sepua1ioo. of the~ ca1alyst and the reaction liquid can be cmied out certainly and 

effectively by using the canplCt appuatus with inhibiting 1he side reaction or the polymtmatim 

and avoiding mNable cperatlon due to clogs of the hetfrogeneous catalyst. 

15 ParticuJarly, the line screen for ~ the ~ catalyst pn1icle and the 

reaction licp.iid bas a sufficiently wider opening in the loogitndinal direction 1han that in the Jateral 

directim. Therefae, the reaction liquid is little hindered to pass even if the opening width is 

made :nmrow. In addition, the opening of 1he 1ine screen is little clogged or attached even in the 

bmaticnreaction of viscous or adhesive polymers. 

20 ._ DETAlLEDDESCRJPTIONOFTHEPREFERRED EMBODIMENTS 

Hereinafter, the JRSm1 inventim is m<Xe specifically illuslmted by the following 
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exampies of sane prefened embodiments. However, the present· inwntim is not Jitnited 

tbemo. 

[Fixed bed reactim] 

<Examplel> 

5 The reaction to p-oduce methyl aayJate is carricrl out by use of a fixed bed reactim 

Rawmaterials: aaylic acid, methanol 

Reacta: fixed brl reacticn apparatus (refec to Fjg. I) having a diamdel' of 1,400 mm, a 

10 beigbtof2,300mm.abody-pxtimcap:tcityof3.Sm3,andchngedresinof20m3
• 

Solid-liquid sepnatoc: Johnson screen (oonmeroial name. Nikki Univeisa1) is cylindrica1, · 

and the effeotivepaiim fer fi11mti.oo. (line screen) is placed up to 10 nm belowthepu1ition plate 

(refer to Fjg. 2). Outer dj8Jl"lf'tec of cylindrical sa:een: 50 mm, effecti~ length: 170 mm. width 

of1inematerial: 1.5 nnn, qJening width: 0.3 nnn, number of placing: 20 pieces (13.0 pieceslm2), 

15 effective filtration area: 0.534 m2 (fJ.027 m2/pieoe), and qJening portion area: 0.089 m2 (0.0044 

m2/pieoo). 

Passing liquid amount: passing liq.00 amount: 1.67 m3/h, Jicpid <bJsizy: 900 kfjm.3, 

passing velocity foc effective filtmticn area: 0.87 nnn/s, p;issing linear veloci.W fer the qxning 

pcxtioo: 5.2 mm/s, and flow downwmd fum the UJ¥Cpa"tion to the lowerpcni.oo. of reactoc. 

20 Hetcmgeoeous catalyst: DIAION PK.-208 (C01l1lllelciaJ. ~Mitsubishi Ormiml cup., 

JXX01.1S cation-exdiange resin containing p-toluenesulfmic acid as a maj<r C<HDpCOellf. 15 % 
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pn1icle c1imneter. about 700 ~and 15 % pnticlediametn-: about 500 J.IIll ). 

-R.eslilts as canied out-

Composition at 1he inlet of the reacta: main raw material (aaylic acid) 50 o/o, 

suwJememmyrawmataial (mdhanol) 20 o/o, :pOOuct. {methyl aay)ate) 15 o/o, and wab". 

5 Canposition at the ootlet of the reactcr. main raw material (aaylic acid) 30 o/o, 

suwJemen1my raw material {methanoD 5 o/o, :pOOuct. (melhyl acrylate) 40 %, water IO o/o, and 

impurities 15 %. 

Cmwrsion: 35 to 40 %. 

100 homs Jab": noJmbkminopemticn 

10 1000 hours Jater: no problem as to heterogeneous catalyst puticle. Polymels were not 

att.ad:ied at all. A slight.amount of pol)'J.IKI" was auadied to the supporting structure of the line 

screen, but it OOJldeasily beremowd. 

<F.xample2 >· 

A solid-liquid sepnatoc of ~ch line screen pcdim was p1aced in a stat.e of protruding 15 

15 rrm over the partitiro p1ate was used as Johnsm sa-een of the solid-liquid sepll3b in Example 

1. The interval is made between the lower end of the line screen and the sudBoe of the partitim 

plate. and the solid-liq.Ud sepmllor has a structure of piling the reactim liquid a little <n the 

pn1itim pJate. 

-Results as amied out-

20 When 1,CXX> homs passed fum amying out the reaction. polymers were atmched to the 

supporting slrucWre of the line &'Creen. Cl~ were caused on a half of 1he line materials. 
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However, they were removed by cmying out jet washing. Some line materials were washed 

wi1babush. 

· <Example 3 > 

The reacticn to prodUce mediyl metbaayJate· was carried out The explmrtioo. of the · 

5 cmdition cmnncn to Example 1 is omitted 

Product: medtylmefhaaylate 

Rawmaffrials: me1haaylic aci<lmethanol 

RCactcr: fixed bedreacticn ~ (refecto Fig. I) having a diamiter of l,lro mn, and 

a heigbtof2,500mm, used ina state of full. 

10 · Solid-liquid sqmat<r. Johnson screm. (canmercial name, Nikki Universal), outfr 

diameter of cylindrical screen: 60 mm. effective length: 170 mm, width of line material: 1.5 mm. 

opening width: 0.15 mm. number of pJacing: 20 pieces (4.8 pieceslm2),, effective filtration area: 

0.64 m2 (0.032 m2/piece), and openingponioo area: 0.058 rrl- (0.0029 m2/piece). 

Passing liquid mmunt: plSSing liquid amrunt: 3.00 m3/h,, liquid~ 900 kfjm3
,. 

15 passing velocity for effective filtratioo area: 1.30 nm's, passing linear velocity fa the opening 

pcxticn: l4 nmv's. 

Heterogeneous catalyst the same as ofExample I 

-Results as catried out-

Reaction tempemture: 70 °C 

20 ··Cm:Jposi1icn at the inlet of the reacta: main raw material (methaaylic acid) 61 o/o. 

supplenmtmyrawmaterial (m"lhaool) 9 o/o, and pcduct (melhylmetbaayJate) 27 %. 
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Canpositim at the outlet of the reactor: main raw material (metbaciylic acid)· 45 o/o, 

supplementm:yrawmaterial (methanol) 3 o/o, and pochJct (methyl mediaaylate) 46 %. 

Thereactimtemperature is opemred so as to adjtS the conversion. to~%. 

4 mmths 1a1ec: 1he reactioo temperature was 79 °C. ft cou1d be ooofim.m that the life 

5 of the heferogeneoUs ca1alyst pnticle is mere effectively ext.ended than that of Example 4. 

There were no publcm as to the heterogeneous catalyst.pmicle when the crotinuous· opemtion 

was canitxl out foc 4 mmths. Polymers were not·attached at all.. A s1ig1:t amount of polymec 

was attadm to the stgn1ing structureoftbeJine screen, but itoruld easily beremmm. 

<Example4> 

10 The solid-liquid sqmat<r was clianged to 1he structure of Example 2 in Example 3. 

Cauetely, a solid-liquid sepuata- of which line screen portion was p1aced in a state of 

potruding 15 mn owe the putiticn pJam was used as Johnson screen of the solid-liquid 

sqmatoc. 

-Results as carried out-

15 Reaction tempemture: 70 °C 

Cmlpositim at the inlet of the react<r. main raw material (aaylic acid) 61 %, 
. . 

supplementmyrawmaterial (methanol) 9 o/o, and pochJct (inetJ.zyl aa.yJate) 27 %. 

~m at the outlet of the reaot<r. main raw matfria1 (~lie a<?id) 45 %, 

supplementm:yrawrnata:ial (methanol) 3 o/o, and pochJct (methyl aa.yJate) 45 %. 

20 4 nDitbs Jatfr. The reacti.m tempCDture was 83 CC. There were no p:oblcms as to tbe 

~ catalyst pn1icle when the crotinuous opemtim was canied out for 4 :mmtbs. 
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PoJ.ym.etSwere at1ached to the supporting structme of the line screen. Clogs were caused oo. a 

ba1f of the 1ine materials. However, 1hey were nmoved by canying oot jet washing. Sane 

linemab'ials were washed with a hush. 

<Example5> 

5 The ptcl<ing cxnditim of the heterogeneous catalyst prticle was changed in Example 3. 

The exp1amti<n of the ooodi1ioo. ciclDnoo. to Example 3 is oo.Utted. 

Coocretely, 1he heterogeneous catalyst pnticle was classifi~ and dividOO into a Jarge 

parlicle pmioo. having a prticle diameter of 700 to 1).00 J.IIll (5 % of tbe whole), and a small 

pn1icle portioo.having a particle diamerer of 300 to 700 µm (95 % of the whole). As is shown 

10 in Fig. 1, after being ptcked with the hlige particle patioo. up to a position slightly higher than the 

solid:-liquid separator at the bottan side of the reactoc 10, 1hen the reacl<r was packed with the 

-Results as anriOO ott-

15 4nmtbs1aB: The reac1im fmlpf'latme was 77 °C. There were m Jmblems as to the 

heterogeneous catalyst pu:ticle \\hen the cantinuous opemtim was cmriOO out for 4 months. 

Polymers were not attach.00 at all. A very sligbtamomt of polymer as attached 000:1d easily be 

<CcmpnttwExample. l > 

20 , The same cmdition as of Example 2 :was employed except that a wire mesh strainer was 

used as a solid-Ji<Pd separator. 
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Solid-licpd sepmmr. wire mesh straim-, cy1indrica1, 50 mesh. The effective portiro fir 

filtration is placed 15 mm OWl"thepartitioo plate. 

-Results as carried out-

100 boors .1atec. The reactivey and selecti.vey became lower, and the pressure loss taxied 

5 torise. 

W1m about 500 homs pissed. the opemticn was difficult to cxmtinue. Therefore. the 

inspectim was carried out. Then, the mesh of the slraina- was clogged with fine materia1s of. 

the heterogeneous ca1alyst particle. A great deal of viscous materials and polymers ~ 

attaclied . It was necessmy to exchange the mesh. The polymers were atta~ to the 

10 SUJPI1ing structure of the strainer. 

[F1uidmd bed reactim] 

<Example6> 

The reactiro to produce 2-ethylhexyl aayJate was carried at by use of a fluictiz.ed bed 

reactim~. 

15 Product 2-elbylhexyl aay1ate 

Raw materials: aaylic acid, 2-ethylheKanol 

Reactor: stainless-made fluidized bed reactiro appmltus (refec to Fig. 5) with a 

dehydratim packed column (100 cl>), having a diameter of 500 mm, a caplCity of 100 L and 

cliarged amount (reactim liquid + heterogeneous ca1alyst pn1icle: 70 liter, and heterogeneous 

20 catalySt pnticle: 18 litfr (ma diy state)1 beatingjacket/cbarging stmm. 
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mi attached at oute£ bottan circumfecenoe of the mwt<r. OJfa" diameter of cylindrical sa-een: 

34 ~ ~ve length: 60 mn. widfh of elemmt (line~): 1.5 ~ q>ening ~ 0.15 

unn, mnnber of placing: 1 pece (3.1 pieceslm2), effective filfratim area: 0.0064 rel, and q>ening. 

pcrooo. area: 0.00058 m2
• The solid-liquid sqmatoc of which structure is shown in.Fig. 6 (c) 

5 was p1aood upwmd withro1aticn of90 °. 

PaBng liquid amrunt: ~liquid amoont: 0.039 m3fh. liquid demily: 900 kpfm.3, 

passing velocity foc effective filtratim area: 3.17 mn/s, passing limlr velocity fa: 1he q>eniiig · 

pa.1ico: 18mm/s, mi flow downwani fian tbeuppecpcl1i<nto the lowerpcl1i<n of:reacta". 

Stimc. PJaudlec b~ ~ ofbJadedianm: 0.7, and b1ade1ipvelocity: 4 m's. 

10 Hetfrogeneous catalyst: the same as ofExamp1e 1 

-Resul1s as carried out-

ReaCtap-essure: 70n:mHg 

Canp.amiai at the inlet of the reactcc. main raw material (a~ acid) 49 o/o, 
. . 

~ raw material (2-etb.yJhexanol) 35.6 o/o, product (2-ethylbexyl aay)ate) 14.2 o/o. 

15 and water 0.1 o/o. The alcohol was SUWlied fran the reactoc (235 kglh) and the coimm q, 

(13.2 kglh), and phenotbiazine of 0.05 % of the main raw material was added fum the column 

top. 

Ccmpmitiai at the outlet of 1he Ieacttr. main raw material (aaylic acid) 13.2 o/o, 

suwlm:mtaiy raw mabia1 (2-ethylhexanol) 25.7 %, produot (2-ethyJhexyl aay)ate) 59.6 %, 

20 watfr 0.4 o/o, and reaction liquid 34.8 lq¢i. 1.7 kglh of water Jiiase and 0.18 ~of oil lime 
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Cmversico: 60 % (aaylicacid), and 58 % (aloOOol). 

Selectivity: 98.4 % (aaylic acid). and 98.5 % (a1oolx>l) .. 

Impurities: 026 % (dinn"acid2-etby1hexyl etc.) 

When 150 hours plSSed, tbeinspectim was amied out. Polyn::us werenotobsaved. 

5 1,000 hours later. The qxDng of the saeen was clogged with resins. Polymers were not 

attadied. Nopublem. 

<Example?> 

Thereacticntopudtlce~ aay)ateis caniedout. 

Produl± hydroxyi:mpyJ. aa:yiate 

10 Raw materials: aaylicacid;pupylene oxide 

Reactoc: 1he same as of Example 6 except for clmging with 48Jiter·of1he heterogeneous · 

catalyst particle (ma_moiststate), and cooling by streaming cold water into the jacket 

Solid-liquid sqmata: Jdmscn screen (cxmllllf1"cial ~ Nildci Universal) is cylindricaL 

and attached at a fhiidimi prim of the reactim liquid at outer bottan ciroumferenoe of the 

15 reacta (reik to Fig. 6 (b)). Outer diameter of cylindrical ~ 34 IIDD, effective lmgfu: 30 

Dl1l\ width ofekment (line material): 1.5 rmn, qx'2ling width: 0.15 mm, mitnber of placing: 1 

piece (3.1 pie:as!In2}, ~ filtmticn area: 0.0032 m2
, mi qx'2ling pcxtioo. area: 0.00029 m2

• 

Passing liquid amount: pissing liquid amount 0.031 m31h, liquid density: ·900 k¥Jm.3• 

pssing velocity for effective filtration area: 2.7 mn/s, and ]lfSing linear velocity for the qxDng 

20 ~ 30nnnls. 

Stiner: the same as ofExamp1e 6 
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Heterogeneous catalyst: DIAIONPK-316 (commeroial~ Mitsubishi Chemical cmp., 

amine-blsed anim-exchange resin, 15 % pmicle diam~ about 700 µm, and 15 % particle 

dimmer: about450 µm). 

-Results as cmried out-

5 Reac1ico fimpemture: 80 °C 

Coo:Jpcmtim at the inlet of the reactoc main raw material (aaylic acid) 45 weigbt o/o, and 

supplmmtmyrawmaterial (p-opylme oxide) 55 weight o/o. 

Piling 1ime: 'Ihemwmaffrials were added toadjtist the piling time to 1 hour. 

Cmva-sm: 80 % 

IO 100hours1ater: No p-ob1em. 

1,000 hms Jafa": Polymers werenotatiaclied 

<Examples> 

The sqmatim of solid and liquid was amied out by use of2-bydroxyethyl aayJate. 

Reaoo,x: the same as of Example 7 except that the reacta was slainless-made and had a 

15 caprity of 20 litec, and that the reactor was cbnged with the heterogeneous catalyst of 60 o/o of 

thereacta. 

Solid-liquid separata: the same as ofExamp1e 7 

Passing liquid amount: plSSing liquid amount 0.0095 m3~ and liquid density: 1,050 

'q/rri3. 

20 ·Stiner: p;dlles (3 ~),mtio ofbJade diameter. 0.4, and blade tip speed: 1.5 mis. 

He&mgmeous catalyst the same as ofExamp1e 7 



-Results as carried out­

Opemtim ffmperatllre: ()()CC 

100houcs1ater. No pob1em. 
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1,000 hours Jata:: No pob1em. Stable operation. No~. 

5 < CompmrtiveExample 2 > 

The same cmditlcn was employed excep for using a wire mesh of~ mesh as the 

soJid.liquidsepnata-in EXample 6. 

Solid-liquid sepamta:. The wire mesh of 80 mesh (diameter 100 mn) was attaam to the 

ex1mcting tube of the reactor bottcm Width of mesh line material: 1.5 ~ opening width: 

10 0.17 mn. opeEing ratio: 25 %, effective fi1Daticn area: OJXJ'/9 m2
, and opening pcrion area: 

0.00196m2
• 

Passing liquid amoont: ~liquid amount 0.039 rrf/h, liquid densi1;y: 900 kpjrrl, 

p:tssmg wlocity for effective filiration area: 1.4 mmls, and p!SSing Jium-velocily for the opmllig 

pa:1ian: 5.5 mn/s (,and flow downward from tbeupperpcaticn to tbelowerpcaticn ofreactoc). 

15 Stiirec andldelogmeous catalyst: the same as ofExample 6 

-Results as canied out-

When 150 hours passed, it was clogged with resins and 1he ~_loss tmdtrl to rise. 

'Iherefcre, 1he operaticm. was stopped and tbeinspecticm. was canied out. 

The mesh was clogged with 1he heterogeneous adalyst. Jn addi1im a great deal of cl~ 

. 20 due tO attaching polymers were obuvOO. The solid-liquld sepmrur was neoossazy to recovec 

afte!-wasbing it enough. 
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<Qmpu:atOOExample3> 

The same ccnditi<n as ofExample 6 was employed in the same way as of Comparative 

. Example 2 e>tcept fa: using a wirenrsh ci80mmas1he solid~quidsepnati'r. 

Solid-liquid sepntcr: The wire mesh of 80 mesh (diameta" 100 mm) was attached at 

5 outer ci:roumfmnoe of the reactor bottan. The attached positim tlBeof is outside of 50 % <r 

nue of the blade diameter of the stllrer. Outer diameter of cylirdriall mesh: 34 mm, effective 

length:()() mm, width of mesh line material: 0.15 mm, opening width: 0.17 mn, number of 

placing: 1 piooe (3.14 pieceshn~ effectiw filtratim area: 0.0064 rrt, and opening portion area: 

0.00016m2
• 

10 Passing liquid ~: pming liquid amount: 0.039 rr}~ liquid density: 900 kp/rrl, 

pming velocity for effective filtrati.m area: 1. 7 mnls. ptssing linear velocity for the opening 

pcrim: 7 mmls, and flow downwmd mm the uppecpmioo. to thelowerprioo. Of reactoc. 

Sfum:andheterogeneous catalyst: 1he same as ofExample 6 

-Results as caniedo.t-. 

15 500 hours Jata: The mesh was dogged with resins a little. The mesh was ~ 

because of attaching a small amount ofpolymeis. 

<Qmpu:atOOExample4> 

The fonnatim reactic:n as of Example 7 was canied out m ccmbinaticm of~ reactor and 

the sedinientaticn tank. 

20 : A solid-licpid separatcrwas not p1aced at the readoi, and the shmy liquid oompising 1he 

reactim licpid and the heterogeneous catalyst particle exlmcted fran the reactor was ~ rut a 



44 

weigbt~an tank (40 mn cl> x 100 mm J:Dgbt), and 1hm the SJlp'm8fant was 

_..._ ....... ..:1 The i. :ltatimtank aJsooooledwith oooling; .. ni....-0 ,!4-L._...,:__,_..:........,, ~i:IUQJ. sern 111'.1 was a _,..._..... .uu:v.1a ~\;t,WW.Ull,,. 

-Results as carried out-

When three boors ~the tmdmcy of raising tempemture in the sedimmta1ian tank 

5 was observed. The trouble of the ciroula1iro pump was ~ and then stopped 

Various details of the invmtim may be clianged without deputing fum. its Spirit not its 

scope. FUI1bmncre, 1he foregoing des'2iptim of the p:eferred emboc:timmts aooording to the 

pesent invenfim is povided fer the JllPOSe of illustratim only, and not foc the pmpose of 

IO . 1imitingtheimaitioo. as defined by the appended clallm and 1heirequivaloots. 
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What is claimed is: 

L A reactim method by using a heterogeneous catalyst, which is a method whim 

involves canying out a maim in liquid Ifiase by usmg a heterogeneous catalyst pnticle in a 

5 reackr, and comp:ises the steps of (a) allowing a niaotim liquid SUW)ied into 1he:reactocto react 

in the prem:ice of 1he heterogmeoos catalyst pn1icle. and (b) ptssing the resultantreactioo. liquid 

cootainipg the heterogeneous catalyst particle through a line screen having an qiening width 
. . . 

where the heterogmeoos catalyst pnticle is not allowed to plSS Slibstan1iaily, and then extracting 

1hereacticnlicpt sq.mated mm the heterogeneous catalyst pn1ioJe mm thereactoc. 

10 

2. A reactim me1bo4 by using a heterogeDeOUS catalyst aoooiding to claim 1, wherein 

the qiening width of the Jine screen as used is narrower than the 15 % pnticle di81]1f'ter of the 

heterogeneous catalyst pn1iolein the step of (b). 

15 3. A reacli.oo method by ming a heterogeDeOUS catalyst accoiding to claim 1 oc 2, 

wherein: the line screen as used is a cy1indrical screen which is obtained by helically coiling a 

line material at infflvaJs; the line material of the cylindrical screen bas a 1apered cross sectiai 

which is 1hick outside of the cylindrical screen and nmrow imide thereof; and the reactioo. liq.lld 

is ptSSed fian the ootside of the cy1indrical screen to the imide 1bereofin the step.of (b) . 

. 20 

4. A reactim method by using a· heterogeneous cataJ.yst aoooiding to any roe of 
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claims 1 to 3, which furtba:caJlflises the step of (-a) pdcing tbereactocwith.1heheterogmeous 

catalyst pmicle before canying oot 1he step of (a), wherein 1he heterogeneous catalyst pmicle 

having a compuatively Jargerpirticle diametecis p1aced at 1he positim adjaomt to the line saeen 

and the heterogeneous catalyst pntiolehavinga canpalatively smaller particle diamda-is placed 

s at the positioo.aparti<m the line screen in the step of (-a). 

5. A reactim method by using a heterogeneous catalyst according to claim 3 <r 4, 

particle before canying out the step of (a), wherein: the reactim liq.lld is pmed fum 1he uwei-

10 pcmm to the lower pcxtioo. of the reactoc packed with the heterogeneous catalyst pu:ticle in the 

step of (a); and the cylindrical saeen is pJaced owe the pntitim plate which is located at the 

bottan of 1he space pt.eked with the heterogeneous catalyst particle in 1be reacta: so that 1he 

inta-vaJ. between the opening where the reactim liquid passes and the upper sudBce of the 

putitim p)atecan bekeptnotlargertban 5nmin1he step of (b). 

15 

6. ·A reactim method by using a heterogeneous catalyst according to any one of 

cJaims 1 to 3, vWtere.in 1he reaction is canied out 'MW.e fluidizing the reactioo liquid suspended 

and dispersOO wi1h the heterogeneous catalyst pn1iclein the step of (a). 

20 · 7. ·A reactim method by using a heterogeneous catalyst according to· any one of 

claims 1 to 6, wherein the heterogeneous catalyst pn1icle as used is anim-excbangeresinbaving 
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an awmgeparticlediametfrafO. l to 3 mm in the step of (a). 

8. A reactim method by. using a heterogeneous catalyst accmling to any one of 

claims 1 to 1. wherein 1he reacticn is a reaction to prodwe hydroxya]kyl (meth)aaylate by 

5 allowing a1kylaJe oxide to react with (meth)aaylic acid 

10 

9. A reactim method by using a heterogeneous catalyst accooJing to any one of 

claims 1 to 8,. ~ the reac1im is a reactim to plXhJce (meth)nylafe by an.Owing 

(meth)aaylic acid to react 

10. Areactim appnatus.used in the reactimmeth.Odmcited in any one of claims I to 9, 

whidi conpises: a wssd-type readoc whiCh accomm00ate31be heterogeneous catalyst paI1icle 

and the reactim fui.00, and is equipped with a stirrer, a liquidextracting line which is cmnected 

to the reactoc so 1hat the resultant reacticn liquid can be extractOO; and a line screen which is 

15 · p1aaxl between the spce acc<mmOdated by the reactim liquid in the reactor and the 

liquid-ex1racti line, and has an opming width where the heterogeneous catalyst plrticle is not 

. allowed to pm stbtantially. 


