1 DESCRI PTI ON CRYSTALLI ZATI ON APPARATUS AND METHOD
FOR OPERATI NG THE SAME TECHNI CAL FI ELD [0001] The
present invention relates to a crystallization
apparatus and a nethod for operating the same. The
present application clains tlhhe priority of Japanese
Pat ent Application No. - 38 filed at the
Japan Patent O fice onlﬂégggﬂﬁﬁéhgoo7, the contents of
whi ch are hereby incorporated herein by reference.
BACKGROUND ART [0002] When a refining operation is
carried out using a crystallization apparatus,
CRYSS Dk 4493 OdF APPABADBISANBMET IR FOR QPERATING EE SAME
liquid pernmeability of the crystal, is very inportant
because this property dom nates solid-liquid
separability in subsequent steps. Consequently, in
the refining step usiTRCHNECALYEBDI i zati on appar at us,
it is required to constantly maintain higher |iquid
[oogagr meabi lity of the crystal. [0003] As factors
domnating the liquid perneability of the crystal, the
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th is inmportant to obtain a crystal that has the average
“¥H%icle size as large as possible and the particle

size distrjbution that does not distribute in L
Theriareseht Apglion) plajres JhF oY of Japges dlatennApplication No.
amount of heat for cooling affects the garti cle size
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particles with small particle sizes. Therefore, an
are lgrelnaincoapeatatesidrea¢in bymefesncent r ol | ed

BACKGROUND ART
[0002]

When a refining operation is carried out using a crystallization apparatus, properties of
the obtained crystal, in particular, liquid permeability of the crystal, is very important
because this property dominates solid-liquid separability in subsequent steps.
Consequently, in the refining step using the crystallization apparatus, it is required to
constantly maintain higher liquid permeability of the crystal.

[0003]

As factors dominating the liquid permeability of the crystal, the average particle size
and the particle size distribution of the crystal can be listed. Namely, it is important to
obtain a crystal that has the average particle size as large as possible and the particle size
distribution that does not distribute in a smaller region. It is said that, in general, an

amount of heat for cooling affects the particle size and rapid cooling generates many



whil e the anpbunt of heat for cooling is controlled in
the crystallization apparatus. [0004] As a nethod for
controlling the amount of heat for cooling]., (1) a
met hod for controlling the tenperature of the fluid
to be treated (slurry), whi¢h is the fluid to be
cool ed, in . the apparatus or a method for ., .
crysig} REFISIaS gD sl paige S&Z&F&h%?zf)@%% 77 gReatenal Gprfitien jsgontrolled
state of the cooler can be |listed. As the nmethod (2),
whikedhe aeawis|od heatfor ¢noling decatrolled iy the eottalligaiion apparatus.
crystallization apparatus equi pped with a cooling
[00Q44cket, a value calculated froma difference in a
cool i ng nmedi um tenperature between inlet and outlet of
Ashe mehbd for doatblihg el drvartadfe hedt fdrecondiapl, n@) rednethod for
in the cooling jacket, and a specific heat of the

conteSfhg Ee EBiberafiteS ot BRAAUIHOBOR] tredtbd Pty vidaeni@fe fluid to be
bel ow, a nethod for producing refined (meth)acrylic

coofed! fh 1 la:,pg:g%‘ﬁ;si &e E’zg d emfﬁr((@?ﬁﬂﬂﬁgr%b iv%&%?%a‘gﬁcﬂla&ed from the

crysta rom solut1 on obtal ne
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. resultant deposited crystal and.fhe npther .|liquor, are

stirrb e i i PR FURPPSVish oo 58 ety & Falue cilculated
bel ow, a nethod is described, in_which, in the case of .

fromya gisrencegn acpeling megiug waweraye bephsea inletand faﬁhh‘éie thg gooling
in which heat exchange is carried out through a

jacknte atflavg rase of theecooting medine in thei aegling jacketo ped a sperifipbent of the
with an external circulation device or a jacket

coolilevmediymain usgaker at i ng condition of a crystallization
apparatus is changed, the cooler is changed, or a

mom@clain1treatnent condition of the cooler is changed
taki ng account of the fact that cooling capacity is

I]:{S S‘é}?gtg éfbo@t[%gg%% fttiélo\\(&,ge? MNeBoDTRVro@ikihd Sefitt@rhdiB)acrylic acid is
described, in which (meth)acrylic acid is crystallized from a solution obtained by adding
methanol, ethanol, propanol or butanol as the second component to crude (meth)acrylic
acid, and the resultant deposited crystal and the mother liquor are separated.

[0006]

Further, in Patent Document 2 below, a method is described, in which, in the case of
depositing crystal by a cooling crystallization method in which heat exchange is carried
out through a heating surface of a cooler using the cooler equipped with an external
circulation device or a jacket device, an operating condition of a crystallization apparatus
is changed, the cooler is changed, or a reclaim treatment condition of the cooler is changed
taking account of the fact that cooling capacity is lowered as crystal (scale) grows on the

heating surface.

[0007]



However, in conventional nethods, there has been a
case where liquid perneability of the obtained
crystal was considerably deteriorated, though the
operating condition of the crystallization apparatus
was controlled on the basis3f a certain nmanagenent

criteria. In .particular, this problemwas pronmnent ..
Hoje e i cruiyersidnah e thquﬂfatbF%a&%epw e iadifl prmeability of

with the Purpose of renmoving inpurities such as .

the abtainpg gestal mceﬂaé@ahlﬁtmwwg@ thewgh theiparatiag cpydition of the
perform ng an usual refining nmeasure such as

crystatlization iapparetus dvastcohtrallédoon the kasispoforicartaio branagesaenb griteria. In
gas- phase catal ytic oxidation of isobutylene, tertiary

partieulay,| thal groblen, waspidmiaent iaithe cade ofSthb wiystalhzadiohystep carried out
w th nol ecul ar oxygen in one step or two steps. [0008]

with fhe tgt@pd38 E rérho¢igp tiln@lititidOsuch &is allduuplesOfromedtidd filethacrylic acid
cooling in a conventional «crystallization apparatus,

obta%ﬂeggﬁspgfgﬁﬂiﬁg‘hﬁ bl ig%mgur@fsuw‘ &8s BtRion [P G RLion on a

understand the extent of the substantial anpunt
! coal J ten f
prodibe (ned 8 (A8l ORARE BrUBIARARYOR Rhe LA bitPalochol,
contr.ol | ed .an urface . tenperature of the heating
merfiRR16iB o R Aoty SR oleqs SRR B orB oo d WA BlePS
tenperature of a scale in the case that crystal
[Ooo@ical e) was generated on the heating surface was not
detected fundanmentally. Further, in the nethod of the |
Inpghe rraspoefusentroliing othey ampentwef kheshdfodopeolipg ithea conventional
cool er was understood, however, the anobunt of heat
crystatlamatip appyratusmitv eds fdifficult he the unethod o ehe tRateat ddbcument 1 to
(slurry) could not be understood. Patent Docunent 1:

undshetpad eextiat 6NtheNabstanthb Smodm dfdiesifor Roslingettawde temperature of
Japanese Patent Application Laid-Open No. 2003-126, 607

the BuRCtOBRESEd | | NeHRR Rk Ead _(ﬁlgglys_g}ﬁfﬁme@(aﬂa"@le surface
I NVENTI ON [ 0009] The present invention has been

temﬂé%fﬁ{'ee&fetﬂe h&tﬂlﬁ%‘ﬂf‘fﬁée i'h?iﬁe %Ot\éﬁk,qﬁ %ftﬁﬂﬁg, the surface temperature of
a scale in the case that crystal (scale) was generated on the heating surface was not
detected fundamentally.

Further, in the method of the Patent Document 2, only the workload done by the cooler
was understood, however, the amount of heat practically removed from the fluid to be
treated (slurry) could not be understood.

Patent Document 1: Japanese Patent No. 3,559,523

Patent Document 2: Japanese Patent Application Laid-Open No. 2003-126,607

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0009]



circunstances, and it is a subject of the present
invention to provide a crystallization apparatus with
whi ch crystal having excellent liquid perneability can
be obtained stably and a nethod for operating the
appar atus. MEANS FOR SCOLVI N@ THE PROBLEM [0010] The

resent inventors have diligently.researched in.order .

& BT THEMABbV IS rRed oFBPIESE o oHERnCP dife FORentioned
. that crystal having excellent |iquid perneability can_ |
circyastancepl gnd Hpisa selegyolclhie Rpsent yenten japuevids a; ¢rustallization

amount of heat that is practically renoved froma
appérityp avithowhish taresdal duvingl exceleont digridpermealeilityt casf be pletained stably

anmount of heat to be released froma crystallization
and appahcat fios operhting the apparatuennent and carryi ng out

crystallization operation while controlling the

foregoi ng val ue of the anount of heat, when

controlling an anount of heat for cooling of the

crystal l'i zati qpe ARBEGR YOLVANG THEPROBYERAVE
conpleted the present invention. [0011] The present

[001ioj‘venti on provides a nethod for operating a
crystallization apparatus in the process of _

rystall.ization to.carry qut heat exchan of, a.fluid .
T bR Pl et g FR R p SRR B35S g b entioned
ontrqlling a cqolin ndition for the fluid.to be
problsrp gnd e Tondhihat fptal BRe £XGel S Taperiisaulify g be stably
heat for cooling g defined by the follow ng equation
obtajneyl byrraleatatingiths salue of the amppunt ophent that is preyticaHly remavedgfrom a
represents an anmount of heat for cooling in the cooler
fluich tedl b€uateated epuay e taldng accoanb of theodmpwrdtoft keab éo belrelagsed from a
into the environnent. [0012] 5 Further, the present
crystatlitibh @Pparatug iifwstha eavirsiranti andt capryirgppwtr @y stallishticrhoperation
conprises a cooler for carrying out heat exchange of a
whilkldholliag Be Foreaifslvald®df the amount of heat, when controlling an amount
of heat for cooling of the crystallization apparatus, and thus they have completed the

present invention.
[0011]

The present invention provides a method for operating a crystallization apparatus in the
process of crystallization to carry out heat exchange of a fluid to be treated using a cooler,
which comprises controlling a cooling condition for the fluid to be treated in such a way
that a substantial amount of heat for cooling Q; defined by the following equation (1)
becomes fixed,

QU=Qu-Qwm D
wherein Q, represents an amount of heat for cooling in the cooler and Qg represents an

amount of heat to be released into the environment.

[0012]




a nmeans for controlling a cooling condition for the
fluid to be treated in such a way that a substantia
anmount of heat for cooling @ defined by the follow ng
equation (1) becones fixed, Q=Qa - Qavn ..... (1)
wherein Qa represents an ansunt of heat for cooling in

the cool er and t mrepresent n .amount of .heat to.
PR R Y G ER B S A iR BB 8 Whigh borrises
I NVENTI ON, [0013] According. to the nmethod for

a cogles forqapryingait beaj sxehange af & Suidtgpsitecated: #1d t he present
invention, crystal having excellent |iquid )

a means fengintiolingcmepdbiag slondition dorstha Blujd torper tréated in such a way that a
according to the crystallization apparatus of the

subgiargimb amoumvefitidad for coolisg &); definddniy ehectellbweintg equation (1) becomes
perneability can be obtained stably. BEST MODE FOR

fixe@ARRYI NG QUT THE | NVENTI ON [0014] The crystallization
apparatus in the present invention nmay be the one that
IS qui Q@gd_viith a cool e.r...g§rryi ng out heat exchange

througﬁ a hea%trlnng surface and can cool a fluid to be

whe%éeiﬁp fﬁe;ﬁg?éyé?ﬁé bl?gm%g%tlt@egtp r%oﬁﬁ’gcfh 1he Z:ﬁﬁllfe{;%fti@ %Qn represents an

ature, an nown <tryst

s bl P B ATpR B R aRRE 72 pl e, an apparatus

descri bed in "Handbook of Chenical Engi neering, 6th
Edition", pp. 505-520, Maruzen, Tokyo (1999) (in
Japanese) can be use articular, a stirred-tank

d. In
crystallization apBBEGHeF Eﬁﬁtm\émﬂﬁtmﬁped with a

stirred tank and a cooler having a cooling 6 |jacket
[00¥XQr bringing a cooling nmediuminto contact with a
peri pheral surface of the stirred tank from outside,
Azoetdingotos thehmethudi fie @ferdting giei ¢rystdllizatidn bypdistad of the present
exchange using the peripheral surface of the stirred

invénfib, a§sial Redhj Recdleht dig8id paaRhbifity ein beXdMAREL ShaBly. Hurther,
stirred-tank crystallization apparatus having a

accdr@Rk19 hd @G &likatich dMpatafistife present invention, crystal having excellent

liquid permeability can be obtained stably.

BEST MODE FOR CARRYING OUT THE INVENTION
[0014]

The crystallization apparatus in the present invention may be the one that is equipped
with a cooler carrying out heat exchange through a heating surface and can cool a fluid to
be treated supplied to the cooler to a predetermined temperature, and publicly known
crystallization apparatuses can be properly used as the crystallization apparatus. For
example, an apparatus described in “Handbook of Chemical Engineering, 6th Edition”, pp.
505-520, Maruzen, Tokyo (1999) (in Japanese) can be used. In particular, a stirred-tank

crystallization apparatus that is equipped with a stirred tank and a cooler having a cooling




[0015] The fluid to be treated in the present
invention is not particularly limted as long as it
contai ns the compound to be refined by crystallization
operation. For exanple, the present invention is
suitable for a step in whicl6the fluid to be treated

i s.crude, (meth)ac c acid, _and.,refine A
jacketfor rb}i&&\r% 3 eoie et Getphyvith pepinbgrab Sirfaoqf the stired

crystallization operation on the crude (neth)acrylic
tankaép@l oytpidenendoeacleithe nsidlerofpthe gtirred rtetkn brdiegt pxchageusing the

nmeans at | east one conpound of acrylic acid and
periperalaguridce of abe dfirraddank asle leating ))sacfhed (kereoafternespressed as a

at | east one conpound of crude nethacrylic acid and
stirred-tehdk caystyllizatiodGbgarafud Badihg aksolitejatket) d prefedablet r eat ed

in the present invention, crude nmethacrylic acid to be
[oolggt ained by separating nethacrylic acid, which is

tained as a by- product in ACH nethod by extraction

TRE i Sid bd Bbdod i £AR E’t‘in%v@ aﬁf&ﬁf Zdlmftéd .iﬁ?c'long as it

preferable to use, tob treat

cont?ﬁ@?%{éoxﬁnébélﬁg% erf{zé%? blx 'ﬁ?r% %Eglrog% c% algﬁ 'eQaéplg Cﬁle present
imvef§OR & SpseliR o B I gl %ﬁa@l@c@%w & 2 st %vf‘c acid,

S tyl ene, tertiary but al cohol nmet hacr gl ei n,

and F%‘QBEHt (pethipcrshic aeid s 9walnﬁ%| by carmine sy dhercry stallization @r;ratlon on
or two steps usi an organi c sol vent and renovi ng

the ¢ride (metpashdicsasid, gmthcamsem deseriptian. (neetiveenylie apig means at least
distillation, and to apply the present invention to

one tmapmnylstfabfyliratidoandapeihanrylﬁmaéid,rande:mmnd (neth)aqrylic beidsneans at
such as al dehydes fromthe crude nethacrylic acid.

leas{ 6H21conpbund bf eude mettacBdicrayidamtd chitR aefyiktaeid.i zat i on
operation according to the nethod of the present

[ooligpvention, first, the fluid to be treated is supplied
to the cooler of the crystallization apparatus. The

Ag W‘}gwg pEBRAR h?thI@ %&es@ﬁ’tr ﬁﬂ/&i{ o] é%d%iﬂ&ﬁa@ ir%lr%lgidﬁtg be obtained

nown su
by separating methacrylic acid, which is obtained as a by-product in ACH method, by

extraction or distillation can be suitably used.

Further, it is preferable to use, as the fluid to be treated in the present invention, the
crude methacrylic acid which is obtained by extracting methacrylic acid from an aqueous
solution obtained by absorbing a reactant gas to be obtained by a gas-phase catalytic
oxidation of isobutylene, tertiary butyl alcohol, methacrolein, or isobutyl aldehyde with
molecular oxygen in one step or two steps using an organic solvent, and removing the
organic solvent and a nonvolatile matter by distillation, and to apply the present invention
to the crystallization operation for removing impurities such as aldehydes from the crude
methacrylic acid.

[0017]



[0018] Next, the crystallization operation that
deposits crystal by carrying out heat exchange of the
fluid to be treated supplied to the cooler is carried
out. The crystallization operation nmay be either
batch type or continuous type, however, the operation
of crystallizing crystal contjnuously fromth [ uid
I g0y qagtqug teeay Hallization QReTasion %9%8%@ a&eoma%ﬂ of e present
the nethod of the present invention, so, in
inveptipni Ststathe flwid toobs itneated ds tsyppliadstos thet easiler. of B opstallization
The cooling tenperature at which the fluid to be
apparamat Bk supplyig medrsds hot gastitularkclimitedbanda pubilielckaiver supplying
may be a crystallization tenperature at which crysta
mea@f céh bep@périgaggdound in the fluid to be treated
starts to crystallize or below For exanple, in the
[poxgse that the fluid to be treated is crude
(eth)acrylic acid, the cooling tenperature is

NekE R %?étéﬂhé?ﬁ 1 efﬂ%n[t]a%%?os‘?ﬂj& c{é)és%pbz ec#?yl?‘xg ohPfredt Bxchange of

por nt oper abi
the ﬁgid{l te tch ? leBé %&l‘éegggoggrqsgcggpggogﬁg :?Ee Q%Xtaﬁﬁa&&g 8]9erat10n
xanpl e, in the case of usi the rude n:eth cr
mayRs %Rtagbqtﬁ%typf 1oF Fﬂlwou%tm&%{ PREFAOP L © Erbta e crystal
tenperature can be | owered addl ng a polar qrganic
continpoyslyfeam thesflyig éo be rssed eunposraried v AP AOTRBE 1§ e method
a solid solution with (meth)acrylic acid. As concrete
of theqasshbinveitian, eo,po particulag 4he eonginbeusdppeis suisatienol |
et hanol , propanol, and butanol can be |isted. The
[00Bjount of t he second conponent to be added is
preferably in the range of from1 to 35% by mass. For

Th 866111, tenPeratie SESRicRthe fltsill Ag bé eated dkabij¥etcdas hydtiekchange in
acid as the fluid to be treated, it is preferable to

the fdofer A8y B%%st%hzﬁfonaég pktafie %t whith §9&ensk &%Eéi"b%ﬁ{pound in

SO0 as to nek crystallization tenpérature fall in

the gFﬁne?)Eg%ra%di s&ir%g}o rﬂs?al&%carqﬁé%(g l]%o? e%}\%ﬁﬁféepfhg QafUA the fluid
to bg E%E{eglr}lf :cz %tegﬁ%gﬁgcrg <t: b t J(1'1S§’:ocroc: dmigeli"ftmlre is preferably set in the

range of from — 10 to 10°C in point of operability.

[0020]

A component for adjusting the crystallization temperature may be added to the fluid to
be treated, if necessary. For example, in the case of using the crude methacrylic acid as the
fluid to be treated, the crystallization temperature can be lowered by adding a polar
organic substance, as the second component, that does not form a solid solution with
(meth)acrylic acid. As concrete examples of the polar organic substance, methanol,
ethanol, propanol, and butanol can be listed. The amount of the second component to be
added is preferably in the range of from 1 to 35% by mass. For example, in the case of

using the crude methacrylic acid as the fluid to be treated, it is preferable to fix the amount



cooling Q@ which represents an anount of heat to be
renmoved fromthe fluid to be treated in the cooler is
cal cul at ed taki ng account of the anpbunt of heat to be
rel eased fromthe cooler into the environnent (anount
of heat to be released into&he environnent Qatm, and
a.cooling condition of the fluid to be treated is

of agditiop of tesyssrAnd sompenest pe pait Mmake Hediktalipatignetgmpprgfure fall in

cooling  is controlled to a fixed value. [0022] 1In
the tange pf memnt 16 v Ciwhile thhmeltingspaint:dfanethaenylin acid isHOSE-
for cooling Q is defined by the follow ng equation

[00211). Q=Qa - Qatm..... (1) (In the above equation, Q
represents a substantial anmount of heat for cooling

Wheni the MY stal@@aticre ppaatisr $s 2ariRPPALE At subsi@btd] Ghodneadf heat for
for cooling (unit: W, and Qatmrepresents an anount

cool‘iﬁ% Q?%ic‘h%%(@sérﬁd SPSRGut I heht® RNI¥IGISBBE the Thuld tole treated
cal cul ated by the following equation (2).) Qatm = UA

in the E0diAS calchBted tak%ng(a%%o&t{t%ffttﬂg aﬂlgﬁﬂteoieﬂéﬁ‘ttw&’rel%ed from the
represents heat rel €ase coefficrent (unit: ), Tam
represents. environment t ergture. (unit:

coolf P R EnTire ERH@RPEYSA net TBE skl it Pl epp p A Qum, and
apparatys (upit: C espectively. 0023], The .

a cogfiBFerdtoh e tord il BRI tsgomitntied Whithdhetiisianda) amount of
(1) is a value representing. energy to be consuned in

heatifppceadisr &2 iepniteled toea B¥sFsYalya.i zat i on operation, and
can be calculated fromoperating state of the cooler.

[00229r exanple, in the case of a stirred-tank 9
crystallization apparatus having a cooling jacket, the

Irnthe gresent imwrentivn, die substhntiadranmaat ofilgeat € dooling Q. 18)defmed by the

cal culated fromthe follow ng equation (3), Qa=P

follé&sAn etquation-é-ljﬁ) wherein t represents a difference in a
cooli ng nmedi um tenperature between inlet and

Qr=Q:~Qam e (1)
(In the above equation, Q, represents a substantial amount of heat for cooling (unit: W), Qa
represents an apparent amount of heat for cooling (unit: W), and Qam represents an
amount of heat to be released into the environment (unit: W) calculated by the following
equation (2).)

Qum = UAX (Tom —Te) - )
(In the above equation, UA represents heat release coefficient (unit: W/K), Tym represents
environmental temperature (unit: °C), and T, represents a representative temperature of
the apparatus (unit: °C), respectively.)
[0023]

The apparent amount of heat for cooling in the equation (1) is a value representing

energy to be consumed in the cooler during the crystallization operation, and can be

calculated from operating state of the cooler. For example, in the case of a stirred-tank



outlet of the cooling jacket (unit: C), p represents
density of the cooling nedium (unit: kg/nB), v
represents a flow rate of the cooling nmediumin the
cooling jacket (unit: nB/s), and C, represents
speci fic heat of the cooling nedium (unit: J/ (kg K)).
024] The he release coefficient UAin the

ory st aﬁpwﬁfuﬁ 230G aGORURE S}, G, PGEPL gt of heat for cooling
appar at u and can be easily obtained from operation

Qu (Bl s cslculated fremahe follamingieqsian s or by a
nmeasuring test to be carried out separately. As the
nmeasuri i@t psC,- Vot exanple, +n(3)the case of a
stirred-tank crystallization apparatus having a

wheeginlti rR@resank et diffesake dx chesging medinm taamerating berdieerminlet and
is carried out while a certain anmount of a fluid such

outl&Sof &k @bolify jRRAQUARIAEH reprebdifts abdsity o tﬁ@@dfohr%r}ﬂedlmn (unit:

tenperature of the fluidin the tank is measure

kg/rf\i/\){é@ r%pggb%gtes 4 ggwt}% £t @&ﬁﬁ’lgclﬁgélfﬂnclhqﬂé c&ﬁu%?ﬁbﬁet (unit: m’/s),

otalne from terrperature C

and E:’g a%/p% #H&Sﬁgg%lﬁaﬂ to% t%)g 1{l{gh¥d9ﬁ ty ik dlt(ﬁpeCI fic

[00 unt, density, and specific heat of the coollng
dium the tenperature of the cooling medi um at the
[nlLet and outlet of the cooling,jacket, th
Thefrtorpiease aaoeff@rﬁ@érlé@unethateqpﬁ@% (Pelsct chw@ctenstw value of an
crystallization apparatus, and the representative
apparsipeandtoan e @ﬁmtyr@tapgiaframermgp@trés of a enystallization apparatus
of heat to be released into the environnent Q. is
or by al medsatiegl tdst tonbe deeriedrouirseparhitelye dts the atkasuring test, for example, in
tenperature change of the fluid in the tank and the

the €tisé b hatigeditahk Bgstallipatidn Sfpaled hadig £ 85610 jagket,theat Bfchange
variation of the cooling mediumtenperature in the

withlCO@bITHE maGiKel i 1s éﬁ‘i’e&J@mC@ﬂlch cefitth G RLEEr 6 ik as water is

equation (2). [0025] 10 The environnental tenperature
A I S AR 7 O AT

rat

wio BB TR b8 S e RS woﬁmgbmﬁg ingfion b
tem}lggatuse apgg&ﬁtg@g}%teg‘ﬁqer at ur e rre r ed ‘ffgé%t éfféle fluid in
the ’Itafak, the circulating amount, density, and specific heat of the cooling medium, the
temperature of the cooling medium at the inlet and outlet of the cooling jacket, the
environmental temperature at the site of the crystallization apparatus, and the
representative temperature of the apparatus. Concretely, the amount of heat to be released
into the environment Qgum is calculated from the amount of heat used for temperature
change of the fluid in the tank and the difference in the amount of heat corresponding to
the variation of the cooling medium temperature in the cooling jacket, and UA can be
calculated from the equation (2).

[0025]



preferable. [0026] The representative tenperature of
the apparatus (Te) in the equation (2) is a standard
tenperature at the tinme of calculating the anount of
heat to be released into the environnent Qatm based
on the difference between the environnental
tenperature (Tenn) and_ the standard tenperature.
The rqn&rpvngtﬁelaramf&ramwe (Feprissbateauaten (Snfrpreseniseenyironmental
the apparatus (Te) is preferably the tenperature of
températugo it ethe asite whearaittbe f aysfaldizatione appartss ndet. tGencretely, the
out si de environnent, however, the tenperature changi ng
temperaihien meszkured wndat hthé fﬂrﬁstﬂiﬁyatidm appaaathalibeit: 846y i$ hsed, and the
measuri ng point of the representative tenperature of
tempéittudPRREAkedB at 4 P6JiticiRAs Bearb ARE thytatitlatich @fpdritus as possible is
accordance with the crystallization apparatus to be
prefd@gf, For exanple, the tenperature of the fluid to be
treated, the tenperature of the cooling medium
[O rculatlng in the cooler, the surface tenperature of
e cooler, or the i ke can be wused. [0027] 1In the
gua he substanti al ano heat
Tﬁs SR et A ey | st o sndar
the amount of heat to be rel eased fr he C00
tempegrugH g ArHERE O eAlFHIBnG, ea.aﬁ@anby??t?a{ facts ngernd o the
amount of heat to be released into the environnent
envigghipent {Quenbased capipe défiereasrobniveat theemvirpamenigbiempgyature (Tam)
Qa. Wen the environnmental tenperature (Tatra) is
and hhe seandatda rentriveatvrep Sérsathyt speiakings ¢hepeapatsantativg terhperature of the
apparatus (Ta), Q is corrected to be snaller than Ca
appdrewwia (9 ihprferiblowie ieniperaiire of dad @ioledfat tHednterface of the cooler and
crystallization apparatus. On the other hand, when

the birside RUVirQ ISR RdwdvefNBE RimfietatGrtibhngifig |119¥S@ﬂnebh&ﬂwﬁﬂh&hls may
representative 11 tenperature of the apparatus (Te),

anFuléb?e Gl R€ ?‘I%ﬁls.lﬂlgjg?lh@&g gégen%l\}é%ﬂi Sanli€ ¥ the apparatus

out o crystalll atlon

(Te)acgﬁ B%{rly[ e?ezc%]d in al?; chsetv%rl 'tl‘?e cragﬁg.tfﬁgttuﬁr{ &:%?*Ltu{ f be used.

US correc correspon

For example, the temperature of the fluid to be treated, the temperature of the cooling
medium circulating in the cooler, the surface temperature of the cooler, or the like can be
used.

[0027]

In the equation (1), the substantial amount of heat for cooling Q;, which is corrected by
taking account of the amount of heat to be released from the cooler into the environment,
can be obtained by subtracting the amount of heat to be released into the environment Qam
from the apparent amount of heat for cooling} Q.. When the environmental temperature
(Tam) is higher than the representative temperature of the apparatus (T.), Qr is corrected to
be smaller than Q, because heat flows into the cooler of the crystallization apparatus. On

the other hand, when the environmental temperature (Tamm) is lower than the representative



of heat to be substantially renoved fromthe fluid to
be treated, nanely, to the anount of heat to be
substantially used for depositing crystal.
Consequently, the cooling state of the fluid to be
treated can be maintai ned stidbly by operating the

stal | i zation apparatus whil.e trollin
tempesHi ! 6 BPERBH (S0 o i rEalse do PR dIEghbRA Qs bapause heat flows
amount of heat for cooling Q to be kept within a
out of the goelahefethe peystallization ﬂppaa@psasu ting state of the
crystal can be stabilized and the crystal having
[0028fcel I ent liquid perneability can be stably obtained.
[0029] Concretely, the fluctuation range of the
Thel bstistantinbPAm e i hestffoheailing @), thenddrrgtedicotiysgonds td the amount
crystallization operation is preferably controlled

of hhtttBite subfarktpMygaedbvéd £6hthd BUid @ Be trddrdd, Wainbly, RSPRGmount of
to an operation target value of the subst anti al anount

heatﬁgryégsﬁg?‘;@ W&E% 8& de?)smlilg Eﬁ’sgl?] g(fl«?rt : e¥1tl Q'cBoliﬂEstate of the
fluig? 6‘3?31%%% o b iRl Ry B, ol ﬁ’é" '8%31%‘ qn, poparatus

Whl@mlﬁioﬂ?rtgllwgﬁ?e %tg?ﬁ%r Q[l}délg% Q?se}o E&bﬁﬁ Subpt F'@Xtéarl %E&Oélh of heat for
particle size dlstrlbutlon of the  crystal can be

COO](‘J‘EH Q trebe keph avithin pifivgd denas AisGresyt. sleposiling state of the crystal can
controlling the substantial anmount of heat for

be stabil{zed gndrheranystal haning axesHsneliquifh gerneeshiliy rarche stelly obtained.
substanti al amount of heat for cooling @ anong

[002%er ation conditions of the crystallization apparatus,
and the one that is nost appropriate to the subject

Conatrely, HRYlRtudtion Reide)ofIRd QbkrdtialAdnduneopPheit &ralbbBng Q; during
paranmeter, the inlet or outlet tenperature of the

the &9&5111'2&1&?&15&£ﬂon i6 ?re’i‘@rﬁﬁl Behir6lIERINiA thd %@6 bf REIC- 18% to +
nean of the inlet tenperature and the outl ét

S(VE;%{HS} ﬁﬁe&rtg an%helraﬂgn ka':%eﬁsﬁfﬁ? ??hé dupbaf alrggﬁfl%f Hedt fd?%oohng

I zat'l appara resen I nven

Q. W@ﬁprﬁﬁrﬁj&%&rlﬁh ey e e 4 B 0% ﬁ?ﬁfﬁ\tCFfﬁngrPéefefably

w1th1n t}le rglgge of from — 5% to + 5%.
[0030]

The operation target value of the substantial amount of heat for cooling Q; is preferably
set in such a way that a desired average particle size and particle size distribution of the
crystal can be obtained.

The cooling condition to be used for controlling the substantial amount of heat for
cooling Q; may be a parameter that can affect the substantial amount of heat for cooling Q;
among operation conditions of the crystallization apparatus, and the one that is most
appropriate to the subject system may be properly selected. As the preferable parameter,

the inlet or outlet temperature of the cooling medium, the arithmetic mean or logarithmic



condition while controlling the value of the
substanti al amount of heat for cooling @ are not
particularly limted. For exanple, @ may be

cal cul ated fromoperating state of the
crystallization apparatus u3Eng an el ectronic

cal cul afor and the |like anpd then operation condj.tion
meagof figein Vémr@tprfaﬂmﬁe e F%Rféam%y%%e %ﬁ@%ﬁe listed

manual |y, or @ may be automatically cal cul ated and
[00Hilspl ayed by DCS (Distributed Control Systen) or

conputer and then operation condition of the

Irc thes ¢rabtallizatioro appapasus af tlse peegeriidnvdndinge thenmpans| foy agquiring the

under automatic control such as PID control. [0032]
subdtaitiabxamuhe of \ileen farheodtingsQaahd ahe anems tfopicohesiting ahe cooling

cooling @ is larger than the operation target val ue,

condlifien MhiletohBoliRig the 94186 of 8t Bsthntiig @ehduat 6MBYt For cooling Q, are
tendency to be “somewhat super cooled in the cooler.

' t [
not kbl e VA8 SYBRUR, O s WASOLL Al Tng et of he
| | (@) | -«  r .
ery P AbpBRRE' DR o STt R ¥ e PElap hen operation
i.rcul ati ng ampunt of the cooli di or
condifibf bi5 Mg RELIZBRRR PRPESBE BAG Teaf AREPL rhaTaly, PR may be
crystallization tank, [q?OB:]%:l§ When_ t he substanti ag
automabigally ealcHatad and displsgrd Ry &S (Liskihataddontrpd Sypta@y) or computer
operation target value, the fluid to be treated can
and fgleer) ngeéi@ntcongihiowﬁ theserigallization appaatiemprbe changed manually or
insufficiently cooled in the cooler, and the
undenansdreatic @intrahsuehtas 81D leesrolf or cooling @ can be
i ncreased by changi ng the operation condition
[0039nversely to that nentioned above. [0034] The fluid
to be treated thus subjected to the crystallization
FOPeXahpIeNwhen s RMal mdsnt SPhd-thi 98dIthgSOPR] Blrp@Nthan the
after discharged fromthe crystallization apparatus to
' . a L. :
opelféggla ﬁ@:@ég@@g ,itkg i 16 b Shedled gégx %%ilg:%%% éb %'ig\?v a é?ﬁd@ncy to be

crystal can _ I"nec
som Bk s GBS EETH IS s P o g ata houns o
heatftﬂ‘a3 Egﬁl&é%%ﬁ rbg?'!@cﬂ@g@ gg gﬁ@%@%ﬂ.@bt 5 Sn %gﬁ{a%gg CE)I’I; 1tigrtl) glﬂ:gras raising the

inlet temperature of the cooling medium, decreasing the circulating amount of the cooling

medium, or increasing the feed rate of the raw material to the crystallization tank.
[0033]

When the substantial amount of heat for cooling Q; is smaller than the operation target
value, the fluid to be treated can be judged to show a tendency to be somewhat
insufficiently cooled in the cooler, and the substantial amount of heat for cooling Qr can be
increased by changing the operation condition conversely to that mentioned above.

[0034]

The fluid to be treated thus subjected to the crystallization operation is subjected to



optionally added to the fluid to be treated,

concentrated inpurities, and (nmeth)acrylic acid that
has not deposited. [0035] The nethod for separating
the crystal and the nother liquor is not particularly
limted as long as it can d&parate solid and |iquid,

.and for exanpl g, ubl i.c nown solid-1iqui
soliuieCiep b et adireed drd 55 9 safhzalon, sopdsgtus to be separated
i centrifugati on et hod can be used. [0036] A% a
into aysialaad exethes Liuer. Asareslp aralinederigipl£aa bg 9btagngd. For example,

exanpl e, KCP apparatus described in C Shimzu,
whet Refiden (methisierdicganid ds sesdparutigsilviyd tkiectrent@bribe siistad of refined
Crystal Refining Apparatus", Chem cal ENngi neeri ng,
(methddcrylit7acidoan Be ph@aB2), ampipthd tnatber llgmiot caitaids theTreeond/penponent
of the separation operation nay be either batch type

optiGial §eRded wothe fhid e bd B0, coAcpatrtt igptiatiés) end (reshyHerylic acid
i nvention, a crystal having excellent liquid

that B8$ ARARpbdifed, can be obtained stably even if the
envi ronnent al tenperature changed | argely during

[00 eration because the crystallization operation is
carried out while controlling the substantial anount

f _heat, for coali [N I ch the..ampunt of heat.fo .
RS it 18 ferfiAline Akttt o ol HRNEHS ho ot Bmited
taken into account. Further, the quality of .the g s
longeg, rean seRaraie oI cinddiau Gt ExEEREs %Clzsgcapgpi sgHd-liquid
over a long period of tinme. [0038] The present
separafinsinetbad puchasifilugion method pecenixyiygation mathod gan be used.
operation of crude (neth)acrylic acid which is
[0036drti cul arly susceptible to the environnental
tenperature. Nanely, the 14 nelting point of acrylic
Aaci coherefe? Exangle t dife thee képaragionoapgarariis, nfok hawmmple, CKE®i apparatus
is 15C, and as nentioned above, the crystallization

desdride® & &t ShEnioh, ‘Mns:ﬂdg@feorgam& Bbﬁxﬁbﬁﬁds%yalﬁihﬁha GohffindRCrystal

af orenenti oned second conponent has been added to the
Refffr¢d&ppdEu) i ddrihg WICHEIRE! ¥ (19829 N5 ARBEE be listed.
© oﬁé?rgén - E{OQ?%&{{%%E eér%nt%’e rre?t’i ng p(g} ntga dthe - oF
The type of the separation operation may be either batch type or continuous type.

[0037]

According to the present invention, a crystal having excellent liquid permeability can be
obtained stably even if the environmental temperature changed largely during operation
because the crystallization operation is carried out while controlling the substantial
amount of heat for cooling Q; in which the amount of heat to be released from the cooler
into the environment is taken into account. Further, the quality of the crystal is also
stabilized in a continuous operation over a long period of time.

[0038]
The present invention is suitable for the crystallization operation of crude (meth)acrylic

acid which is particularly susceptible to the environmental temperature. Namely, the



crystallization tenperature are close to the
environnental tenperature, as in this case, the
crystallization operation is quite susceptible to the
environmental tenperature. For exanple, when the
crystallizati on tenper atureldts 8C and the

envi ronnment a|, r re.i 20C, the substantial ... __,
mel i B G Srrglie SFQNS gt 4vg (B MUCis RS SR LA A Ackds 15°C,
apparent _anount of heat for cool i ng % and hence_ t he )
and @s gnentigned apovgp(tae @WS@EI@%@M@W@H{G the aRpdsn(mgthlacrylic acid
environnental tenperature is 0C, the substanti al
aften theuaforapientientd Seond wolipoger® hasHwenradded o i cufefmetidacrylic
apparent anount of heat for cooling Qa and hence the
acidciegirefeeablys in kheatkiinge tof fiven SuUp@ito AOBC) Wohen hel eeltite peint and the
ci rcunstances, in particular, when the cooling state

crystaliZatioR |téinf>&at|@£b g angedo k]ﬂiélﬁhr)bnfnéﬂﬁl tengpefdhing] &Nin this case, the
cooling to super cooling by the environnental

crys&ﬁﬁ‘i&%%ﬁt Ypatidn$s 'Iﬁﬁtg oghs@dptiblie 10T B ilyilon¥Rhial ABmb&@ture. For

enabl es to control the operation condition taking

exmﬁgl%%ﬂén E?Q?a}%ﬁég?%ﬂﬁelﬁ eer‘Efet ﬁ%eckéﬁ b s Exn‘é{ltﬁmcrr

ol er as a ar

20°€ B stib wﬁla'g'gozuﬁ of Bear ToL Coim Qy BRGR ‘“r?l %'i?%lf%r SR the apparent

[ however scope of the pre

amquﬂe%ﬁf 09Ok On Ard Peererbe FoRIcE 1éi1§h1ﬁlt‘é§e urSHﬁIl%@lt and when
fol |l owi ng exanpl es and conparati ve exanpl es,

the snyirenseental iempesasiral ik i F&t ntgﬁ sumxahtawunwf rhgafafor cooling Q;
cool ing jacket was used as the crystallization

becampgzalamgen thanAbe epparesamangt ofibetit don coblitg §Y, amddence the cooling is
et hyl ene gl ycol aqueous solution (specific heat: 1.1)

liablas busepkr cdbking. MARler thebedsintueictd, th paticdlbl\wheh thideoling state
crystallization apparatus was cal cul ated to be 490 WK

is 1ikBle @ 1Y cRardfRaSMFRIE Torh eRbuffidRnf &oblisl t8Usuped Boling by the
apparent anount of heat for cooling] Qa was

envﬁ éﬂtﬁttﬁtﬂgéljﬁ% ttftik?mfeﬁl%g éff ?lﬁeg{';r%enrt BRefits thﬁg?{a‘sfés W5 ebiftrol the

-

rature is
ne

cool ence I n coo
operglggril -Cﬂ%&l? n"g a&?ﬁguéﬁeg:agﬁ%gp the | nI at 8? ﬁeé 13 t F TFlﬁg ggfg m the cooler
into OB B0 FRG B ‘ftr?é‘rth%ggaﬁr y siahilige e appar at us.
The cooling nediumtenperature at the i nl et
EXAMPLES

[0039]

In the next place, examples of the present invention will be explained, however, the
scope of the present invention is not limited to these examples.

In the following examples and comparative examples, the stirred-tank crystallization
apparatus having a cooling jacket was used as the crystallization apparatus. As the cooling
medium, 40% by mass ethylene glycol aqueous solution (specific heat: 1.1) was used. The

heat release coefficient (UA) of the crystallization apparatus was calculated to be 490 W/K



of the cooling jacket was defined as the
representative tenperature of the apparatus (Te).

[ 0040] The property of the obtained crystal was

eval uated by the liquid perneability speed (K, unit:
m hr) which is obtained by tlhe fol | owi ng net hod.

Cal hod of |iqyid bi | 1
aﬁe,g me%ég%‘a%&eﬁ%ﬁs%anfeﬂau%iagﬁg%ﬂt?ﬁa#m'@‘ PRI doaligh: vas

inis stood vertically and a wre pesh.is setﬂa
Calcll}?éﬂdo%‘?lfléhﬁ feeg yatp ok thercopling Bregarte the ceglingiagkehthe difference in

mot her |iquor) obtained fromthe outlet of the
a conlipgtmedinmatemperafyyp shegvern indetpandr ewtlet rof ghe iseokingiasket, and the
tube to the height of 50 cm (3) Put a mark on the
spedifiaheattafitiee adoliag posiinm ofhoénvitvamepmad tensperdtacd Taf,) taemeasured
crystal layer (Hl) when the crystal in the glass tube

providig subentireusle defialic BERRAas. Thalkoeling dedidui tefipelaturet the inlet
the gl ass tube at positions 2.5 cm (H3) and 5 cm (H2)

of ﬂi’é)&\bﬁn‘g"}acketr WEREEY 84 the réptbseBRSY "téi‘nﬁﬁéi‘a&ufe' df‘ihé Jﬁpa}a&‘us (Te).

etakenfor the liquid surfacetofa down from H2
[0 {(ﬁ During the neasurenent, the nother |iquor of
e sI urry may be suppl emented fromthe upper portion

Th pioipemsh e qHiRRa iRl R ?%@%?é@% R s pérRRability speed (K.,
f f th tal |
unie{ R “hﬁae gy el soamedids the hel ght of 1o
above (7). Calculate a liquid perrreabl lity speed

(Ceﬂccvd)atlglé},im«furgt1 dpishpermpatiliapeed data obtained. 16 K =
H Ln (H2/H)/T 3600 ..... (4) In the equation (4),
(1) Agtdss phednringrinsidpdiesetdr of 8ve fnd lengthrod.1 mKs ftood yertically and a
mhr] : liquid perneability speed H[unit: m : height
wircofeshhie setray siecbotfoayyer H [unit: n] : height of the
upper surface of the crystal |ayer at the start of the
(2) A slurry (composed of crystal and mother liquor) obtained from the outlet of the
crystallization apparatus is poured into the glass tube to the height of 50 cm.
(3) Put a mark on the glass tube at a position of the upper surface of the crystal layer (H1)
when the crystal in the glass tube has subsided and has become stable.
(4) Put marks on the glass tube at positions 2.5 cm (H3) and 5 cm (H2) above HI,
respectively.
(5) Measure the time (T) to be taken for the liquid surface to fall down from H2 to H1.
During the measurement, the mother liquor of the slurry may be supplemented from the
upper portion of the glass tube, if necessary.
(6) During the measurement, put a mark on the glass tube at a position of the upper
surface of the crystal layer (H) when the liquid surface becomes the height of H3 above
HI1.

(7) Calculate a liquid permeability speed (K) using equation (4) from the data obtained.



measurenment H2 [unit: m : height of the liquid
surface at the start of the neasurenent H3 [unit: m
m ddl e height of the liquid surface T [unit: second]
time taken for the neasurenent Here, H H, and H2
are the heights fromthe wi i€ nesh at the bottom

[ 0041]_ Preparat] a e 1 Methacrol ein was

cat al yKFcﬁll%ﬁggﬂgp%dgg a gas 4Ehase wi th nol ecul ar
oxygen and the obtai ned product gas was condensed,

In thersquatiandd), each pAAMEREFFPIRSSRIS theOleving. obt ai n or ude
(nmeth)acrylic acid A The obtained crude (neth)acrylic
Kelenit: wwhwhsliquid pyrmesability bpegds  chr omat ography, and as a
result, the inpurities shown in Table 1 were included.
H [@6#21] : Heiphtenfihd ¢ngstal tayees Content Acetic acid 0. 0040
Propionic acid 0.0255 Maleic acid 0.1720 Citraconic
HAC[16hit) . 1P 3theighe | df athel fpipeie s@rfab236f tHeOBAStal layer Bax ah®lseartl of the
To a crystallization apparatus, the crude

meabi@idpacrylic acid A obtained in the aforenentioned

Preparation Exanple 1 was supplied with the feed rate

2 0 U G DS e PRI S
B Bl BHE SBh i, e @ stired

T [unit: second] : time taken for the measurement

Here, H, H1, and H2 are the heights from the wire mesh at the bottom.
[0041]
Preparation Example 1

Methacrolein was catalytically oxidized in a gas-phase with molecular oxygen and the
obtained product gas was condensed, then extracted, and then distillated to obtain crude
(meth)acrylic acid A. The obtained crude (meth)acrylic acid A was analyzed with gas

chromatography, and as a result, the impurities shown in Table 1 were included.

[0042]
Table 1
Impurities Content
Acetic acid 0.0040
Propionic acid 0.0255
Maleic acid 0.1720
Citraconic acid 0.0530
Tolualdehyde 0.0330

[0043]



contai ning the resultant crystal was discharged from
the stirred tank. This operation was continuously
carried out for 180 days. During the operation, a
cooling nediumtenperature at the inlet of a cooling
jacket was adjusted in such7a way that a substanti al

EXa:;@ut of heat for cooling (Q) of the

allization apparatus becones 29 kW The
adJ ustment of the cooling nmedium tenperature and
Treastnyepbization epeateril 4h¢ ouds @sdnagahiantids mebtémed in the
carried out continuously every 3 seconds using
ﬂbmmms@mwdéhq@mnmniMmmmwaVﬁ@ﬁnmﬁbdhwﬂym@@@arﬂqQQl&Wng%rand
carried out in tw cases, namely, a case (No.1) where
at tleensammey timen mertaabl wae spgplizt uvich itlse feel adite v 90 kg/bl) aad dha mixed
case (No.2) where an environmental tenperature is

solutioh AF ithedh Wak @Bbled REsIR stiedllif § séifred SHRWo de?_ osterlystal) ahd a slurry
addition to other operation conditions. he val ues of

conﬁﬁﬁ@ﬁ{e%ﬂl%ﬁ 53 wak t&?s'&hﬁlgt?d ogHid depleaRAR, |”Fh‘is‘/ operation was

ed (K) are average s over the period of

conwﬁﬁgk%%ﬁd%%ftg& S?nggéafter t he measurenent of the
e

er mea eed (total 6 hours)
| naft t he .same condition
Dflaa gk sten 850 Tk i tepforh e e LR Ficling dacket was
Envi r onnent al resent ative Liquid t of ano
adjugted gl spshyan vay nt% gl Apebsiantial pEepRY of dieat der cooling @By of the
perneability heat for heat for No. stirred tank Tnm
crysighlizatian uapppratep deeomes CGokWigTle ashestmenf of the]cqolipg medium
[ [KW [KW [mhr] No. 15.424.7 - 1.6 41.9 29.0
temger@urdNand medsuterfert. dnd3@aRulk€io8 &f @ach parameter were carried out
continuously every 3 seconds using DCS. Measurements of a liquid permeability speed
(K) were carried out in two cases, namely, a case (No.l) where an environmental
temperature is relatively high and a case (No.2) where an environmental temperature is
relatively low. These results are shown in Table 2 in addition to other operation conditions.
The values of the parameters other than the liquid permeability speed (K) are average
values over the period of 3 hours both before and after the measurement of the liquid

permeability speed (total 6 hours) (hereinafter, the same condition will be applied).

[0044]



[0045] Fromthe results of Table 2,
the liquid perneability speed (K)
1 and No. 2 was excellent,
havi ng excel | ent

S

2,

in each

Fu

case of

and hence the crystal
liquid perneability could be stably
obt ai ned even though the enu8ronnent al

ange | argely during the operation.
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[0045] qui d

enper atur

€ Environ

amount of anount of Experi nment
tenperature of perneability

heat for

Tent al

No.

Representati ve
in tenperature
heat for

Fsim theadsitlani€ Thble, 2,,it appfovat usat Theliged pkrmeabddlity Bpee@, (K) in each
cooling Q@
case of No. 1 and No. 2 was excellent, and hence the crystal having excellent liquid

permeability could be stably obtained even though the environmental temperature changes

largely during the operation. Further, comparing No. 1 with No, 2, the fluctuation range of

the substantial amount of heat for cooling (Q:) responding to the temperature lowering was

suppressed to such a small value of + 2.8% with respect to the operation target value (29.0

kW), and was recognized to be properly controlled without any problems.

[0046]

Comparative Example 1

The same procedure as in Example 1 was carried out in the long range continuous

operation of the crystallization apparatus except that the substantial amount of heat for

cooling (Q;) was not controlled and the cooling medium temperature at the inlet of a

cooling jacket was adjusted in such a way that the temperature in the stirred tank was kept

at 5.3°C. The obtained results of the liquid permeability speed (K} and other operation

conditions are shown in Table 3.

[0047]




[C [d [C] [ kKW [kV\] [mMhrl  No. 35.324.9 - 1.5
41.3 28.4 8.8 No. 4 5.3 1.7 0.6 34.1 33.6 6.5 [0048]
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From the results of Table 3, in the case of No. 4 where the environmental temperature
was lowered, liquid permeability of the crystal was deteriorated. The fluctuation range of
the substantial amount of heat for cooling (Q;) in the case of No. 4 is + 18.3% with respect
to the substantial amount of heat for cooling (Q;) in the case of No. 3 where liquid
permeability was excellent, and it is presumed that inside of the tank be in a supercooled
state.

[0049]
Comparative Example 2

The same procedure as in Example 1 was carried out in the long range continuous
operation of the crystallization apparatus except that the substantial amount of heat for
cooling (Q;) was not controlled and the cooling medium temperature at the inlet of a
cooling jacket was adjusted in such a way that the apparent amount of heat for cooling Q,
was kept at 42 kW. The obtained results of the liquid permeability speed (K) and other

operation conditions are shown in Table 4.

[0050]




No. stirred tank T, m apparatus Te speed K cooling Qe
cooling Q [C] [C] [C [kW [kW [fir] No. 55.4 25.5
- 1.7 42.1 28.8 85 No. 6 5.1 2.8 -2.042.0 39.6 5.2
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Table 5 Content[% by mass] Inpurities
From the results of Table 4, in the case of No. 6 where the environmental temperature

€35

was lowered, liquid permeability of the crystal was deteriorated. The fluctuation range of
the substantial amount of heat for cooling (Qr) in the case of No. 6 is + 37.5% with respect
to the substantial amount of heat for cooling (Q;) in the case of No. 5 where liquid
permeability was excellent, and it is presumed that inside of the tank be in a supercooled
state,

[0052]

(Production Example: solid-liquid separation of slurry)

In the Example 1, a slurry to be discharged from the stirred tank was continuously
introduced into a solid-liquid separation apparatus, KCP apparatus (trade name,
manufactured by Kureha Engineering Co., Ltd.), and separated into refined (meth)acrylic
acid and a mother liquor (methacrylic acid solution containing methanol). The obtained
refined (meth)acrylic acid was analyzed with gas chromatography, and as a result, the
contents of the impurities are shown in Table 5 and it was recognized that the purity of the

crystal was high.

[0053]




No. 1 No. 2 Acetic acid 0.0001 0.0001 Propionic acid
0.0015 0.0016 Maleic acid Not detected Not detected
Citraconic acid Not detected Not detected
Tol ual dehyde Not detected Not detected | NDUSTRI AL
APPLI CABI LI TY [0054] Accorédilng to the present
Tab"ﬁgenti on, crystal having excellent liquid
neability can be obtained stably, and hence
refining operationfusing a crystallization apparatus
can be carried out| while naint &omani*sby massli qui d
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cooling nmedium 4. The nethod for operating the

[ooszul]yst allization apparatus according to any one of
claime 1 to 3, wherein the fluid to be treated is

AUESARE S the pRELH invention, crystal having excellent Hquid permeability can be

obtained stably, and hence refining operation using a crystallization apparatus can be

carried out while maintaining solid-liquid separability in high degree.




5. A crystallization apparatus, conprising: a cooler

for carrying out heat exchange of a fluid to be

treated; and a neans for controlling a cooling

condition for the fluid to be treated in such a way

that a substantial anmount 82 heat for cooling Q

def i ned Aoly the follow ng equation (1) becones fixed,
AR

Whehis ¢ SQatm .. ... (1) wherein Qa represents an
am)unt aof heat for cool] %in t he cool er and

1. A apsthade fRrsoRgratingnd &ﬁxstaéh Brapparapes gtethe 44ng 08 (feEYingeout heat

envi ronment . _ o
exchange of a fluid to be treated using a cooler, the method comprising:

controlling a cooling condition for the fluid to be treated in such a way that a substantial
amount of heat for cooling Q; defined by the following equation (1) becomes fixed,
Q=Q:—Qatm e (1)
wherein Q, represents an amount of heat for cooling in the cooler and Qg represents an
amount of heat to be released into the environment.
2. The method for operating the crystallization apparatus according to claim 1, wherein the
control of the cooling condition is a control of the temperature of a cooling medium.
3. The method for operating the crystallization apparatus according to claim 1, wherein the
control of the cooling condition is a control of the flow rate of a cooling medium.
4. The method for operating the crystallization apparatus according to any one of claims 1
to 3, wherein the fluid to be treated is methacrylic acid.
5. A crystallization apparatus, comprising:
a cooler for carrying out heat exchange of a fluid to be treated; and
a means for controlling a cooling condition for the fluid to be treated in such a way that a
substantial amount of heat for cooling Q, defined by the following equation (1) becomes
fixed,
Qr=Qa— Qatm wee(1)
wherein Q, represents an amount of heat for cooling in the cooler and Qum represents an

amount of heat to be released into the environment.




