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REACTION METHOD BY USING HETEROGENEOUS CATALYST
AND

REACTION APPARATUS THEREFOR

BACKGROUND OF THE INVENTION

A TECHNICAL FIELD

]hepmentinvmﬁonrelat&stoamdimrﬁeﬂmdbyusingatﬂemgm:s catalyst such

asmio&exdnngémparﬁcbasacamlysgmdamcﬁmappmammedinﬂﬁsmcﬁm

method. More particularly, the present invention aims, for example, reactions for producing

(methacrylate by use of (meth)acrylic acid
B. BACKGROUND ART

Reaction methods which involves carrying out a reaction in liquid phase by using an
@@Mgemnasaeamlya,mlmm;sanm(ﬁmdbedma&mmhod)wm
Mvsushgamdaﬁx—padcedwﬂhaﬁim-exdnnge;shaameﬁmd(ﬂlﬁdizedbed
mcﬁmmeﬂmd)whichinvqlvmmngMaMﬁmmamwM®Mﬂdmem3
suspended and dispersed in a reaction liquid, and separating the reaction liquid and the

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

JP-A-54326/1974 proposes a method which involves infroducing a gas from the botiom

of a reactor so that an ion-exchange resin can be suspended and dispersed in & reaction liquid, and
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separating the reaction liquid and the ion-exchange resin by use of a catalyst-separating apparatus

comprising a filter. In addition, JP-A-17844/1988 proposes a mefhod which involves
wspaxﬁngmﬂtﬁspasingmim-mdmgemﬁnmareadim-ﬁqﬁdﬁyweofsﬁna,md
sepamﬁngﬂnmdimﬁqﬁdandﬂneimexchmgcmhbyweofawhem&shofwm@ '
placed at the bottom of a stiring vessel.

In fhe fiuidized bed reaction method among the above convenfional methods, When
carrying out the separation of the ion-change resin and the reaction liquid by use of the filter or
the wire mesh, the filter or the wire mesh is clogedvdﬁlsmhaaadcedio;l-@mhangelmin
duﬁngthere.acﬁona'aside-lxoducedpolymerhlﬁnereadioé. 'Iherefoxe,ltbeoom&sdlﬁicult
fo opesae fo a ong frme and fhe cracker on-exchange resin becomes easily leaker.

For example, in case of ﬁle reaction to produce (methlacrylate by allowing (methjacrylic
addmmammmhds,mmwasapmmmmmehy@siswasﬁmmbyme
ion-exchange 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 fime
and the reaction rate was lowered because of ummiform flow caused by such clogs. A

sedimentation method is considered as effective means of separating the ion-exchange resin from

the reaction mixture. However, the apparatus becomes larger acconding to this method. In

addition, there is a defect that it takes much time to separate them.
In addition, in the conventional means of separating the ion-exchange resin and the
meﬁmﬁqﬁdhheabowway,thepﬂhgpmﬁmofﬁeimdméemhandﬂwremﬁm

liquid is caused when carrying out the separation. Therefore, the reaction further proceeds
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while piling. However, in this case, the reaction becomes heterogeneous because the liquid and

the resin do not flow, and impurities increase because the side reaction goes ahead.

Particuladly, in case of exothermic reactions such as a reaction to produce hydroxyalkyl
(methyacrylate by allowing alkylene oxide to react with (mefhacrylic acid, it s difficult o
remove heat at the piling portion. Tkmfoxg,ﬁeexhaordimryriseoftmpaahneiscaused
At the portion of high tempesatire, the polymesization of such as (methacrylio acid as a raw
mamﬁamhydmxqui(me@amymeasapmismsﬂymmﬂﬁnﬂ:mme
problem of the above clogs is caused.

Tn addition, intheﬁxedbedreadidamed:od,ﬂ:ewimmhiseasﬂydoggec-lwdﬂlﬂ:e.
sesin having a small diameter o a side-produced polymer. At the clogged portion, it s difficult

for the liquid to flow, and the reaction liquid is plledup.  Then, the effective portion to carry out

e zeaction becomes less. Because of causing the piling portion in the reactor, not only the

reactivity lowers and the side reaction increases but also the polymerization of the raw material
'In reactions other than the reaction by using the jon-exchange resin, the same problem is
dmcmsedhﬂ:emacﬁénmethodwlﬁchiwolmmyingmnareacﬁmmﬁqlﬁdﬂmeby
using various heterogeneous catalysts.
SUMMARY OF THE INVENTION
A OBJECT OF THE INVENTION
An object of the present invention is that: when camrying out a separation of a

heterogeneous catalyst and a reaction hiquid, the separation of the heterogeneous catalyst and the
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macﬁmﬁqﬁdmnbewniedmioamhlyandeﬁ'ecﬁvdybymhgaocmpaaappammwﬂh

inhibiting the side reaction or the polymerization and avoiding unstable operation due to clogs of -
the heterogeneous catalyst.
B, DISCLOSURE OF THE INVENTION

A reaction method by using a beterogeneous catalyst, according to the present invention, is
anﬁhoduhichhvdmmnﬁ:gaﬂareacﬁmhﬁqﬂdpbasebymhgahe&mgmm
catlyst prticl i a reacor, and comprises he steps of (e) llowing & eaction liqid supplied
mmm&atommmmofmmmmmp&wqm@mme
resultant reaction liquid containing the heterogeneous catalyst particle through a line screen
having an opeping width where the heferogeneous catalyst particle is not allowed to pass
substantially, and then extracting the reaction liquid separated from the heterogeneous catalyist
partile from the reactor.

Thewun“alhemhavmgmopmhgwidﬂlume&lehaaogemwsmlygtparﬁch
is not allowed to pass substantially” means hat the heterogeneous catalyst perticle which passes
fhrough the line screen may exist in an amount which does not affect attaining finctions and
efffects of the present inveation because the heterogeneous catalyst particle as industially used
has perticle distribution without fiil.

‘The opening width of the line screen is determined so that the ratio of particles which pass
through the line screen can be ordinary not more than 5 volume %, preferably not more thn 2

volume %, more preferably not more than 0.3 volume %.
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In addition, the 15 % particle diameter is defined as the diameter when the particle

distribution in temms of volumne becomes 15 % at the small particle side, and it is effective that the
opening width of the line screen is detenmined narmower than the above 15 % particle diameter.
The lower limit of the opening width of the line screen can be determined in the larger size of
1/25 of the 15 % particle diameter or 0.05 mm. Ineasewhaeﬂ:eopmmgwxdﬂnsnatmwer
ﬂnnﬂnabowsizgﬂmemedismhmnﬁgwhlmg—ﬁnmopaaﬁmbmqse'ﬁesaemismsﬂy
clogged with even a small amount of such as small fragment of the calalystpathc]e,a:ﬂﬁle

These and ofher objects and the advantages of the present inveantion wil be more fidly
apparent from the following detailed disclosure. -

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lisaseetiona;l\liew(a),andmiasecﬁanlﬁetﬂs @)aﬁ(c)ofaﬁxedbdﬁm
apparatus representing a mode for carrying out the present invention.

FigZisanquandedseoﬁanlviewofasolid;liqﬁdsepmatm.

FigSismeq:arndedsecﬁamlﬁewofalinem

Fig, 4 is a vertical sectional view (a) and a horizontal sectional view (b) of a fluidized bed
reaction apparatus.

Fig, 5 is a summarized structural view (a) and a horizontal structural sectional view (b)

Fig 6 is a summarized structural view representing yet another mode for canrying out the

present invention.
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Fig, 7 is a summarized structural view representing yet another mode for carrying out the

present invention.
(Explanation of the Symbols)
10, 50: Reactor
5 12: Supplying inlet
14: Liquid-extracting ouflet
15: Liquid-flowinginlet
16: Distributing plate
18: Partition plate
10 ° 20 Solid-liquid separator
21: Opening
ﬂ:lhl;mial -
30:He1mwlscaﬁlystparﬁc1e
40: Reaction liquid
15  52: Stier
DETAILED DESCRIPTION OF THE INVENTION
Hereinafter, the modes for cammying out the present invention are explained in detail.
[Average particle diameter]
mﬂppmmvaﬁm,ﬁwmabbmmmmpmﬁchmsmwpmﬁde
20  diameter of 0.1to 3 mm  The average particle diameter is defined as 50 % particle diameter,

and the measurement method thereof is in the same mefthod as of the 15 % particle diameter.
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However, the evaluation standard is setfled in 50 %. In case where the particle diameter of the

heterogeneous catalyst particle exceeds 3 mm, the contact area with the reaction liquid decreases
and the reaction efficiency lowers. On the other hand, in case where the particle diameter of the

haaogmmmlyapaﬂideismﬂa‘ﬂmﬂ.lmm,thecmmeeasﬂycaﬁsedwhmthe

heterogeneous catalyst particle and the reaction liquid are separated. The average particle

dhmdaofﬂaefﬁaognm@tﬂystparﬁdeismaepwfaaﬂyhﬂlemgeof03m2mm
My,mepmﬁde&mdmemwmwpmﬁdembe@edbym
as:mmmuﬁaﬁwﬁhnﬁaonntmvmﬁaw]ipas,d&asoﬁcmeamm&ﬁappmaﬁm or
qﬁ@lmimowqm;amdhod\;vmchmvdv&so&ahﬁngnﬁmmoqicimgwandm]cmaﬁng
with an image-prooessing apparatus and a computing apparatus; or classification by sieves.

[15% peaticle diameter]

Whmtheparﬁdédiammcfmehqmgmmlystpmﬁdeisdeﬁnedasﬂnabow'
15 % particle diameter, the particle diameter can be measured by the below method.

f‘mwmmple,heaseﬂaatﬂnparﬁdeisinamdstsmﬂnwhmeismsxedbyuseof
such as a measuring cylinder in a state that the resin particle is immersed and sedimented in a
liquid which can possibly have the same component as of the solvent which moistens the particle
(mady,ﬁ)evohmiswhmﬂle.volmm.isnadmsedmymewhﬂetap;mgﬂn
bottom.). While the same particle mildly flows with the same liquid, the particle is separated
into a passed fraction and an on fraction by use of a2 measuring sieve of which mesh is accurately
determined. The passed fraction and on fiaction are collected respectively, and the volume is

measured with a measuring cylinder.  Then, when the passed fraction is less than 15 volume %,
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it is understood that the 15 % particle diameter of this particle is larger than the mesh of the sieves.
The 15 % particle diameter of the particle can be measured by repeating the above measurement
with chenging the mesh.

Whmitisdiﬂiwhbhandleﬁﬂmsannoompmaﬁoratﬁnsametanpaaﬂreasofﬂme
solvent which moistens the particle, the solvent such as water may be replaced to measure.
However,ﬂisprefaaﬂeba&jmtﬂnrwhwhmwdmgewmedbyﬂnreplamenofﬂn
solvent in the range of not more than +10 %.

Tn case where the resin volume changs of tie beterogeneous catslyst particle is not more
han 10 % between the moist state and the dry state, the 15 % particle diameter may be defined
with the particle in the dry state. hﬂﬁsmse,itisnotneossmytous;ﬂnnqmd The size of
ﬂlepmﬁclempamdwiﬂlﬂlemashﬁnybeevaluatedbywhdhercrnotﬂlepassedﬁacﬁmis
notmeﬂmnlSwhmé%v&mﬂnparﬁdeissepmawdbyweofavhaﬁmsieve.

[Heterogeneous catalyst]

nnﬁaaogmmamystasusedmmemmismmlyw

Examples thereof include all the ion-exchange resins which are ordinary commercially
available, such as strong or weak acidic caﬁon-exdlangemsins,apdsumgorweakbasic
anion-exchange resins. Parﬁmﬂmiy,whenusingﬂnmﬁxs-mﬂxeexoﬂmnicmcﬁmﬂaemin
baving heat resistance is preferable. Examples of the heterogeneous catalystg;weptforﬂme
imrekchmge'r&ﬁnhdtﬂe:nﬂaLnobbmﬂmoﬁdmﬂn@oﬁWMassﬂim,
alumina, and titania, or active carbon, which contains such as metal, noble metal, or oxides

thereof
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The shape of the heterogeneous catalyst is not especially limited, but usable examples
fhereof include spheres, lliptic spheres, pelletized colurms, quadrengular pyremids, ciroular
cones, and needles. Sphmmlordﬁpics;h&aahnéstsphamispwfaablebwmﬁeofeasﬂy
flowing at agitation or preventing the resin from crushing due to collision of each resin particle.

[Cation-exchange resin]

Particularly, the strong acidic cation-exchange resins can preferably be used as acidic

Examples of the porous sirang acidic cation-exchange resins include: MSC-1 (@bove,
Dow), PK-ZO& PK-212, PK-216, PK-220, and PK-228 (above, Mitsubishi Chemicals),
AMBERLYST-16, IR-116, IR-118, IR-122, C-26, C-26TR, C-264, and C-265 (gbove, Rohm
and Hass Company), SPC-108 and SPC-112 (abové, Bayer), and KC470 (Sumitomo

Examples of the gelled resins include: HCR-S, HCR-W2, and HGR-W2 (above, Dow);
and SK-1B, SK-106 and SK-110 (above, Mitsubishi Chemicals).

{Avion-cxsbengosc]

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
used. .

Examples of the gelled resins include: SBR, SBR-P-C, and SAR (above, Dow); IRA-400,
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A-132, ES-137, A-101D, A-147, A-104, A-109, and 'A-IOZD (above, Rohm.and Hass
Company), SAIOAmﬁSA%A(anquhidmﬁwls).

Exemples of the macroporous resins inciuds: MSA-1 and MSA-2 (@bove, Dow);
IRA-900, IRA-938, IRA958, A-26, A-27, A-I61, and A-162 (above, Rohm and Hass
Company), PA306, PA308, PA312, PA316, PA318, PA406, PA408, PA412, PA416, PA418,
WA30, WA20, and WK 10 (above, Mitsubishi Chemicals).

There are weak basic resins whose kind of amino group as used as a functional group is

Exarmples of the strong besic anion-exchange resins inchude type (T) whose kind of amino
group as used as a fimctional group is trimethylammonium group, and type () whose kind of
amino group as used as a finctional group is dimefhylethanol ammonium group.

[WMWI

In the present invention, the reaction can be carried out by suspending and dispersing the
abowhaaogmemswmlystpmﬁchmﬂ:emcﬁmﬁq;ﬁdasﬂnﬂtﬂdizedbedreacﬁmmemod
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 removing
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.

- The means of suspending and dispersing the above heterogeneous catalyst particle into the

reaction liquid is not especially limited. For examples, a method which involves using a stirrer
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cquishgsxhasapaddeﬂad@a%ﬂaﬂade!amxﬂm&&de,andmmd:mbhde,a
nnﬂmdudﬁchhwlv&shhodnhga.gasﬁanﬂml-nﬁomofmemm,umewmbhaﬁm of
these methods can be employed.

[Chmshgmmtofhetmmwfalystpmﬁcl?]

In case of the fluidized bed reaction method, the charging amount of the above
mogmm:alystﬁarﬁcleispefmuymmemgeofo.osm1.o&mofﬂnenﬁray of the
charged amount in terms of volume,

hcasewhaeﬂxectmgingmnqmtofd:eabovehetapgmmeﬂalystparﬁdeexweds
l.Oﬁmeofﬂnaﬁrdyofmedlmgedammmtamsofmhmﬂnem&mhﬁnt
it becomes difficult to suspend and disperse the particle, and the stir-mixing becomes uneven.
In addition, there are disadvantages in that: the crush of the particle exceedingly proceeds in the
neighbomoodof&nsﬁﬁm,mmeeamystﬁfesham. 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 harmful side reaction is also caused.

Mmﬂwmhmmofmehaéogmmmisdmgedwimmepamgeofmﬂn
change of volume is considered end the charging amount is determined so that the charging
Mmmuybemmbﬁedmﬂnaﬁowm

In case where the charging amount of the above heterogeneous catalyst particle is less than
0.5 time, there are disadvantages in that: the side reaction without catalysts in the liquid proceeds
more frequently than the main reaction carried out on the catalyst surface, and fhe selectivity is

lowered. In addition, the promotion of the reaction needs to stir strongly. Therefore, the
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catalyst is easily crushed.

[Blade tip speed]

When the reaction is carried out in the reaction vessel comprising the stirrer by stiing the
reaction liquid, the tip speed of the stirring blade of the stitrer is desirably determined in the range
0f 0.1 to 10 m/s, preferably 0.3 to 5 m.

The tip speed of the stirring blade of the stirrer is calculated from the tip span of the stirring
bmmm@mmmdmgm&mwm

The tip speed of the stirring blade (m/s) =

thespan () X thestiing riation mxmber Gpm) X 60

In case where the tip speed of the stiming blade exceeds 10 m/, it is not economical
mmeammammfasmmthmMgmofmwwmwemmM'
ha@ﬁmmemgamgyaddedwmemmmpmﬁdqmmm
beterogeneous catalyst particle s injured and crushed. The&r@hmmdimd@gsin
that: the catalyst life shortens, and the trouble is easily caused due to the crushed materials in the
latter process.

onﬂ:eommnd,ineasewmémeﬁpmofﬂaesﬁmgbladeis slower than 0.1 m/s,
there are disadvantages in the reaction because it is difficult to float the heterogeneous catalyst
particle in the reaction liquid, the reaction partially becomes heterogeneous, the ummiformity of
tempesature or concentration is locally caused, and the side reaction increases.  In addition, there
medimdwmag&cmomhoﬂmgﬂmmcﬁmmbewmemehwmovhgeﬂidm

lowgtswlmmovingmaoﬁmheat
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[Reaction temperature]

The reaction is preferably carried out in the condition of the reaction temperature adjusted
in the range of 15 10 120 °C.

In case where the reaction tempesature is higher than 120 °C, there are disadvantages in
that: dimer acids or oligomers increase, and firther, the side reaction for producing esterified
products thereof and products having high boiling point. - In addition, there are disadvantages in
ﬂn;ﬂ:emxbléis easily caused due o the polymerized products.

hmsewhéeﬂ:ereacﬁmWislmﬂnnlS@;ﬂuemdisadwmhmat
the cost of cooling refrigerant for cooling increases. ]naddiﬁon,ﬂ;exeammanydmaitsin
econormy becanse the reaction rate is 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
prefirably 50 to 105 °C.

Mﬂy,ﬁemeﬁmooﬁdﬁmamqﬁf&&eabowwayisn&wpedﬂlyﬁmﬁedhﬂae

[Separation of solid and liquid]

In the present invention, after the reaction in the presence of the heterogeneous catalyst
particle, the reaction liquid containing the heterogeneous catalyst particle is passed through a line
screen having ﬁmctionofseparalingsolidamiliqlﬁd Therefore, the reaction liquid and the
heterogeneous catalyst particle are separated, and then the reaction liquid is extracted from the

reacior.
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- The line screen has many line matesials which are placed on parallels at a predetermined
inferval. Supporting part materials might also be placed perpendicular to the line materials.
Even in this case, the line opening is substantially formed by determining the placing interval of
the supporting pert materials enough larger than the opening width of the line matesials each

other.
It is preferable to use the line screen of which opening width of the line materials each
other comprised in the fine screen is substantially namrower than the particle diameter of the

heterogeneous catalyst particle. ' The heterogeneous catalyst particle and the reaction liquid can

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

the heterogeneous catalyst particle. Inadditim,itbeoomesdiﬂimﬂttocwseﬂ:edogsofﬂze
hdﬁogammcatalystparﬁde,andﬂmesmbleopaaﬁmbeeanieddnforabngﬁmeiuy |
sepmaﬁmofsolidmﬁqmdwimﬂamwmpdsingﬂnﬁnemamal_ The mesh opering
of the line screen can be uniformly controlled at a certain interval, and the portion having an
opening width narrower than the designed size is little. 'Ihaefox,e,itlispefaableﬂmtﬂ]éclogs'
are difficult to 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 scatfer of the screen is
preferably detenmined 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
narrow porfion of the opening.  The ratio is preferably determined in the range of 1.0 to 1.5

times, more preferably 1.0 to 12 times.  Incidentally, the minimal value herein is evaluated by
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exchuding structurally and Jocally nerrow portions such as a ccnnecting porfion fo the screen.

The line soroen is not espesially Emited if it comprises the fne materisl  Evamples
ﬂnwfm: mesh or lattice platw,-mh cylinders, coils, and.pla.lw obtained by placing
straight lines parallel; plane materials obiained by helically coiling lines, and placing them along
plane circle; plane materials obtained by processing lines into plural circles having a different
diameter, and placing them along circles which are at a predetermined interval and have the same

centter; and firther, plate materials obtained by processing lines into similar multiangular figures

-havhga&ﬁaaﬂsim,mdpladngﬂemﬂﬁmgﬂmﬁgmm'afﬁustﬁekr&pecﬁwm& If

the line screen is a plate, the structure thereof can bemade simple.  The line screen is effective if
the effective area for separating solid and liquid is even litfle but good. If the line screen is a
cylinder or a coil, it is preferable because the effective area for separating solid and liquid can take
lpmuchspawamm&saemiswsywm

The cross sectional shape of the line material as comprised i the line screen is not
especially limited, but examples thereof include circles, ellipses, triangles, quadlaterals, and
trapezoids.  Circles, ellipses, triangles, and trapezoids are preferable. If the shape is a triangle
or & trapezoid and the wide base side is placed af the inlet side for separating solid and Jiquid,
ﬂmaemeadvmnagnmeinﬂntﬂleﬂowgo&evvidemddhwﬁmofﬂleﬁqtﬁdﬂow. If the
rarrow base side is toward the inlet side for separating solid and liquid, the flow goes namrow
toward direction of the liquid flow at the opening between neighboring line materials.
Therefore, there are disadventages in that it is easy to clog with the particle.

In addition, the opening width of the respective line materials is, for example, preferably in
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the range of 0.05t0 2mm. The size of opening width of the respective line materials in the
1mgiunm1dkecﬁmisnmmsmw1yﬁmimdifﬁismmgnmg§mmeopaﬁngwm
For example, if the structure is that the line material is helically coiled, the length of the opening
width can be freely extended However, when the supporting part matesials are placed
p@aﬁqﬂmbﬂwhemﬂia]gﬂxemwsofﬂnsuppmﬁngpmmﬂsmbem
as the substantial Jengh of the opening and detezmined in the Tange of not less than 5 fimes
lengfh based on the opening width.  The upper imit of the length is not especially imited if the

limit is length which enables to place the supporting part materials in the range where the mesh is

not unumiform and where the line materials are not distorted forcibly due fo such as liquid

pressure and pressure difference.  The actual upper limit of the length is in the range of several
tens cenfirneter to 1 meter.

Inﬂlepmaﬁir.wmﬁm,themeansofpa&eingﬂnmcﬁqnﬁqﬁdeo;ﬂahﬁngﬂn
ﬁmn&crwotwisnd@edaﬂyﬁmibihﬁfwemqﬂqﬂnemofﬁemsﬁeofﬂn
abowl;msaemispefaablyadiuﬂedhighaihmﬂwmofﬁeﬁdewlmmemnﬁm
liquid is extracted.

[Specific gravity]

Themwﬁmmethodawadingwﬂnpwdinvmﬁmcaﬂdisphyeﬁ'edsinpmﬁaﬂar
when the specific gravity of the above heterogeneous catalyst particle in a state of absorbing the
mcﬁmﬁqtﬁd;sinﬂ'xerageof0.9toZ.Otimwbasedaﬂ:espeeiﬁcgraﬁtyin&nereadionliqtﬁd

containing the heterogeneous catalyst particle. This range of the specific gravity enables to
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separate solid and liquid with a more compact apparatus than a liquid.cyclone or a gravity
sedimentation known as a conventional means of separating solid and liquid. Neediess to say,
even if the specific gravity of the above heterogeneous catalyst particle based on the specific
gravity of the reaction liquid is outside the above rangs, the reaction method according to the
present invention can be applied.

Incidentally, the specific gravity can be measured in the following way.

lhespedﬁ;:gm\dtyofﬂ]epwﬁchhamoiststateisdeﬁmdas(wdghtg.obmmedby
a@mmgspaoepmﬁonoﬂhepmﬁdemmoisty(wlmafmbeamsm@.

Asbﬂ:eexanpliﬂedmwsmanaﬁmdhod,aﬁqﬁdandamsinmeawnatel&‘wdgbed
with 2 measuring cylinder so that that liquid and particle surfaces of the moist sample can match
at 10 a®.  The weight (W)) of the sample is measured. The sample resin is wrapped with
cloth or viny1 sponge, and filtzated with a centrifige over a pesiod of about 5 fo 10 mimies in
order to separate the liquid and the resin. Thm,ﬂ;emisuaqsfmdimoawdghingbome,
and the botlle is sealed, fhus measuring the weight (W) of the resin after exiruding
liquid-attaching portion. Iheoamiﬁxgemaybeopéaedmadimﬁaofabaus@matabmn
3,00011§m The specific gravity y of the liquid is measured beforehand.  The space gravity is
Wa@a&ugmmebdoweqmﬁmﬁommemmm

Specifio gravity in a raoiststate ¢/ car) = W[ 10 - (Wi- W4

[Eofhermio eactict]

- The reaction method according to the present invention can fitly be applied to the reaction

o generate a calorific value of 0.1 to 3,000 keal/vkg based on the liquid amount in the reactor.
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Generally, when camying out the exothermic reaction, the trouble is easily caused due to the
locally heat generation or side reaction at a piling portion of the heterogeneous catalyst particle or
the reaction liquid Therefore, the present invention which can solve these problems is
effective. |
hmsewhaeiheqalmiﬁcwlﬁeofthereacﬁmemeedleOOkmMﬂcgmdthepﬂmg
portion is caused while separating the heterogeneous catalyst particle and the reaction liquid,

higher heat generation is partially caused.  The heat cannot often be removed even if refrigerant

is used. Then, the partial heat generation causes inconveniences such as polymerizing the

mcﬁmpn&xiands!mtmingiheﬁfeofﬂaelﬂemgmmcatalystpmﬁplg In the present
Mm,ﬂ:e;ilhgp«ﬁmisrﬂmsedv&ﬂesepmaﬁngmehdaogmwusmmlystpmﬁdemd
the reaction liquid, and these problems can easily be avoided. 'Espeoiany,ﬂ:eabovepmblems
eaneﬁ'o;eﬁvelybeavoi&edinease'ofﬂle fluidized bed. Incidentally, the calodfic value as
generated in the reaction can be forecasted from the theoretical calorific value per 1 mol of the
majamwﬁmmwmamdﬂ(;mmgﬂnrewﬁmmwnnhiﬂsibasedmﬂnmmﬂhvhgﬂ:e
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/mol, the reaction method according to the
present invention may be applied.
Needlsstosay,evmifﬂmeealaiﬁcvahleofﬁermcﬁonisl&ssﬂmo.lkcalllﬂ:gandif
ﬂnp&mmvmﬁmisa[plialﬂ:epﬂmgpmﬁmofmehdaogmmwmlystparﬁdemﬂﬂc
reaction liquid can be litfle.  Therefore, it is effective in inhibiting the side reaction.

[Reaction method]
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Themacﬁmmeﬂmdamdingtom;eprmhvmﬁmismﬁspedaﬂyﬁmitedifﬂ:e
reaction method involves carrying out the reaction in liquid phase by using the heterogeneous
mmpmﬁdqmnmbeap;ﬁedm'mmmmm Especially, the reaction
meﬂmdise%cﬁwformcﬁmsmteatpdymeﬁablemataialsanhasamdimushg

5 (meth)acrylicaqid. Examples of the reaction using (meth)acrylic acid include a reaction to
pmd:m(m)aaym In addition, the examples also include a reaction to purify
(mdh)amyﬁcacid'mﬂlaitsmsbyanomgahd:ydwhimpnﬁ&cmminedin
(meﬁjaayﬁcaddmd/ai&wmwmmaoanpamdhavmgatlwﬂmemﬁmogwp

| mamleane,awhasmpmmﬂnmmofmimamngem

10 Examples of the reaction to produce (methjacrylate preferably include: a reaction fo
produce (meth)acrylate by allowing (meth)acrylic acid to react with an alcohol; and a reaction to
produce hydroxyalkyl (rx;e&l)amylateby allowing alkylene oxide to react with (meth)acrylic acid.
Tn this reaction to obtain the hydroxyalkyl (meth)acrylate, the calorific value during the reaction
is large and the polymerizability of the hydroxyalkyl (mefhacrylate as obiined is very high

15 among them merefqe,ﬂismougmﬂmﬂ;eeﬁe&isspeqianylargewhmmenm
according to the present invention is used.

The (meth)acrylates are preferably treated in the presence of general polymerization
hhﬁm«mMmhmdaMﬂnmhmﬁmmbmeeMm The above
ad&t%v&smndwpedaﬂylhnﬂedif&eymsubdmmwhidlhawmlymaimﬁméﬂnﬁﬁng

20 effects.

<Reaction to produce (meth)acrylate by allowing (meth)acrylic acid to react with alcohol
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Aayﬁcacid+Metlmd—>Wauylate+Wain‘
Acrylic acid + Ethanol > Bthyl acrylate + Water |
Acrylic acid+n-Butanol ——> n-Butyl acrylate + Water
5 Acrylic acid +2-Byhexanol——> 2-Ethylhexyl acrylate -+ Water
Methacrylic acid + Methanol ——> Methyl methacrylate + Water
In these reactions, the reactivity and selectivity mbWWq@pﬁgM%
MWﬂammgwhmhmm.
<Reaction to produce hydroxyalkyl (meth)aclylatebyallov-vingalkylmeldyddetom
10 with (methacrylicacid > (Exothenmic reaction) |
Asrylic acid + Bihylene oxide——>2-hydroxyethyl acrylate
Actlio acid-+ Propylens axido——>2 hydraxypropyl syl
Methacrylic acid + Ethylene oxide——>2-hydroxyethyl methacsylate
Methacrylic acid + Propylene oxide——>2-hydroxypropyl methacrylate
15 <Raw aloohol >
Methancl, efhenol, propanol, butanol, isobutano, tertbuty] loohol, and 2.ofhylhexyl
alloohol czm be used. | |
<Raw acid >
(Meth)acrylic acid is used
20 _. <Rawan<y1memdde>

Ethylens oxide, propylens oxide, butylene oxide, and styrene axide can be used.
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Thereacﬁmmeﬂmd-amdingtofhcpmmtmvenﬁmmaybecaniedanbydividing
two or more steps. Foremnple,ﬁmreac&vityandsdedivhycanbeinpovedbyemacﬁng
the resultant reaction liquid in which the reaction goes on to & certain extent as menfioned above,
and allowing the resultant reaction liquid as extracted to react further in the same way.

[Reaction apparatus]

* The reaction apparatus, according to the present invention, is an apparatus for the reaction
by using the above heterogeneous catalyst partice. Both fixed bed reaction apperatus and

fluidized bed reaction apparatus can be applied.  The apparatus comprises a vessel-type reactor

~equipped with a stimrer, and a liquid-extracting line. The apparatus comprises a line screen

wﬁdﬁsphwdbdwgmﬂmmdmandﬁnﬁqﬁdex&acﬁﬁglhemﬂhasﬁmdimofsqmaﬁng

solid and liquid The line screen has an opening width where the heterogeneous catalyst

particle is not allowed to pass substantially.

The line screen is preferably attached to a side-wall of the reactor so that the screen surface

. of the Jine screen can face inside downward.  The clogs with the heterogeneous catalyst particle

cmeﬁecﬁvdybe;xevmwdbemmeﬂlesaemisphgedmﬂmﬂlemm&nﬁwmfaw
downward in this way.

Furthermore, in case of the ﬂxﬁdimdbedreacﬁmappmams,theﬁrws@ispefaauy
plamdndtogmﬂyprevdareacﬁmﬁqﬁddmymchﬂhgﬂmhdmogmmlystpmﬁdel
ﬁcmﬂowmgwhilesepamungsohdandhq.nd. |

 The reaction apparatus, according to the present invention, preferably comprises the above

plural liquid-extracting lines, and the respective lines are connected to the above reactor through
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mmmhmmmmnmmmmsmm&m
screen is setfled in the flowing route of the reaction liquid. The concrete place to be settled is

Forexample,ano:zzlenmybeattaehedtoﬂ:eboﬂqnofﬂlevssefl,and'ﬂacnozzlemaybe
ﬁﬂedvﬁﬁlﬂneﬁmsmemmﬂ]elhwsmeanbeaﬂacbdsoﬂmﬂnlhesmcm;be
protruded fromm the nozzle, The plain screen can be attached to the bottom of the vessel. A
mzﬂembeaﬁa@edb&esidcbf&evwsd,ﬂnehﬂnnozﬂeisﬂledwi&&]ﬁnma
the line soreen s attached to the nozzle with protruding partially from thenozzle.  An extracting
line can be attached to the upper portion of the vessel, and the line screen can be placed at s tip.

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

the piling portion of the resin, troubles are easily caused due to going on side reaction at the piling

portion or solid materials such as polymerized products. Therefore, the line screen is preferably
plaoedata]iqﬁd—ﬂowingpqﬁmdmtoeachagitaﬁmordraﬂaﬁm.

When the line screen is placed at the piling portion, there are demerits that the
hdaogmemmcahlystmﬁnpmﬁchismdmedmthesmemﬂrﬁmemdﬂnmmdiﬁamw
of filtration rises at a rate of the attachment. However, when the line screen is placed at the
liquid-flowing partion, 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

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

catalyst are also removed.
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If the Tiquid is in a flowing state, a basket which enters info the reactor is made of the line
screen, and the reaction can be carried out while the heterogeneous catalyst and the stirer in this
basket and the catalyst is stired.

heaseofmeﬁmdbedmcﬁmappmams,ﬂsﬁmdmmlmisalsomm
that of the fiuidized bed reaction apparatus. - The same art can also be applied to the structure of
the line screen. Theﬁnesmemcanbeplacedsoas';ocmsﬁhmaﬂatsnﬁoemgﬂme
reactor. The ine screen can be placed on the whole or part of the cross vertical section.

The position of the line screen may be placed so as to obtain a uniform flow toward the
veatical cross section against the liquid-flowing direction in the reactor of the fluidized bed
reaction apparatus.  For example, if the screen is a cylindrical screen, not less than 3 pieces of it
palm’maymifmmlybephoedtawmdﬂ;evaﬁmlmseeﬁmagammﬁmﬂm
direction. Ineasewhe:éhssﬂmspimofﬁpalmza;eplaoedﬂmmdimmgsm
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 efficiency is lowered.

Themdm.of&wﬁxedbedmcﬁmappammisﬁx-padmdwﬁhaheteogmmwml)st
The method and condition for packing the heterogeneous catalyst can be performed in the same
way as of conventional reaction methods.

The reaction liguid can flow upward from fhe lower sideto the upper side of the seactor, or
ﬂowdomwardﬁnmﬁeupbasidetoﬂwlowerside. hcaseofreacﬁa_ldisli]]at.iqlswlﬁch
involves separating low-boiling-point-having materials, such as esterifying reaction or

transesterification, the reaction liquid preferably flows upward. In case of inhibiting clogs, the
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reaction liquid prefizably flows downward.
mhmm,mmmmmmﬁdemgammymm
can be placed af a position adjacent to the line screen, and the heterogeneous catalyst particle
having a comperatively smaller diameter can be placed at a position apert from the Tine soreen
The heterogeneous catalyst particle having a comparatively larger diameter is difficult to pass

through the opening of the screen. The heterogeneous catalyst particle having a comparatively

_ smﬂa‘d:ameta'lnsgoodreacumeﬂimmcy The heterogeneous catalyst particle baving a

oompmaﬁvdy]mgudimﬁmcﬁmsasammwhidrpevanﬂwhetaogmmmmlyst

%mﬂaﬂinesaemisphcedatﬂleboﬁmn-sibofthemcta,ﬂleuppaspaoeofﬂ]e '
Iine screen can be packed with the heterogeneous catalyst particle having a comparatively larger
diameter in definite depth, and the firther upper space can be packed with the heterogeneous
catalyst particle baving a comparatively smaller diameer.

As to the diameter ratio of the above two kinds of heterogeneous catalyst particles, the
&mcfmemogmmmwpmﬁdehamamaﬁmymnadimmﬁbe
adjusted to about 0.8 time of that of the heterogeneous catalyst particle having a comparatively
lrger dismetr. The diameder of the beterogenoous catalys prtic having 2 compartively
larger diameter can be adjusted to the range of 1.1 to 30 times of the opening width of the line
ma;mﬁﬂndmnaaof&mhaaogm catalyst particle having a comparatively smaller
diameter can be adjusted to the range of 1.0 to 15 times of the opening width of the line screen.

lehmmae,acmnpmaﬁvdylmga‘péxﬁdehavh:gmcamlyﬁcﬁmdimcmbeplacedat
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a position adjacent to the line screen, and the heterogeneous catalyst particle having a
comparatively smaller diameter can be placed oufside it As an example of the particle having
10 catalytio fimction, stainless steel can be used.
hﬂ]erea&m,adishihﬁnglﬂamhavhgmhasmhmbeplmedatasidewhaeﬂ]e
reaction liquid is supplied in order to prevent the heterogeneous catalyst perticle from reversely
flowing or to improve distributing the reaction iquid.  The reaction liquid preferably distributes
tmvmdﬂ]ghodzmmlmsswcﬁmofﬂ:epa(kaihyaofﬂnhdmgmmwmlystasmifomﬂy
as possible. -
Whmﬂwrwcﬁmﬁqﬁdﬂowsdowmwmd,hecmmtameamnbofmve:sdyﬂowhgofﬂ:e

heterogeneous catalyst particle is not always necessary.  Then, the distributing plate to improve

' distributing the reaction liquid does not always have to cover filly. The distributing plats may

be a perforated plate, or perforated plate with umbrella shape placed fully or partially. Theplate
mberqiaoedwiﬂ:aoanpamﬁvelysma]brcneinomsidaaﬁmofmaimename.. The shape
or structure of the distributing plate is not especially fimited if the liquid is disributed on the
heterogeneous catalyst particle by applying o conventional distributing methods.

[Examples of reaction apparatus] |

Hmm,themcﬁmappmmofmemmmmasusedmmmmbyuse
of the above jor-exchange resin is explained with figires.

< Firxed bed reaction apparatuss (1) >

"The reaction apparatus represented in Fig, 1 (2) is a fixed bed reacfion apparatus.

The cylindrical reactor 10 of which cross section is circular and of which upper and lower
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ends are dome-shaped and clogged comprises a supplying inlet 12 of thé reaction liquid 40 at the
Wedmﬂaﬁqlﬁd—emacﬁngmﬁet 14toe)mactﬂ1emﬂlantmdio;nliq|ﬁdatﬂnelowa'
end.
Anmh-stnpeddxsﬁilxmngplate 16 is placed near the upper partion of the inner space of
the reactor 10, and a partition plate 18 is placed near the bottom portion.  The space between the
distributing plate 16 and the partition plate 18 is packed with the heterogeneous catalyst particle

30. The partition plate 18 comprises a solid-liquid separator 20 having a cylindrical line screen.

- The reaction liquid 40 passes through the solid-liquid separator 20, and is sent out to the lower .

space of the pertition plate 18,

The definite depth of the lower side near the partition plate 18 and the solid-liquid
sepamthOispadcedv&ﬂzahdaogammpmﬁdthavhgaoompamﬁvdyh:gapmﬁcb
diameter. The solid-liquid separator 20 is in a state of filling with the heterogeneous particle 34
havingacompa:aﬁvelylargerpmﬁcledimnet&. 'Ihemporﬁonof&xelﬁerogmaws
particle 34 having a comparatively larger particle diameter is packed with a heterogeneous
particle 32 having a comparatively smaller particle diameter

%emﬁmﬁqﬁdmissuppliedmﬂ:ereamﬁdcedwﬁnﬂwhdaogmcamlyst
particle 30. ' Therefore, the reaction liquid 40 is fully and uniformly spread over the reactor 10
by the distributing plate 16,ﬂmdownwmdinthere§ctalo,andﬂnmaoﬁmismwedinthe
presence of the heterogeneous catalyst particle 30. nnmmmcﬁmﬁqlﬁdwissepamd
from the heterogeneous catalyst particle 30 with the liquid-solid separator 20, and only the

reaction liquid 40 is extracted from the liquud-extracting outlet 14.
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When the distributing plate 16 does not exist, the reaction liquid 40 intensively flows info
the central portion of fhe reactor 10 lying right beneath the supplying inlet 12. Therefors, the
satio of portion utlized effectively for the reaction among the capacity of the reactor 10 lowers
and the reaction efficiency becomes easily deteriorated.  Pasticularly, the reaction liquid is easily
pﬂedmﬂﬂmeporﬁonnear&e-uppa'etdofthereactorIO,mldﬂlepolymaizaﬁoncrside
reaction s easilycanserl. The distributing plte 16 effctively placed fo solve such  problem.

In addition to the mesh-shaped distributing plate 16 represented in Fig, 1 (&), & perforated
distributing plate can be used, and an umibrella distibuting plate 17 can be placed right beneath
ﬁleaqply.inginleIlZasshowninFig.l(b). The plural distributing means can be placed in
combination with each other.

Mdamny,maddiﬁmmmemm&ﬁmlymemmmghﬂalzisphcedﬁgm
ovaﬂ:ermdmlO,ﬂmﬁhnﬂmlyhghldlemdmbephwddisp&singlymdﬁﬂym
the surface of the reactor 10.

Furthermore, as is represented in Fig. 1 (c), if placing a _li.quid-ﬂowinginlet 15 which is
conmested to the supplying inlet 12 in the reactor 10 and comprises a short tube or 2 penetrated
opmh:édﬂnplmﬂpaﬁmsofadishhﬁpgpiphghbebwﬁehise&whﬂysbpedwaal
ﬂnmaimuqﬁdmmbedisuwedmﬂmﬁeamifmlym&gmmdhwﬁm

As is omitted to represent figures, if the same as of the above distributing piping fube 13 is
placed at a side adjacent to the liquid-extracting outlet 14 at fhe Jower portion of the reactor 10,
the reaction liquid 40 which passed through the solid-liquid separator 20 can be collected

uniforrmiy from all the circular portions and sent out to fhe liquid-extracting outlet 14.
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Figs. 2 and 3 represent detailed structures of the solid-liquid separator 20.

The line material 22 comprised in the line screen is helically coiled and supported in a
cylindrical state. anmhiak24,26mplmedovuabmeaﬁﬂnﬁnemtaﬂ22
fonnh:gacylildﬁealghapa The upper and lower supporting materials 24, 26 are supported by
a.quporﬁngboltZSwhidlpmeﬁatscmﬁaﬂy. The solid-liquid separator 20 is installed by
fixing the supporting material 26 with the partition plate 18.

AsisrqmtethigB,ﬂ:éBngmMZZheﬁeaﬂymﬂedisph@dto'mkem
opening 21 between the neighboring fine materal 22, and i atfached to he supporting shaft 23
whichispheedhsideﬂnﬁnemtaialnmdwppmeﬂbytheuppamﬂlawamaﬁng
matesials 24, 26. lhem'osssedimslnpeofﬂmeﬁnemateiaIZ.Zisneaﬂyanisosod&shiangl'a
Its wide base is placed outside, and its vertex is placed inside. |

Whmﬁnreacﬁqﬁﬁqﬁdwcmtainhgﬂaeheﬁmgmswalystpmﬁde%mwpass

* through the cylindrical line screen comprising the line material 22, the heterogeneous catalyst

parﬁde30havinga]mgerdiamdaﬂmﬁ1evgidﬂ1Wofﬂ1e.opaﬁng21ba\wmﬂnelinc
materials 22 is stopped to pass through, and the reaction liquid 40 only passes. Therefore, the
separation of solid and liquid is performed.

In Fig. 2, the lower end of the line screen comprising the line material 22 is placed at a
lower position than the partition plate 18 mside the supporting material 26. This makes the
mcﬁonliq:id40surelypassuptqthempa'smﬁneofﬁemrﬁﬁmphblSh&dﬁmmm
solid and liquid. The reaction liquid 40 is difficult to pile near the upper surface of the partition

plate 18,
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The line screen, namely, the lower end of the ine mateial 22 can be placed at the same or
be_lowmsiﬁmofﬂaemsmﬁoeofﬂ:epmﬁﬁmplale 18, or at a Little higher position than the
patition plate 18, However, the structure of the solid-liquid seperator 20 can preferably placed
nottocauseﬂlepilingofﬂnereacﬁmliqlﬁd@ovathepanﬂimplate18toﬂ:e‘w=tofﬂ)eabﬂi1y.
Fwwmqie,ﬂmhtawlbdwemihelowaaﬂofﬁeabmﬁmsm.emandﬂwmsrﬁwof
the partition plate lSkpe&abWWhﬂnmnghg&ﬂnn 15mm.

InlheﬁxedbedreacﬁonappammsshawniﬁFig 4,ﬂ1esl.mctmeofﬂ1esolid-1iquid
sepmatorzoisdiﬁamtﬁmnmeabovemodefmnyingmﬂieimnﬁm

The soliddiquid separator 20 comprising a flat line screen all over the cross section in the
horizontal direction is placed near the botiom of the reactor 10.  As is shown in Fig. 4 (b), in the
ansswcﬁmofﬂwmm,mmylmemtaia!sﬂmphcedpmaﬂdwmml;ingﬂwopmmg
21 between each other. .Themsecﬁmnlslnpeofthelinenntﬁialzzisﬂnsameasofﬁgj,
mﬁﬂswidebaseis;ﬂaoedattheqpapmﬁm,mdﬁs@isphoedatﬂnlowapmﬁm
lhemyﬁrmhiakﬁmsmﬁdﬁy&esmﬁngshaﬁ%phwdatﬁnbédcside.

In the above mode for camrying 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.

<Fluidized bed reaction apparatus >

The reaction apparatus represented in Fig, 5 is a fluidized bed reaction apparatus.

“The fimdamental structure of the reactor 50 is the same as of the above fixed bed reaction

apparatus. As is omitted to represent figures, the upper portion of the reactor 50 is equipped
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with a supplying inlet of the reaction liquid 40.

A stiirer 52 rotated by such as a motor is placed inside the reactor 50. A heating or
cooling jacket 54 for eating or cooling is placed i cuter below circumfzence of the reactor 50,

A solicHfiquid separator 20 accommodated in an accommodation cylinder 58 s attached at
the below side of the reactor 50. 'The solid-liquid separator 20 comprising the cylindrical line
screen is connected to the liquid-extracting tube 56 which is connected to a flange plate 59 with
which closes the end surfaoe of the accommodation oyfinder 58.

. ‘The most part of the solid-liquid separator 20 is placed inside the accommodation cylinder
ss,mdﬂnpaﬁofmeﬁpmawamsidememsowmchismMmme
accommodation cylinder 58.

As is shown in Fig. 5 (b), the phural accommodation cylinders 58 and solid-iquid
sepmaknsZOmep]awd;mdﬁwmataialgﬂawdmﬂnmdialdimcﬁmof&chodzmmlm
mcﬁmofmemmmﬂnnmdﬂsplacedmmeﬂhwﬁmlmedwwmdﬂlemdiﬂdhwﬁoﬁ

Inﬂ:eﬂnﬂdizedbedmcﬁmamﬁhs,ﬂnmdimﬁqﬁd@a;ﬂﬂxehetemgmm
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 part of the reaction liquid 40 is extracted to the liquid-extracting tube 56 by way of the
solid-tiquid separator 20. Then, the reaction liquid 40 alone is separated and extracted becase
ﬂnlﬁaogmm@dystparﬁde@dispasedhﬂﬁfmﬂimﬁqﬁ&@mﬁpassﬂnwghme

opening 21 ofﬂ:cﬁmmatmialZZomnpﬁsedmﬁ:ecyﬁnﬁedsaeémfﬂ)esoﬁd-ﬁqﬁdwpmator
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o the mode for carrying out the invention shown in Fig. 6, the structure of the solid-Jiquid

separator 20 is different from the above mode for canrying out the invenfion.
| In Fig. 6 (a), the tip of the solid-liquid separator 20 accommodated in the accommodation
oylinder 58 is placed inside the inner ciroulr surface of the reaclor 50.

In Fig. 6 (b), the tip of the solidliquid separator 20 is greafly protruded inside from the
accommeodation cylinder 58. In addition, the line screen comprising the line matesial 22 is
plawdmlyétﬁnpaﬁmhmglmgmofﬂ:eﬁpsideof&esoﬁd-nqmdsepmmzo.

InFig 6 (c),the.rootpmﬁonofﬂzesolidJiqlﬁdsqmatormise}dmdedatﬂ:em
circumference so that the opening 20 between the accommodation cylinder 58 and the
sdﬁ_nqﬁdmzobmasmwasmueinmeMOfFigs(b). In case of
mmwmmm@ofmemcﬁmﬁqmdahamgmeamlystpmﬁdeismoved
between the accommodation cylinder 58 and the solid-liquid separator 20, and the formation of
polymerized products or the side reaction can be inhibited The opening between the
amnmodaﬁmwﬁndaSSmﬂﬂesoﬁdJiqﬁdsqmathOnnyheﬁﬂedwiﬂlpaddng
mataialsmdeofanh;sTéﬂm(wmmalmme,ﬂwmmm).

hﬁexﬁodeformyingauﬂninvahowmﬁy,ﬂmoudﬁqmdmazois
placed at the center bottom of the reactor 50.

In Fig. 7 (@), the solid-liquid separator 20 is placed upward at the central bottom of the
reactor 50. In Fig 7 (b), the solidliquid sepamtor 20 is accominodated inside the

accommodation cylinder 58 extended downward at the center bottom of the reactor 50. In Fig,
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7 (6 the solicHlicuid sepaator 20 i placed at theciroumferentil botom of he reactor 50, The
part of the solidJiquid separator 20 is placed in the accommodation cylinder 58, and the rest
fhezeof s placed in he imer space of the reactor 50. The fine screen comprising the line
material 22 is placed above the accommodation cylinder 58. The lower portion of the
solid-iquid separator 20 is thickly extended so that a wide opening cannot be caused between the
solid-liquid separator 20 and the imer surfice of the accommodation cylinder 58 This
structure does not especially limit the length of the solid-liquid separator 20. Forexample,the.
solid-liquid separator 20 may be extended to the neighborhood of the liquid surface.
(Effects and Advantages of the Invention): |
According to the present invention, in the reaction method by using the heterogeneous
catalyst, when camrying out a separation of the heterogeneous catalyst and the reaction liquid, the
separation of the heterogeneous catalyst and the reaction liquid can be carried out certainly and
effectively by using the compact apparatus with inhibiting the side reaction or the polymerization
andavoidingmstableopaaﬁmduetocbgsofﬂxeh&aommmlyst |
Particularly, the line screen for separating the heterogeneous catalyst particle and the
reaction liquid bas & sufficiently wider opening in the longitudinel direction then that in the Jateral
direction. Hmfae,&emcﬁmﬁqmﬁdﬁﬁﬂlehﬁﬂmdbpaésevmif&epﬁaﬁngv&d&is

made narrow.  In addition, the opening of the line screen is little clogged or atached even in the

formation reaction of viscous or adhesive polymers.

. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the present invention is more specifically illustrated by the following
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éxamplesofsomepxefmeda‘nbodimenta Hon,ﬂ:epresmt'invmﬁonisnotlimited
thereto,

[Fixed bed reaction]

<Example 1>

The reaction to produce methyl aaylateis.caniedmnbyuse.ofa fixed bed reaction
apparatus.

Product: methyl acrylate

Raw materials: acrylic acid, methanol

Reactor: ﬁxedbedmcﬁmappamms(mferthig 1) having a diameter of 1,400 mm, a
height of 2,300 mim, a body-portion capacity of 3.5 s, and charged resin of 2.0 1.
andﬂ:eeﬂ’eeﬁvepaﬁmfaﬁhaﬁon(lhzesaem)isﬂaeedlpto 10 mm below the partition plate
(refer to Fig, 2). .Outetdiameterofcylindzical screen: 50 mm, effective length: 170 mm, width
of line material: 1.5 mm, opening width: 0.3 mm, mumber of placing: 20 pieces (13.0 piecesim’),
effective filtration area: 0.534 m? (0.027 m®/piece), and opa‘nng portion area: 0.089 m? (0.0044
m?/piece). |

Passing liquid atmunt.passmg liquid amount: 1.67 m’*h, liquid density: 900 kg/m’,
passing velocity for effective filtration area: 087nnn/s,pasmghnearveloatyfcrﬂ1eopemng
portion: 5.2 mmys, and flow dowrward from the upper portion to the lower portion of reactor.

Heterogeneous catalyst: DIAION PK-208 (commercial name, Mitsubishi Chemical corp.,

porous cation-exchange resin containing p-toluenesulfonic acid as a major component, 15 %
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pmﬁclediameta:abwﬂOOpm,andlS%parﬁdedimndﬁ:gboutSOOym).
-Resuilts as camied out-
Conposiﬁmatﬁ:einletofﬂwreadmmainiawmtm'ml(aayﬁcadd)SO%
supplementary raw material (methanol) 20 %, product (methyl acrylate) 15 %, and water.

Cm1posﬂimatﬂ1emﬂetofﬂ1emda:maiannﬁtaial(aay}icadd)30%,

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

impurities 15 %.

Conversion: 351040 %.

100 hours later: no problem in operation.

1000 hours later: 1o problem as to heterogencous catalyst particle,  Polymers were not
attached atall. A slight amount of polymer was attached to the supporting structure of the line
saem,witowldeasﬂyﬁemwd

< Example 2>

A solid-liquid sepamator of which line screen portion was placed in a state of protruding 15
mwaﬂxepmﬁﬁmplétemsmedashnmmmmofﬂmsoﬁd—ﬁqtﬁdsepmatmin&mmple
L lheimMismadebdmmﬁéloweraﬂofﬁeMesqemandﬂ:emﬁoeofmcpmﬁﬁm
phtqandﬂnsoﬁdﬁqﬁdsqmatalnsasmmofpﬂhgﬂ;emcﬁmﬁq;idaﬁulémthe
partition plate.

-Results as carried out-

When 1,000 hours passed from camying out the reaction, polymers were attached to the

supporting structure of the line screen.  Clogs were caused on a half of the line materials.
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However, they were removed by canrying out jet washing. Some line materials were washed |
with a brush. |

" <Example 3 > _

The reaction to prodisce methyl mefbacrylate was carried out. The explanation of the -
condition common to Example 1 is omitted.

Raw materials: methaceylic acid, methancl

Reactor: fixed bed reaction apparatus (refer to Fig. l)havir_xgadianﬁéroﬂ,&OOmm,mxi _
a height of 2,500 mm, used in a state of full.

Solid-liquid separator: Johnson screen (commercial name, Nikii Universal), outer
dianﬁa'ofcyﬁndﬂwlsam&nmeﬁ'ecﬁvelengﬂxl 170 mm, width of line material: 1.5 mm,
opmingwidﬁnO.ISnnr;,nmnberofpladng: 20 pieces (4.8 pieceshr), effective firation arca:
064 m? (0.032m2/pawe),mﬂmingpmﬁmmo.oss 00029 m/piece).

Pasing lqui amount: pessing fqid smount: 300 2, i density: 900 ke,
passing velocity for effective filtration area: 1.30 mms, passing linear velocity for the opening
portion: 14 mm/s.

Heterogeneous catalyst: the same as of Example 1

-Rmultsascauiedm;t- |

Reaction temperature: 70 °C

_"Canpt;siﬁonalﬂaeitﬂet of the reactor: main raw material (methacrylic acid) 61 %,

supplementary raw material (mefhanol) 9 %, and product (mefizyl mefhacrylate) 27 %.
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Composition at the outlet of the reactor: main raw material (methacrylic acid) 45 %,
supplementary raw material (methanol) 3 %, and product (methyl methacrylate) 46 %.

The reaction temperature is operated so as to adjust the conversion to 25 %.

4 months Inter: The reaction temperature was 79 °C. It could be confirmed that the life
of the heterogeneous catalyst particle is more effectively M&mmof'ﬁmmple 4.
There were no problems as to the heterogeneous catalyst particle when the contions operation
was carried out for 4 months.  Polymers were not attached at all. Asligmammofm
was attached to the supporting structure of the Jine screen, but it could easily be removed. -

<Example 4> |

The solidJiquid separator was changed to the structure of Example 2 in Example 3.
Com-dely,asoﬁd-ﬁqlﬁdsepmamrofwhichhesqmmpmﬁmwasphoedmastateof
potucﬁngﬁmowiﬂlepmﬁﬁmphiewasw;daswmsmsaemofﬂaesdid-ﬁqtﬁd
separator. |

Results as carnied out-

Reaction temperature: 70 °C

Composttion at the inlet ofﬂaereactorzrmhmwmatqdal_(aay]i_cadd)ﬂ %,
supplementary raw material (methanol) 9 %, and product (methyl acrylate) 27 %.

Composition at the ouflet of the reactor: main raw material (acrylic acid) 45 %,
supplementary raw material (methanol) 3 %, and product (mefttyl acrylate) 45 %. |

4 months later: The reaction temperature was 83 °C.  There were no problems as to the

haaégmea;seahlystpmﬁdewhenﬂ:ecmﬁmmsopaaﬁmmscanieduufot4mmﬂ1&
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mymaswaemehedmmeamﬁngmumof&eﬁnem Clogs were caused on a
half of the line materials. However, they were removed by canying out jet washing. Some
line materials were washed with a brush.
<Example 5>
Thepaddngoaﬁﬁimofﬁxehetaogamcamlystpmﬁdewasdnﬁgedhbmmplei
The explanation of the condition common to Example 3 is omitted.

Concretely, the heferogeneous catzlyst particle vas classified, and divided into a large

* paticle portion having & perticle diameter of 700 to 1200 pm (5 % of the whole), and a small

particle portion having a particle diameter of 300 to 700 pm (95 % of the whole). Asis shown
mFig 1,aﬁg‘behgpacked“dﬂlﬂwhrgepmﬁchpaﬁmq:mapmiﬁmsﬁghﬂy}ﬁghaﬂnnﬂm
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

4 months later: The reaction temperature was 77 °C. lherewerx;ploblansasmﬁxe
heterogeneous catalyst particle when the continuous opexatimwascaﬂiedwtfqr4monﬂ:&
Polymers were not attached at all. A very slight amount of polymer as attached could easily be
removed.

< Comparative Example 1 >

_The same condition as ofEmnmleZwasanployedexoqtﬂ:atawiremhsuai:ﬂwas

used as a solid-hiquid separator.
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SolicHliquid seperator: wire mesh strainer, cylindrical, 50mesh.  The effective portion for
muaﬁmispxaoedlsmmm&npmﬁﬁmplatg

-Results as camied out-

100 hours later: The reactivity and selectivity became Jower, and the pressire loss tended
forise.

When about 500 hours passed, the operation was difficult to confime.  Therefore, the
mpeaim\&asmiedan. ‘Then, the mesh of the strainer was clogged with fine materials of .
ﬂJeheterogmewscalalystpamde. A great deal of viscous materials and polymers were
attached. It was necessary to exchange the mesh The polymers were attached to the

[Fluidized bed reaction]

< Example 6> |

" The reaction to produce 2-efhylhexyl acrylate was carried out by use of a fiuidized bed
reaction apparatus.

Product: 2-efhylhexyl acrylate

Raw materals: aceylic cid, -efrylhexanol

Reactor: siainless-made fhuidized bed reaction apperatis (efer to Fig. 5) with a

dehydration packed column (100 §), having a diameter of 500 mm, a capacity of 100 1 and

cherged amout (eaction fiquid + heterogeneous catalyst particle: 70 Hier, and beterogeneons
" catalyist particle: 18 Hter G a diy state)), heating jacket/charging steam.

Solid-liquid separator: Jolmson screen (commezcial name, Nikki Universal) is cylindrical,
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and attached at outer bottom circumference of the reactor. auadimaaofcymmlm
34m_m,eMvelmglh: 60mm,widﬂ10fele|m1t(li_nengteria1): 1.5 mm, opening width: 0.15
snim, mmber of placing: 1 pisce (3.1 picces#n) effecive filtration area: 0.0064 1, and opening
portion area: 0.00058 m’. The solidfiquid separator of which structure is shown in Fig. 6 ()
was placed upward with rotation of 90 °. |

Passing liquid amount: passing liquid amount: 0.039 m’h, liquid density: 900 kg/m®,
pa@ngvdwayfaeﬁecﬁveﬁluaﬁm@ 3.17 mmbs, passing linear velocity for the opening -
portion: 18 mm/s, and flow downward from the upper portion to the lower portion of reactor.

Stitrer: Pfaudler blade, Tafio of biade diameter: 0.7, and blade tip velocity: 4tk

Heterogeneous catalyst: the same as of Example 1

“Resuilts as carried out-

Reactor pressure: 70 mmHg

Composiﬁmatﬂ:einle;of&emdmnninmwnﬁaial(aqyﬁcadd)@%
supplementary raw material (2-ethylhexanol) 35.6 %, product (2-ethylhexyl acrylate) 14.2 %,
and water 0.1 %. mealooholwasmppuedﬁmnmemmskgm)mﬂﬂnwﬁmtop
(132 kg/h), and phenothiazine of 0.05 % of the main raw material was added from the colunmn
top.

Composition at the outlet of the reactor: main raw material (acrylic acid) 132 %,
supplementary raw matesial (2-ethylhexanol) 25.7 %, product @-cthylhexyl accylate) 596 %,
water 0.4 %, and reaction liquid 34.8 kg/h. 1.'.7kg/h'ofwamrpl'meand0.18kghofoilﬂlase-
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Conversion: 60 % (acrytic acid), and 58 % (aloobol).
Selectivity: 98.4 % (acrylic acid),andsas.s%(amnl);
Impurities: 0.26 % (dimer acid 2-ethylhexyl efc.) |
When 150 hours passed, the inspection was carried out.  Polymers were not observed.
5 1,000 hours later: The opening of the screen was clogged with resins,  Polymers were not
attached. No problem.
<Example 7>
The reaction o produce hydroxylpropyl acrylate is carried out.
Product: hydroxypropyl acrylate
10 : Rawmmlsauylwamd,pnpylmem
Rmotor.ﬂlesémeasofExample.G except for charging with 48 liter of the heterogeneous -
edmlystpmﬁde(ma:moi.stsmte),mdwdmgbysummgoddwatahbﬂ]ejadﬁ |
' Solid-liqﬁdsepaxatoc Johnson screen (commercial name, Nikki Universal) is cylindrical,
mdauachedatamﬁdizedpaﬁmofthemwmﬁqﬁdatmbouommmfamof&
15 reactor Grefer to Fig. 6 (b)). Outer diameter of cylindrical screen: 34 mm, effective lengfhx: 30
cnm, width of clement (fine material): 1.5 rum, opening width: 0.15 mm, number of placing; 1
piece (3.1 pieces/m?), effective filtration area: 0.0032 m”, and opening portion area: 000029 2
Passing liquid amount: passing liquid amount: 0.031 m*h, liquid density: 900 kg/m®,
passing velocity for effective filtration area: 2.7 mmm/s, and passing linear velocity forﬂleopmmg
20 portion: 30 mms.

Stirrer; the same as of Example 6
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Haaogamcamlysmmomxc-sls (commercial name, Mitsubishii Chemical corp,,
amine-based anion-exchange resin, 15 % particle diameter: about 700 yum, and 15 % particle
diameter: about 450 pm ).
-Results as carried out-
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 %. |
Pﬂipgﬁmmhemwnﬁtqia]swaeaddeatoadjustmepﬂmgﬁmeto1m.
Conversion: 80 % |
10 100 hours later: No problem.
1,000 hours later: Polymers were not attached.
<Example 8 > |
Ihesepmaﬁmofsommdﬁqﬁdwasmniedunwuseofzwm
Reactor: the same as of Example 7 except that the reactor was stainless-made and had a
15 capacity of 20 ficr, and that the reactor was charged with the heteropeneous catalyst of 60 % of
the reacior. |
'So]id—liquidseparatmﬂ]esameasofoam;ie7
Passing liquid amount: passing liquid amount: 0.0095 m’h, and liquid density: 1,050
kefo.
20 " Stirrer: paddles (3 pieces), ratio of blade diameter: 0.4, and blade tip speed: 1.5 m/s.

I-Ie(nmgmewscatalyst:ﬁ:esmmésoﬂimqﬂs?
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-R&sultslascaniedwt-

Operation temperature; 60 °C

lOOhﬁnslah:Noproblem.

1,000 hours later: No problem.  Stable operation.  No clogs.

< Comparative Example 2 >

Thesameoaﬁiﬁmmsanployede;@forusingavdmnmhof&mmhasﬂn
solid-liquid separator in Example 6. |

Solid-Jigid separator: The wire mesh of 80 mesh (diameter 100 mm) was attached to the
extracting tube of the reactor bottom. Width of mesh fine material: 1.5 mm, opening width:
0.17 mm, opening ratio: 25 %, effective filtration area: 0.0079 m? and opening portion area:
0.001961:& |

Passmghqmdamam passing liquid amount: 0.039 m’h, liquid density: 900 kg/m’,
passing velocity for effective filtration area: 1.4 mmvs, and passing linear velocity for the opening
pmms.sm@/scandﬂowdawnwmdﬁo;nﬂnwpaﬁmmﬂnbwapaﬁmofm).

Stirrer and heterogeneous catalyst: the same as of Example 6

-Results as carried out-

When 150 hours passed, it was clogged with resins and the pressure Joss fended to rise.
Therefore, the operation was stopped and the inspection was carried out

memhwascloggedwithmemw In adliion a great deal of clogs

after washing it enough.



10

15

43

< Comparative Example 3 >

The same condition as of Example 6 was employed in the same way as of Comparative

" Example 2 except for using a wire mesh of 80 mesh as the solid Jiquid separafor.

Solid-liquid separator: The wire mesh of 80 mesh (diameter 100 mm) was aftached at
outter circumference of the reactor bottom. Themedposﬁmthaeoﬁsmnsideofso%«
more of the blade diameter of the stirrer. deimqofcylﬁﬂi@mkumeﬁecﬁve
lengﬂx:GOnnn,widﬂlofmmhlimmatmi& 0.15 mm, opening width: 0.17 mm, number of
placing: 1 piece (3.14 pieces/n?), effective filtration area: 0.0064 m’, and opening portion area:
0.00016 m> |

Passing liquid amount: passing liquid amount: 0.039 m*h, liquid density: 900 kg/m3,
passing velocity for effective filtration area: 1.7 mm/s, passing linear velocity for the opening
pmﬁm:?mn/s,andﬂo;vdownwmdﬁcmthelppapaﬁmtoﬂ]ebwerpaﬁmbfm

Stirrer and heterogeneous catalyst: the same as of Example 6

~Results as carried out~.

500 hours later: The mesh was clogged with resins a litle. The mesh was washed
because of attaching a small amount of polymes.

| <CanparaliveEcample4> |

The formation reaction as of Example 7 was carried out in combination of the reactor and
the sedimentation tank.

fAmﬁmmmmmamm,aﬁmedmynqﬁdmﬁngm

reaction liquid and the heferogeneous eatal&stparﬁclee:madedﬁanthereactcrwass_unwta
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weight-sedimentation tank (40 mm ¢ X lmmhdgﬁ),mﬂﬂm.ﬂ]esupamiamwas
extracted.  The sedimentation tank was also cooled with a cooling jacket (1 liteohr circulation).

Results as carried out-

‘When three hours passed, the tendency of maising temperature in the sedimentation tank
was observed. Thetaxbleofﬁecﬁuﬂaﬁmp\mpmsobsawd,andﬂxmst@ped
Polymers and solidified heterogeneous catalyst were observed.

vmmofmemmmybeéhmgedmmd@mﬁngmmmmig
scope. Fmﬂnmae,mefmegoingdmﬁpﬁmofmepefmdanbodimmdsngmthe
p&emtinvaﬁmispm;idedfaﬂlepnposeofﬂhsmﬁmcdy,andnafmﬂnpﬁposeof

imiting the invention as defined by the appended claims and their equivalexts.
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1. A reaction method by using a heterogeneous catalyst, which is a method which
mmmmgmammm'ﬁqmmﬁymmgawmmmpmﬁdem
reactor, ancl comprises the steps of:(a) llowing  eacton liquid supplied into the reacto foTeact
mhMofmmm catalyst particle, and (b) passing the resultant reaction liqid
ooutaning the heterogeneous caalyst particle fhrough i screen having em opening width
where the heterogeneous catalyst perticle is not allowed to pass substamfially, and then extracting

the reaction liquid separated from the heterogeneouss catalyst perticle from the reacior.

2. A reaction method by using a heterogeneous catalyst according to claim 1, wherein

ﬂ:eopmhgwidhofﬁ:eﬁnésaemasusedismowaﬂmmeﬁ%imﬁdedimndaofﬂle

haéng@xscamlystpmﬁdehﬂ:es@of(b)?

3. Amcﬁmmeﬂwdbymingahetemgam:swmlystaécmdingtoclahnlorz
whaeimﬂxeﬁmswemaswedisacyﬁﬁimlsmemwhichiso&ahedbyhdicdlywﬂmga
line material at infervals; the line material of the cylindrical screen has a tapered cross section
which is thick outside of the cylindrical screen and narrow inside thereof, and the reaction liquid

is passed from the outside of the cylindrical screen to the inside thereof in the step. of (b).

4. A reaction method by using a heterogeneous catalyst according to any one of
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claims 1103, which fixther comprises the step of (-2) packing the reactor with the heterogeneous
mlystpmﬁchbefommymgmnﬂmtepof(a),whadn&mhmmlystpaﬁde
having a comperatively larger perticle diameter is placed at the position adjacent to the line screen
e gl s evingspativly sl dateris e

at the position apart from the line screen in the step of (-a).

. 5 Amdionmeﬂmdbymingahetaoga_wwsealalystamdingtoclaim3 or 4,
which fixrther comprises the step of (-a) packing the reactor with the heterogensous catalyst
particle before camying out the step of (a), wherein: the reaction liquid is passed from the upper

portion to the lower portion of the reactor packed with the heterogeneous catalyst particle in the

step of (a); and the cylindrical screen is placed over the partition plate which is located at the

bottom of the space packed with the heterogeneous catalyst particle in the reactor so that the

" interval between the opening where the reaction liquid passes and the upper surface of the

partition plate can be kept not Jarger than 5 mm in the step of (5).

6. A reaction method by using a heterogeneous catalyst according to any one of
claims 1 to 3, wherein the reaction is carried out while fluidizing the reaction liquid suspended

axxidispasedwiﬂlﬂnehetaogmewscamlystparﬁélemﬂleswpof(a)

7. A reaction method by using a heterogeneous catalyst according to any one of

claims 1 to 6, wherein the heterogeneous catalyst particle as used is an ion-exchange resin having
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& average particle diameter of 0.1 o 3 o in the step of @),

8. A reaction method by using a heferogeneous catalyst according to any one of

claims 1 to 7, wherein the reaction is a reaction to produce hydroxyalkyl (methjacrylate by

allowing alkylene oxide to react with (meftacrylic acid.

9. A reaction method by using a heterogeneous catalyst according to any one of
claims 1 to 8, wherein the reaction is a reaction to produce (methecrylate by allowing

(methacrylic acid to react.

10.  Areaction apparatus used in the reaction method recited in any one of claims 1t0 9,
which comprises: a vessel-type reactor which accommodates the heterogeneous catalyst particle

andﬂwmacﬁmﬁcjﬁiandiseqdppedwﬂhasﬁna;aﬁqﬁdemacﬁngﬁmwhichiswmded

1o 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 heterogeneous catalyst particle is not

- allowed to pass substentially.



