PROCESS FOR PRODUCI NG ( METH) ACRYLI C ACI D AND CRYSTALLI ZATI ON SYSTEM TECHNI CAL
FI ELD [ 0001] The present invention relates to a process for producing
(meth)acrylic acid conprising a crystallizing step and/or a nelting step The
present invention also relates to a crystallization system 10 BACKGROUND ART
[ 0002] Conventionally, a process for industrially producing
(meth)acrylic acid by gas-phase catalytic oxidation of a (neth)acrylic acid

production raw materi t rylic acid-containing gas
produced by gas-phaséﬂ%ggg§§P§§qﬁ&ﬁﬂ%¢$ﬁﬁﬂqgfﬁg¥ﬂ%ﬂgC@#@ﬁh)acrylic acid
production raw material is,aANpreexamligzac@iN eetegvby a liquid nmediumto be
recovered as a crude (neth)acrylic acid solution, and then, the crude

(meth)acrylic acid solution is purified by methods such as distillation,
di ffusion ex Ikggﬂ?ﬁﬂﬁsta!li;ation, or the like. [0003] 20Patent Literature
| discloses a netho or purifying a crude (nmeth)acrylic acid

5 [0001]

The present invention relates to a process for producing (meth)acrylic acid
comprising a crystallizing step and/or a melting step. The present invention also

relates to a crystallization system.

10 BACKGROUND ART
[0002]

Conventionally, a process for industrially producing (meth)acrylic acid by
gas-phase catalytic oxidation of a (meth)acrylic acid production raw material has been
known. A (meth)acrylic acid-containing gas produced by gas-phase catalytic oxidation

15 of the (meth)acrylic acid production raw material is. for example. collected by a liquid
medium to be recovered as a crude (meth)acrylic acid solution, and then, the crude
(meth)acryvlic acid solution is purified by methods such as distillation, diffusion,
extraction, crystallization, or the like.

[0003]

20 Patent Literature 1 discloses a method for purifying a crude (meth)acrylic acid
solution by crystallization. In the case where a crude (meth)acrylic acid solution is
purified by crystallization, cooling is needed for crystallizing (meth)acrylic acid from a
crude (meth)acrylic acid solution, and heating is needed for obtaining purified
(meth)acrylic acid by melting crystallized (meth)acrylic acid. However, Patent

25  Literature 1 does not specifically describe a method for cooling and heating in the
crystallization.

[0004]

Patent Literature 2 discloses that cooling water generated by an absorption

refrigerator is used in a crystallizing step when a crude (meth)acrylic acid solution is

30  purified by crystallization. However, Patent Literature 2 does not describe techniques



solution by crystallization. In the case where a crude (neth)acrylic acid
solution is purified by crystallization, cooling is needed for crystalli zing,
(meth)acrylic acid froma crude (neth)acrylic acid solution, and heating is
needed for obtaining purified (nmeth)acrylic acid by nelting crystallized
(meth)acrylic acid. However, Patent Literature 1 does not specifically
describe a nethod for cooling and heating in the crystallization. [0004]
Patent Literature 2 discloses that. cooling water generated by an ahsorption
ot 11 ger at ofdh Selsaobaon T Jat ArrieShiy Bu SREATENE el (RUERTachyl | 6 acid
sol ution is . 3Qpubiidd @dreb ¥t Bk Y stiadrhibZ el @a hddoWRYRMdeviBat ent Literature 2 does
not descri be techniques for stable operation of the refrigerator in the

crystallization and reduction of consunption energy of the refrigerator used
as a heat Sw&ﬁ(ﬁeﬁﬁ?%e- Cl TATI ON LI ST PATENT LI TERATURE [ 00051 PATENT

LI TERATURE apanese Unexam ned Lai d-open Patent Application

Publ i cat 5on PNOEN2QOBERATGRE 10 PATENT LI TERATURE 2

[0005]
PATENT LITERATURE 1
Japanese Unexamined Laid-open Patent Application Publication No.
2008-74759
10 PATENT LITERATURE 2
Japanese Unexamined Laid-open Patent Application Publication No.

2007-277182

SUMMARY OF INVENTION
15 TECHNICAL PROBLEM
[0006]
When a crude (meth)acrvlic acid solution is cooled by a cooling medium to
crystallize (meth)acrylic acid, temperature of the cooling medium discharged from a
crystallizer tends to be high at the beginning and drop as the progress of crystallizing,
20 Similarly, when crystallized (meth)acrylic acid is heated by a heating medium to be
melted, temperature of the heating medium discharged from a crystallizer tends to be
low at the beginning and rise as the progress of melting. Therefore, in the case where
the temperature of the cooling medium or the heating medium discharged from the
crystallizer is adjusted by a heat source device so that the cooling medium or the heating
25  medium is supplied to the crystallizer again, cooling or heating load of the heat source
device changes due to the temperature change of the cooling medium or the heating
medium to be returned to the heat source device. As a result, operation of the heat
source device is destabilized, thereby destabilizing the crystallization operation and
increasing consumption energy of the heat source device.

30 [0007]



Japanese Unexam ned Lai d-open Patent Application Publication No. 2007-277182
SUMMARY OF | NVENTI ON 15 TECHNI CAL PROBLEM [ 0006] Wien a crude
(meth)acrylic acid solution is cooled by a cooling nediumto crystallize
(meth)acrylic acid, tenperature of the cooling nediumdischarged froma
crystallizer tends to be high at the begi nning and drop as the progress of
crystallizing. 20 Simlarly, when crystallized (nmeth)acrylic acid is heated by
a heating nediunLgf be nelteg, %e eraturedof Iheja athn% nedi§n1discharged
froma crystallizel ReRds™ FUBR "oirea it nedBR gioing tﬁe 4 rs¥EY the progress
of nelting. alharefBleds of Nhé NRee@S MvvhiRneist RE prRIRERafMERs abr tRRIueAg! | ng medi um
or the heating nedi um di scharged fromthe crystallizer is adjusted by a heat
source devi ¢acthgcryHancid Hat engbles regueregiibe tanmeratie claag phgeastiag Wadip osuppl i ed to
the ci-ystalljze L | i r..heat i d he.. S e de \ice
changes dueat%%ﬁﬁ%%%%%%%fg]ﬁF%qghgggg'%%“ géggbpgﬁbgnéﬁgﬁﬁ%%rﬁgﬁ%Bheating
medi um t & betabiikiug Aecopeaatibher e atatSoUtE devileib cRbiliAS criastiléisiug tind opkinat i on of the

heat source device is destabilized, thereby destabilizing the crystallization
oper ati on aRBERYREF-cHE; REPEENEE APEPBRIRNEIED: ol hg ARt Qbiciorfr e PEEY ce.

30[ 0007] invention diI'ﬂ?plB(‘i@é q Q}Vsi[a]métgﬂriﬁ'](ged- sQ'QteHﬁatﬁatqgﬁiQesas%mﬂ?%&? Ak @Y Wn f the above

ci rcunst ances, and the object o present 1nvention Is'to provide a process
for produci ngltingephhaas\byistbdeing thhateraioalbl ebeat educd dayice hed tednpenatur e change
of a cooling nedium.or a heating nediumreturned to a heat source device from
a crystal | i 2O HRIEH{ERabi | i zi ng the operation of the heat source device to
stabilize crystallizing and nelting operations, and reducing the consunption
energy. The another object of the present invention is to provide a

crystal | i zabPdNTEYNTEWPRABLEMeal | zes stabilized crystallizing and nelting

oper ati ons Mxﬁjabilizing the operation of a heat source device and reduction
of the consunption energy. 10 SOLUTI ON TO PROBLEM

A process for producing (meth)acrylic acid of the present invention which
solves the above problems comprises the steps of: supplving a cooling medium to a
15 crystallizer from a heat source device, thereby crystallizing (meth)acrylic acid from a
crude (meth)acrylic acid solution: and discharging the cooling medium from the
crystallizer and returning the cooling medium to the heat source device: wherein
temperature of the cooling medium returned to the heat source device is maintained
constant by a first adjustment operation or a second adjustment operation; the first
20 adjustment operation is performed by feeding at least a part of the cooling medium to be
returned to the heat source device from the crystallizer into an upper part of a first
buffer tank and discharging the cooling medium from a lower part of the first buffer
tank to return to the heat source device: and the second adjustment operation is
performed by feeding at least a part of the cooling medium to be supplied to the
25 crystallizer from the heat source device and/or the cooling medium to be returned to the
heat source device from the crystallizer into the lower part of the first buffer tank and
discharging the cooling medium from the upper part of the first buffer tank to return to
the heat source device.
[0009]

30 According to the above producing process, temperature of the cooling medium



[ 0008] A process for producing (nmeth)acrylic acid of the present

i nvention which sob es the above problens conprises the steps of: supplying a
cooling nediumto a 15 crystallizer froma heat source device, thereby
crystallizing (nmeth)acrylic acid froma crude (neth)acrylic acid solution; and
di scharging the cooling nmediumfromthe crystallizer and returning the cooling
mediumto the heat source device; wherein tenperature of the cooling nedium

returned to the heat source devi.ce i § nai.ntai ned constant. by first

] ust ment GPUREL o B 40 BEL SR S QS NP B arSPTbR: TEHE IR SEeDg

adj ust ment  Q@@tAkhOshekFioRET fTOERRAe. LYofiRe HaB Dbrahe heASbuRe RRVEe & edshe cool i ng
mediumto be returned to the heat source device fromthe crystallizer into an

upper part @figaipgd senspuf.f @d aarfk reild dies Spir tpurrg derecec o8l isblyns@itum from a
| ower part ) i huffer tank t . [c vi ce; and
t he second géf%@%ﬁ%ﬁ%%%%ggg%}g%Sﬁgmaégf%?%é%%bggﬂﬁggpgg%gfﬁggééﬁhggpart of the
cool i ng medirgdrddo be supplied to the crystallizer fromthe heat source device
and/or the cooling nediumto be returned to the heat source device fromthe
crystallizel?}ift o the I ower part of the first buffer tank and di scharging the

cool i ng medi um from.ihe. YppeL i%@g%’ogﬁ&né hﬁetﬁjﬁ5§g%gaﬁ fo fnet Qaléntt Qvéfblrn to the

heat source device. [0009] 30Acc Ing to the above producing process,

t enper at ur e comptisee thecths ng swpdiinga heating mediutnoto talveyshdleder Somradeaidevicee can be
mai nt ai ned constant by the first. and second adjustnent operations. Therefore,
cooling |oa eﬁ?iﬂ-%ﬂ%eg¥m§%gﬁégiggéﬂ8§%$ 2 8§FL§zﬂ%ﬁ%%ﬁF%@%%%%ﬁgpﬁﬁtz and as a
resul t, jhhe nR@aRin O B8 GVIIERr GAD r&hdRlgYthWakkingChydtdl i tBé Meat0RFat i on can be
stabilized, and hence, the consunption energy can be reduced. [00101 An

anot her prodeges: fbereprtedprptigg of thethisytEerpedium setirdedotp thewapiosedevi¢aivent i on
conprises the.st.eps ; p 1,Ng; i hg. i 0 talljzer froma
heat sourcegﬂ5@%@%{“ﬁ%%?3§y£#%ﬂggﬁgm%§§5‘%ﬁ?gggéq?%%{%ﬁ%@%éﬁf@gﬁ@ﬁh; and

di schar gi ng titehirh @dfukti@ntl Ope@idh Umpbifa@imel ve feddust &l lbasz @rpagind theheutingng t he
heating mediumto the heat source device; wherein tenperature of the heating
medi um r et ufEENt § hergumedio b tipat soendise tomife A sniHed R8RSR PBY a third

adj ust mgRt  gPLAbLLOBuML: il A" '&hﬂ%hg%{e%%ng%&ﬁ%i iﬁrl G[ﬁ;eP P&rf gr @d) ust ment
operation is perforned by feeding at |l east a part of the heating nediumto be
returned tostdord thefer swokirteeeciday icc thef lamstires dewst ahd ithefourtt oljestmémdwer part 15

of a second buffer. tapk a i schar.gi ng the heati.n dium from an upper part
o fhe somoRBe Bt P e Py e e AR b FE R h BTl £ BT bt

adj ust ment  @Re;@kdlIRR: SRR Al et Ryt CAM B oheMeali@ABEdidm RABS reRfinddNe heati ng
mediumto be supplied to the crystallizer fromthe heat source device and/or

the heat i ng theewpiuaiice dpacerfeqm theety stadizehiatchibatpreopirtef thesdcerd bulfsranke
crystal '2bz €hnd Hltsala%gri]r?g e %ggtilﬁq{lédil(l)gl flIOtl)ne the ?&%}%aﬁu&}ftﬁe" setc%m(buffer tank to

return to the heat source device.
[0011]

According to the above producing process, temperature of the heating medium
returned to the heat source device can be maintained constant by the third and fourth

25  adjustment operations. Therefore, heating load of the heat source device is easily

maintained constant, and as a result, the heat source device can stably work, melting
operation can be stabilized. and hence, the consumption energy can be reduced.
[0012]

A still another process for producing (meth)acrylic acid of the present invention

30  comprises the steps of: supplyving a cooling medium to a crystallizer from a heat source
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20 and discharging the heating nediumfromthe | ower part of the second
buffer tank to return to the heat source device. [0011] According to

t he above produci ng process, tenperature of the heating nmediumreturned to the
heat source device can be nmintai ned constant by the third and fourth

adj ust nrent operations. Therefore, heating | oad of the heat source device is
easily mai ntained constant, and as a result, the heat source device can stably

wor k, nelting.operation can.be stabpjlized, . and hence, the consunpt.ion energy
can be redudgd [grhd tnSBi TheRhefE i€l ar e BB Pehuci ng
(met h) acryl kglu@i: dis@fardiRenP EE&IAR el AKEMEH AR BAEMVRF ARI8Subie; Bt Rndf
supplying a cooling nediumto a crystallizer froma heat source device,

t her eby crystedijun tjthpghepisoniey devise: Feppheish ety medivmdethe seshliaeriyane aci d

sol ution; di rging. th 0l i di I t . iz nd returning
t he coolingh%g ?ﬁ%%@%thgaﬁghbmggﬁgggh%g@%ggghgggSﬁiyﬁﬁggmk@§§P%ggﬁediun1to

t he crystal hicdaim fioamha dieallli2ound ectt@iteCiie Hefgizelydinml i1 g hthieso(uret h) acrylic
acid; and discharging the heating nediumfromthe crystallizer and returning
t he heati ng dREEH URFED R R of S5 reeliedusdiva retyjhed ©ithe eahniorrcadayies i8f t he

cooling mdin&&iﬁt&iﬁéd%ﬂ&&hﬁb@ tﬁe@@id*}ﬁﬁtadﬁl%{eﬁﬁop@&‘ﬁgﬁ 6r ih€ sAREAbA| AR LGRSt ant by

the said first adjustnment operation or the sald second adjustirent operation:
t enper at ur e opératidme tdngztdturg ok bentingtruadnend ré¢torneheo Healicas sunrgeddexiise i s

mai nt ai ned const.ant by the sai hird adjustnent operatjon or.the said fourth
ol Ustront SOy otk B e bt A Aok Sh e R RS iutstiaRt he hont

source d@Vi%Fa@ﬁm"S%@&h&n@@ékb@@&heimO&ﬂﬁgC@%&%ﬁ!%Elkﬁgxﬁkﬁnk@ﬁgcﬁﬂe mel ting
step, crysta I|2|nEboperat|on and nelting operation can be stabilized, and
Ci

hence, the cebisumpkiboth iarks gystellinngstep add thednelfinptey. crsallsang epegatiot her process
for product ng, (IRKMASLYL CaPEL 4Bl AN SR HERSN el AHSIIOR SATPLLSES the steps
of : supplying a cogllng nediumto a frrst crystallizer rom a heat source

devi ce, ther&hyedcrystallizing (nmeth)acrylic acid froma crude (nmeth)acrylic
acid solution; discharging the cooling mediumfromthe first crystallizer and

returning th&'léboling mediumto the heat source device: supplying a heating
medi um 9 a SeCcond ;| another process for producing (meth)acrylic acid of the present invention

comprises the steps of: supplying a cooling medium to a first crystallizer from a heat
source device, thereby crystallizing (meth)acrylic acid from a crude (meth)acrylic acid
solution; discharging the cooling medium from the first crystallizer and returning the
cooling medium to the heat source device; supplying a heating medium to a second
20 crystallizer from the heat source device, thereby melting crystallized (meth)acrylic acid:
and discharging the heating medium from the second crystallizer and returning the
heating medium to the heat source device: wherein the heat source device is a
refrigerator; temperature of the cooling medium returned to the heat source device is
maintained constant by the said first adjustment operation or the said second adjustment
25  operation; temperature of the heating medium returned to the heat source device is
maintained constant by the said third adjustment operation or the said fourth adjustment
operation. Here, in the first and second adjustment operations, the first crystallizer is
used. and in the third and fourth adjustment operations, the second crystallizer is used.
When a refrigerator is employed as the heat source device, it becomes possible to utilize

30  both the cooling medium and the heating medium supplied from the refrigerator for the



20 clystallizer fromthe heat source device, thereby nelting crystallized
(meth)acrylic acid: and di scharging the heating nmediumfromthe second
crystallizer and returning the heating nediumto the heat source device;
wherein the heat source device is a refrigerator; tenperature of the cooling
mediumreturned to the heat source device is maintained constant by the said
first adjustnment operation or the said second adjustnent operation:

t enperature of, the at i mediymreturned to the heat. sourc evice is

mi e ned EoHt R e R DR TS st Rt s de BhPBRuERE Lai d°f ourt n
adj ust ment  QRERRALNAL acilfRfiCbe §&rdabR. hid Sticialpr&Re@HbadiethgiciBRtacARGn At | ons, the
first crystallizer is used, and in the third and fourth adjustnent operations,
the second &eyestizad] i zer is used. When a refrigerator is enployed as the heat
sour ce deVif&n jt becones possible to utilize 30both the cooling nedi um and

t he heating neé um supplied fromthe refrigerator for the production of
(metffiasrylic acindhe @dde brahciEment msidipd filoncresmeligy addohe tdeendperodaliizaron of
(meth)acrylic acid can _be decreased, and efficient production of (nmeth)acrylic

aci d can be °atfd- Adgprefaygd Ayt a part or alljof thereoltsoped iwhi s YetTRNEE 'Y he First
crystalli Zercr\%ﬁiz%ﬂ?ut?l%ﬂ’ﬂgag Y&t @i i mgal{lé‘dnﬂﬁ%g_a'rpan'o%a1P5@é1§héa%q that a part
in d h irst crysta %

d
or all of the coo g ne |un1&|scharge fromthe l1zer is
utilized asnmdsoudisehagkd tilven theatdond crmmtllue isamitizal par souore @lthe ofolinpe heat i ng

medi um di scharged frgmthe second crystallizer is utilized as ource of the
Cool i ng. medPHAIT n 1§ feass S8 cophias BebimAgY e B iRSiLHy S0w s 8t ur o
retai nedoi nphitg@ ik is thol Bkddufof & rapARKeonSunAt byl th& @ikdY allj@stRent @REEbY :angonsumed by

the first adjustnment operation, and the heating medium having high tenperature
retai ned i nticnwagroadivibdfliag Mginkmperatyes refajne 1y thegegrad rlhaigediagk iscetsuned by

the third adjuys nt .aperation. . . ' S 1D the
ef fects of '#§>%ﬁ?g%wgﬁ&O?“Fﬁgbgﬁ?ﬁ@?ﬁ%ﬁﬁmg%épagﬁgﬁg g&%aékébﬁg%mg%r a | onger

period. In addivld tas the kefe@apadiet fireSanaf third adjustiesr opeaiikss at exatddent @ be
| essened, 15 thereby being,able to reduce the constructjion cost. Further,
oper ati on of°NgHePsiidt Wodeidiandde ciragitiey af the fuie Brly ¥aablpdo bt Kpiersdzed and the

consuMplison (R i @ ofi0g, NSRE. SRIEGRrAGKH Bl T ELAIHSTALAL) Saft. hey decr eased.

100151 Concernihg ar utilizing the cooling nmedi uman eating
medi um as 2Qourbredenireu@dirigmaiong egn be tstabibizgulr @fdethe echstmationt frergyod] thergeatredi um

di scharged fromthe fifgst cr st%llizer s utilized as the source of the
heating nedrUtf éﬁepgﬁﬁg?ﬁFﬁ?@ 6t ool i ng medi um di scharged from t he
first ctystaddisger is higher than that of the heating medi umdischarged from
the second crystallizer; and the heating nediumdischarged fromthe second
crystallizer is utdicpmey aaylettheudigingdke gfoling medionl dnd ghafediingvingdien a8 enper at ur e

O e B S L3196 85T WA S BB SIS 85 besherer < han
crystallizer is utilized as the source of the heating medium when temperature of the
cooling medium discharged from the first crystallizer is higher than that of the heating
medium discharged from the second crystallizer; and the heating medium discharged
from the second crystallizer is utilized as the source of the cooling medium when
25  temperature of the heating medium discharged from the second crystallizer is lower than
that of the cooling medium discharged from the first crystallizer.
[0016]
Concerning the rule for utilizing the cooling medium and the heating medium

as the mutual sources, it is also preferred that the cooling medium discharged from the

30 first crystallizer is utilized as the source of the heating medium when temperature of the

6



[ 0016] Concerning the rule for utilizing the cooling nmediumand the
heating nmedium as the nmutual sources, it is also preferred that the cooling
medi um di scharged fromthe 30first crystallizer is utilized as the source of

t he heating nmedi um when tenperature of the cooling nediumdischarged fromthe
first crystallizer is higher than a predeterm ned tenperature between
tenperature of the cooling nmedium supplied fromthe heat source device

(refrigerator). and tenperature.of th eating nedi ym su plig% fromthe heat
Sour ce devi GedtRdred GERRE Yt dofrsheRtRe medtati BrEaHAFGEI P Pom ¢ he
second crystahdeta@e bbiSiebtt lehip2@ehrast hdeoctiay he@ivaf suppeedcsh Rthendiuiem When
tenperature of the heating nmedium di scharged fromthe second crystallizer is

| oner than thdcypfreldiseaion pudtenepiserariifhe lisatingemadivanpepligdufrendhe bept cool i ng
nmedi um suppl_j fir . h .soyr j C refri o) erature of
PEEhE SHA BOFR5RY S 2 A BsbpBLUASSIRL T S5 R

t he heating medi um Su om t refri or).
10[ 0017] 5  crystallizér i&heilipfdogseds sbate pf oduoblg: hsditim) wledhytemperaiedofothet he present
invention, it is preferred that the first buffer tank retains a certain anount

t { . .
of the cool PAYNAEHTL ditdraregbendrpigradronysitiicer slarsdha hegrreddmibunt of the
neat 1 ng medidiBer A0 beAel, RinpbificAAh: BLIEHMMT ShBADORM hllf: Hlfes! Duf fer

tank and the heating nmediumretalned int ond fer tank has a

t enper at ur e dgvied{refnigeswchartdh@tmpantugp pe theganting methnghsupplngdefran thehentd a [ o er
part is lo -te rature. Thereby, it beconmes easy to maintain tenperature of

t he coolingsﬂﬁgﬁﬁﬁw85e§ﬁ§mﬁﬁéting medi um constant by the first to fourth

adj ust mgnt omarptions. [0018] 20Tenperature of the cooling nmediumreturned to
the heat source device is preferably adjusted depending on tenperatures of the
upper part and tha thowecespder produciige(nedvtaryly seedpiuthe pesserit nagniion. tthe fir st

buf fer tank t r _he_heat | i turned he heat source
device is pPS%%%%S&§R§%?%§%§%PBE%gﬁﬁgﬁgC%%%%%ﬁgﬁﬁg¥ﬁgé§°%¥g?%ﬁmépﬁér part and
the | ower pagdond®hbufrdretafieadidimnga g&ehinamb@it aif niedhdafing hedhac and chikf ffethet ank. By

t he above operations, a flow rate of discharging the cooling nediumor the
heating medCRtHPHARIHYG: Figteddr theditsttbetpeiral tidehs bestng medipir et dhkeis
20 25 20|, SLCE! T, R .l Ut s oper atons
high-temperature and a lower part is low-temperature. Thereby, it becomes easy to
maintain temperature of the cooling medium or the heating medium constant by the first
to fourth adjustment operations.
[0018]
20 Temperature of the cooling medium returned to the heat source device is
preferably adjusted depending on temperatures of the upper part and the lower part of
the cooling medium retained in the first buffer tank, and temperature of the heating
medium returned to the heat source device is preferably adjusted depending on
temperatures of the upper part and the lower part of the heating medium retained in the
25  second buffer tank. By the above operations, a flow rate of discharging the cooling
medium or the heating medium having high or low temperature from the buffer tank is
adjusted, and hence, the effects of the first to fourth adjustment operations can be
exerted for a longer period.

[0019]

30 It is preferred that the first buffer tank is provided with openings at the upper
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30It is preferred that the first buffer tank is provided wth openings at the
upper part and the | ower part thereof through which the cooling nedi um passes,
wherei n di stance betw een the opening at the upper part and the opening at the
| ower part of the first buffer tank is equal to or nore than a maxi num
cross-section length of the first buffer tank, and the second buffer tank is
provi ded with openings at the upper part and the | ower part thereof, through

whi ch the heating nmedi um ses, erein.di stance between the opening at the
Upper part SHA PRACEEA R e oRe I aREe il B SP Frra el e P b Ak i s
equal to or JARh&: bdREenahdBdneM HeQPpergRftan® el BRALY ahe IR pREBNGe DUF f er
tank. Thereby, the tenperature gradient is easily generated in the cooling

medi um or t Hest thelen tagk resdinglrip ros thagirg 8yn jarmayau résereqtign fenghh of the first cal
direction, anpg. it .1 .l nt.akn. . t e cooling
medi um or t%g%ﬁé%#f%apﬁéggﬁﬁq?@%%g%%dgﬁg\F%%“#éggaégﬁgggﬁdg@g.%Lé%?stant.
[0020] 5 the [bher pirodieedongthpiugl edfichothe tHegtiyr @sdini passes Nivh@ein ndgtariceir t her
conprise the steps of:,dehydratingwglycerin or 2-nethylglycerin to convert to
(et h) acr ol EFRCCRiRg BRIRE 3 (g UARST PRE AphBE KPguRLIdhh G BhoklE st ¢ net ) acrylic
aci d, t her ElBMfo'bttaﬁl ful &%alt f&eorcﬁlb’lqethmtn%ﬁﬁﬁd lchﬁ: &k §éﬁ%ﬂ\t bOfle s«gondt he
produci ng process of the present 1 nvention nay further conprise the step of
dehydr at i ng bhifelr @rly propirabRi the aengerature? grrdichty &- Swsity @eimexatpd opitlenceliagi d t o

convert to t h)ac ic acid, there bt ai.ni ng the crud meth) acrylic acid
ol vt on. iy hesfng Setyim B0kt 1 B8 bRk dd e oAb, ng
process 10f HE@nRE 8HEMN mhidd@Nthe RhpRBRYIrOSf AOLRIAE FheBYimSI Gl REDHAREEMSN [ 002]

The present wention al so provides a process for producing a hydrophilic resin

or an absor ibvwned edhaheaconfseidsyiprrontiantst ep of pol yneri zi ng a nononeric
conponent(s%(bg | uding the (nmeth)acrylic acid obtained by the producing
process of %e gresent i nvention. Wien (nmeth)acrylic acid obtained by the
produci ng pr ocessTiefprédiging pesetofithvigsdehOinvdnsion 8Rd f@theBcdmideie seps produci ng
a hydrophilic resin such as an absorbent resin and a water-soluble resin, the
pol yner i zat PbileheEiing gl cpréh izsmpdnylghRertor Ica ek (Bereelring fnd Medigfdr ophi | i ¢
resin i §5StAR LhaflerollRE R APEON BB ALRTE NS PHORE! tbBALGH: afug@bsor pti on
per f or mance an Ispersibility of inorganic substances. 30[0022]
(meth)acrvlic acid solution. Or, the producing process of the present invention may
further comprise the step of dehydrating hydroxypropionic acid or
2-methyl-3-hydroxypropionic acid to convert to (meth)acrylic acid, thereby obtaining
the crude (meth)acrylic acid solution. The crude (meth)acrylic acid solution used in
20 the producing process of the present invention may be obtained by such processes.
[0021]
The present invention also provides a process for producing a hydrophilic resin
or an absorbent resin, comprising the step of polymerizing a monomeric component(s)
including the (meth)acrylic acid obtained by the producing process of the present
25 invention. When (meth)acrylic acid obtained by the producing process of the present
invention is used as a monomer for producing a hydrophilic resin such as an absorbent
resin and a water-soluble resin, the polymerization reaction is easily controlled and
quality of the hydrophilic resin is stabilized, thereby improving various properties such

as absorption performance and dispersibility of inorganic substances.

30 [0022]



A crystallization systemof the present invention conprises: a crystallizer
provided with a heat-transfer surface and having a nmedi um present part and a
crystal -present part partitioned by the heat-transfer surface; a heat source
device provided with a cooling medi umsupply port connected to an inlet of the
medi um present part, and a cooling nediumreturn port connected to an outl et
of the nmedium present part; and a first buffer tank provided with an upper
openi ng connected,to the outlet of the nedium present part and the cooling
medi um ret urn por?, TEHYIAUP R P A ﬁ&r%ggﬁnlgb‘?“élantC(S’mtpE‘%escé‘oTr?Sr‘i?jn??édi um suppl y
port and/ or pifiRie@Uuiltieta QbartthBsiBE dii¥e PARS BRinP Al nediléh-§rBRNC ORI 4@ a

medi umreturn port. By using this crystallization 10 system tenperature of

t he cool i ng cre@l-piesenetbat nagtittoned e Heaicakibystee tefidec e bemy oBrcaedenitcai ned
constant. Therefore,,cqol] I - of , t evi.ce .S Ly

mai nt ai ned @%ﬁgegnﬁﬂyt eﬁéﬁﬁ% g?g%‘ﬁ?&Pgiggﬁsfégggg?pér orﬁ%% Pﬁa%ﬁe

cryst al | 6zemedandp@snapireul ta, coblvg Medtmseurcgortdesnneted@nanséalel yf thor K,
crystallizing operation can be stahilized, and the consunption energy can be
reduced. 15[@Fdpigypresent part: Apd a et Relfer dpnfigirayifsd with Ynurpysersmngreonsetedr esent

| nvention CoRtCl SRS oftuE It blAEH pRF AL RS IR AeclfRtalih ARR! Ghy furface and
havi ng a nedi um present part a a crystal -present part partitioned by the
heat - t r ansf é&rves wptace cormetiehto the wockengdavdige-spp@y ipde diniviot theaouitleiaddi thg

medi um suppl ort connected to an inlet of the 20 nmedi ympresent. part, and a
noat | no. mediTARREVEA BBt 4% dut e b AR B\ ot Bor ok aeh P Baent part
and a segondydput fighpdratke ATRYEGBHg WellRinRRoHRIEH (RO BELIrEONRREt @6 kO the

heat i ng nedlun}suppfy port and/or the outlet of the medium present part and

t he heat i nghriddings eavignth Jdeteloranepoling deadr ofo fienhaal sewpndetiedd is eastlhie out | et of
t he nmedi um ent [ el i i r ) L, BY Lng this
crystalIizag%%ﬁm§§gggﬁ%nS@%%ggépgggbgg%Fﬁggh%g%ﬁﬁégwg%ggﬁépggﬁpﬁégato t he heat
source de \ irggltaBfhde sdiéeictichesh s hvarnt cryihivel epeaatidieahivegtabidiagh. of t he heat
source device is easily maintained constant when the nelting step is perforned
in the crystad e seisumpiien Agrey cpplyefucedne heat source device can stably work,
mel tinggper@pkpn can be stabilized, and the consunption energy can be
reduced. 30{0024] A still another crystallization system of the
present inventi onAcompthess esstabizetions wsitdni zer thpr mesedednwntidn golnpadest nansf er

surface and havjing a nedi ul esent part. and crystal - present par
parti t 1 oned By KE Medret V& e Tats i atdactan it Rt BHIFER MBVPEe provi ded
with a cool ianGydmRGrdiBht SHRPhHiRMeY tsoMmBachathnt@r afticB! ftheftf sout@ dEe@Eum present
part, and a cooling nmediumreturn port connected to an outlet of the
medi um pr es@rtviqsdr tvithg asbeasing hediinspnplse Pddv cowmegedvioded wildthoh theat i ng
medi um syppl g ect tio the inlet o i presen rt, and a
heatingaﬁedfﬁggﬁééﬁgﬁp %ﬁfﬁggﬁﬁg%géneﬁggfﬁ%Ib%??%$3%¥&¥%e ﬁ%ﬁ%ﬁ%}%?esent part:
a first buf hediviapissdpr puitdes W tdao@n buff@ernopeiNing aannacupskrt @ehiag out | et of
the nmedi um present part 10 and the cooling nediumreturn port, and a | ower
openi ng confe¥eead {hthe heatpgansdignwerpbupers sty the aytet ghirdrediHaPisintet of t he
med urm pr s gat aRAhE hatfls bl PRI GolGHI Y bLBAM Ahhccr AN iR cifGoRd buf fer
t ank providgg&mnt an u permopenyngodonnecfed Folﬁﬁg ﬁgating negﬁun}supply
port and/ or thehenedwii-piesenf patie amd dhairhepires erdivpardurangbrt he Bheadinghghis
nediun}returnvp rt, and a lov'er o Fﬁ%gg connected to éhe og%let of 15 the
nediun}5Pes§ﬁ§agﬁwﬁmdﬁﬁaph@HW@QPFﬁg _ ﬁﬁgﬂﬁ? WﬂrﬁHPF.K%WE_ ﬁﬁﬁbmfo t he above
system eacReli&RaLa AR bRk 00T HeRGo Bt 18R ttRendiedticRdeTBRAE UM r et ur ned
to the heat source device can be maintained constant. the heat source device
can stably ‘silpmaitioadl donstarievhen yhstradliinezitangs asréormed tni thg copeltiaer @dss t her eby
> tﬂg?bl{' i;gggterg]s?let%ééé géd@'so'él'éc%'dggigéi‘é‘a% JBLNAL. QRREALILMSN AP LG £QNRYMPLI on

the consumption energy can be reduced.
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A still another crystallization systemof the present invention conprises: a
first crystallizer provided wwth a first heat-transfer surface and having a
first mediumpresent part and a first crystal-present part partitioned by the
first heat-transfer surface; a second crystallizer provided with a second
heat-transfer surface and having a second nedi um present part and a second
crystal - present part partitioned by the second heat-transfer surface; a
refrigerator prov h a co medi u up port connected to an inlet
of thectiret heaiaprel: SRR S HeaRrte PG R ORP Sonhoct ed o an
outlet of tReshilfstpbBMINIPE BSRFndR shsfac® aR@ B8iNGa ARSLMPredRR vt 0T t
connected to an inlet of the second nedi umpresent part, and a heating

medi um r et uﬂﬁ“@@b@feﬁe%mmé@tlé@leﬁlcb‘ dbe lat-irenslessurfise: asBsbhral prsdsederiseesent part
a first buff nk..pro a per .o [ connec t he outl et of
the first ngé“mka ngent¥&9% %%%R?%ﬂmgﬁ %Dn B&Gﬁgg%}gegﬁr%ﬁg ? ghand a | ower
openi ng sonm&dhﬁdpﬂe@nt pat. caﬁcblal d@ghﬂ@ﬁiedmmsuqaﬁi orp edrihedddoodn (Blhlet outhbet of the
first nmediumpresent part and the cooling nmediumretum port; and a second
buf f er t ank M5AB- Pfé%?nan R ot EPREE TperiPHEE civirsc PEYIdes t‘HB AeBtdURY

medi um supply. Rl §up?nq%g{ coﬁlﬁé‘cteg%'tﬁé ind of i ﬁ@&QﬁgaréE@fQ' ' LS RLkinpart and the

heating nmediumretu t | ower opening c necte "to the ottlet of the
second nedlmnﬁpmesﬁmmppambmammdmhﬁmhﬁﬁwuwgmﬁmdﬂmmrmeumrpmporﬁmtVW%m a
refrigerator t he heat source device, COMEeS OSSI bl e t hat

enpl.oyed a
R B R cT R e R B P e et G R AR DRt e

crystal ljpzi ngq @{ée&%hflﬂleaﬂﬂl -tefign Beal hita MR UdPesing CHaTaRE b emddigg
refrigerator are used in the nelting Eeratlon and hence, the consunptlon

energy for mﬁéu@rg}@phl Pary jandyora g @rélletp gheop?@dlamrmwntcaﬁt@@ddl@cﬁ@&@éd and

el izod. | OBRTTERrS ke PF, SOUEhR: bl T A TR I8 ANSPRY RRReE o °

di st ance betweeaed |ﬂﬁthlﬂFhl@ﬁfngQﬁ@lmd‘ilgu@ﬂ\dpdrh@nd/@Vﬁé oGenf 0g m@lmﬁ@fe@élﬁbl y equal
to or nore than a maximum cross-section |ength thereof Thereby, a tenperature
gradi ent i s PaAan] fie heatiap sredyn-iiurheote 381 R IRy SFreBsiie ©Rngckd th é]&tqllﬂa %edi um

retai neqsi g fiih Rk 30 b RALLIEAwlAGELHAN, aalflind ARCARS. easy to

mai ntai n the tenperature of e cool 'ng nedi um eating 20nmedi um

ret urned t o ststen kedt eisparnioe odi ¢hei coelirponstian tnd ROVANTAGEQUS ERFECTShOF | NVENTI ON

[0027] heat source device can be maintained constant, the heat source device can stably work
both in the crystallizing and melting operations, thereby stabilizing the crystallizing and
melting operations, and the consumption energy can be reduced.

20 [00253]

A still another crystallization system of the present invention comprises: a first
crystallizer provided with a first heat-transfer surface and having a first medium-present
part and a first crystal-present part partitioned by the first heat-transfer surface: a second
crystallizer provided with a second heat-transfer surface and having a second

25  medium-present part and a second crystal-present part partitioned by the second
heat-transfer surface; a refrigerator provided with a cooling medium-supply port
connected to an inlet of the first medium-present part, a cooling medium-return port
connected to an outlet of the first medium-present part, a heating medium-supply port

connected to an inlet of the second medium-present part, and a heating medium-return

30  port connected to an outlet of the second medium-present part; a first buffer tank

10



According to the process for producing (nmeth)acrylic acid and the
ci-ystallization systemof the present invention, tenperature change of the
cool ing nediumor the heating nediumreturned to the heat source device from
the crystallizer is | essened, the heat source device can stably work,
crystallizing operation and/or nelting operation can be stabilized, and hence,
the consunption energy can be reduced. 30 BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 00281 Fjg. .1 shows a crystallization system conprising a heat source
devi oe whi RS lR B APETGPPIEE SEGTAA A aP YR I Lor PaHE A LT €8 buf f o

t ank. and™ Q- co%li%@@%itﬁl-f@ﬁllﬂ%@rtf fkd HIbWG d@ink ichadecRufd @he tatlikgi N the case
where the cooling nediumto be returned to the heat source device ﬁas hi gh

t enper at ur e medium-suppisi pyrt WdoR diesoudleineltthobirst srediygrimgsenhiarf indghe perliper tank in
the case mg{eﬁiu&lﬁ%uﬁ‘g Ogolrtggangeglslé' onEl Obtﬁfer rtgt]ilUr nggdelélowhﬁeanh%@ger s(%%fnﬁg devi ce has
ure. ig. Shows @ cryst a1 ste m

| ow t enpera rys I zat1 on sy m Co ising a
heat sousce colértie twhihehhauppl meBua-stigatd i pogx ERdbUNe dutdtyst ahd is@hdand a

second buffer tank. 10Fég. 5 shows a nethod for using the second buffer tank
in the caseWABYEPEREt patt MHg thee BealRe t BBty RRE £ th& Ve RPe8BEr ce devi ce

has |ow t enpelALUg € the outletTbf: 8 SROWS &dﬁfr‘ﬁ-gf%genft Oéar“ -El]gth%hﬁe:ﬁiggond buf f er

. t 1
tank in the case where the %eatlng mediumto be returned to the t source
devi ce has medhint-empemparn eWhen a refrigerator is employed as the heat source device, it

becomes possible that the cooling medium discharged from the refrigerator are used in

10 the crystallizing operation and the heating medium discharged from the refrigerator are
used in the melting operation, and hence, the consumption energy for the crystallizing
and melting operations can be decreased. and efficient performance of the crystallizing
and melting operations can be realized.

[0026]

15 In the first buffer tank and the second buffer tank, distance between the upper
opening and the lower opening is preferably equal to or more than a maximum
cross-section length thereof. Thereby, a temperature gradient is easily generated in the
cooling medium or the heating medium retained in the buffer tank in a vertical direction,
and it becomes easy to maintain the temperature of the cooling medium or the heating

20  medium returned to the heat source device constant.

ADVANTAGEOUS EFFECTS OF INVENTION
[0027]
According to the process for producing (meth)acrylic acid and the
25 crystallization system of the present invention, temperature change of the cooling
medium or the heating medium returned to the heat source device from the crystallizer
is lessened, the heat source device can stably work, crystallizing operation and/or

melting operation can be stabilized, and hence, the consumption energy can be reduced.

30 BRIEF DESCRIPTION OF THE DRAWINGS
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Fig. 7 sho s a crystallization system conprising mo heat source devices, one
15crystallizer and two buffer tanks. Fig. 8 sho \Ns a crystallization
system conprising one refrigerator. crystallizers and no buffer tanks.

Fig. 9 shows a crystallization systemconprising one refrigerator, three
crystallizers and three buffer tanks. 20 DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS 10029] [1. A process for producing (neth)acrylic acid] A
process for ﬂucing (meth)acrylic acid of the present invention conprises a
step of sup&ﬁ?g g a cooling nediumto a crystallizer froma heat source

devi ce, thereby criyst ahdvszd BsthiPAion acdhicempadifl hmes Bucs Wegcd fBich) acrylic
acid solution, that step may be hereinafter referred to as a "crystallizing

step", and/ 6¥prdest eqoling medipwl yemgaltizasand o At el tkt o a crystallizer froma
heat sour Ce. devi Cﬁg. £ l%\\eszn loElileguﬁlq te.afllr!sti Igl? r&aql?\tg) %‘8%% i\\%e?ectihg’ that step
may be hereinafter~referred #%las a ﬁ%ﬁ%lng s{ep k401
5 cooling medium to be returned to the heat source device has high temperature.
Fig. 3 shows a method for using the first buffer tank in the case where the
cooling medium to be returned to the heat source device has low temperature.
Fig 4 shows a crystallization system comprising a heat source device which
supplies a heating medium, a crystallizer and a second buffer tank.
10 Fig. 5 shows a method for using the second buffer tank in the case where the
heating medium to be returned to the heat source device has low temperature.
Fig. 6 shows a method for using the second buffer tank in the case where the
heating medium to be returned to the heat source device has high temperature.
Fig. 7 shows a crystallization system comprising two heat source devices, one
15  crystallizer and two buffer tanks.
Fig. 8 shows a crystallization system comprising one refrigerator, two
crystallizers and two buffer tanks.
Fig. 9 shows a crystallization system comprising one refrigerator, three
crystallizers and three buffer tanks.
20
DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0029]
[1. A process for producing (meth)acrvlic acid]
A process for producing (meth)acrylic acid of the present invention comprises a
25  step of supplying a cooling medium to a crystallizer from a heat source device, thereby
crystallizing (meth)acrylic acid from a crude (meth)acrylic acid solution, that step may
be hereinafter referred to as a “crystallizing step”, and/or a step of supplying a heating
medium to a crystallizer from a heat source device, thereby melting crystallized
(meth)acrylic acid, that step may be hereinafter referred to as a “melting step™.

30 [0030]

12



In the crystallizing step, a crude (nmeth)acrylic acid solution is cooled by a
cooling nedium supplied to a crystallizer froma heat source device, thereby
obtaining a (nmeth)acrylic acid crystal. The obtained (neth)acrylic acid
crystal may be separated or collected by any solid-liquid separation neans, or
may be nelted by any nelting nethod. Preferably, the crystallized
(meth)acrylic acid is nelted by the bel ow described nelting step. [0031]

No particular limtation |s.placed on ,the crude th)acrylic acid solution
ohi o 15 oryst al 1B PRl Bolfe i Rgtattl SERabRE & tiudheeny acrvi 1 c
aci d sol uti @solhQ ncainbQippndd (8 QlcHkiafDeCRdth 8inBdt ReUrt R ik AR&Yhy dbtAsihgdaand an _
impurity thereof Exanples of the inpurity include unreacted (neth)acrylic acid

product i on f@agherbe agl srystl.c olheedbtainsd (metvdce ligendidusry @ ey bgateerraigd the |i ke),
acetic acid, i Qnj.c.aci mal,ei i et.one, ,.acr in, furfural,

f or mal dehyd8" gﬁ%@i"’ﬁ@}ﬁ“kesf’g‘f'ﬁg‘g%] eﬁ%ﬁﬁ&éqﬁaﬁgeﬂ%&%t 3%‘8&%/‘1?%”&‘2(:%‘1‘81“5 | ution
preferabby hasodnmet Prdaatyil.i ahacistglonge NifeahicdnicofacBO irasrledr byrothe, nore
preferably 90 mass% or nore, and further nore preferably 95 nass% or nore.
Wien the (mBelR)ersIbr¢ mskingsebncentration is 80 mass% or nore, crystallization
of the crudﬁxgqpth)acrylic acid solution is facilitated. Meamhile, the upper
limt of the (neth)acrylic acid concentration is not particularly. 20limted

[ 00331 | N Nhearmehlar hguisti@pis plngedt @l thezeddq (eethpachylatid sbitidni s heat ed

Cher eby el . TREILPRLPAN irSui (YR g1 sl USEg s RAHGTRBI t i g st ep
may be qbt aicﬁlﬁge_ !uﬂ dolRioRREMEnEE $MmEIRRA 16 ra}{iﬁt;ﬁh lah 1ﬂ1§\91t§ﬂ_%¥bo_f.0rEx lbe obt ai ned
by any crystallizing method. In the present invention, it is preferable that
t he (et h) aef yhd émpwite laelyda anregindaimetarmlie Meidc papductioni pivngatetialp s nelted in
the melting c§ﬁe%80n 1[1c99d3 %%dium (e.g. water or the like), acetic acid. propionic acid, maleic acid.

acetone, acrolein, furfural, formaldehyde and the like.

[0032]
15 The crude (meth)acrylic acid solution preferably has (meth)acrylic acid

concentration of 80 mass% or more, more preferably 90 mass% or more, and further

more preferably 95 mass% or more. When the (meth)acrylic acid concentration is 80

mass% or more, crystallization of the crude (meth)acrylic acid solution is facilitated.

Meanwhile, the upper limit of the (meth)acrylic acid concentration is not particularly
20 limited.

[0033]

In the melting step, crystallized (meth)acrylic acid is heated by a heating

medium supplied to a crystallizer from a heat source device, thereby melting. The

crystallized (meth)acrylic acid used in the melting step may be obtained in the
25  above-described crystallizing step, or may be obtained by any crystallizing method. In

the present invention, it is preferable that the (meth)acrylic acid crystal obtained in the

crystallizing step is melted in the melting step.

[0034]

In some cases, a sweating operation, by which the crystallized (meth)acrylic

30  acid is partially melted and impurities present between the crystals or on the surface of

13



In some cases, a sweating operation, by which the crystallized (nmeth)acrylic
30acid is partially nelted and inpurities present between the crystals or on
the surface of the crystal are washed away, nmay be performed for the purpose
of enhancing the purity of the (neth)acrylic acid nelt when the crystallized
(meth)acrylic acid is nelted by heating; and in the present invention the
sweating operation is included in the nelting step. [0035] In the

present invention, the crystallizjn te nd the nelti step nmay be

Bl tor nat el Tl alf WS DI o PerfERL By b Giont HorDstisy BEPYT < aci d wi ¢ h
hi gher puri ty if0@28dacdtARNYcid 8l SIRUMMBE cAeMIITE] ¢aRhfAeyHS a6ldiif nidied By oduci ng
process of the present invention as long as the heat source device is capable

of cooling bhpaingowd]indenseietinnamdpbrihhesalipngonddionaatichgediadhameltipg t he case
where the he % source device supplies either the cooling mediumor the heating
medi um a heat” source device for a cooling nmedium that supplies the cooling
medi um or @od3ept source device for a heating 15 nmedium that supplies the
heating medium is used as the heat source device. Exanples of the heat source
de \ice include a'nfif Prasepsdmentiviedhe expinge stepmodrhe meftingudsn B8y §&s or steam

icz O:J?ﬁg f‘f} eﬁlé%ngh}jlﬁ391%%%?ijnrlﬁh{?;ﬁ@?i%elh@leﬂé&@tobt%ﬁ’i‘ﬂ{gc(“r‘ne%é{d'rﬁ?c MRy B Garabl e of both
purity.
[0036]

10 Any heat source device can be used in the producing process of the present
invention as long as the heat source device is capable of cooling the cooling medium
and/or heating the heating medium. In the case where the heat source device supplies
either the cooling medium or the heating medium, a heat source device for a cooling
medium, that supplies the cooling medium, or a heat source device for a heating

15 medium, that supplies the heating medium, is used as the heat source device.
Examples of the heat source device include a multitubular heat exchanger in which
liquefied gas or steam is used as a heat source.

[0037]
The heat source device may be capable of both cooling the cooling medium

20  and heating the heating medium. As such a heat source device, a refrigerator can be
employed, and specifically, a refrigerator which supplies the cooling medium and the
heating medium simultaneously is preferably used as the heat source device supplying
the cooling medium and the heat source device supplyving the heating medium. As the
refrigerator, an absorption refrigerator (e.g. an ammonia absorption refrigerator, a

25  water-lithium bromide refrigerator, and the like), a compression refrigerator, an
adsorption refrigerator and the like can be used. When the refrigerator is used as the
heat source device, both cold energy and heat energy from the refrigerator are utilized
effectively, thereby reducing consumption energy of the heat source device.

[0038]

30 The cooling medium and the heating medium are not particularly limited, as
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20and heating the heating medium As such a heat source device, a refrigerator
can be enpl oyed, and specifically a refrigerator which supplies the cooling
medi um and t he heati ng medi um sinmultaneously is preferably used as the heat
source device supplying the cooling nediumand the heat source device
supplying the heating nedium As the refrigerator, an absorption refrigerator
(e.g. an annnnia absorption refrigerator, a water-Ilithium brom de

refrigerator, t he ssion ref era ads tion

ot 11 ger at ofdnsn hehaa iR g sEOEBLBE huR ant e e RER BeralBrefetiBea ns « ne
heat sour ce pelRMEiRE (mBRTaBryHOhEd e My ofRE nd8Rin ﬁa\ebgmefsraﬁfmsfw difef&drgerator are
utilized efPectlver t hereby reduci ng consunption energy of the heat source

device. | oo@@]n BotRng @?@dhllh?g Fredi~amplenid thheashehberp ﬁtj Cﬁr@mgmwcwé angbhe
particul arl %eatfnﬁ d& ?cﬁulﬁ are t n%s etth déﬁl’l 1y colf%géeoug soluﬁ e?[ﬁ %1u<!zortllst he heat

source device a |zer acr acid. The
cool i ng med|s@1m1¢mynebﬁn<tlh@1&amlat$onobr ﬁilbflﬂ\EESQH;Ed iy thB’lcb(hﬁlghﬁa'ﬁlhlnmgnd’rﬁdl um For
exanple, in the case where the cooling nmedium and the heating nediumare the
same, et hyl SpINgMFERIN. 3 JOEBIEP o NS eﬂ«ie “@Ffwmtﬁf ahokbesodige def i3 is et hanol

aqueous SOl Wi . as ArsohlE of {hlé‘?le&tﬁlg‘{ﬁ&ﬁimﬁ‘a paept ?P&'ﬂlr@tﬁ@ﬁéaﬁﬂg ﬁl@@luBﬂ? heating

medi um For exanple, I n the case where of the cooling nediumis
utilized asualizdus eeowfe ¢l dvohid mgdimmdasulepcridedibdoypahd cootin@inkdiofm anthe heat i ng

mediumis utilized as . a sour%‘ ﬁ% t he cooling nmedium as described bel ow, the
cool i ng meditfhicaHt PHWMR S  HEfiSiAPSr e preferably the sane. 10100391

In the gase[where the producing process of the present invention conprises the
crystaII|2|ng step, the producing process of the present invention conprises
the steps of: supplth ¢nge where dici meduewdipireetsoof dhechrgssntanydnyien cgmpsesathheat sour ce

Sorice, nLEIELYSL AL b FLIRLIBLIESHHL I LS CAmAaSLE LD aer vl

aci d solutlon allizer and

returning thepsesd iangoleginaiin® té mecﬂ%ﬁamlze&omslﬁea deati @arcerbelceoﬂieteBg medi um
whi ch has been returned to the crystallizer is cooled by the heat source de
\ice and ag&Pntaligpsl (ehrentinercd viiam) ¢ Sede (&’G@KGTIITeﬁ%‘ér%MPé ddt he cooling

medi um disc G%E& Q?é @ %61&% rI]lIIb%& 1 fiB rtﬁ’@crdﬁé(lh?e? ahcfre%ﬁmﬁ%%he%@&%ﬂr%gﬂic?\%y limted,

as long as it i s |ower e nelting point o acrylic aci d
sol uti on. Theﬂneh@nmgmp@uhhc@f'ﬂheamhwdax@nmlhwm@wy$lmwaawmnEdIMt%en changes

depending on th urit osition and the neth) I|c id concentration

Cher eof | Fornslivpi stoadip heRatipiRde s wodsrb Pl Sl il B0 rmesos t o 05

mass% of aCWMMDﬁ acid and water as a npbst conponent of |npur|ty has a nelting
a

poi nt of nore than -5C and 135C or |ower, generally.
Temperature of the cooling medium dlscharged from the heat source device is

20 not particularly limited, as long as it is lower than the melting point of the crude
(meth)acrylic acid solution. The melting point of the crude (meth)acrylic acid solution
changes depending on the impurity composition and the (meth)acrylic acid
concentration thereof. For example, a crude acrylic acid solution containing 80 mass%
to 95 mass% of acrylic acid and water as a most component of impurity has a melting

25 point of more than -53°C and 13.5°C or lower, generally.

[0041]

The temperature of the cooling medium discharged from the heat source device
is preferably -5°C or lower, more preferably -10°C or lower, and preferably -40°C or
higher, more preferably -30°C or higher. As described above, the upper limit of the

30  temperature of the cooling medium discharged from the heat source device is needed to
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[ 0041] The tenperature of the cooling nmediumdi scharged fromthe heat
source device is preferably -5C or |ower, nore preferably -10"C. or |ower, and
preferably -40C or higher, nore preferably -30C or higher. As described above,
the upper Iimt of the 30tenperature of the cooling nediumdischarged fromthe
heat source device is needed to be lower than the nelting point of the crude
(neth)acrylic acid solution: however, the tenperature of the cool i ng nedi um

di schar ged ource d ceisp ower . so that the
arount. of t i TEkss TP Bk i Ped bl BR R ER Y RE TS tese o much

i ncreased ar?éiinﬁehm@ bZ@e @a‘)olitng%e@ruyl&&@dhhﬂgé&fmmnhé)@eat {RrfcetdBaccRPLdEFLIEDT UM OF
the like is not too much increased. Meanwhile, if the tenperature of the

cool i ng medriif Qill@eeﬁa@@@chf:m@mlmtwéth@@a@h@dmctt@lmir@bfor§r\ﬁték}\;@mgtlm -40C, it
is likely t ho%tm@chng&&tsgc? %dctﬁ ?’%e\:/ ﬁtﬁe W\Etalllzérg&agsofwla{he%8(9&1' fnlle%l?t m gln%ul s needed

or the energy consu source dévice i's I ncrease eto
|ncreasealnhL@glmmabnmgmhma&maf mhemhﬁﬂé1ﬁman@mxﬂmmbcemeandu@ﬁﬁaﬁnnthe
tenperature of the cooling medi umdi scharged fromt eat source 10device is

preferably dieiergsd fmng'ilil@heqt U g device is low qu’éﬂnaﬂ%\Fe”d%%lrﬁl‘l et JKUSSHERr ns t he
case where 4Bg.ORfn ﬁ%ﬁ bR gcpgahwpogg SGhalgef tﬁere%@gﬁ Q@nslﬂdﬁ ?I§9futﬁgﬁeﬂev' ce is

used: however, two o ol 1 ng nmedi uns, which have erent tenperatures
from each othets davey mmcna@ecﬂ destotih@esool ﬂlngoqmgllmoiﬂledlestﬂwarcgdd\itter om t he heat

source device,  For gse wh h co ing di um supplied from
The heat —sodibotie, FEdoPheiuiay 0 chaae BRGHR A bt PEnde TuctuRa coot i ng
medi um havi [RevitowprerdIpesat uf Bghdan the first cooling medium the first

cool ing nmedi um preferably has tenperature of -15"C or higher and -5C or | ower,

and the secdWd2cool i ng medi um preferably has tenperature of -40C or higher and

20 | over than - 1?% %lﬂoeg hc!e%cr COOCIOB&?HSCJ[’%S&Sél h%}englestg P (%oﬁmg n%a?unqb ly

performed such t flrs i U i's su he crystal lizer

and then t hdissieegddropomk hag sémred cmeh@vus&g hbewes, tt\eﬂpmb&tdablalgtlhamméwe first
cooling nmediumis supplied to the crystallizer. When the first cooling nmedi um
and the secOmhdBsT fiHg CHEEMPFEFE fwgbﬁwl? Athet ey ha A s thersgolingrmedjups t he

(met ) aqsy ! aRoBelf G Haleal SuRaSIl e CYIANCEHIANG (4G NREDIPOATHEP | 0N Of

t he heat source device can rther reduc
medium supplied from the heat source device includes a first cooling medium and a

second cooling medium having lower temperature than the first cooling medium, the
first cooling medium preferably has temperature of -15°C or higher and -5°C or lower,
and the second cooling medium preferably has temperature of -40°C or higher and
20 lower than -15°C. In this case, the crystallizing step is preferably performed such that
the first cooling medium is supplied to the crystallizer and then the second cooling
medium having lower temperature than the first cooling medium is supplied to the
crystallizer. When the first cooling medium and the second cooling medium are used
in this manner, the purity of the (meth)acrylic acid crystal is easily enhanced and the
25 energy consumption of the heat source device can be further reduced.
[0043]
In the case where the producing process of the present invention comprises the
melting step, the producing process of the present invention comprises the steps of:
supplving a heating medium to a crystallizer from a heat source device, thereby melting

30  crystallized (meth)acrylic acid; and discharging the heating medium from the
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In the case where the producing process of the present invention conprises the
nmelting step, the producing process of the present invention conprises the
steps of: supplying a heating nediumto a crystallizer froma heat source
device, thereby. nelting 30crystallized (nmeth)acrylic acid; and di scharging
the heating nediumfromthe «crystallizer and returning the heating nmediumto
the heat source device. The heating medium\ \ hich has been returned to the

crystallizer is heated by.the heat soufrce device and ain lied to the

crystal | i zefDSEaAn rethining g g it o BR 0 ST R 8 I B48Rar ged from
n i ad Beehl@dtu t talYizerlidThéa®@, byake U ic

the heat soufgRnflQNMicE Bad Seeh ®dtuB@S {ol BaILREhYizdriiihdaRd, byake hQNG A& deicexceeds the

melting point of the crystallized (neth)acrylic acid. The tenperature of the

heati ng nediuhgisenaicddeltheconatitier heat source device is preferably 20C or

hi gher, nnri(%ggferably 30C or higher, and preferably 45C or |ower, nore
preferably % r lower. As described above, the 10 lower limt of the
tenperat gare of t heenlpeaiiragfl e diatigdhaidladgeadrdetd dront the hbgabuiseousde idevi ce i s
needed to be higher than the nelting point of the crystallized gneth)acrylic
aci d; howevép! PHelabnBHed (e OBt 2 Hecysers i thy MsltheurAiti YchargetiZedm t he” heat
source devi G RIELEN APHN: RAGRfIUAAChedf, bt RErdTRYRhnOh, biF healing

medi um requi red nmelting s not too much Tncreased and the size of the
crystallizesourpi desce or prefeeablys 2hWator rigehee dinonn wefetahl BOKe of highet ando nuch
increased. Meanwhile, in the case where the t erature o e heating nmedi um
i schar ged PROMHIRASHoal ter Baaeyrant: L°Fi GHER: nan drsebet g Plbus.

operati qn Ofioddr@infitf ¥Sth@tdnipeRiuréey theeeame midifnh alblarl fdne tRWehitpuRe Yiel d of
the obtained (nmeth)acrylic acid may decline, due to occurrence of

pol yner i zat ideviceofs repdedHy derlyghiee thagitie inalting@oiot gk thalarissedlized (methatigndicon, it is
likely that aad;zﬁ)o“t%‘?éé %h%qglruge?at?r%\é'f %2 l%@atﬁ%ﬁ]écﬁ@ﬁ %95\6\Egrge%%o Ilftljle %Ettl Sgﬂls el S needed
or the energy consunption fe heat source devicesl's Increased due to

i ncrease i ndthie Beadferalgy Loadooiighidigo fiaathe saisute fdivicatng hbdit@freqiredt he
tenperature of the heating medium di scharged fromthe heat source device is
preferably 48anging sweqt. top iushdnersase aqdadhieoizentrBe kBat g i ddsthewhi ch have

different t ). : t: I medi um
g ?‘%ﬁﬂé ?%]éé!hﬁé of MOMEACHt UchGlich 1[1%%%%% Lﬁ@ﬂl\\@lﬁ%ﬁﬂ%eh&\% WRGe

t
di schar ged eat source devi ce. e tenperature of the
cool i ng neditherreroperdthe dfdathienignereaiiumddiiscded figeditht herrseures dwwat isloghiece devi ce i s

preferably iqp i ned. const ant. mﬁ%ﬂinva ertain ran i 8 d H%e range of the
tenper at ur e 118 priergruBPY SaetiiPhotioEn ol i dearapicH oh i uris S
vield of the obtained (meth)acrylic acid may decline, due to occurrence of
polymerization of (meth)acrylic acid in the crystallizer. In addition, it is likely that a
20 heat source device with high-power specifications is needed or the energy consumption
of the heat source device is increased due to increase in the heating load of the heat
source device. Therefore, the temperature of the heating medium discharged from the
heat source device is preferably 45°C or lower. In addition, two or more heating
mediums, which have different temperatures from each other, may be used as the
25  heating medium discharged from the heat source device.
[0045]
The temperature of the cooling medium or the heating medium discharged
from the heat source device is preferably maintained constant within a certain range,
and the range of the temperature is preferably within 3.0°C. more preferably within

30 1.0°C. In addition, a flow rate of the cooling medium or the heating medium
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301,0C, In addition, a flowrate of the cooling nediumor the heating nmedi um
di scharged fromthe heat source device is preferably maintained constant
within a certain range. Wen the tenperature and the flow rate of the cooling
medi um or the heating medi um di scharged fromthe heat source device are

mai nt ai ned constant, crystallizing and nelting operations of the crystallizer
is easily conducted stably Further, in cooperation with the tenperature of

t he cooling di u e heatln 2di um r rned .to the h a sour ce device
boi g i ne AFREDofnaht hEE wues FEen el St e trd oG naBHN Ry | ond o
the heat 50@&%@1ﬂ@géCQNhélﬁ@%mh%nﬁﬁb@&ﬁﬂ@6ﬂn@ﬁﬁ§$ﬁMécmﬂﬁQrﬁ@uﬁhBﬁﬁM't t he

heat source device can stably work and the consunption energy thereof can be

reduced. Théeqtingynedipa dscharged doan itheg heps dowise olev ltchélf%él’&timﬁge 1 @onsiadi um
di schar ged ng&pﬁﬂ& Q%ahmﬁﬁgEgﬁnﬁg&JSEﬂk ﬁ§§@h%§pk°%£ HicAGPER ng on the

tenperature o i'sC arged/fron1the
heat souscePdﬁMypm,abbaaaﬁnunhtﬂﬂdxmﬁemnemﬁeh@buﬂﬁgoﬁaﬁM@cﬁnmﬂeamﬁgtIfIacnyl|c
acid solution or the cr%gtalllzed (meth)acrylic acid. [0046] 15In the case

where the prsdiE} rEBFbLeds hsnt ﬁ%‘écep?%é“énl?e”?%ﬂ}’éﬁlﬂﬂl‘?ﬁ CHHpI S edeseried
crystal l'i zi g gt aR @d%ﬂn%*&? HE&tdo! 139d S&Re héiaesonﬁétde$feyr&%as@@vm&lﬁtai{é&d in the

crystallizing step may be the Sane as or ferent fromthe heat source device
used i n thecomstani:ragd s¢ epesult.ODd Higat ZG)IAnq/quesiaalsiablz erorgand hie @sﬂuhlptlnpt he

pr oduci ng proces of .t he ntion | on he cr aLllzer IS
et e of L ERges Defs g idbac O ot 5F af e 2P fie bbbt ke bt or oauc ng
process jof Eﬂ@u@f@@&ﬂ&maﬁ%ﬁﬂ&b%@n%@ﬂ@éﬁ&&%i%@&z@%&@h&@kh&baﬁmﬁﬂﬁpmethe cool i ng
mediumis supplied to the crystallizer fromth eat source device, thereby

crystal | i zi tRmperstrh)eA diey ¢dobinasiediufr onthe Heattwoaedingtdisgbargdd gomdheihesdl uti on. | n
the case Whelfied 858 AUGLIA RS AESSRALENS R GRENNADYEIL O GRRRYT se the
source deVI@Bﬂmhh@@ﬂh&jﬁﬁmnmnguﬁmxstalIlzed (neth)acryllc aC|d. 100481

[0046]
15 In the case where the producing process of the present invention comprises the

crystallizing step and the melting step, the heat source device used in the crystallizing

step may be the same as or different from the heat source device used in the melting

step.

[0047]
20 Any crystallizer can be used in the producing process of the present invention

as long as the crystallizer is capable of crystallizing (meth)acrylic acid. In the case

where the producing process of the present invention comprises the crystallizing step.

the cooling medium is supplied to the crystallizer from the heat source device, thereby

crystallizing (meth)acrylic acid from the crude (meth)acrylic acid solution. In the case
25  where the producing process of the present invention comprises the melting step, the

heating medium is supplied to the crystallizer from the heat source device, thereby

melting crystallized (meth)acrylic acid.

[0048]

The crystallizer used in the producing process of the present invention is

30  preferably provided with a heat-transfer surface. In this case, the crystallizer
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The crystallizer used in the producing process of the present invention is
30preferably provided with a heat-transfer surface.ln this case. the
crystallizer preferably has a part where the cooling nediumor the heating
mediumis supplied to (i.e. a nmediumpresent part) and a part where the crude
(meth)acrylic acid solution and/or the (neth)acrylic acid crystal is present
(i.e. a crystal- present part), that are partitioned by the heat-transfer

surface. In t a he Illze rovided. with.the

ot s anst ST RER ot SRR SRy Rt 5 e b Bl QIR s bBit 8 1 1 ea 1o
the crystal |(1|ez%rm¥mhﬂ1%résgﬁ F00lahd @ pRAiVHET: itfe sMBPlIneH)tR1iE REIdCIYRbAl | 1 zer in
t he crystallrzrngﬁstep \' here b g the crude (neth)acrylic acid solution is

cool ed by t ted/eobkimytinesenlignaold arystakishergtent rlaenefe”rst%wrerseéepar%n@at(«'#Et hyacrylic
acid is cr y?)%u% 10111e%1\jﬂ%|i the Eea& Hﬁns@ls{rr ?o% anetﬁe c% 1{%%%& nﬁgstn‘ﬁ%%génlphﬁ 1d%hlpp| ied to

the crystal 't zer e crystallized I'S heated by
t he heatbng“mmdhmnmwmammheuha&tﬂknmm&ﬂemﬂgurﬂe&emtgmﬁﬁhhsmh@ﬁ49k>me As the
crystallizer having the heat-transfer surface, apparatus used as a heat

exchanger gén&phizeyVhilefheeodding msdiign is sHeplisd fe rhe &F‘é lyzef Bribapparlitng used as a
heat eXChangéﬁ iferaby \themr{rcré (Hl%ﬁnt)achqlc%&g RaRa&dis ke ﬂ%ﬁ\n‘[he L Q#in %ne'dﬁmp{ igferably

enpl oyed. For 15 exanpl e, at e-type heat exchanger conprising a single
plate or a rﬂieureatl-tratnyfeos‘unfatatl%(nﬁtlacd(elcb a@td ik ntyenNiad¢ds , Im/themmltmgtstne the

medi um present. art and t st al - res part nat el y
b AN D PR TR TR LI SN SR
(shel | - apd- LeBe)hehR@by B%GRANISRdARPIR iR Hask-BanPletlfidtabd % n@dfle t ubes in a vesse
wherein heat is exchanged betw eel) the interiors and exteriors of the tubes

a doubl e- pi f&4Rkat 20 exchanger conprising an outer pipe and an inner pipe

di sposed in the ouf gt cR's,Bﬁfzer"ﬁ&?fngltﬁ%ﬁéﬁf&m{sfeﬁ?ﬁ%‘fa*&@’lr%eg&%{]é"‘?s%d ol R nterior and

exterior of the inner one coil - shaped

t ube di sposegthafiged eeSSRI canvibtesigployvdieand patiedahangegpbetween dshehedt eri or and
exterior of the tube; a spiral plate exchanger conprising a center tube whose
cross- sect i GFEIRRZEHIR Mish heﬁ&'é e ?eg“%ﬁrdhq% lﬁééﬁfefé@étﬁaw&jJéF plf&¥es winding

the centsr tuhe,L r&ﬁ'}'ﬁé” eé\@l%?ér 915%&5% E'&? a@a’il alt@rfrﬁ%tesor the like

may be enpl oyed. A cros sectlona es u mul titubul ar
heat exchang@whﬂHMGndoubhewpmpéwhmﬂumepmhaMQ$M$)MMeh@omMMHeaqumuhanger and

Lhe spiral, BLaLE exchonger | o R Rt iculant ki bed, [Qong) Solp the
(shell-and-tube) heat exchanger comprising a plurality of tubes in a vessel, wherein heat
is exchanged between the interiors and exteriors of the tubes; a double-pipe heat

20  exchanger comprising an outer pipe and an inner pipe disposed in the outer pipe,
wherein heat is exchanged between the interior and exterior of the inner pipe: a coil heat
exchanger comprising one coil-shaped tube disposed in a vessel. wherein heat is
exchanged between the interior and exterior of the tube: a spiral plate exchanger
comprising a center tube whose cross-section is divided into two parts and two heat

25  exchanger plates winding the center tube in whorl, whereby two whorl-like paths are
formed: or the like may be employed. A cross-sectional shape of the tubes used in the
multitubular heat exchanger, the double-pipe heat exchanger, the coil heat exchanger
and the spiral plate exchanger is not particularly limited.

[0050]

30 In the crystallizing step, the cooling medium which has been supplied to the
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crystallizer receives heat by heat exchange with the crude (nmeth)acrylic acid
sol ution, whereby the cooling nediumis heated. Provided that tenperature and
a flowrate of the cooling nmediumsupplied to the crystallizer is constant in
the crystallizing step, the tenperature of the cooling nmedi um di scharged from
the crystallizer is high at the beginning of the crystallizing step and drops
as the progress of crystallizing. The tenperature of the cooling medi um

di scharged from.the cr al li zer sibly v arie i n for exanpl e,
Sbout 50G. EhaTBHE et Rt i DR on P hERe B bRCHHERIT fuiabi T ng medi um
di scharged fymeRbt iR GbNiSt @bdm@ei héafeddi PREIeY @it and R@oRaatk ssour ce
device, the tenperature of the cooling nediumreturned to the heat source 10
devi ce chan@@émgm&amﬁymaﬁumﬂﬁét@&@ﬁﬁﬁ@“ﬂ@a@C@ﬁ“ﬁhélﬁéé@s@ﬁﬁmééﬁﬁeW?ce changes.
As a result ten Qau?rgeorfatfné Q OIH]T 1111 cﬁullﬂecﬁ%ch %yc[ ?’rﬁ tilﬁzegqith%c &t' f%gd t her eby
destab|I|Z|ngl% e Cr P9z operati c asin onsunpti on
energy of thegﬂﬁ@;osmmwaemﬁﬁthemph&GSﬁhmlm mqumﬁ&&nﬂgxﬁﬁﬂmmm;hahbeat|ng

medi um whi ch has been suppl.i to the 15 crystallizer rel eases heat by heat
exchange wi {HRSFYWE 8f rhef@allfcgrr@tﬂﬁ)u&&lvhﬁwéeda@?la theppeptalger theesithe akisidh medi um i s
cool ed. Proyldsgd Hako! &ImERale @R ilh AMGaLE M cohlifioflealrhfgioredi um
supplied to the Trystal I's constant“in tﬁe nelting step, the tenperature
of the heatmm@1neﬁumhn@ndear@edm@m©Mwnhmecrst&htwzhﬁmﬂsrﬁmnﬂhu>mhe begi nni ng

of the melting step.and rises as th ess f mel ti e tenperature of
The heat  no 198 ST debret LERGPUBINE oA RELGE ettt o Semer R0RE o5 1 ¢ he
range ofjg fGéu&%@ﬂﬁgﬁgy&@@%hdﬁQQhomﬂng&ofﬂm¢@ﬁ%BQ§e@@u&paﬁhgﬁonﬁsaThefefOfe
when the heating nmedi um di scharged fromthe crgstalllzer is directly returned

to the heat resolbrtheoprsstionenf theheeat sonprerdgtige & deptabilieedn dgrabr g esiabdliaiig thet ur ned to
the heat so i Leatloy h ti he heat source
devi ce chan§é§8H%§%cggﬂgaﬁﬁg%%ﬁgmggeré?l3%mhw?gﬁég(ﬁq%1k%ﬁgggé e&?ce i's

dest abi | i zedgosther eby destabilizing the nelting operatlon and increasing the
consunption enerﬁé of the heat source device. [005 The reason

that enlarging th@ thenpdiing sk Hﬁala?g%ngopletiwel & li*f@ bRSEi SUPRIGE Phéeheat i ng
medi um et ur Ogﬂu.%& G NEA b@f?éé& C&h w; PSR %&Bﬁ&kh&&&& L\ RB{ the

30o0peration heat source devic I'ncrease in the consunption energy
of the heatﬁw¢@&n@ﬂn@bun$@omsdeﬂbbadﬂhmma@mm@MthBdaﬂoheatoﬁmlhamngeV|ce

enerally has ,a suitabl e | oad range where copling. or he t|n IS eff|C|entI
bor for med, | SEEBETIRGIG; eyl e SRBRL I BRETERS SHReRC L HEPTUMES at ur e of

the cooli ngtl{éeﬁjéaﬁﬁ@ g{edﬁlhﬁdlbaaﬁgeaqrdﬁmeumgtﬁhwrn@qimt Qt &Haebégﬂﬁtngsmﬂhge devi ce
varies greatl| it ha ens that the heat source device is forced to work in an

i neffici ent Mebtg st , riges 9| the weparass iohdnebiense iThe tdmepeeadirs gk bentieaer gy. I n
addi ti og, wg%pwmglsa} Ly SOHL B QMBS WBLKR |Dean, hOGLLLSkaD! Laad range, the

operatlon o] source eV|ce I t he heat

sour ce devi aboit SogenBshliy dglageon basiatbnon Ehersfork. Mvhanviak heatdik hégursool i ng | oad
of the cooling nmediumor the heating |oad of the heating nmedium and hence,
when the 1049 tsgl?ﬁ@aﬁrweth%fcr\t%méroeﬂ iFRsnediumss df b Eenetichglenssi B r et ur ned

to the heat g @Fﬂie%at‘ﬁ%r Alﬁoﬁurﬂrr&ﬂﬁlleé( {Q %h%@zﬂtso&%'%@ced&h &8 oMl

hi gher - power eC| |cat|ons at has a higher cooling or eatlng tapacity is
needed thanamhémlEhﬁgﬂembeﬁﬁehm@somcedmgmammuﬁkn<Ama3$GMSb:omﬂM@ngér equi pnent

ﬁ];az hgogsgé l%g@%&gg)u?cgv glg? :ljtsts(éerse 1'111|ééqe g%reﬁ)d él‘]’gtalﬂ_ n§§] nqatmg opgrgttloﬁualngl for the
increasing the consumption energy of the heat source de\ ice.
[0052]
The reason that enlarging the temperature change of the cooling medium or the
heating medium returned to the heat source device causes destabilization of the

30  operation of the heat source device and increase in the consumption energy of the heat
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Therefore, in the process for producing (neth)acrylic acid of the present
imention, first to fourth adjustnment operations, \N hich are described bel ow,
are enpl oyed for the purpose of reducing the range of the tenperature change
of the cooling nediumor the heating mediumreturned to the heat source
device, irrespecti e 20 of the tenperature change of the cooling nediumor the
heati ng nmedi um di scharged fromthe clystallizer. Specifically in the

crystallizing step, the te r re of, the cooling nediumreturned to the heat
cour e devi Sas gerit SHEARBsaRs iy bt et e etsnd PSR aEn or
second adj UsdadeRfgOREeA icORingUsH NBadhol iy StricRuUiIT eferfoninéd, @B6HdINE foh@snel ting
step, the tenperature of the heating mediumreturned to the heat source device

i s mai nt ai néerctsAsIantiopyves wheny e smnesttwrent tepeolieg swdiom & heoleating adj ust ment
operati on, i fer k. 5 . [yt [ esent
Chvention. ARl BuARSRR e teles Bl e BRI dubappensnd Pl B BURFERL, e 1o
as a first lkefifers foacdd, toanorkainba freffidieanKKoddnrankd, absulihg ineatieng medeum i s
stored 30is referred to as_a second buffer tank. The first buffer tank and the
second buf f PISPEAKON &Ry efeidditigns wheadhs Brat porassdeyice yvoplitip @ tpediient| 0055]

No 1imtatigngl Sl Ae&PeQhof Wth@%@&t%%ﬂ%@@%i?%?eh%n@ &%Fl%ihif‘es.c@ﬂhh&gthg‘?di um or

the heating nmedium can be stored int ank. preferred that the
buf f er t ank heatairpesdeaice ex geaemllachoeent bagfd dnhvemgwohinngluareibawpdmgtidnd ofieat i ng

medi um and the cooling nmediumor the heatjng nmediumretained jn the buffer
Lank has . dEnehs Ebgr SdPeReudHa b B FERRAAR Pereri BHR Biper at ur o
and a | quer @detanirs of M- berRenadith®r tha@iDmadiudfi refulRd ¢ORleiest SBAEUM or the
heating mediumretained in the buffer tank 1s appropriately determ ned by the

t enper at ur e devieP diigs givalline heft sohise doad Wih hisherronsr spegificatieas.Heaithang medi um
Cber o, O AT 6RO GRS o0 M RSLOCLIRRAR, o6 o) o5 o

devi ce, the tenpera acrylrc acid

sol ution sups tRd dlargth@uiphnyst af thé K&t sodrbeeddvRBpefegiitlendfit Heb@ngandieng nmedi um
or the heating nediumretained in the buffer tank, and the like. [0056] 15The
buf f er t ank ditBcyrfgyihgdent feures dspeaiapsrag @ adoiPer part and a | ower part

15 [0053]

Therefore, in the process for producing (meth)acrylic acid of the present
invention, first to fourth adjustment operations, which are described below, are
employed for the purpose of reducing the range of the temperature change of the
cooling medium or the heating medium returned to the heat source device, irrespective

20  of the temperature change of the cooling medium or the heating medium discharged
from the crystallizer. Specifically, in the crystallizing step, the temperature of the
cooling medium returned to the heat source device is maintained constant by a first
adjustment operation or a second adjustment operation, using a first buffer tank, and in
the melting step, the temperature of the heating medium returned to the heat source

25  device is maintained constant by a third adjustment operation or a fourth adjustment
operation, using a second buffer tank.

[0054]

In the present invention, a buffer tank in which the cooling medium is stored is

referred to as a first buffer tank, and a buffer tank in which the heating medium is stored

30 1s referred to as a second buffer tank. The first buffer tank and the second buffer tank
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t hereof, through which the cooling nmedium passes. D stance betv?een the
opening at the upper part and the opening at the o er part of the buffer tank
is preferably equal to or nore than a naxi num cross-section | ength of the
buffer tank, nore preferably nore than tw ce the nmaxi num cross-section | ength,
and further nore preferably nore than 20 four tines the maximum cross-section
| ength; and as a result, a tenperature gradient is easily generated in the

cool i ng nedi um e heatin 'un1,etained in the buffer tank in a verti cal
di recti on, &Wde‘iofre%g’ C8Er%°§ ‘3%1%/?‘@* tai n the tenmperature of the cooling
medi um or theskpeati ng nmediumreturned to the heat source device constant.

Details of the shape of the buffer tank is exFIalned bel ow [ 0057] The
present |nventlod“@Qmﬁéﬂéﬂﬁabﬁﬁﬂﬂéh®b@ﬁﬁémkﬂé asg 1 fg cpelingragdivgsr the facilitate

under st andi f res v V, t ion is not
limted to ;ﬂ%m?‘ r?beragmp ﬁ}ggé{glifnq ?ﬂ{e Iﬁl@fedr avvlenlg is f%%grg? ﬂﬁ%ﬁ:@ buﬁgl\/g’% usi ng
the first budthiay a tank inbunhel ¢ yedial hiedivAgorshepsatihd Mediums ind @epatihgent

operation and the second adjustnent operation are explained referring to Figs.
1 to 3. [005wgium or the hegtige meduip pRlaipqdoly Baabrier ddie o yPa et 2 ddtir ce de \ice

a crystal || 2t gl Aol fails BuhfGiad AR a0l al WTRA- LR dasehanged from a

heat source device 4'Is sup to a crysta exchanged in the
cryst al | i zemmbyntdifshh asajied Hfleldomn thlecheyM@hﬂedmmrremmednm thiehlewfTer ednlirined to t he

heat source devi ce 4. An er o n|n a aflrs buffer tapk 5 is

Connect ed ¢ VRCHtRy i GRS B tetrg fyChafmp bl 1Rinalie BBy

medi um gt UMeRRAkngARed@im tRgha @tfroﬁptﬂé &t dRYdCR Ve, tEéJLFeTrﬂaﬁﬁanc@-Of @WREa Openi ng 5b
of the 10 first buffer tank is connected to a cooling nmediumsupply port 4a

and/ or the seHFudAvisat thetendigragfre phrbthe pipoi| dfitheeqrude @eevadndicagsl Sohgion
medi um r et urﬂ)pﬁ’lgcf tto %?e ng'stglﬂgerhﬁl%t teﬁlggrraﬁl?e gF Yﬂecgoofing medium or the heating

medium retained in the buffer tank, and the like.
[0056]

15 The buffer tank is provided with openings at an upper part and a lower part
thereof, through which the cooling medium passes. Distance between the opening at
the upper part and the opening at the lower part of the buffer tank is preferably equal to
or more than a maximum cross-section length of the buffer tank, more preferably more
than twice the maximum cross-section length, and further more preferably more than

20 four times the maximum cross-section length; and as a result, a temperature gradient is
easily generated in the cooling medium or the heating medium retained in the buffer
tank in a vertical direction, and it becomes easy to maintain the temperature of the
cooling medium or the heating medium returned to the heat source device constant.
Details of the shape of the buffer tank is explained below.

25 [0057]

The present invention is hereinafter explained referring to drawings to facilitate
understanding of the present invention, however, the present invention is not limited to
the embodiment shown in the drawing.

[0058]

30 A method for using the first buffer tank in the crystallizing step. the first
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[ 0060] The first adjustnment operation is explained referring to Fig.
2. The first 15adjustnent operation is conducted when the tenperature of the
cooling nediumto be returned to the heat source device is high in the
crystallizing step. [0061] For exanple, the tenperature of the cooling
medi um di scharged fromthe crystallizer 1 tends to be high at the begi nning of
the crystallizing step, and therefore, 20 when this cooling nedi um di scharged
fromthe crystallizer |.is directly retuned to the heat. soyrce device 4, the
i o ¢ eper JRURBERGGerigh ri: (Bt ATHIMEY dElihal PoTRL HERTCSbur ce dev ce
4. In this gase; oz flow through a path 16 is decreased by a valve or the like,
and at least a part of the cooling nediumto be returned to the heat source
devi ce 4 fr(B(Pﬁ5Pf|e crystallizer 1 is fed into an upper part of a first buffer
tank 5 through a I?tPSH()§V .ﬂsol“nﬁﬁhg g'o?mgcltir gta l%gtf {O%Fceta%\qléegck%{aﬁlzgjﬁ a?thgertal n
anount of the cooltng medi um havi ng a t nperature gradient suc at the upper
part is ki ghirdt afpenaikur @ casithgtrhelidmdidetarged fitond Shdaoswutce dpacad isrsgpplisthen t he

hi gh-tenperature cooling nmediumis fed to the first buffer tank 5 through the
upper openi fiy? sastakigg lh%@%-et:%%%eﬂa@ theerstdizeny dishivgef Bondee ¢tHb7est ored at

t he upper par t W, f.er S 5 rature

gr adi ent of qt \%ngqg%lolllaﬁlﬁ%ldrg%:lhie%%tisgmfﬁgaﬁe?‘s't%tl)lﬁlﬁ)ipréfodté gﬁr:% DES‘EF%)%B% ﬁ&eﬁ%gt her hand,
t he | owt enmpekal us ecsmolel ng medédivm i sitlei 8k hdr e derfstadimet He ahdwerodipeni ng 5b of
the first buffer tank 5. bOw qtl1hi1s occasion, it i?‘ﬁ%ﬁfe”ed 1t hat {he amount of
the cool i ng UMY PYRE P g Pepartrer 9 R sk At o ey e ohet WAt , and
therefone, g vamumk Ofs bhceekhREoIMBGhddmmslkgpRagsesh maemmg.digw er part of
the first buffer tank 5 is preferably equal to the amount of the cooling

medi um f ed tuvtlatBe ofifgentyspdlizer bhnd the cholmgtmagifopeqturnpakt 45 of Tieehepigipeicemper at ur e
cool i ng rredid?q}ed{scharged fromthe | ower part of the first buffer tank 5 is
returned to the heat source device 4 sol el y or along \ vith the cooling nedium
di scharged fiooon] t he crystallizer 1 and carried through the path 16. Further,
the | owtenperature cooling nmediumdischarged fromthe | ower part of the first
10 buffer tank 5 HigyliBk MBI PRAEEIWS tHPRINA refeet ReFigod! i A HEYI um

di scharged ff: e 0, i 4 £ h 12.

Ther ef ore. T e e i oo T Shd LAIRaE oL B IO B s be 1 over
t han t hat ofettined ©old heagsomed idenweadis bghar thedrybabmnglepcrystal | i zer 1 is returned
to the heat [(%%lllj’ ce device 4. [0062]

For example, the temperature of the cooling medium discharged from the

crystallizer 1 tends to be high at the beginning of the crystallizing step, and therefore,

20 when this cooling medium discharged from the crystallizer 1 is directly retuned to the
heat source device 4, the high-temperature cooling medium comes to be returned to the

heat source device 4. In this case, a flow through a path 16 is decreased by a valve or

the like, and at least a part of the cooling medium to be returned to the heat source
device 4 from the crystallizer 1 is fed into an upper part of a first buffer tank 5 through a

25  path 15, Since the first buffer tank 5 retains a certain amount of the cooling medium
having a temperature gradient such that the upper part is high-temperature and the lower

part is low-temperature, when the high-temperature cooling medium is fed to the first
buffer tank 5 through the upper opening 5a. the high-temperature cooling medium
comes to be stored at the upper part of the first buffer tank 5 so as to keep the

30  temperature gradient of the cooling medium in the first buffer tank 5. On the other

23



15The second adjustnment operation is explained referring to Fig. 3. The second
adj ust nent operation is conducted \\ hen the tenperature of the cooling nmedi um
to be returned to the heat source device is lowin the Crystallizing step.

[ 0063] For exanple, at the end of the crystallizing step, the tenperature of

t he cooking 20 nedium di scharged fromthe crystallizer 1 tends to be |ow, and
therefore, when this cooling nediumdischarged fromthe crystallizer 1 is

directly retun to the heat saource device 4, t | owt enper at ure cooling
rect um oneb i o eptha e o ey seBufuatdfondte S st clee, oot ow
through a patevirddouir 486 a0 thiPYcdsivRlivie pRiferfddandt itkeamAnbo@he b&Ast a part of
its flowis made to run through a path 12, whereby at | east a part of the

cool i ng nedingdunbingbe Sppprifadatko’ tshaaiptaipsd gpusfankand tifepeboret the amewrit cSour ce
device 4 is fed i.nta_the | it of the first buff k 5., O. a flow

t hrough a pg%h9¥§ﬂéén%g§?é%%§%g%ﬁf03 ﬁfeggfggmgéﬁl§§iﬁ%s&' Bﬁgﬁsgﬁﬁde to run

t hrough a patdierdisly eyvaereelby ambult@@sie @ol hedfimtifeo0® hppeg paredi enfikd be
returned to the heat source device 4 fromthe crﬁstallizer 1lis fed into the

| oner part GPHErHEKET r dihe urfeawefak coplingpdiam qighargdrop tferlapeibifiels retains a

s0certai n anpuilk; @fret Rk SOR! LG RH I RelAY, Qtd%\gé‘el i @H&?rogﬁatﬂfng S\Qf@@l'b ent such

that the wupper part is high-tenperature an ower -

| owt enper atorlmg méreum tdmehdrgad- frempbe atystakbizeroblandh gamed ithroughsthé edtht ©.t he fir st
buffer tank 5 thrpough the | o er eni 5b,, the | owtenperatu ool i ng medi um
cores. to- be FardlE B EREen o il e SR R UF TRT PG B8 s Lo Keep
the tenper abufig taiasdhRANbe Glcotgdea&ORIth RPairReiHdBobimd Medifih dshRstdf @5mt ank 5. On
t he other hand, the high-tenperature cooling nediumis discharged fromthe

upper openi g Bt gpurchdevife dtandudatiead tharskgls a xh t1Ri s Tereefarsi dle, coalings preferred
that the a of .1 he I N i i fils f nk 5. maintained
const ant, an%gb %Pg?%rggggj@ngﬂ%ﬁ%%ﬁg¥h$ﬁéq§£8HPﬁé'%é%ﬁ%%ﬁg?%%ﬁgwagd fromthe

upper part afedfuliedifohtugtd froinfies crisdikzeb 1 isSrefarll &F abhyat esiliad dekiee the anmount of the
cooling nmedium 10 fed to the lower part of the first buffer tank 5. The
hi gh-t enper &k cool i ng nedi um di scharged from the upper part of the first

buffer tank 5 is t ~ i, C ol el s ng with the
cooIinglgediunld{Q%ﬁgégggmkg%ﬁﬁfﬁgﬁﬁﬁggﬁﬁpﬁﬁggg¥%%g%§)€§T$igggﬁﬁ%%ggh the path
13. Ther ef ondjpsttrag @eoitipmg adiakth wiknsibe tepppeetat of tehaslilgepediadjtadted t o be

hi gher than that of the coolinq ne?iun1ﬁisqhqhged fromthe 15 crystallizer 1
i's returned e hhent V8 d8 e ik 4he Fhlaliftinsttnper at ure cool i ng medi um
di scharged figm@n) the upper part of the first buffer tank 5 may be incorporated
with a part of the cooling nmediumdischarged fromthe heat source device 4 and
carried thorough Fatkanpe at hg end gD$4 prystallizing step. the temperature of the cooling

20  medium discharged from the crystallizer 1 tends to be low, and therefore, when this
cooling medium discharged from the crystallizer 1 is directly retuned to the heat source
device 4, the low-temperature cooling medium comes to be returned to the heat source
device 4. In this case, a flow through a path 11 is decreased by a valve or the like, and
at least a part of its flow is made to run through a path 12, whereby at least a part of the

25 cooling medium to be supplied to the crystallizer 1 from the heat source device 4 is fed
into the lower part of the first buffer tank 5. Or a flow through a path 13 is decreased
and at least a part of its flow is made to run through a path 14, whereby at least a part of
the cooling medium to be returned to the heat source device 4 from the crystallizer 1 is
fed into the lower part of the first buffer tank 5. Since the first buffer tank 5 retains a

30  certain amount of the cooling medium having the temperature gradient such that the
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20According to the second adjustnent operation, the cooling nediumfed to the
| oner part of the first buffer tank 5 is at |least a part of the cooling nedium
to be supplied to the crystallizer 1 fromthe heat source device 4 and/or at

| east a part of the cooling mediumto be returned to the heat source device 4
fromthe crystallizer 1: and preferably at |east a part of the cooling nmedium
to be supplied to the crystallizer 1 fromthe heat source device 4 is fed to
the lower part of the first buffer tank 5. In this case, since the cooling
o um to baPEipEI Sahih Fedi il fslsien iy ofh BrECRERe T Hevi ce. 4 has
| ower t enpen@t-wWnetArd cbilBgCa&linhds MRdiURE tiRschgifle etk e thréidh the 1eat source
device 4 fromthe crystallizer |, the anount of cold energy per unit vol une of
t he cool i ng ohgiaTh Sedeiedenaeraie coding H’@ﬁllllpbﬂoﬁlleéfo berpéorgd gtghe lpwerfpart ofank 5 i s
nore increa ref.ore I

| owt enper at?hu?fgStg%%qe?gM% gl umle inlﬂcl:ei en ?‘iﬁlre{’%ﬁcﬁe ?tﬁe CO%{Iﬁ%I%?errper ature of

t he cool Bng tireiisubn e tzlafk F et nediidd Hahd th@ﬁtgh&ﬁﬂpazzﬁm@embmeg fhedin@nkt he
crystallizer 1 varies depending on_the progress of crystallizing; however, on
the ot her héﬁﬂhaf%eﬁéfoélé%é‘P%f@P%“QﬁDatfl’féh%%? PG tekSunPrdhipecestippiiiiad to t he

crystal lizer relterferd%‘atttﬁé%nﬁb%ﬂtt of SN Sofin ﬁl\é&llﬁﬁl ift tﬁesﬁ@t] et taﬁ109§§ @AfhiiRpd hence, it

becones easy to control the tenperature of cooling nediumstored at the | ower
part of thecoistagt abdfifeeaforeathk a510ur[1t0ﬂ6]ﬁ cooling medium dhl;uhat@aoyﬁpa]l the oppey st ep, the

first buffer ta nast of not ei ng when t he. coollng
red um to b8 B Bt tger il A du e B cur R el ST f CibemRiftr e wher e
the heatjgpsowce memwheepst bisth@llseblfer \Wakls. efrhé ﬁigﬁn&dlﬁ/eratﬂ_ﬂé%%ollr%,mécr'urﬁ he
crystallizing step, there nay be a state that the coolin i um di schar ged

fromthe cr y@ts@lrquzfé}m thej uppeli ragtcaf] e fuét bufes dankod tSh"étUH?@éttO dglreaiesoteei ce 4
i thout adogtiings LA, ElLuSk: Of SEERNR. A NE! T PRERLAOI LR Sld Shccor ding

to the process esent 1 nvention

t enper at ur e cafied |ﬂﬁ‘01€g<hOthda pathnedi TRrekd ﬁﬁwd)ohﬁg hﬁeluheahoseaemp@atdﬁwaee can be
mai nt ai ned constant within a certain range by the first and second adj ust nent

oper ati ons. PP fHesigh Sutie itgiep seedat of tf’teh‘fé)o jpe desdtun Nashrssdniromn®et enper at ur e
change ?E tQRst%H’BJeI‘ Pgs Eﬁghéﬂ%rtﬁé Héaﬁ‘%gu g;é)d&\h‘ Jpealt i tﬁ%p@r%%ﬂr&@o lﬁ%-preferabl y

Wi t hin e range of 3.0C, nore preferab yW|t e rangeo C, and
further norenegruef és@btgyd Wiotrhthe upﬂn&e pad g ¢hedirstOnBie); tavkemayhlee hemrpen@tur e change

of the coolin rredl returned,.to the sqQur.ce devi wi.thin the range
o 506 L he elarg Mo e Bt it on® v sOfet ST Mihed g O

const ant, rgﬁ)\g&{gh@gthg M. qtably working of the heat source device and reduction

of the consunptlon energy of the heat source device.
[0064]

20 According to the second adjustment operation, the cooling medium fed to the
lower part of the first buffer tank 5 is at least a part of the cooling medium to be
supplied to the crystallizer 1 from the heat source device 4 and/or at least a part of the
cooling medium to be returned to the heat source device 4 from the crystallizer 1; and
preferably, at least a part of the cooling medium to be supplied to the crystallizer 1 from

25 the heat source device 4 is fed to the lower part of the first buffer tank 5. In this case.
since the cooling medium to be supplied to the crystallizer 1 from the heat source device
4 has lower temperature than the cooling medium to be returned to the heat source
device 4 from the crystallizer 1, the amount of cold energy per unit volume of the
cooling medium stored at the lower part of the first buffer tank 5 is more increased, and

30  therefore, it becomes possible to store the low-temperature cooling medium efficiently.
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[ 0067] Next, a method for using the second buffer tank in the nelting
step, the third adjustnent operation, and the fourth adjustnent operation are
explained referring to Figs. 4 to 6. [0068] 30Fig. 4 shows flow paths
connecting a heat source device, a crystallizer and a second buffer tank. A
heati ng medi um di scharged froma heat source device 4 is supplied to a
crystallizer 1, heat-exchanged in the crystallizer 1, discharged fromthe
crystallize and t hen return rce device 4. An upper

cponi ng 6a ot ERE e Purrur PEfk <foing Sebfifted B rEmaT R E iy SlF o suppl v
port 4c andlie¥iced4 sth U eHbtaBiler2P vafied B&eRdiNS ol thé He8greks AMLratdNeatd: ng

medi umreturn port 4d of the heat source device 4. Further, a |l ower opening 6b

of the secohdVeigtfoarthe ik helct @eé@mﬁé@@r@@f the coplmerreadiunmiodistshenlied ko B¢ t he

|1 d h d
crysta L “Stedgs | I lRELLOGIECLUR. CLUMARLL S, gD ol gayr g, dovice

The third admusbwemkﬂ@eeem@memna@hmoh@u@aﬁdmwheaimhﬁebaeppﬂabmmeﬁei the
heating mediumto be returned to the heat source device is lowin the nelting
step. [0070YviRStadsdanpl e, the tenperature of the heating medi um di schar ged
fromthe 15 gEystallizer 1 tends to be |Iow at the beginning of the nelting
step, and theretore, when this heating nediumdischarged fromthe crystalli zer
lis directly reﬂﬂn&dubamﬁheghEths@unbeﬂﬁEWMCénﬁxtmheaBGM}obmpemagure heat i ng
medi um cones e returned to.the heat sou t(Ehtge\i}iece 4. In thl% case, a flow

t hrough a pgﬁw ?ga}§“68 @§§38MW@ 9 %FW@“S %e“mgﬁddﬁﬁml 49 a part of
t he heatihng (dBidam: tdeRahd BiaHENRG deQict Das RBato SO ERidRly) | Tt 4. in the

crystallizing step, there may be a state that the cooling medium discharged from the
crystallizer 1 is directly returned to the heat source device 4 without adopting the first or
second adjustment operation.

[0066]

15 According to the process for producing (meth)acrylic acid of the present
invention, temperature of the cooling medium returned to the heat source device can be
maintained constant within a certain range by the first and second adjustment operations.
In the producing process of the present invention, the temperature change of the cooling
medium returned to the heat source device is preferably within the range of 3.0°C, more

20 preferably within the range of 1.0°C, and further more preferably within the range of
0.5°C.  When the temperature change of the cooling medium returned to the heat
source device is within the range of 3.0°C. the cooling load of the heat source device is
easily maintained constant, resulting in stably working of the heat source device and
reduction of the consumption energy of the heat source device.

25 [0067]

Next, a method for using the second buffer tank in the melting step. the third
adjustment operation, and the fourth adjustment operation are explained referring to
Figs. 4 to 6.

[0068]

30 Fig. 4 shows flow paths connecting a heat source device, a crystallizer and a
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20 fromthe crystallizer | is fed into a lower part of a second buffer tank 6
through a path 26. Since the second buffer tank 6 retains a certain anmount of
t he heating nedi um having a tenperature gradi ent such that the upper part is
hi gh-tenperature and the |l ower part is |owtenperature, when the

| ow-t enperature heating nediumis fed to the second buffer tank 6 through the
| ower opening 6b, the |lowtenperature heating nmediumcones to be stored at the

| ower part of t eco d butfer ta 0, as keep the tenperature gradi ent
IR IS A gl W T ot g S S e S

hi gh-t enper agpplied flﬁ@fch@ﬁllﬁ&dl WBai-&cRinseh af B8 dnfstafet NeditPREEd aReNihBg 6a of the
second buffer tank 6. On this occasion, it is preferred that the anount of the

heati ng nedictifiallider hand dieprrinrpesk Hdhe heafﬁ@u@eldg\l@mﬁ ntAil weng!r e gatof aand

of the secort BIPLF e B e B e g B S A B e Real g
medi um f ed boﬂahm<ﬁoM£@mpﬁhkxquﬁhemﬁ&@pﬂﬂmbmm%ahlpﬁnkdGfﬁﬁhemhmghetenperature
et ur ned 0 9ETE hodtnédut e AauTEE o Solergront DB HEG £ HOUNEHEPFng medi um
S A R L S e
second buf f epurteadekic6 4may be i ncorporated with a part of the heating nedi um

di scharged fromthe heat source device 4 and carried thorough a path 22.

Ther ef or e, %%gLeating medi um whose tenperature has been adjusted to be higher
:ha?hthﬁb ?f the'hﬁg&hﬂgmﬂﬁg%%ﬂ? %gﬁﬂ@k9&9mhk$ﬁkk?%gQ?%§gS£|V?ﬁrm#dls refurned
o the heat source device e four adj ust ment operation
is explai ne@dlra@fnemrcimgmp@ lsmogduqsed Thea the (amieraelp @ﬁth?éf?ﬂtlltgplgﬁﬁhﬂmdﬂ bﬁspconduct ed
devi ce 15 nrgieh i Rl dehn o TR bR B8 &1 L ReC el o0t t he- end of

the nelting[gt7ep, the tenperature of the heating nediunfdischaréed fromthe
crystallizer 1 tends to be high, and therefore, when this heatlng medi um

di scharged from td eppelearthe; %@f@eraﬂfr% Oauﬂfeebfefﬂyg merditie discrrere rp@ate sour ce de
source’ 30 agur an g T PEI S et Ak T TR B OO B LRI ced by @
val ve or thehi} hémapg ardivat disdmgted dropathe wfstallizsr fl lipdiréctly meideedt © thethedt hr ough a
path 22, whereb egst a art of the heating nedi nfto b lied to the
Pryot ai |1 seroed dinerdenahe O uie deti Lomado PRIT RS CBRBH par t Cof the
sec;)ndf bUIfgd]éLir&eamlc@«t g)m ?lsfdaQéNatfﬁ)R\OiE%h @a%%hmaggde%g@&%\easgd? ainﬂffat Ieaft ?
part of its flowis nade to run through a pa ereby at least a part o

t he heat i nglikedhdiat least beart eff the hesding oetive th datetwoerd ehelesal were derisert t he
crystall zer, to.t 6. Since

t he second §0%¥&§ gngQ'fgggfﬁgﬂg%ggfsgf%ﬂgﬁm&“%ﬁﬁéppﬁkQ#@% nggﬁédlunfhaV|ng

t he tenper atar eSigéadi eadons Walfert Al 6tbRAINY PPRFtaidaitouhSothihg MeitR@nasdiir e and t he

| ower part is |owtenperature, when the high-tenperature heating nmediumis fed

to the secoldiput feefpe@@r% gAkiey St‘ffftbi‘fdlf*? Yiper R}ﬁtpfé’f“g%‘fé?ﬁefﬂj”fs&“d thp gower

hi gh- t efmper 3hiiQoRaghl e TeHhATHE RIER R Rk LedbmlRdUPRE A OF the

second buff r faﬂﬁ 6 %o as tSykeep %gﬁtgnﬁ%ratdfeegrgd?ent of e heating
medi um i n t heffgeadridhbufl te lévaamlopGungrb, tﬁaéommarerammdeatmgmetlm¢oew;9er ature

heati ng nedi u schar ged fr t he | r openi ng 6h of the second buffer
Lank 60280 ithPs Gt abho i ear of fesrap BHTEaR Y Hotudar M BRG Heat | ng
nedi um i n t BedRacoNte BEfdne mddank if tHeSe ol NudtNRHk cONBhamd otheékhntih@eef ore, the
amount of the heating mediumdischarged fromthe |ower part of the second

buf f er t ank h@hitemparetfugr laggiipe arpdaim tsodistiargsdoionm thf uppes dveing rvg dedleum fed to
the upper paercton hilferefatﬁe(cor&l @%f%cec}%rshteaﬂk grecf:}_%gfﬂ%a?\ﬁlfe an{%n gftthl(-[: ﬁe gating medi um

di scharged from |"ower sec er tan i '8 FetliFned to the
heat sour ce n@@uincia tke @%Iﬂbyﬁ@fr tagll © ROnahthiRed EBstant, and therefore, the amount of

30  the heating medium discharged from the upper part of the second buffer tank 6 is
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10 heating nedi um di scharged fromthe crystallizer 1 and carried through the
path 24. Therefore, the heating nmedi um whose tenperature has been adjusted to
be | ower than that of the heating nmediumdischarged fromthe crystallizer 1 is
returned to the heat source device 4. The | owtenperature heating nmedi um

di scharged fromthe | ower part of the second buffer tank 6 may be i ncorporated
wth a part of the heating medi um 15di scharged fromthe heat source device 4
and carried t dln to the fourth

0 ustent  Ghuratt aned i do dewh g1 dibiiiths aur i FRECUBBAN B St pe. second
buf fer tanks&oh$ vatred A8t a TRAMigHOkmbAeuReadding maslin MidRrle sURPhied to the
crystallizer 1 fromthe heat source device 4 and/or at |east a part of the 20
heati ng nedivbparartioé theseepnd dutferdankhe isystrned do thedeatespiise dgvies daglelier
crystallizer r tl umto be
suppl 1 ed 1 ooioh AL G B Bhon BT ik RO Rl baE g B A0 RRE T e
upper patt dafe ﬁaﬂﬁQS eFonherbitié high-térapdkatre hbzlihntghh@luﬁﬁﬂﬁchaﬁgefh(fﬁni the upest i Nng nedi um
to be supplied to the crystallizer | fromth eat source device 4 has higher
t enper at ur e PR ghthe ﬁ@oﬂ‘éé‘ﬂff%éﬂnﬂré’d‘i“@n‘?@c @C%@Ofﬁﬂé@ dr‘thé‘d’aftd’f fh?élewwtm%d&wCe devi ce 4

fromthe cryxt@h %e‘d%m the HeErSsoﬂfEQ‘dl@\tlc@ﬁ ﬂ@?&r%lg%th%%%%ﬂg pREI 2 UNIe¥RL4IMe of the

heating nmedium stored at t upper part o sec buffer tank 6 is nore

i ncreased, d#rchehirer wédne,whote Bepentse passlxblbhcéu&t@l @tbedleglmhetamkghoif daperature
heating medium efficientl t he heating nedi um
o be et ur HERE gt st o BeteuRaN -l s coHPRb by b S E ey ar Do
dependi ng on the progress of 30nelting; however, on the other hand. the
tenperature of the heating mediumto be supplied to the crystallizer I from

t he heat solf®eél device 4 is al nost constant, and hence, it becones easy to

control the t emporalul,g, gl NRA MSrlTEFI T BRN 5oy 10F URRoTIERLO! The

second buffer tan the second buffer
tank 6 nmay Qguitmed Gleatien af condlictdienig s eghpsidite 'fohﬁleh%atﬁﬂgn@ed'f’&lﬂltblmfbt o be
returned to the heat source device 4 has tenperature where the heat source
devi ce 4 ispmed todhs gt jeuee dpdssdaie) in frateltingstpn the nel ting step, there may
be a state thpb,the heating nmediumdischarged fromthe crystallizer | is
directly returned to the heat source device 4 without adopting the third or
fourth 10adj ust nelfir expeplat atothe eh@OF B melting step. the temperature of the heating

medium discharged from the crystallizer 1 tends to be high, and therefore, when this
heating medium discharged from the crystallizer 1 is directly retuned to the heat source
device 4, the high-temperature heating medium comes to be returned to the heat source
20  device 4. In this case, a flow through a path 21 is decreased by a valve or the like, and
at least a part of its flow is made to run through a path 22, whereby at least a part of the
heating medium to be supplied to the crystallizer 1 from the heat source device 4 is fed
into the upper part of the second buffer tank 6. Or a flow through a path 24 is
decreased and at least a part of its flow is made to run through a path 23, whereby at
25  least a part of the heating medium to be returned to the heat source device 4 from the
crystallizer 1 is fed into the upper part of the second buffer tank 6. Since the second
buffer tank 6 retains a certain amount of the heating medium having the temperature
gradient such that the upper part is high-temperature and the lower part is
low-temperature, when the high-temperature heating medium is fed to the second buffer

30  tank 6 through the upper opening 6a, the high-temperature heating medium comes to be
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According to the process for producing (nmeth)acrylic acid of the present

i nvention, tenperature of the heating nmediumreturned to the heat source

devi ce can be nmintained constant within a certain range by the third and
fourth adjustnment operations. 15 In the producing process of the present

i nvention, the tenperature change of the heating nediumreturned to the heat
sour ce devi ce is preferably within the range of 3.0C, nore preferably within

t he range of 0 and furth more prefer bly within the range of 05C, Wen
the t emper at6i THARGESHia HEATHD HHAG ORY FerlPnia el PheER "Sour e

devi ce is Wigtdliet bhde haRBe Mddivin GCthetBNDEANGANL 8a2d0Afihd bRe@t, @eurce device
is 20easily maintained constant, resultlggpln stably morﬁigg of the heat

source devi éav-amperagtebeiionrefiuntiedednsahpoinche @N\@r eyEnte ﬂﬁéa@ﬂéour ce
devi ce. [ OOEQ%Fer tanl\ 6 dn thls ocggs?ofneirt ﬁse&etteﬂé‘& thtapt%el?t 01(1]11 fof Eh%rhléatll ded Wt h a

plurality o ture measur |ca |rect|on of
t he buffer tanik, sewhﬂrteﬁyr tdae 6aﬂnﬂzmhtaméd bdsretaﬁo(ahd Iﬂg:réf&dl thmg(ﬁ{ouhh@f fheat i ng
medi um havi ng hi gh or Iom1tenFerature in the buffer tank can be esti mated.

Further, it hf¥ingmeday dierhaged trempls lar e gy theriecqnd S {THJ e 1Bt he heat i ng
medi um ret urpedd g«e aH{%thecﬁ{théﬁéﬁ'hﬁg nﬁgmmced'té ﬂ?ecu péﬁ @?ﬁt ﬁgﬂ@ﬁ@b&gbtﬂﬁrt he

tenperatures of t per part and | ower cool i ng nediumor the
heat i ng neditanin & etlag med-tqnnpetduee Ihazftlﬁlemletdamk dlsmetleﬁmlenlatluner pfrt ofhbe 30cool i ng

medi um or the h umreturn d to the heat rce device adj ust ed
v et or abl y. Firolt Pl dodlee b raih BaRe bt sl SedSrie” SUBE S oPhatBEy wor k and
t he congunmphbfng GARINEY dRthdrhR ReAtLS NEGRIZEEY 6E cHOe$ 1Olghekb paileldy i ncrease.
As the tenperature neasurenent neans, a conventionally-known tenperature

measur ement Therafse. sheckeating mediner wnve tespezanete hiprebden kdjuptag thke borist dyped. [ 0077)
IT the |ow ttha\mf Eh%thli]-: t?nggl%géhy{l}gd %cﬁlarﬁgcfl%ro&gthg%glst%mz& f ?s' &ﬁqned ottFee hgaltlf fer tank

is depleted, ature coo mediumi s

suddenl y r ekoureeedbvico 4t hewleattempm@]& ldaet\fngclﬁedlmﬁ disbl@réﬁdghnﬁ thlamareaztpume cool i ng
or heating nediumretained in the buffer tank is depleted, whereby the
| ow t enper athithe Ledidi ben fank Lafih §e i@ Witb asmhefn‘ihsf F@t“érq%%“?o t he heat

sour ce_qevi GRonPRANAN A0k Ll NIPRL 4SRVLERARYLGS: ARAROTES, very unstabl e.

Thus, it is pre erre measuring a tenperature gradient in the
vertlcal di {@g8] on of the cooling or heating mediumin the buffer tank, the

tenperature of th er.at re cooling or heating ne turned to the
heat source devic&“? ﬁg?gﬂw%&‘BQUWWbﬂg?mFﬁ’gﬁ g@énﬁhwp G e of
di schar gi ngubh part of the seconcl buffer tank 6 is at least a part of the heating mecllum to be
supplied to the crystallizer 1 from the heat source device 4 and/or at least a part of the
20  heating medium to be returned to the heat source device 4 from the crystallizer 1: and
preferably, at least a part of the heating medium to be supplied to the crystallizer 1 from
the heat source device 4 is fed to the upper part of the second buffer tank 6. In this
case, since the heating medium to be supplied to the crystallizer 1 from the heat source
device 4 has higher temperature than the heating medium to be returned to the heat
25  source device 4 from the crystallizer 1, the amount of heating energy per unit volume of
the heating medium stored at the upper part of the second buffer tank 6 is more
increased, and therefore, it becomes possible to store the high-temperature heating
medium efficiently. In addition, the temperature of the heating medium to be returned
to the heat source device 4 from the crystallizer 1 varies depending on the progress of

30 melting; however, on the other hand. the temperature of the heating medium to be
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15 lowtenperature cooling or heating nmediumfromthe buffer tank before the

| ow-t enperature cooling or heating nediumis depleted. O it is preferred that
the tenperature of the high-tenperature cooling or heating nediumreturned to
the heat source device is adjusted to be |ower to decrease a flow rate of

di scharging the high-tenperature cooling or heating nediumfromthe buffer
tank before the 20hi gh-tenperature cooling or heating nmediumis depl eted.
100781 Specj fically, en e te ature f the art of the
cool g or REHRLG et SiHiese AR PR bR e T et Reuhiana Pt et er m ned
val ue, the ﬁt&ié&ﬁﬁe’%teu{\&o Qbnttdl he GO crAdGre OF hAAAL hl@&uﬁﬁ%ﬂirétl’fatrﬂ@:tl agfrto® the
crystallizer is preferably adjusted to be higher; and when the tenperature of
t he upper pdrtseehdphlerdgdiG . ng or heating mediumretained in the buffer tank
falls bel ow gf edeterm ned val ue, the tenperature of the cooling or heating
medi um retur[ne to the crystallizer is preferably adjusted to be lower. As a
result, Bt beconds thossltibd aep. h’l&tsetdmﬂ bafféraaiksc ohy bd@d af staissr dodbdiauideth adj ust ment
operatl ons are exerted for. a |onger periaod. 30[ The process for

produci ng ( REET flicdcping wedipmdo e f?%@leéﬁ%él@d}eaﬁ W@ﬁtcieb‘ﬁe relips EOMSFINEE bot h t he
crystallizi R\glel%ttﬁé)he%f]g)uw%%e%é b shaR bitcke aR3es hAk REAGESS. T or
producing (meth)acrylic acid e present 1 nvention conprises the steps of:
suppl yi ng atlteoa)mang)enaednat@nﬁmtotha h@zutygt akdinnehscharged &ohetht cmsmtilczer devi ce,

t hereby crystallizin h) | i Cld ude h),acr aci d

sol uti on: %l’s“é%]ér‘ﬁ tﬁ‘?eﬁl c}]cS’F‘tl “% 4 {Rot"h& O(I?Fl%ﬁ Tthr“)?e?r Hﬁﬁr et urni ng
t he coolibng aameindan dperatile heat source device; supplying a heating mediumto
the crystallizer froma heat source device, thereby nelting the crystallized
(met h) acryl l%®7ati d; and di schargi ng the heating nediumfromthe clystallizer
and returning the d C e hi s
process, tenper atﬁ?cg%% g nﬁe EH)F%SE Ofo%rgdod ée( 13{’111 aecgh'?o Ctlcﬁ%fhea Peg%nft” ce device

i's nmaintai nad eﬁtmsteamterabye bﬂ‘lﬁe fld:dhﬁg ndjubisieiige (o pRmakhtisolircoeideecas ®@eond
adj ust mrent operation, and tenperature of the heating nmediumreturned to the

heat sour ce "HEV]IRE GoBSHALIINE hessainsinge v they{ird prl toRith friuFPENs CRUAOYS per at i on or
the founth ggdjy ?HH%EHB% B@%és@tof 88 prellift uﬂ%ﬁﬁon IH][téf“ngpe%Yr% %ﬁan%]é ?ﬁtlelb Eea&ﬁlg

crystallizing step rre as or rent fro eat “source
devi ce used niediunhetunmedtto g hseutspuw 0988 preferabl\ \F]tlgn thE rgiipgew?s.0aC.pnogeess for

roduci n nmet.h cr lic. acid c S e Cr zZin ep and .the neltin
D on war ot MfTHATE SliiCine Firtee GRUTEL eyt Sort Ty g i e Pl & )

different fpeart hgnbeate &Qﬂb@ﬁlﬁlréj%h{dn%@ MBI hidtink NBedi®h trb@ghe$ tiEARe hént20 Fig. 7,
a first heat source device 4A which cools the cooling nediumand a second heat

source devi ceurgBlanise chvitleatle rokge HedrCnigje h@fmllﬂa&ﬁaélﬂéﬂ@ém@pe@e dEﬁh@ i#irst heat
source 98\“ %gsﬂé'%l ifaiBEP X(I)ng%%t V\@supmg r§ gtgl)l Elg IolfI Sllijegp (Xlr&eo e\lce ﬁgnd a

cool i ng “medi U ret urn hea source device
provi ded wi tréuuandmaﬂtthengnmijmummpiﬂ(hmaﬁsoéhB@ danet a heating nmediumreturn

port 4Bd. 0076]
It is preferred that the buffer tank is provided with a plurality of temperature
measurement means arranged in a vertical direction of the buffer tank. whereby the
25  amount of the cooling medium or the heating medium having high or low temperature
in the buffer tank can be estimated. Further, it is preferred the temperature of the
cooling medium or the heating medium returned to the heat source device is adjusted
depending on the temperatures of the upper part and the lower part of the cooling

medium or the heating medium retained in the buffer tank. The temperature of the

30  cooling medium or the heating medium returned to the heat source device is adjusted
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[ 0081] The process for producing (nmeth)acrylic acid of the present
invention sho \Nn in Fig. 7 conprises the steps of: supplying a cooling nmedium
to a crystallizer 1 fromthe first heat source device 4A, thereby
crystallizing (nmeth)acrylic acid froma crude (neth)acrylic acid solution:

di scharging the cooling nmediumfromthe crystallizer 1 and 30returning the
cooling nediumto the first heat source device 4A; supplying a heating nedium
to the crystalli | fromthe se d heat source devi by nelting
he cryet o PRI o DIATE Grohell Skt RGP Ve Ag 79 B8 um 1 oo
the crystal kbggmplonfg dg\eétuth@lh@ﬁ dohRe NRALE RBesRA IR Ay iMgeasECORdLBeat source
device 4B. In the enbodinment shown in Fig. 7, the crystallizing step and the

mel ting stepfenaicanyp treqape@entj Heanhed epypsnainallyspown tempgeture peeagberngnthg medi um
a_nd t he hea%n{eglgs s’ﬁ'@l%s%%&h% {épet at?cf"tBQH]eﬂa\tlS)eém‘?o ﬁystal lizer | at the same

time. [0082 Wedi um returned to the heat
source devi (@747 i s nai nt ai ned constant by the above-described first or second

adj ust nment operatlon usi ng e first buffer tank 5, and tenperature of the
heating nedi um r &€ dredey t%pecrfﬁ@rewe%ttngsoat}?%g&ml%remeﬂéﬂ thaibHEE tHddS const ant by

the above- d%gﬁ&b&)%&e@l b 18h- &&Hé&tﬂr Ough‘r?gt V\ﬂ%@ﬂln%ﬁl%dﬂhﬁ RRuMRLAY.h g S€CcONnd

buf fer tank 7, a pat | east a part of the cooling
medi umto beo thehemdmtr@ dehee far tigthi gle@impsoures otieyordeatth hedom tdtenadrigst al | i zer 1

is fed to t | qv?er part of t fi buffer tank 5, that concerns the 15

second ad udteduie G Rt et bF b oGO A BOURS RRIER B¢ 1 east a
part of (hhe shewhik rl@tuﬁ’ﬂ%ﬁl oMk OhcRe shREUUBEEL. topelalih DEGRNUcHCRUIcS Ok ce device 4B
fromthe crystallizer 1 is fed to the upper part of the second buffer tank 6,

that concer mscontse epurRdtablalj Jdweintls opdersad bt Whae arasirad. a [@EBBIW20I n t he

wh f
S?igum ﬁée ( %e dﬁeg‘n{ 1'1191%?1 A (!ll?fCH(? % RS ooﬂﬁ%gﬁ%ﬁu I’H{Cﬁlﬁnﬂl I Bﬁfferttgﬂaf 1@:: ?ngs : ucﬁr

that the coednhm@u%wfulm 103\ -gtpprlaived cdding dr ilesingCinyditial ﬂemzreﬁ th redThént
refrigerator, thereby conducting the crystallizing step in the first
crystal | i zeFouregs dgage ispadiystrd 19eBe m&efn@dﬂ%ﬁﬁtaﬁ% asﬂfpbwﬂtéopft‘tjscaafgeéotha

crystal ljszefof {iPefafe " &olih@€drahQfing t BEEGRY rRANAHS LR t A8k "Rk NBe

low-temperature cooling or heating medium is depleted. Or it is preferred that the

temperature of the high-temperature cooling or heating medium returned to the heat

source device is adjusted to be lower to decrease a flow rate of discharging the

high-temperature cooling or heating medium from the buffer tank before the
20 high-temperature cooling or heating medium is depleted.

[0078]

Specifically, when the temperature of the lower part of the cooling or heating
medium retained in the buffer tank exceeds a predetermined value. the temperature of
the cooling or heating medium returned to the crystallizer is preferably adjusted to be

25 higher; and when the temperature of the upper part of the cooling or heating medium
retained in the buffer tank falls below a predetermined value, the temperature of the
cooling or heating medium returned to the crystallizer is preferably adjusted to be lower.
As a result, it becomes possible that the effects of the first to fourth adjustment
operations are exerted for a longer period.

30 [0079]
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step in the second ci-ystallizer. This enbodinent is explained referring to
Fig. 8. [0084] A cooling mediumis supplied froma refrigerator 7

t hrough a cooling medi umsupply port 7a and returned to the refrigerator 7

t hrough a cooling mediumreturn port 7b, and a heating nmediumis supplied from
the refrigerator 7 30through a heating nedium supply port 7c and returned to
the refrigerator 7 through a heating nediumreal mport 7d. The process for
producing (meth)agtylic acid of the present inyentjon shown in Fig. 8

Gonpri ses the st el BRCESIBoPYI e ROBR N ARACrP 85 PPEPUe Y8 al | zer 1A
fromthe refsg@eab® thd crybhBERDEYep S tRl rhdldiGe( Mt hisaGk lihCpragsdfokrom a crude
(nmeth)acrylic acid solution: discharging the cooling nediumfromthe first
cryst al | i zepradaciag tmetedecryhé arid phide pesotrit Hy epfiod comptiees threstensfof'i sypplsingr 7:
suppl yi ng a_heati ng pedi to. asecen talllzer omthe refrigerator
e hor by et g oAt U B BuBeE AR S Blisk B8Ged i OB AMR AT 2
heati ng medimahfatefit hbid fsaeandudy ysdidhdrilzencid sBuand diehaiging nige tdwdinpeat i ng
mediumto the refrigerator 7, 100851 10Tenperature of the cooling nedium
returned to AR PRy Gercaistlizer pad mepingi the doRlBigseHtMpY hededr8bEe descri bed
first or seqond adhishiTheARCHAIAN HHNG RalikiShoR Ul hek sbagk dgrieand
tenperature of the heating nmediumreturned'to the refrigerator 7 1s maintained
const ant by tlchaby apbve-thesgestailbed (teiandic afiduatdhligbijpst terdteatogenativon usi ng a
second buff?r t ank 6.lJn Fiq. 8, a gﬁth.thrgugh \ \ hich at |east _a part of
the cool i ng ™8 HeaRa! Y BE TPl e medpt 1o ePet oY 456 « Re

crystal ljpzefnié prokb@d teRpéhifrd OWRE BRIk rddidnl eethihéSio REhERsohBOHerdoe ik hat _
concerns the second adjustnment operation, is omtted, and a path through which
at | east a panttaipdd copstanednri Ay stiadistisnbeperetiay vedhe ceednd adsstingér at or 7
fromthe cr L1 s f , , of can f.fer tank 6,
that concer Hepet ARl tebReraffh At ARbERRE, AL & 8 BE505, Telserth

After the chiygit@hdd 2bmgns thepthenthirdeadjidigént Copesdiiah | drz e Touhh amfiusthent mel ti ng
step in the second crystallizer 1B are finished, it is preferred that the

cool i ng nediCBsRiEl sdpphsaberures demise seddnthecryilmg siprmapbehg satetshéat i ng

medi um S SRRt PHohInd G HfS e EYEERL hZBhishAkfir ough @ path 81, while the

cool i ng nedi um char ge romthe second crys izer IBis returned to the
cool i ng nediuwpteturn port 7b of the refrigerator 7 and the heating nmedi um

di scharged fromthe girstvcrystall%zer %A.is returned tq the heating
medi um ret urn porf'87¢ 1581 th@Tqeerr 1og e atusie7 (RHEaRe é‘“ga?ar‘i“%lﬁl.ng at is, it is

preferred tRakhalLRe NGk theBELHINIE SIHRRA IRINER sbitge faelisd usddymt @kl i zer | A
fromthe refrigerator 7, thereby conducting the nelting step in the first

crystal | i zeerysiallizagdteiis diffgregetomtonhaaheou@fderise usadyis thel in¢liieg stepd tly be
retur ”e%t 0 FEgh% 4 ﬁlfs][’ fle%?go%trc%rdezi;ce QRC\I\'hticﬁllecogfg ?lllel &%ligf ﬁllieé{mni aid a second heat
source device 4B which heats the heating medium are depicted. The first heat source
device 4A is provided with a cooling medium-supply port 4Aa and a cooling
medium-return port 4Ab, and the second heat source device 4B is provided with a
heating medium-supply port 4Bc¢ and a heating medium-return port 4Bd.
25 [0081]
The process for producing (meth)acrylic acid of the present invention shown in
Fig. 7 comprises the steps of: supplying a cooling medium to a crystallizer 1 from the
first heat source device 4A. thereby crystallizing (meth)acrylic acid from a crude
(meth)acrvlic acid solution: discharging the cooling medium from the crystallizer 1 and

30  returning the cooling medium to the first heat source device 4A: supplying a heating
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supplied to the second crystallizer I B fromthe refrigerator 7, thereby
conducting the crystallizing step in the second crystallizer 1B, and

di scharged fromthe second crystallizer | B to be returned to the refrigerator
7. In Fig. 8, each of the paths 31 and 32 has a path for the cooling nedium
and a path for the heating nmedium [0087] According to the enbodi nent
showmn in Fig. S. it becones possible that both the cooling nmedium and the
heati ng medi um supp]ied fromthe refrigerator 7 ar.e ilized for the

b oducti on GBSy T hEsoRElEb S Rl R B e B8 f or ¢ ne
production @fshn®éh) @ftyAd-Qicaatid. Gal BiecheRGTe ARE theatfHdr ik@lum afdoh cihent
production of 10 (neth)acrylic acid is realized by conbining the refrigerator
7, the firstnépliger] ppd euming theheeades madivey pghapacppdheaf s@urce ¢raickid4Bst buf f er
tank 5 and S ffer t . L.0088]4:.: ln e re the

cool i ng ned?€ﬁ¥ﬁ§&§%§%$¥§@§thfﬁgggiP%igggég]%%FF épdf&bﬁFgﬁgfﬁ%pﬁgfrigerator
7, thereby ansgaed innbe th@altizey 9t alThisz ile@oslingmmédiurh Akl the hedting iedival drezer 15 | A,
as well as the heating nediumis supplied to the second crystallizer IB from
the refrigefatyprled @ hecapip!licemldtiche sagetifs mel ting step in the second
crystallizeg,kB as shov?n in Fig. 8 a part or all of the cooling nmedium

di schar ged #ronlthe first crystallizer 1A may be utilized as a source of the
heat i ng medi um t dldopestipplol 8¢ doliighmedrmonared yis tlal heazgurckBlevaadAaspart or al

of the heating nedium di scharged fromt second 20Q.crystallizer | B may be
Qi 11 ed as "D IR A% GO0 FH R G D0 UpReR e Resi e ot
crystal ljpzefnel st bikidr @nkP5 OERSEmbaRRS Odikei RBkidgNBbMhACEMiad Bahdned t he
present invention. In detail, when the tenperature of the cooling nmedi um

di schar ged fowea dhdcd i4Bsts avipstingd] pongiany Ay j the bgte-daseigbed obird g faethum may be
returned to _th i I of , the -r j I hr ough t he
&al\txﬁmggtac'tggﬁgoﬁsﬂ{ Y ge%&:([)% Iﬁ%l;e taﬁlgG. ; Illllgl:q%'g dlg E{t}t# g?é@h(\)\ hlc% Gatt

path 32, an ent enperature ati arged fromthe

second crystlekdd paérof ki doslidgoveditifiéo beatuning wedifimhsRyoiee d&ideranetbrho t he

cooling nmediumreturn port 7b of the refrigerator. 7 through the path 32. On
this occasi & CTHEIKF dhis tfehPethadvd REAT th vk Aritsh ks ShBfigeacsofe t he first
crystal hszegedn fodiSuRbRToBEARY id GhiHEDGHd b Qath ot & SHBSRALAL o parY bAmENe second
buf f er tanks%ina%d ?ﬁe f@m#teﬁﬁ%rétufe %egg%nQOI dﬁun130&%s%égfge3 fromthe
second cr ysthedting nediunBoibs rgnmeé roath¢ secoret henrsedrce detibeed B &bmitgeeratt@dhzey vi a t he

first buffer tank 5. This e di meng i expl ajned below in nore detail. [0089
M Ehe bogt s BB Re g Bad BURY 14 yioRr B0 b s i e BHRE ool i hao )

medi um di schg&aes. loatiddhe first crystallizer tends to be high. In addition,

in the case
[0083]

20 In the case where a refrigerator is used as the heat source device, the process
for producing (meth)acrylic acid of the present invention may be performed such that
the cooling medium is supplied to a first crystallizer from a refrigerator, thereby
conducting the crystallizing step in the first crystallizer, as well as the heating medium
is supplied to a second crystallizer from the refrigerator, thereby conducting the melting

25  step in the second crystallizer. This embodiment is explained referring to Fig. 8.
[0084]

A cooling medium is supplied from a refrigerator 7 through a cooling
medium-supply port 7a and returned to the refrigerator 7 through a cooling
medium-return port 7b, and a heating medium is supplied from the refrigerator 7

30  through a heating medium-supply port 7c¢ and returned to the refrigerator 7 through a
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-here the nelting step is conducted in the first crystallizer prior to the
crystallizing step, high-tenperature residual heat remains in the first
crystallizer due to the influence of the high-tenperature heating nmedi um used
in the nelting step. As a result, at the beginning of the crystallizing step,
the tenperature of the cooling nmediumdischarged fromthe first crystallizer
tends to be high In this case if the tenperature of the 10 cooling nmediumis
overly high IS llkel t he, | owt enper a ure nmed) retained in
Che 17 ot “bhrtae et Pt B, " b s TRyProme ks PSR ite: Moper at - on
and the tenpekal wen®fhn dhben GOPlgl BYoMBEHel Mer@dpdbnedpiting QQo&ﬁ%tm&@Mﬁce devi ce
(refrigerator) becones difficult to be maintained constant within a certain
range. As a“?éﬁ@!@Wﬂﬂhéﬂdﬁbﬂ@ﬂﬂﬁheﬁﬁﬂﬁhé7h@@@bS@ﬂﬁ@éﬂﬂé@m®bk%$éﬁﬂ@@erator) is
destabilize e f M | i ncreases.
rooso] - oRf e SRRl AR ey DR mERMR RN RE (F°1 e
heat i ng ﬁedku@mﬂuscham@edaﬁﬁmﬂamhemsmgpmﬁmﬁmw@uabhﬁngﬂmbendsmmouﬁpalow I n
addition, in the case where the cr staII|2|n step is conducted jn the second
crystal | i zePePppdpediyn dha sqeandi wyislizsp |B z%omg'%a tedingsertet Urtberplysmgliae heat
remins in LReASEP ifisheblibz g cﬁg&ﬁmgel LRE nbphL YR Bt fBE skl enper at ure
cooling nediumused in the crystallizin Ste a result, at the beginning
of the nelticngtalizeplB dadeectiamyshabaatieg mﬁdltllmeo ﬂea@frlggatneal um di scharged fromthe
second crys&ﬁﬁkizer tends to be low In this case, if the tenperature of the
heat i ng nmedi s overly low, it is likely that the high-tenperature heating
medi um r gt ai ned Vﬂmﬁ@ﬁmﬁégpmgc&ﬂ%&%&dhﬁﬂ&ﬂh&ﬂﬁ@ﬁb@&%,&Q@$¢Wﬁﬂmhﬁuk@e third

adj ust mrent operation and the tenperature of the heatlng mediumreturned to the
heat source C@émnt:@ e @lpcr\uegléﬁcaltb "Eer@rcS@melé adiupthieaiudperation pungwfirst Buffeed const ant
wWithin a cert th r h source device
(refrlgerato |s es?ébé$1ze yém?h Ewﬁgﬁh%%ﬁ%% % ﬁeg&? %%%ﬁgheat source

device incr @ﬁlﬁﬁﬁned%bﬁﬁlﬁ’ b} the above-desdiitet effilr & fourth ddh@tn@éﬁt)@/@rzﬁ@ﬁ @Singht is
preferred that the high- teqperature coollgg nedlun1d|schar%ed fromthe first
crystal | i zePeqord Gpifgr; t%réu6 singig gtrackatlothreued Waelht tingashadiatimitiee Bl8applied to

the secqnd GLyshal/igtnRlth ﬁlpffhgegat&emsﬁl%y&es@g% DAy TRk Apgehar ged from

the second crystallizer 1s uti as a source o e co0 un1to be
suppl i ed t oof the first beflergnnksi. dlhdt cawems As sacotné$d||h1$tnlenttopblauolmsorpm$$labtl e that the
effects of the first and third adj s&gqgt ﬁeratl ns are exerted or a | onger

period. In &dilt {BANSh C%é%ﬁ%?Eﬁlﬁﬁ BEtgr mediR 1P Deatsiengdolople| essened,

t her eby redw&h%@atblhﬁ fieANGE CHEhIIRE 1§ &l o tRUGFREPart bBe GRBARLAMN 1k ¢ he heat
source device (refrigerator) can be stabilized and the consunpti on energy- of

t he heat sodﬁt@ﬂﬂ@V$ fqurdfadjuglareat eneyatiemns paitteddecr eased. 100921 The

hi gh-te T(%gf cool i ng nedi um di scharged fromthe first crystallizer 1Ais
prefera ned to the heating mediumreturn port 7d of the refrigerator 7
t hrough t he pat h Bfertthe bEstullizink 2@¢ iashet et gouslierafa iddehdharttindgtepaai um The

hi gh-tenperature
the second crystallizer 1B are finished. it is preferred that the cooling medium is
supplied to the second crystallizer 1B and the heating medium is supplied to the first
crystallizer 1A through a path 31, while the cooling medium discharged from the second
25 crystallizer 1B is returned to the cooling medium-return port 7b of the refrigerator 7 and
the heating medium discharged from the first crystallizer 1A is returned to the heating
medium-return port 7d of the refrigerator 7 through a path 32. That is. it is preferred
that: the heating medium is supplied to the first crystallizer 1 A from the refrigerator 7.

thereby conducting the melting step in the first crystallizer 1A, and discharged from the

30  first crystallizer 1A to be returned to the refrigerator 7; and the cooling medium is
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15 cooling nediumdischarged fromthe first crystallizer 1A is preferably
returned to the heating nediumreturn port 7d via the second buffer tank 6. Ho
ever, the cooling mediumdischarged fromthe first crystallizer 1A nay be
directly returned to the heating nmediumreturn port 7d w thout flow ng through
the second buffer tank 6, depending on its tenperature. The hi gh-tenperature
cool i ng nediunldischarged fromthe first 20 crystallizer 1A may be fed to the

upper part or rt 2 econd b ffe a endl on its
Foer ot ur e SiPd e SheoBRictvsEiicenEe ARGR e aRder s e it e Ra Ui di schar ged
fromthe fi rcﬁ%taﬁlrzhﬁgsitéﬁ lih ZRS sbDndrBty Bl fLAH, %Hh&s&@@@@cfrmftﬁ@rse&oﬁﬂlk 6 and the
rest part of that nay be directly returned to the heating nediumreturn port

7d. [0093] Thetalliger ke ppergogned thdgteiigeraedy umndils charged tierrthstihendecond
crystalllze 3’* @ukﬁ?ﬂh%r l meeah %aéaﬂl%g ﬁt%fg“ﬁlng% dm%gl umreturn port 7b of

t he refrlgera rou t he source of the
cool i ng sediwsy] The | ow—terrperat ure heati ng medi um d| scharged fromthe second

cry: stalllzer IB is preferably returned to the cool medi umreturn port 7b
via the first buffeerdizgie e e@boqiﬁﬁ%vsé?““t”hglghéa'ﬂ|bﬁ?j)““r?écﬂ’P%§fH1?jfl§bh%{Pged from

the second Gfey§fdhd lkkynt BB lﬂ@atﬂ JuM s"uﬁ;ﬁlféﬂ &g tife tr%ﬁ%é}%’} g

medi umreturn port~7b w thout fl rough the first buffer tank 5,
dependi ng omtilized f@lahq:)plrodmmpe of (ﬁn@h)hm\hct anhendbance tireansumgptive dhargy thirschar ged

par . of t he Qi fdinel S i e dap R FaF et | £ 8 tbrmoral ardrenther . a part

of the liow {(@sRRERtHAE] herhiiRg WRIMYMIL B hangedof 7.0 ikecsagand 1arystal | i zer
1B may be fed to the first buffer tank 5 and the restffpart of that may be

direct!ly rethersaendcostahigeicidbtherfystrweiinnly 2adrihpscendAyienmaniad.
[0088]
In the case where the cooling medium is supplied to the first crystallizer 1A
from the refrigerator 7, thereby conducting the crystallizing step in the first crystallizer
15 1A, as well as the heating medium is supplied to the second crystallizer 1B from the
refrigerator 7, thereby conducting the melting step in the second crystallizer 1B, as
shown in Fig. 8, a part or all of the cooling medium discharged from the first crystallizer
1A may be utilized as a source of the heating medium to be supplied to the second
crystallizer 1B, and a part or all of the heating medium discharged from the second
20 crystallizer 1B may be utilized as a source of the cooling medium to be supplied to the
first crystallizer 1A, in the process for producing (meth)acrylic acid of the present
invention. In detail, when the temperature of the cooling medium discharged from the
first crystallizer 1A is high, the cooling medium may be returned to the heating
medium-return port 7d of the refrigerator 7 through the path 32, and when the
25  temperature of the heating medium discharged from the second crystallizer 1B is low,
the heating medium may be returned to the cooling medium-return port 7b of the
refrigerator 7 through the path 32. On this occasion, the high-temperature cooling
medium discharged from the first crystallizer 1A is preferably returned to the
refrigerator 7 via the second buffer tank 6, and the low-temperature heating medium

30  discharged from the second crystallizer 1B is preferably returned to the refrigerator 7

33



Concerning a rule for utilizing the cooling nediumand the heating nedium as
10 the mutual sources, the followng first mMe for the nmutual utilization is
preferably enployed that: the cooling nmedium discharged fromthe first
crystallizer is utilized as the source of the heating medi umwhen the
tenperature of the cooling nmediumdi scharged fromthe first crystallizer is
hi gher than that of the heating medi um discharged fromthe second

Cr et ol 2obin B e P DB SR A ST BB AT BB e e

t enper at ur e [@fgot he heating nmedi um di scharged fromthe second crystallizer is
| ower than that of the cooling nmedium discharged fromthe first crystallizer.
100951 Concer ni ngAt He baginatinizopl thei ¢rvstalhgng kiepcdisl iengensiwat amtnecaine heat i ng
msd' um 2.0 a?ne%lnlg (li'fycth leﬁl ?r&!ﬂrtﬁeeﬁfst érb&alfi%lr lt %\é}% H)gc{e%ﬁcﬁlon 1 awit?onf rth(IJ Qa e mut ual
utilization i's also preferably enployed that: the cooling medi umdischarged
from t hesfi rdkreaheatlahd stzeirs coisdudied bd the drsasry fthiizg@ube® tof cri dnelidigadiepng medi um
when the tenperature of the cooling mediumdischarged fromthe first

crystal | i zetishsepgHETe reifl keapiemaids 8y e Hetion eifper dve lodhraiiparaebhet he

(rorri ger ot G R b R e i i scon 1 & From t he
heat Zourcebd??ﬂmgo(meknmqfﬁa@gmxnﬂmndmphauheah?mgﬁMBgmu?nmiébﬁamgéd fromthe
second crystallizer is utjlized as the soyrce of the cooling nedi yumwhen the
Cenper at ut o 1 (e ettt T HIZShaait ot by gBdTF ot b qEBRaEr Yol 1 zor 15

| ower than thinprBdpLEhTbReR Higpekaldrehdiehd esvesipetnge teameradding of the
cool ing nedi um supplied 30fromthe heat source device (refrigerator) and the

t enper at ur e refinghia thearst hyiferetdnluim repiglpl doaginfeddm thiéirs @diustawsol ersragieni ce

(refrl oer ot a6 R fedbllel ARS8 IDSRR PR LARIPRr UGS Bl Mool Tna
medi um and {(heideair) hgoneddieiouAtebahhowatd tcondamit uithihiaZ@daiﬁSfa@"bI hes asour ce of

t he heating nmediumor the cooling nedium The tenperature Ta is determ ned
appr opr i at ef§Puitnthg apsivieth ek 19%9 BeH e 27165t (retfigerairpuiitdssighilindi 1dzthag t he

cool i ng |gedi A0t B8 e R IH Mgat WAL UM AS ifdResfut ual sources, and, for exanple,
an aver age ngpug é% tﬁ% teﬁpe%atures\gélt escboling medi um and t he heati ng
medi um suppll®®@d] from t he heat source device (refrigerator) nay be adopted as

the tenperature Ta. In the case of enpl oyi t he seco rule for the nmutua
11138t om Tt couPaTBENERGET T TBUER HHD BoBTTRG e U GeHaFR fom ¢ he
first crystalsbhoaged rndatReoheat bati-dmeidm b pahangedidohomitd@sseeand
crystallizer are utilized as the source of the cooling nmediumor the source of

t he heat i ng theeditaiizipOeeB s ¢ondudks wribe sssend e stplticatusiondp heendycstsi.i c acid in
the pr e%‘”t l(;\\n-Ye%ﬂ)te}a%}e re:[sﬂl%al heat remains in the second crystallizer due to the influence of
the low-temperature cooling medium used in the crystallizing step.  As a result, at the
beginning of the melting step. the temperature of the heating medium discharged from
the second crystallizer tends to be low. In this case, if the temperature of the heating
medium is overly low, it is likely that the high-temperature heating medium retained in
25 the second buffer tank is rapidly consumed by the third adjustment operation and the
temperature of the heating medium returned to the heat source device (refrigerator)
becomes difficult to be maintained constant within a certain range. As a result, the
operation of the heat source device (refrigerator) is destabilized and the consumption

energy of the heat source device increases.

30 [0091]
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15 cooling nediummy include a first cooling, nmediumand a second cooling
medi um whose tenperature is |lower than the tenperature of the first cooling
medi um_ For exanple, a refrigerator supplying the first cooling nedium the
second cool i ng nmedium and a heating nediumis used, and (nmeth)acrylic acid may
be produced by conbining three crystallizers with this refrigerator. In this
case, a crude (neth)acrylic acid 20 solution is cooled by the first cooling

medi um t her eby nducting, a former part aof t rystallizing step, and a

Cool 4 cr ude. (et HFERG1 Panduioqe Soeneh o fia FeSiemrbrih i T8 ona cool i ng
nmedi um t hen@Bynf @RelAedel bR theatifse erR@NEzeOfs GthRe by Stdlick 2fNB. HtLRg When the
first cooling nmediumand the second cooling nmedium are provided Ijﬁe this,

savi ng of emedgyn ih be seprdied 3o dhe isgdopdy catstepizen and gheg lom-siperaturg heaivg f or mer part
of the crystal,]iz. t a.par f h 'y i d cryvstallized

P hen t he’ oyl phppRe Bonf vk oS OBl BT 8 £ IR FDF RITRE 1 L
enbodi nenat ingdexplodieRgsplie@ foeths firvgcet Qalfvg@. As a L0 Tilbecomes possible thathi r St

cooling nmediumis supplied froma refrigerator 7 through a first cooling
30medi um suPFSs plobe fitsh tndy g d adivgineaioreB i Rearf xsiieg deiat 9hger PeFpbudh a fir st

cool i ng medi Yy s et g RaHt ofﬂﬂéguﬁ‘eﬁtﬁ&@ﬁdab%;w B@&sé@ﬁ‘fyq WErdrs SYRRl §d from the

refrigerator 7 through a second cooling nediumsupply port 7a2 and returned to

t he ref ri geratsonctiontchstouljintlar, slecapaciticoof thebeatrewircerderiet (refmigpotor) cab2e and a

heating medium.s supplied fromthe refrigerator 7 thr h a heating

modi um suppF PP HERE TR eI T o 1 e T AT s (STERRBUGH" S heat i ng
medi um net ugerRREE 7d. The process for producing (nmeth)acrylic acid of the
present invention shown in Fig. 9 conprises the steps of: supplying a first
cooling nedil¥U¥to a first crystallizer 1A fromthe refrigerator 7, thereby
cooling a crude (feth)a i id sol ution: . di [ Qi th Lr cool i ng
medi um from t he fﬂr%’skpghc{rég}%? ljz;gtl‘:ulrl §Oé)ﬁn% %eégh@ dr?gec{l%%%ﬁ?n(gnt egﬂ ?ticrrg{afﬂézgl(if%ng medi um
to the 10 refprefgebBtrofiiméd tSihp pbying hedivdLLant p&odd bffe FEEGlddmIdit Dtheougkcond
crystallizer 1B fromthe refrigerator 7, thereby: crystallizing (neth)acrylic

aci d_from ateosed? trisaelicsretsiiaase  Brehaiaomativgn; Tor Bighisgicryehe second
cooling 1§Ed!cb’61}n%ﬁ{? 'Jnﬁ‘%is?t%?&@fh&ﬁ YRtk ér?s‘?a[uiz]eﬁlﬁrlﬁ Fe‘fér%l{]'ré?%néch?o gecond
cooling nediumto the refrigerator?: supplying a gatlng mediumto a third
cryst al | i zehedti@g fmelmn-neumgforti geriatthe sétond heffebynkrel tHogeves the ystliakl i zed

(nmeth)acrylic acid; and dischatging the heating medjumfromthe third
Crystal |1 yermed BB PTG e hlbeh S PO EO AR PG ubr 7. 1 n
this case, thaihpffra Fmva wathodt MR weloMEioabl ieisB@nd beReritdkRE U RhamE ohn the first
crystallizer 1A, the latter part of the crystallizing step is perfornmed in the
second cr ysttaltpipasatute. B The rugh-temperaturg ﬁgolgige@ailsmp@sf%@wgﬁécfrqnm thehdirgt hi r d
crystal Lzer 1C,. 2010098 0 ' Qol.l ng. pedi um
returne bt oc{}%tgl llrZ %fl%%%r% %J’Fl tQ7th|eéla- %EB%E g%tﬁéegmgoﬂ}gp (gfnt[“% %éé%dﬁbeu(ﬁlg %‘gl‘eggescri bed
first or sedenddiadpohst Baieraaper aturder, Wphingf @e highstmpdtithercoblaipkmédigm SA,
tenperature of the second cooling nediumreturned to the refrigerator 7 is
mai nt ai ned dBA%FEEALT he Hisst shE B arelt Miab B 1d; tp &he serond delpidantaf st hent
operation Usig o fihdi Stay BYEHE b A ed AhdRaifHedifIRELAL 1E&0f the heating
nediunlreturﬁeglto t%e ?e?r?ge?atére7 i's naF%?a?ﬁ@ggcdn§¥%nt by the
above-descri®®d] third or fourth adjustnment operation using a second buffer
tank 6. .Ln Fig. 9, paths through which at ] east art of the cqpling nmedium
Lo be 1 afurned t oM HanPTEBESRaIE r i A Brer Ba s Femd Sl ot he | over
parts of thepfipedfedabl freirednK $hedd oA nRBunt Ratm $EORCBI TShd ReridPascond
adj ustment operation, are omtted, and a path through which at |east a part of
the heat i ng tredihuthet eatlhel2r Bt be ntidzedo as Hee pafred gértag opolingf medimhe Toeyst al | i zer
(s fed 1o URG HARSLy e fealfe 1SR RO BY i LANKeSna t HRLaRCRE N the fourth
adj ust nent operatiton, is om tted.

preferably returned to the cooling medium-return port 7b via the first buffer tank 5.

30  However, the heating medium discharged from the second crystallizer 1B may be
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[ 0099] After the former part of the crystallizing step in the first
crystallizer 1A, the latter part of the crystallizing step in the second
crystallizer I B. and the nelting step in the third crystallizer 1C are
finished, the second cooling mediumis supplied to the first crystallizer IA.
the heating nmediumis supplied to the second crystallizer | B. and the first
cooling nediumis supplied to the third crystallizer IC through a path 33,

whil e the 10Q0. second c n dlu di s har mthe. first crystallizer | A
e e B TRCER gt P otire R Thkieins PEf BT Sl (Rbe P | yarn or
7, the heat%ﬂﬂa“@&lgnHQkﬁﬁﬂébﬁQQ1%&@&h&hﬁ 3&&%ﬂd&%ﬁ%ﬁ&ﬁé%&%ﬁ@r&%nhﬁ returned
to the heating nediumreturn port 7d of the refrigerator 7, and the first

cool i ng medidisghagged ciram @@cﬁemﬂdrﬁfisﬁéh%ehllembr%Eélw| PP I rsor e iryeed to t he
first cooli {E?Ql{l UR a{lf!tfl NafiO% tdeé?rgdtl oﬁ f}g t({ng[{elriugr%r algtﬁ he115¢ psartt (I)}r?‘ggh a pat h

34. As a re part 1zing perfornmed in the

first cryst aadd -tezqureraMe héahﬂg ﬂﬁ&ht]mrtgscsargal ﬂr(ﬁn ners'é@jnfred suamlzérhIEB secEntdd
crystallizer 1B, and the fornmer part of stallizing s is perfornmed in
the third cigbedrstbyier tank 5 pgsthpyesinpptar ﬂ%ahéw%% f'%é‘i"Cﬂbé?tt‘mé‘i tottﬁ"ec‘?f)rh%t al l'i zi ng
step in then%HHQ}Eﬁﬂyﬁ&@bglzer 1A, the 20 nelting step in the second
crystallizer B. the fornmer part of the crystallizing step in the third
crystalllzeMXQGI are flnlshed t he heating nedlun1|s supplied to the first

crystallizer 1A, he first ooI| iu | i o the second
SRR ARSI RN TR T MR L
crystal |1l)Zel’the| ﬁiu%uﬁlr QHEdest Me PR ind JirstWinldl ﬂ)fttﬂ@ nh@ad iungzJeeliiy prdérgabar ged from
the first crystallizer 1Ais returned to the heating nediumreturn port 7cl of

the refri gecawlyred thahghef goong @@dwmrfgscmréﬁdjfm@l the Atk gedtallizeans uhkzed@sond
crystalli ZetheI &)urge ftthl“ér Heaﬁ.:in«%\I edlu . \{l{eﬁt thg n*)iggﬂllnéegf Wt othH%nrl} {:a‘?unt[i 7bl of the

refrigerator 7, he seco |scharged hird

crystalli zerdlsl:ha(egeldsfrbmt the Nfexek t:ﬁsﬁan@elsgcmgﬁercﬂﬁhltng ok dicunzatiat ungligpart 7112 of
the refrigerator 7 through the path 34 aresult, the nelting step is
per formed i Aiseiesedofam &e Sﬁf@tdaclrl jializer: jand tb%’é%fl@% msfiupngischageeq ﬁr@mcmst al li zi ng,

step is per ko6 apa- kit iih%’dq tﬁé Mﬁ &ldrhie&t ﬂn%m q]‘i\*BQn hldnffer ALt of the

crystaII|2|ng step I's per orne e th|r cryst izer I'C "101011 In
Fig. 9, eachfdk htezlttmgpaetdhlm stclatrg}td 314>nhms secopditiysthlbrertihbwer thetb tlmoof thag medi um a
path for th%oo El%%ge um c([)llsclhgl%ec?FrgllnLtllgg I;,]tdcr\ast llzeh for the heating medium
[0095]
Concerning the rule for utilizing the cooling medium and the heating medium
20  as the mutual sources, the following second rule for the mutual utilization is also
preferably employed that: the cooling medium discharged from the first crystallizer is
utilized as the source of the heating medium when the temperature of the cooling
medium discharged from the first crystallizer is higher than a predetermined
temperature Ta between the temperature of the cooling medium supplied from the heat
25 source device (refrigerator) and the temperature of the heating medium supplied from
the heat source device (refrigerator); and the heating medium discharged from the
second crystallizer is utilized as the source of the cooling medium when the temperature
of the heating medium discharged from the second crystallizer is lower than the

predetermined temperature Ta between the temperature of the cooling medium supplied

30  from the heat source device (refrigerator) and the temperature of the heating medium
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101021 According to the enbodi nrent shown in Fig. 9, (nmeth)acrylic acid
can be nore efficiently produced by conbining the refrigerator 7, the first
crystallizer 1A, the second crystallizer 1B, the third crystallizer I1C, the
first buffer tank 5 and the second buffer 10tank 6; and the consunption energy
of the crystallizer 7 can be further decreased. 10103] Also in the
enbodi nent shown in Fig. 9, the cooling medi um and the heating nmedi um nay be
utilized as t tual, sources. ILn.thjs case art gr all of e first

Cool | ng. rodi U SCHol5ebrt o At ErERRgL: abry MetmyTee Bt | ed as a
source of 1gpReneator NGe MBEIMMRiRE 28U PR 11REkidO nfebRnt Rl dqeal WSt bkl i zer 1C,
and a part or all of the heating mediumdischarged fromthe third crystallizer
1C may be utdopieyasige da. the gwngelegwntwé the hegting meflinpcprereliivigehte be belizgdippl i ed to
the first c n C pplied to

t he second 8‘}?/ ?/&sl}%}ll: |Czee0rf ﬁ?bé %aﬁl‘{' ﬁledél? O?ﬁle ’3911 ‘ﬁédl M, n:gl?eatf%%érgulf eﬁf%l irst

cool i ng sedidewinmihal hpigedtet,r tmdchidaride nsith Bzﬂmb a;lflthezahodnés bSutilizgty, th20 the first
cooling nmedium may be returned to the heating nmedi umreturn port 7d of the
refri ger at ofOFIEHRIN 2h e diginganedigi s Wifeh U MRl obSRD Pt IaT 8X8Pla BB heat i ng

medi um di scharged JlJeOHF ;hréeteﬁlpérléu%eg rfshéa é!)olﬁl%rméoqlﬂlsanh QW hgﬂfﬁgnﬁ&ﬁﬂlrﬂg medi um

may be returne to the tirst cooling nmediun¥return port 7b nd/ or the second
cool i ng nedisuplied framnthp bedt sqibe dxf\1ctek(eefmmawrgetaatb@radﬁfptemn&)mghenmwmpat h 34.
[0104J For exanpl e, ;soon after art of former part of the
Crystal i zi M Cod S Dt Pgt g Sy GRS bl pir G0 SORr IR, um ¢ ends
to receijye %o%&ﬁ&&kmﬁgﬁﬁaﬁnﬂhmmgéaiHBﬁﬂhéB@t&&MQﬁaﬁ@ﬁﬂhk&@m §hﬁaﬁﬁhd sol ution
and hence, the tenperature Tl 2 of the first cooling nediumdi scharged from

the first cdisshasgedifioar the sergnd erysthiéizdjaghutiliagdes, th%wrpesﬁéhetcoﬁhme@mart of the
mel ting steg{fwf&ﬂgeéﬂ%rﬂ?ﬁ%y &ﬁhilzer the heating nediumtends to rel ease a
c

| ar ger anoun rystallized (meth)acrylic acid, and hence, the
t enper at ur e [(B®3] of the heating medi um di scharged fromthe third crystallizer
tends to be low Further, at the nonent soon after the start of the nelting

step, |owtenper aIPLIP%PFOééﬁsch'éPmH‘é%Qg (regpeg Acid i fheePresint Wvetpat WP i zer due

to the ol | usnee Ao SXhEBIELY kML ATRREARLER, £Q0kINGoTRIHTi(hhe second

cool ing nediu he precedi ng step t er eof as aresult, the
t enper at ur e whid® emptheirdealoivey thae dha rengesthan§de fisonedling mddlivnd droyst al |i zer
is likely to be | ow . Therefor ment soon after the start of the

respecti ve SYWHYe ajrefrigya) OaS‘HJé’ﬁt‘%aé‘ %hséc‘f s Sregiugt dhepseondcoplig el g redi um
di schar ged GrOmhbaRg thidigh Grssd. ahl i(#6hH)BEGOTEE nh@WRIpréfIREY b E€ombining

three crystallizers with this refrigerator. In this case, a crude (meth)acrylic acid
20 solution is cooled by the first cooling medium, thereby conducting a former part of the
crystallizing step, and a cooled crude (meth)acrylic acid solution is crystallized by the
second cooling medium, thereby conducting a latter part of the crystallizing step.
When the first cooling medium and the second cooling medium are provided like this,
saving of energy in the crystallizing step can be achieved. In the former part of the
25  crystallizing step, a part of (meth)acrylic acid may be crystallized when the crude
(meth)acrvlic acid is cooled by the first cooling medium. This embodiment is
explained referring to Fig. 9.
[0097]
A first cooling medium is supplied from a refrigerator 7 through a first cooling

30 medium-supply port 7a; and returned to the refrigerator 7 through a first cooling
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10 tenperature T12 of the first cooling nediumdischarged fromthe first
crystallizer and the tenperature T22 of the second cooling nedi um di scharged
fromthe second crystallizer. Here, the tenperature T12 of the first cooling
medi um di scharged fromthe first crystallizer is generally higher than the
tenperature T22 of the second cooling medi um di scharged fromthe second
crystallizer. Thus, at the nonent soon after the 15 start of the respective

steps, the in > T22 Id be s such_a case, it
s br ef er r el RH R Poit Bt SSR g R E SHRPGb AR B ReT P L

crystal l'i zefhrb§ghtt kddoR®do@mg an&IAMA-GE)pRf pérheah@@t teR@ndaedi N draehRoswppl i ed to
the third crystallizer, the second cooling medi um di scharged %ron1the second

crystal | i zethrpughyg pacpndsepcdige éiﬁe§bll}?'€?élf@fpo{t bo.fand gt hegtey madjumeidisuphlied be
supplied to ﬁIo eth}ce:réfﬁéergtoygt @!OP% va atgl% nq&ﬁiuntl Qtzp é #199 aﬁfgét(%]}ﬁécp St%har ged from

the third crys risu sour ¢ secon coollng mediumto
be Supplbedrﬁhg&hﬁrSGEQﬁglEm&am@hhﬁﬂﬁﬁraﬁ&]&HWB@UVMm1ﬂ@mbﬁ&@¢ﬂﬁuﬂﬁ§$lble t hat
the effects of the first and third ad{ustnent operations are exerted for a

| onger peri &8h)3pyHedridi Gnhe prrsert dpigaiion, kv ReFigyp fampiiggskhs sepbPle to be
| essened. Fg%ﬁp tﬁ}ﬁ %ﬁﬁ%%ﬁéaﬂm?fto fa%sﬂ"&%talﬁ?éﬁl% FARY (G Erefid, dgglfafdrgﬁr ator) can

be stabilize t e consunption energ heat source Vi ce
(refrigerat (ﬂre)ebsawobeg dtecmlé@s{mdth)a{wllﬁ&]ud solutlon Absctlttrgmgrldlg rigsts cafling he

respective st t he t erat f the firs coo diu dlscharged
(rom the 11 eaegt JRRaF fELrer i eha S iar it s Lo 73 GpithdB8oRa Eool | ng
”EdlUﬁldbscmﬁﬁgﬁQoFV%ﬂﬂﬂhﬁg§@&%H@c&ﬂ%§%ﬁhhh¥@ﬁl&@&@ck@nﬂ&&plBaﬂﬂl&Be

30t enperature T32 of e heating nedi um di scharged fromthe third crystallizer

tends to r|§@hgﬂﬁéﬁe?oﬂ@“%bhéﬁﬁﬁéquwlKﬂymﬁEPHQ Bﬂ¢3@DB1F22%@deGHﬁé satisfied
during the ?ﬁlgtﬁfagﬁ FIC ULiat BRuiLE cﬁ&ﬁ&r 1S e ?er%nd 'c@ 1%&'% edﬂ nf A3k h todofid PF ef erred
S e ged from he st i

that the fi coo ium di'sc crys izer

utilized ascasQpDUECE m‘d e ityead sdagncrmfdimgmtemuﬂneo aiepa’ngadtot D shb;ﬁs ihpi rd
crystallizer, and the heating nedlunldlschargmd fromthe third crystallizer is
utilized as2deaiig pedigm tpr?eﬂlffﬂr%tswélt?@{ g s Suppedeteltigst he fir st

crystalljszer, r\stgllz%)ch%llétﬁflgﬂgc Geal LAY dE@l‘}HrélH% ‘{'ﬁesﬁ&?ﬁg%%dﬂ{nﬁj@?ohhﬁle tﬁﬁ&’”d

crystallizer e utilirzed as a source st cooling lumto be
suppl i ed tocbh@ﬂﬁmrﬂlmdnymnmkhhzhﬂmngnddmheoNﬁabﬁmgmnmdluhwﬂmswhamged fromthe

third cryst | 1izer be U ilized as of the seco |ing mediumto
be. Suppl | ed et At SEbeatsibtyaT £ rsdnieg of Giyst oddiAf 18, AR S Wher e two
or nore Ki n@&n@fthéhﬁsmﬁldg@&pnﬁgérmlw intthesddg@t &rigalliRe il BMualrge Hekidgas shown in
Fig. 8, when the cooling nediumand the heating nediumare nutually utilized

such that t Kep&sasHpmgedrediednrd gyyaliiter 26d as the source of the 15 heating
medi um Bd eatlng mediumis utilized as the source of the cooling nedium
it becones Eoss ble that the effects of the first and third adjustnent

operations are expfiipehnfrorofahd angedooiy n@diunafduihbe € apaedfitiyerabr vhe buffer
tank can be | essened. Further, the consunption energy of the heat source

devi ce (ref Magsrardgopstan by He e eacdsd i ar srenderdisHrenhoreiaiion 46ipg f zat i on bet w
een the COOlf'rs'?g)uﬁ%d’[aHﬁl)aﬂg {eﬁl%erature of the second cooling medium returned to the

refrigerator 7 is maintained constant by the above-described first or second adjustment
25  operation using a first buffer tank (2) 5B, and temperature of the heating medium
returned to the refrigerator 7 is maintained constant by the above-described third or
fourth adjustment operation using a second buffer tank 6. In Fig. 9, paths through
which at least a part of the cooling medium to be returned to the refrigerator 7 from the
crystallizer is fed to the lower parts of the first buffer tanks 5A and 5B, that concerns the

30  second adjustment operation, are omitted, and a path through which at least a part of the
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20nmutual utilization between the heating nediuns are not essential. [0107]
Concerning a rule for utilizing the first cooling nmedium the second cooling
medi um and t he heating nmedium as the nutual sources, it is preferred that the
first cooling nmediumdischarged fromthe first crystallizer 1A is utilized as
the source of the heating nediumwhen the tenperature T12 of the first cooling
medi um di scharged fromthe first crystallizer 1A is higher than the
tenperature, T32 of the heating medjiumdisch ed fromthe third crystallizer
10 P ana & ne MHRBE Mg oA o g B Berriarivs haom arsCearird iy o
utilized as u}?_[h‘@ pa@Uf $:8 s€lond BETdritdnktc, Aal aiderie®me melirtoRbdsenBstrdion\veen t he
tenperature T32 of the heating nediumdischarged fromthe third crystallizer
301 C is | owemittdan the tenperature TI2 of the first cooling medi um di scharged
fromthe fiﬁ@ﬁwﬁrystallizer | A or/and the tenperature T22 of the second
cool i ng nedifum di scharged fromthe second crystallizer 1B. Mre preferably,
the firss cool i ngAn@dhe foraies pravgtd chrsaiizidiestdp nsthe Ciky shalallizzerAl dei s utili zed
as the source of the heating nmedi um when the tenperature T12 of the first

cool i ng nedilaiki prrseiihs getialtipgasend e peond pygelips 1Feand heineltisgiarint han t he
temperat ur & (kg bl BAR A0 AnRAl oG RANGE AN e Graystal |1 zer

IC, md anong the heating medi um di scharged mthe third crystallizer 1C and
t he second coohlliag hkdheheating oirdnged supdredtihéheseeconderettalisteall Bi aek thd B, t he

hi gher-tenperature heagting nediumis utilized as the source of the first

Cool i ng. mediGiF AT ARA b e e S EICETY HEGIERMAG T PS8 as ( he
SOPFPG.QB tB&m&@cﬁ&ﬁgﬂﬂaﬁ@ﬁhhﬂﬁmﬁaﬂﬁﬂﬂﬂﬂéQ%QB&ymmhmgJACQnﬁﬁﬁﬂmn@ thhe rule TOF
utilizing the first cooling nmedium the second cooling nmedium and the heating

medi um as t keconditcqalings madivegretuiiy pp A b the a¢faigera@r t7hdhe betting gnereien um

di scharged f t fif alil . i AN > r of the
heating 15 ﬁ%ggﬁﬁgﬁﬁgkmg%%Bé%ﬁéﬁgg?%?%1#@%”%?q§lgf%%%??%ghﬁgaﬁﬁﬁpgﬁscharged
from the fi rgtofcihyskmigkiamer7. |Adi Be Hirghetolihfatedunp raadriresdniosd theemper at ure Tb
between the tenperature T11l of the first coolinﬁ medi um and t he tenperature
T31 of the KeaRilxey Medireiined s 86t £o0RE fsdivpsreRing eerht byrof the rgfhigeioe heat i ng
medi um diksch heyd i YStabhd 266 | fili,) i he-q5purce of the
first or?andq@gggh%ﬁ%%%finéaﬂgg?bg%mﬁ%nb%t§92%h?§%ﬁér%gﬁggq%gg %? t he heating
medi um di schigrigecristablimet hé. théhimelfing step tsglekfiomaed ih Ghel sscdndweystalllran] B.hed
predeterm ned tenperature Th hetween.the tenperature T1 | of the first cooling
e um and S5O REREe ot U & RANT0F SERis MOLETG HEdh RS 86 1 om ¢ he
refrigeratonoifo) Here, in the case where both the tenperature TI2 of the first

cooling nediumto be returned to the refrigerator 7 and the tenperature T32 of
t he heating medi uiterahgdaticepait wédhet gystlbzingfiep gertiag Brst pryaabizerglial theo t he
tenperat,yre Th. the.fjr 1 i he heating. ! re allowed to
Lo Pl B8 f D SLAERL LR AN WL ACAADSRLIA IR

appropri at ekhye thirdagc@sliancle et hnibigddamieehting gedam untsepptibd ub ithd Zirdhg the first
cool ing nmedium and the heating nmedi umas the nutual sources. As the
t enper at ur e FBtalliger Lydhafest ealine msdiieis fupniied i s spwng castrllizeiofB.tHe 30fi r st

? $ g'lﬂg 1;*}33 itﬁér@e@d?ﬂ bt GIRER A YDtk utRird 8L G MG R Hoh tilHatd 5.

while the heating medium discharged from the first crystallizer 1A is returned to the
25  heating medium-return port 7d of the refrigerator 7, the first cooling medium discharged
from the second crystallizer 1B is returned to the first cooling medium-return port 7b;
of the refrigerator 7, and the second cooling medium discharged from the third
crystallizer 1C is returned to the second cooling medium-return port 7b> of the
refrigerator 7 through the path 34. As a result, the melting step is performed in the

30 first crystallizer 1A, the former part of the crystallizing step is performed in the second
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is preferably adopted. [0109] In Fig. 9, after the forner part of the
crystallizing step in the first crystallizer 1A the latter part of the
crystallizing step in the second crystallizer 1B, and the nelting step in the
third crystallizer IC are finished, the latter part of the crystallizing step
is conducted in the first crystallizer IA the nelting step is conducted in
the second crystallizer 1B, and the forner part of the crystallizing step is
conducted in th d aII|z IC, Further, after the latter.part of the
cvstal iz fceiah i wHans idet pEF oLt i JubFAseS i Pt RAdt Lo a ¢ e
second crysbag@n§gn(i8 and the fornmer part of the 10 mstallizing step in the
third crystallizer IC are finished, the nelting step is conducted in the first
crystallizelOWA] the former part of the crystallizing step is conducted in the
second crystalliz f.t I step is
conducted in the hﬁ%?“%?ggfgfﬁﬁ%§$§ﬁ%§ﬁﬁ&ﬁ %ami@rmgm%§££ﬂ+%%w?gnn%r part of
the crystal phmiffighsieemd dobknd ¢di@n apdui patofor theehestingshalidrm zi ng step and the
nmelting step are respectively performed in 15 three crystallizers at the same
tinme by rot&ti%h Iike the above, it is preferable that the rule for utilizing
the first cooling t medi um as
t he nut ual sourceéaﬁgmgg%t%QQM&%ﬁ&%Qgﬁ?ﬁhb?gaﬁﬁgh#g%?og%%??ﬁgq%ﬁgﬂgperat|on
[0110] I n t k#icecadeprdered by hembiomgwlre plugtragh 7t the fict yisttallibérdidn thestepd i s

conducted in the 20 st L1 ceding ste reof is the
o1t st et siiad W b5 P iy et i 0GR 6 S B iens bfE:

crystal ljpzefank®: hidl tHé EdnkdiRSlioRSndrBe o SAMES Qalffert7i@n BE AlihBGIcbREleM Wi t hout
changing the flows of respective mediuns through the path 34 fromthe
precedi ng st@®3l1n this case, at the nonent soon after the start of the forner
part of the cryst j0 I i r heat
remains in the f|$%¢“§#§gg%%$8m %$ﬁﬁg§%& 9 @Eg&ﬁh %%%lgéggkﬁghgﬁgétrenely

hi gh- t enper atediugn haabe nglizzeds Wiv e doorckhe Iptec ede.ngpst epall behedist and as a
result, the tenperature 112 of the first cooling nmediumdischarged fromthe
first cryst&Pelingapedium fischaroed fipny he Hest ﬁr\aﬂlhmelr/’ema\t Preuitlifedret SRERE Aipper i mit

of the tlgnp%{eaﬁelzh;u?g 1£éﬂ?1uﬁlsto %Q'g plll:aél) td @1@ i srtiﬁfliéerCT?ﬁlcf a RMMI l)let’he as the

progress of the former part the crystallizing step, e tenperature 30T12
of the f|rshaande@nmmdﬂummdﬁsmhar@Edcﬁs@ﬁuﬂhﬁiﬁmvb¢ummy¢asakmzemf|A dr ops,
and t hat coy t heoretic op to the t erat T nce, en the
Fenper at ur o 1 BEGTORG M OQoRPHEE It RS S et AP DRGSR o

crystal li zekodifel Sedin@NEbet NBPLA R Bdat&nd echitRMSer atﬂla&aﬁc\\%tﬁﬁ@en t he

t enper at ur es TBE and TIl (the tenperature Te is, for exanple, (T31+T11)/2),

the first cmmerfglr@réﬂﬁhaﬁrS@P@élhangé@nfdl@hﬂlgwéfrmlﬁl@tﬁr@troygtaélmei barshighis utilized
as the §8ur ?he r t cooﬁ 1%%%111?1%1 ?&‘hl% ne%rl tﬂgql‘?e ‘iutéﬁ 1%8&1111%?%\% gorfa 7cir %tzth f the first

cool i ng medi Um di SC rom iT crys rzer han t he

pr edet er m negrigenper alirdigh the pafhor4. ax@mmhle the( (Edperdihile) 6f2he htez!itmgfmécsamcool i ng
nmedi um di scharged fromthe first cristallizer IAis utilized as the source the

first cooli dichmsesddinm the third eirseplizen aC delppethatentios medivg mpnke refygd ® ool i ng
i scharged om e by et STREAF ] 20T e LR8N b3 FROLLPBIFILET as ¢ he
ei t her sour @b; offtiEligfiigerator 7 through the path 34.
25 [0104]
For example, soon after the start of the former part of the crystallizing step in
the first crystallizer, the first cooling medium tends to receive a larger amount of heat
from the crude (meth)acrylic acid solution, and hence, the temperature T12 of the first

cooling medium discharged from the first crystallizer tends to be high. Also. soon

30  after the start of the melting step in the third crystallizer, the heating medium tends to
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In the same matner as descri bed above, in the case where the latter part of
the crystallizing step is conducted in the second crystallizer 1B, the
preceding step thereof 15 is the forner part of the crystallizing step, and
hence, when the tenperature T22 of the second cooling nmedi um di scharged from
the second crystallizer 1B is higher than a predeterm ned tenperature Td betw
een the tenperatures T11 and T21 (the tenperature Td is, for exanple,
(TIFFT21)/2)él t he second cg ghqg ﬂf ghar d from t he econ@

crystal | i zer I8 AJYgE, FTRHO r‘i Sé K (P‘r? FPigraclds 3P alcﬁe Fum and \ \
hen 20 the &&ﬂﬂﬁﬁﬂEQBgoTﬁ%l@&nﬁhﬁaﬁﬁﬁQRQmﬁgﬂHhﬁﬂﬂﬁﬁﬂh&@h@hﬁﬁ&&&ﬂﬁdefr0”1the
second cry:stallizer 1 Bis lower than the predetermned tenperature Td (for
exanpl e, (1bg- ETZl)FQﬂEfthbt@%d@%ﬁﬂ%oﬁmpngﬂﬂbﬂmuﬁWﬂl@Ewé?gﬁﬁmﬂgoﬁﬂlhe second
crystallizer r i m Here, when
the tenpera Oﬁ\r e 'ﬂlp%’f&Jl ’l? %ﬁlggshgﬁtolhg\ {:egl%ﬁ] I%E[hé Hl?d C?\%%ﬂgelc&? torhge {Eﬁgént%e nper at ure
Td, the SeC@ﬂdle@Qt@émdil\glo%dhipﬂﬂaﬂté@d@ﬁlﬁ@ﬁddlflﬁlqmeTsé’t@nd; e@magl neklmﬁi) akddiizer 1B is
allowed to be utilijzed as the either sourc t he case where

n
the nel ting hetRiprefing SRR A S HesHhihe éenewglﬂféﬂlﬁﬁféfhel@ﬂqgﬁéed&f%cedu ng step
thereof is tdﬂ@har?etdti?gmﬂ?erﬁnrgfcntsﬂﬁlz‘éf )ésﬁl%lxl {oZb @St ?Herel%[:bd ﬂﬁhetrﬂ(ﬁngﬁg' nni ng of

the nelting step, the heating nmedi umdischarged fromthe third crystallizer IC
is 30ut|I|zsdnaﬁkthes&muwhheoﬁpﬂMEesamondmmddknhgthednmnmﬂmaﬁ@bbfmhanglng t he

flows of respective nediuns through th ath 34 fromthe prec step. In
this case, i? WﬁemﬁBW@ngmgggﬁgagwgrth lgtﬁ??a Yrere Reomst Py 1Si"’extremely
| owt emper atdiiRrdn@s mdvalk deemtt doei®l MedinM diRBarkdll frénGhY lsBlhigi@rer laddue to the
i nffluence of the extrenely | owtenperature second cooling nediumused in the

precedi ng stﬂl?ptempém@m T23nef Hw secewk gpalingt medipmniheshatead dromg 2hofseqoné heat i ng
medi um di Scr&a\lr %ﬁl% t Hl% tgﬁbér?thl%r'yﬁt (?fl thé ?(I:’gt c%c%‘f% mécfuhﬁld}/slcltla?%ela fﬁ(!nqw Here,

t he theoretlca e tenperature

T21. Meanvvhnﬂeeﬁrsttdnestztll%orsegeh&aﬂl\ hh@p@rthdnl tm ten@ferahheTwapmé addn®cdodidgi s equal to
the tenperature T31l. Hence, when the tenperature T32 of the heating nedi um
di schar ged f1edit fachprged émmh%ﬁ%qomi f@ﬁtath@: i $hysodiethe MPAIFNESY9R S8t BE ni ned 10

t enper atyre I - tyre Te is,
for exa%gleS&ﬁfgﬁﬂ#%§$m? t&%nﬁﬁ ﬁﬁa&?ﬁdiﬁi ?3%51?%%€%933%§ gﬁ?tgg third

crystalli ZeISudh(}l icgseufti 1b|pzéekralsthahélesﬁuutr cwliof nddeins desolmadgedoiodin ribe meedi um  and
when t he te ture T32 of the he in medi u dlscharﬁgg.froggfge third
crystalllzeF F Vg'ﬁlﬁﬁéﬁ Fﬁhﬁ“Fﬁ%%% ngd? lym (12 5 s PRgplige do Fdr exanpl e,
(T21+T31) / 2)kpystali@eth @@t REnd B IHAD é&mﬁl AENALEEGof @I debandt B Edlligdryist al | i zer 1C
is utilized as the source the heating nedium Here, when the tenperature T32

of the heat iuAkzedrediaaiics ok fgdlrsttc@okitgempémpep & aepliFd fo thhélfﬁ@a\tstaﬁgel‘rredl um
di sch d N h
| Schar 980 SAPTRSNGh MU E (XSLALERL it Gl S AUURAPR 1@ BPa Ll ef) as the

ei ther Sourc ove case he first

cool i ng rrednmme&brﬁlcdman@edleﬂlmnﬂotH&asuf)plresttoGlﬁey§etcadcl tr¥efillird UAd hirdad @as the
source of the heatin um a part or all of the second cooling nmedi um

di schar ged PPEHHCE H@Sg)&téﬁdhec?%tsgrf theAust and ﬂlﬁﬁd|€1dll‘2@8fnh‘§°ef%'@“%%ﬁﬁ‘§éte%f the first
cool 1ng mediiih 1o ANE pEHQAT fn Qlaifth! 1@leafddf BEAE bFTRA Wb ElS EORLGGREY from ¢ he

third crystalliz S utillzed as the source of the secon I ng nmedi um
And, when t Werthaul the bparatiohi dfitlzrd gt $duecefderist (refigkiatng) cradiewsmpilizbd agkibend cool i ng

medi um and the heatin mas t nmut sources i s, set as the above, the
oper at 1 o8t G Rl RE OO Bat ROk dBbig Hel SRy & be Bedied

[0105]

As the progress of the respective steps. the temperature T12 of the first cooling
medium discharged from the first crystallizer and the temperature T22 of the second
cooling medium discharged from the second crystallizer tend to drop, and the

30  temperature T32 of the heating medium discharged from the third crystallizer tends to
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[ 0114] In the case \ vhere the process for producing (neth)acrylic
acid of the present 30i nvention conprises the crystallizing step, it is
preferred that the producing process of the present invention further
conprises the step of obtaining the crude (neth)acrylic acid solution. 101151
The step of obtaining the crude (neth)acrylic acid solution preferably

i ncl udes a gas-phase catal ytic oxidation step of producing (neth)acrylic

aci d-containing.gas_.froma thlactylic i d oduction raw material by
Gas. phase. cArar YRRk RO ant - ot | dageont LSS Ban BelFiges he
(met h) acryl iof 1RCledre6@Rt PRI NGBS aWhieD itas [phdidied ARAhMrst BHSIInRahedidRr t he
purpose of increasing (nmeth)acrylic acid content in the (net.)acr{llc aci d

sol uti on obtirketeddiom e figsicnsetlizens stilkigsd agapartd oidhe hesring megiumdy bbe provi ded
af ter .]‘Ot he s llilec}a %[ Ith%nthi%l ecp\sta?l(%%ll%d he inI rﬁle?ﬁ'ﬁl 923k Q@%F g %eatlh}fai ¢ .
oxi dati on sté%, propane, propyiene, (ne%%ﬁa%ro ern, |sé%utf1ene, or the like
is used as ftheallixatin)hakiseyla 6 saatdofhodisctdoting hawumblbéeisappliedndiht st
(npth)acrylicvaﬁjd production ra%' gﬁteria] unde&goes gas- phase Eagalytip
oxi dat i on” 15"BY!#N ePuit scR3geriing MsdBrdechrred (Fet Hatergid @Y 4RI cont ai ni ng
O onne oL ESIGE A U AT St 10 2
(et h) acryl icos@abize: eohtilg héange gaslivobtdachvegedbifomhibe third crystallizer may be
utilized as a source of the second cooling medium to be supplied to the second
10 crystallizer.
[0106]
In the case where two or more kinds of the cooling medium or the heating
medium are used as shown in Fig. 8, when the cooling medium and the heating medium
are mutually utilized such that the cooling medium is utilized as the source of the
15  heating medium and the heating medium is utilized as the source of the cooling medium,
it becomes possible that the effects of the first and third adjustment operations are
exerted for a longer period, and the capacity of the buffer tank can be lessened.
Further, the consumption energy of the heat source device (refrigerator) can be
decreased. Therefore, the mutual utilization between the cooling mediums and the
20  mutual utilization between the heating mediums are not essential.
[0107]
Concerning a rule for utilizing the first cooling medium, the second cooling
medium and the heating medium as the mutual sources, it is preferred that the first
cooling medium discharged from the first crystallizer 1A is utilized as the source of the
25  heating medium when the temperature T12 of the first cooling medium discharged from
the first crystallizer 1A is higher than the temperature T32 of the heating medium
discharged from the third crystallizer 1C: and the heating medium discharged from the
third crystallizer 1C is utilized as the source of the first or/and second cooling medium

when the temperature T32 of the heating medium discharged from the third crystallizer

30 1C is lower than the temperature T12 of the first cooling medium discharged from the
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20 gas-phase catalytic oxidation step is collected with a liquid nediumin a
collection colum to give the (neth)acrylic acid solution. Exanples of the

| i quid nmediuminclude water, (meth)acrylic acid-containing water, a high

boi ling point solvent (e.g. diphenyl ether, biphenyl and the Iike), and the
like. In the present invention, the (nmeth)acrylic acid solution obtained by
the collection step may be subjected to the crystallizing step as the crude

(neth)acryllc aC| qu @ ase mhe e the neth)acryllc
LT e bont Lot S st ot hand 1 Mmpes Tt b B rarda e HEubT eon pon
step is | OWdlsEl*Ih‘?gelalffdni {he 3ddo A oS HEINZBYB. DRIRE pretdanl afotrat cbblﬁngﬁéciuﬁﬁtl on step,
and the (neth)acrylic acid solution obtained by the collection 30step may be

purified by diFkarged|fem tha firdichp@dizenl s utiheed gsiiee gogragiof hethgatingrpeybum
(”Eth)acrylkﬁﬁEQEeté&ﬁé&déyﬁﬂbo?PﬁwSHBl%S&ﬁ% %Qm qed&&%%%@”ih%dﬂgﬁ,Rep [0119]

In the case oduci C aci T he pr esent
i nventi on C@ngmn@aSL&hemgnhunagms&amxhumedce&fnmih@@mphmsantm@ﬂaﬁystaI||2|ng
step, it is preferred that the producing process of present invention

further compPrs®s HenstlirentC: c%ng} amang ths hepjing ﬁt@éhl}lh@?%ged Hemdhgipirdny
crystal l'i zi ng stgﬁltzgﬂft ar[dotilgge]cond ccﬁ)lm% hﬁdﬁlﬁ?dl%hgfggds frofQhe Eﬂé 91%& Agiifgret h) acrylic

acid of the present invention, | om ng st'eps can al so enpl oyed: the
steps of pradButi mhémtembélatura)lheailmg ltuydltlm iglelilydd at ihagogle clethé firsorooling

2-nmet hyl gl ycer,i n and .obtai ni ng the crude th acr cid sol on b
Gas_phase. SSat BH BF IPRE- ERBEH) o FOIIEE OB fnh e s ot proatichng

hydr oxypnopk@Rh# c@fihfmelinch i's hereinafter referred to as RP, or
2- met hyl - 3- hydr oxypropionic acid froma biomss and the |like of a renewabl e
source and Obt08] ning the crude (meth)acrylic acid solution by dehydrating the

[P PLocess 19 AL BRI PLIBLF A SR B,k FoB oL ah epygpd ot cacon
aci d by dehyddaii ol o héaheg lﬂEdﬁhﬁasdB§ ﬁlﬁlhﬁBﬂ)uheb,OWs also preferred the cooling
medium discharged from the first crystallizer 1A is utilized as the source of the heating
15 medium when the temperature T12 of the cooling medium discharged from the first
crystallizer 1A is higher than a predetermined temperature Tb between the temperature
TI11 of the first cooling medium and the temperature T31 of the heating medium
supplied from the refrigerator 7. and the heating medium discharged from the third
crystallizer is utilized as the source of the first or/and second cooling medium when the
20  temperature T32 of the heating medium discharged from the third crystallizer 1C is
lower than the predetermined temperature Tb between the temperature T11 of the first
cooling medium and the temperature T31 of the heating medium supplied from the
refrigerator 7. Here, in the case where both the temperature T12 of the first cooling
medium to be returned to the refrigerator 7 and the temperature T32 of the heating
25  medium to be returned to the refrigerator 7 are equal to the temperature Tb, the first
cooling medium and the heating medium are allowed to be utilized as the either source.
The temperature Tb is determined appropriately in accordance with balance of the
amounts of utilizing the first cooling medium and the heating medium as the mutual
sources. As the temperature Tb, an average value between the temperature T11 of the

30 first cooling medium and the temperature T31 the heating medium, that is (T11+T31)/2,
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101211 In the process for producing acrolein, glycerin is dehydrated in the
presence of 20 a catalyst to produce acrolein, and exanples of the catal yst
include a solid catalyst having an acid property As a solid acid catal yst
havi ng an acid property, conpounds having a solid acid can be used, and
exanples of the solid acid catalyst include (a) a crystalline netallosilicate,
(b) a nmetal oxide, (c) a clay mneral, (d) a substance in which a mineral acid
is supported on.a nic carrier such as a-alumna, silica, zirconium

oxi de, titaﬁﬂﬁﬂiﬁgv g g ‘the like, (e) a netal salt of phosphoric acid,

sul furic acieioor the Iike and a substance in which the netal salt is supported
on an inorganic carrier such as a-alumina, silica, zirconiumoxide, titanium
oxide or the I|ikeln Higr2after the former part off &y CEﬁfalrlrlélnés?te@fm theelirgtr grstiallizer ne

metal | osili Ci%t '15&%! F%F ofdné QrURﬂHzS teé ﬁlgth% ?ecg\nl% aéﬂali%eﬁ]g]r?gan&g{% Elegl gd( s) of T

at ons selected rom group cons as a

crystal | 6ne s@p rivdieuhed sucthlhaef LT Ase fihed. RERattMFAart MOR: cBsAllamgMId) is ( b)
Exanpl es of the netal oxi i ncl ude single metal oxides such as Al 203, Ti 02,

Zr02, Sn02 fPRfugiedsn t%&fswﬁﬁtaé%%kﬁd&e WEllRS atP S8 ondycrgan te GLoPP3 and
W3- Zr 02. (¢, séﬁeéml}ﬁsanefthé REmel &bﬁh@ﬂ fer, R'stanaﬁig%% mg‘%@ﬁcﬁmeﬁ €n ﬂkeaﬂ'alran and

nmontnmorillonite. (d) anpl es of e substance a mneral acid is
support ed onmamﬂuﬂoﬂgaanﬂmarﬁkeﬁmahnku@etaﬁghbsnamﬁau@nmwmumhhmﬁmsphor|c

aci d, sulfuric cid or orted on uni a, ica,.zirconia or
The T i ko, | ( Eb el DS s BT SSU AR AP R P AERY | el ude
MySHA,  Ab2( 34 Bizink28p%n 1R R ory BRI er 141 36 lﬁ%ﬂedlg{e(}ﬁ@t:ﬁ] step is condapRgi fically, a
solid acid di'sclosed in International Publications WO 2006/ 087083 and WO

2006/ 087084 jn thadirsticsystallizep hduthe dxinge patiplpde ciyagllismesipnos cendaeedin bal furic aci d

or tungsten sgc)éh?%f\ st%ﬁ%eerB UR§ C[ihe lLlQ«gl’ﬁﬁb oﬁﬁ{?@&al‘hmﬁ&‘steﬁ 190(91% 1é/ted'S n %l e solid

catal yst is'prete i'nce it
third crystallizer 1C. In the case where the former part of the crystallizing step, the

latter part of the crystallizing step and the melting step are respectively performed in
15 three crystallizers at the same time by rotation like the above, it is preferable that the
rule for utilizing the first cooling medium, the second cooling medium and the heating
medium as the mutual sources is set as follows, in view of facilitating the operation.
[0110]
In the case where the former part of the crystallizing step is conducted in the
20 first crystallizer 1A, the preceding step thereof is the melting step. and the first cooling
medium discharged from the first crystallizer 1A is utilized as the source of the heating
medium without changing the flows of respective mediums through the path 34 from
the preceding step. In this case, at the moment soon after the start of the former part of
the crystallizing step. extremely high-temperature residual heat remains in the first
25 crystallizer 1A due to the influence of the extremely high-temperature heating medium
used in the preceding step thereof, and as a result, the temperature T12 of the first
cooling medium discharged from the first crystallizer 1A is likely to be high. Here, the
theoretical upper limit of the temperature T12 is equal to the temperature T31.
Meanwhile, as the progress of the former part of the crystallizing step, the temperature

30  TI2 of the first cooling medium discharged from the first crystallizer 1A drops, and that
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oxi dation or reduction atnosphere of high tenperature during the dehydration
or a regeneration treatnent. Specifically, crystalline netallosilicates, netal
oxides, clay mnerals and the |like are preferred; and HZSM 5, which contains
Al as the T atomand has a MFl structure, is preferred as the crystalline
netallosilicate, and a crystalline 20 phosphate conpound is preferred md

al um num phosphate is particularly preferred as the netal oxide. [0125]
Concerning a str n t h of wn t hat SM5 ha trong
corarty havend gEReERhdutd ofSirpemits b MR NI HSTPen g Ha et o
(refer to the ARCUIRAL m&BNhHIdiddASRIIBLS B Al oryRIR)HDA is MOher (Bh aNO. 6, pp
406- 409, 1987), and it is known that acid strength of al um num phosphate
changes depeérrdriagnise @mprrewé@rTm@etwwﬁb@tenmémemsg%cnné Td{ e sgopierpdurst ni ct ur e,
and al um nu h +1 mrett acid
strength paﬁgﬁgﬁ§$g§§$ gfﬂwﬁabﬁﬁhhe%%%uﬁghégnégmnlmé@@'aiﬁ %Whgﬁé ., Ni ppon
Kagaku Kai shiystali9&5(8) is peilize6 8- 618890urc30{>1011%6]1eatmg mediuthh ahdhevienowess for
producing acrolein, acrolein is produce s- phase dehydration reaction

that is conéﬁ?&ﬁeé?t‘j“fﬁf;“%Pf thg flﬁﬁceolwea]aqdrlehd@ée%@%#pavhr Ht gp§ielbrstd 4t o cont act
with a catalysh c}heﬂl ﬁl@ypréc?e@é}ﬁaﬂfed Srehﬁé“g&ﬁr% T %} LB &X@TRL £y 13/9) fthé(%gs't bed

reactor, a fluidi zed-bed real vi ng- bed reactor, and ke. HON ever,
not onIy theo@agIphmmedddm%ﬂﬂamnmﬁmﬂéat@rSﬂhnmdﬂxEsmbawdudhednbyewﬂlnglng t he

reacti on ga contarnr eri cont act cata but. al so
o o hae i Ry e Do e e e P T o G TN TRl gy cor i n
SO|UtIOHOIn%@x&QBHﬁ@HahMﬁ&hmaT§&h@HM§ta&%ﬁ Qﬁaﬁﬂﬁ'&%ﬁﬁgaiﬂhkh@hﬂ@ﬁ&er case,
the |iquid-phase dehydration reaction can be carried out b

convent i onalhytakire i aowdso fretitlodd astie kitles saureret hod of using a 10 fi xed- bed
reactor and & gLstrllatron columm in conbination, a nethod of using a stirring
vessel and é d tillation columm in conbination, a nethod of using a

singl e- st age sti rinithgsaiRSs@ner & deRiibedlalfve Us itRgage Whiié ilgtlage pat bf theng vessel ,
a nmethod of using a multistage distillation colum, and conbi nati ons thereof
These met hod¥ Sﬁ%ﬁ‘%mﬁéte@dh%@t‘@ﬁd iy i, ggcopch e Hallyes d Bo thegspefling s1gR Rereohng

general |y cangu %rrﬁgr ﬁaﬁ’p&f’ tHY 91%@51)’1%111% %g%ﬁﬁ %lj’lence when te %ﬂ)%ﬁlﬁﬁ’% fl'?f Iglflgtrhgd uci ng

acrolern that utilizes the ration reaction
excel | ent |ﬂammﬂu&ﬂmgaha@mndehﬂgmtﬁmnﬂh@smnhénn%MHsahéBeih@hﬂehmexplalned as

g::] ? ﬁ??ﬁg? ggﬁ%tggnhnégggl%ergt%?ec{c\ Ig)et\\ gglsthg? 1p%r%ttf3rlesglaﬁ a%g rJ[Ell ?%hle 1p%];au?rgl y glycerin

Td is, for example, (T11+T21)/2), the second cooling medium discharged from the
second crystallizer 1B is utilized as the source of the first cooling medium, and when
20  the temperature T22 of the second cooling medium discharged from the second
crystallizer 1B is lower than the predetermined temperature Td (for example,
(T11+T21)/2). the second cooling medium discharged from the second crystallizer 1B is
utilized as the source the second cooling medium. Here, when the temperature T22 of
the second cooling medium is equal to the temperature Td, the second cooling medium
25 discharged from the second crystallizer 1B is allowed to be utilized as the either source.
[0112]
In the case where the melting step is conducted in the third crystallizer 1C. the
preceding step thereof is the latter part of the crystallizing step, and at the beginning of
the melting step, the heating medium discharged from the third crystallizer 1C is

30  utilized as the source of the second cooling medium without changing the flows of
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inert gas which is inactive against the dehydration reaction of glycerin so
that a glycerin concentration in the reaction gas is adjusted. Exanples of the
inert gas include, for exanple, steam nitrogen, carbon dioxide gas, and air.
The gl ycerin concentration in the reaction gas is generally in the range of
0.1 nol%to 100 nol % preferably 1 mol % O nore, and nore preferably 5 nol % or
nore for economcally produci ng acrolein in high efficiency. 10129

As the catal st,.va t al yst Y. t hat . shows hjgh acrolein
Sel ectivity e BB Ehuohe FIHR, WBuliedt sbal B ofRes oMb 000e bl e o
produce 30aGisahedi doh Attt & (e B¥IERg %@Q\ﬁaﬁel{ %Cfeh@&aﬂl@&reblgudl Rédioduced at a
high flowrate. Aflowrate of the reaction gas, a gas ace velocity per unit
vol une of t Kemainst anyee (hadsenstalligergderdak| o ithe tinBumangel dfe S9Tamely o 20000
111, prefer [ b r |ower for
econom cal | 39 b¥68éj%gaﬂhe %ch:nrlcg ?lﬁgﬁwdﬁ%?ﬁse'ﬁop ﬁl(lf? %Ee% n%lgé%lfS%gr%%feac%f‘%%

t enper at ar e réssalt gﬁmem@bﬂawrd T3X dfehd lmag@ médlalﬁwﬁch@g&lﬁﬂﬁl therigfedredodlizdrn t he range
of 250C to 4500 an referably in the range of 300C to 400C. 101311 A
pressure of Fn%l’ﬂreé\a@thedwgaléef? éh%%%orﬁgﬁklp&aqlamt 9f the tretes TPolgawd it is in

the 10 rangg, yoer, eﬁiu}’rg%l n MQ&%hﬂQtth@ﬁg&Qf?caPﬂgQPﬂﬁﬁqft ?’PQn;Se%au%Fl@ﬁ ally in the

range of 0.001 MPa to MPEL preferably int range o MPato 0.5 M
Pa, and nore mlsfﬁr&ieltymﬁ)erauw%lor Heoveen\heﬂoliﬁzenlmme {32 ofehy/ teaingon reacti on
of acrolein is. continuo

medium’ discharge Lcis%er t?l chtl ec(ljistallizer 1C is lower than a predetermined

10 temperature Te between the temperatures T21 and T31 (the temperature Te is, for
example. (T21+T31)/2), the heating medium discharged from the third crystallizer 1C is
utilized as the source of the second cooling medium, and when the temperature T32 of
the heating medium discharged from the third crystallizer 1C is higher than the
predetermined temperature Te (for example, (T21+T31)/2), the heating medium

15  discharged from the third crystallizer 1C is utilized as the source the heating medium.
Here, when the temperature T32 of the heating medium is equal to the temperature Te,
the heating medium discharged from the third crystallizer 1C is allowed to be utilized as
the either source.

[0113]

20 Thus, in the above case. a part or all of the first cooling medium discharged
from the first crystallizer is utilized as the source of the heating medium, a part or all of
the second cooling medium discharged from the second crystallizer is utilized as the
source of the first cooling medium, and a part or all of the heating medium discharged
from the third crystallizer is utilized as the source of the second cooling medium. And,

25 when the rule for utilizing the first cooling medium, the second cooling medium and the
heating medium as the mutual sources is set as the above, the operation for switching
the path 34 becomes easy.

[0114]
In the case where the process for producing (meth)acrylic acid of the present

30  invention comprises the crystallizing step, it is preferred that the producing process of
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15 carbonaceous matters nmay be deposited on the surface of the catalyst,
resulting in decreasing the activity of the catalyst. Specifically,
selectivity. of acrolein is lowered and selectivity of propional dehyde is
enhanced. In such a case, \ \ hen a regeneration treatnment in which the

catal yst is brought into contact wwth a regeneration gas at high tenperature
i's conducted, carbonaceous matters deposited on the surface of the catal yst 20
can be reno ed t her eb nerating the act of , the c st .. Exanpl es of
The regener 1t tiregate rieh JET FgrvBtas 8% ol hiigand 456E TeRbhRhLe oxygan and
air which ceatablogooxygen. The regeneration gas may further contain an inert
gas which is inactive against the regeneration treatnent, such as nitrogen,
car bon di oxil@ld>hnd steam if needed. In the case where there is a risk of
abrupt heat gener C the. | ¥

r ecomended that "ﬁf] s?e% oq%%ta}n?nsg t%th%%e {I’R%ﬂl ércdr?lllﬁ gc%ﬁséﬁtﬁon r{éfl;'% PIIXO%& des
suppressbnga@&emaerumﬂwheakmgeneﬂ@mmﬁ@hwﬁgmmahﬁ&uheameqummeﬂg@mrﬁmhe

regeneration treatnent is not particularly limted as |long. as the carbonaceous
matters can?d@eteasiiecroll PREVIOBIRY IRIFH REages aé%serql@r\é}f.%r%?n e cat al yst,
and is pref I preparing
t he catalys?gﬂ%6%1ﬁgyahmﬂgmﬁéﬂkggﬁ&g&ggpg gf%h%?egga gﬁﬂﬁﬁéﬁhﬂ gwygratron
reacti on of Fgttha.efor thecomp@e g ipyeapng dwethcrylihewdf @nent int the $mpthbtberhp ed that the

t hus obtained, crude acrolein is subjected to purification. £ of the
by~ pr oduct | FHERPIEST Faiekeinge SoTSRRRIED. Mo B SRy OerEE PEAECHIg 1 al cohol
i n addi hon geroRERBh 98 dehyde. In the purification of the crude acrolein,

phenol and/or 1-hydroxyacton are nainly renoved. \Wen these by-products are
renoved, yi éMdobf acrylic acid is enhanced in producing acrylic acid from

T hyd roxyacet on e sREOR Ly RNy 368 LbE BB B RHERR, 1o Vi o

of acrylic aobaylehd. o SheCliesi desded ho(Mehpereheiabbadufimh raw ngngrl. aagount of
phenol and/or 1-hydroxyacton is renoved. Therefore, a mass ratio Ph/A of a
mass of acr dlediiipaeyligrgidpraducton v malsetl undigoes easphashenidliiiG $5id%ePon and a
mass ratko 1- etone (H)
arrer the U iE e e e M A ey o Gt EE ror e
preferably 0©at@li0c oridhigssis aefdrablyr ¢caerd omrwingrete@nalilopald-0®Snorxidadss .
Meanwhi | e, when a further |arger anmount of phenol and/or 1-hydroxyacton is
renoved, | oS¥SF acrolein may be increased or the purification of acrolein may
be conpllcaq@ﬂ7 Taki ng these facts into consideration, the nass ratios PhlA
and 1-1/A are preferably 1 x 10-9 or nore, nore preferably 1 x 10-7 or nore,
and further nore lprib¢ eplistign steyx @@(nw@ﬁwnbremdzepemeapwsobmndeoMMpng poi nt's
of acrol in ol _.an 0 e [ b 0 and about
146C, regpeggpee @Fm§§&h%FP%gPH%I%% b §?§P§H§g§&5%§§%&39%1?ﬁgé%%g oi ling

poi nt s, phem&hnendlgrelmhmﬁaﬁwmaﬁeu@mexmamnbeE&@ﬂmuedfﬁmwnqmmen&ﬁmde acrol ei n.
Met hods for that include, for exanp a nmethod of fractional-distilling
acrol ei n halicHyle a3iFnepetbas 'il%@‘:lﬂ)@?fﬁ%mlﬂlﬁarﬂ“rfeﬁr@%’éll bodlijeepint s ey (&g eat i ng t he

l'iquid crud g é)‘ﬂgl{\(l)l eavlyrhljien\ 12 ﬁlte' lkl\e?t 4nd" & Q1|1\9 My, @e rH?ésQrgdmpgntlgIQ nfﬂ@ nsing

removal objectives g higher boiling points than acrolein by treating the
gaseous crudeetaprplieianidwiotition cbonddisathe anllevburstep ramdba sueedwidtoothe vapor i zi ng
acrol ei havrng a. | owner tha renoval objectives by blowi ng a gas

oilin
N T has e AR R s PR B B it A e o oot o 30101561
[0118]

In the case where the (meth)acrylic acid content in the (meth)acryvlic acid
solution obtained by the collection step is low. the purification step may be provided
after the collection step, and the (meth)acrylic acid solution obtained by the collection

30  step may be purified by distillation, diffusion or the like to give the crude (meth)acrylic

49



In addition, nelting points of acrolein, phenol and I -hydroxyacetone are
about -S7C. about 43C and about -17C, respectively. By utilizing the

di fferences between theses nelting points, phenol md/or |-hydroxyacetone can
be renoved fromthe crude acrolein. Method for that include, for exanple, a
met hod of renoving crystals of phenol and/or 1-hydroxyacetone by cooling the
crude acrolein. [0137] Pr opi onal dehyde has a boiling point of about 48C
and a nelting, paint of ahout -81C, and.therefore, it is possible to renove

pr opi onal deﬁaﬁé&f‘g%}ﬁotbﬁé‘%é?cﬁf’&éoé‘@ﬁ&lsg?ﬂﬁl%ﬁte@ti lizing the difference of the

boi l'ing or mpelibj ng points between propional dehyde and 10 acrol ein. However,
since the both differences of the boiling point and the nelting point between
propi onal dehyde afdh&ewmemdiers the erosesalfpr prodissngoimelopcsylii asidelythp dssetl y be

i ncreased. eref or . ' | j r treated al ong wth

acrol ein, p}ggﬁﬁgépggpggggéﬁ?@ngggé?%%Piﬁ%ﬂf&%éﬁgéﬁgéﬁgﬁgﬁggg%gﬁﬁfggrolein

[ 0138] 15l nptdia@redate taf prodicig pgboesestithe plesenv@dediion Mirheo cbragks @s stepe raw
material, the obtained crude acrolein my be used w thout being purified: how
ever, it coﬁf§®ﬂ§hpﬁ%QP@??@%h%%%%b%§“ﬁﬁﬁﬁﬁﬂﬁ¥ﬂnﬁ96¥oxyacetone, met hoxyacet one,
3-nethoxyprgﬂgg and the |ike, which cause deterioration of catalyst activity,
decrease of yield, or production of byproducts such as formc acid, acetic
aci d, propionic aoitls ppeesvibcpadiang @tetiBacrelid hak pp tiepprewencinaaitidni theacryl i c

acid, and h e, the crude acrol ei be rified to be ed. . The
11 ot oESind, Soe L b atb s e Bt B WS e R REE RS exanpl es
of the puri Gigatdian drelivde 2andBuNOtHaf andi Hidihihé AR @ugonAaenaadid hayi d of the

reaction conposition or a collection |iquid obtained by using a collection
sol vent, andolutierebhcgs-ohasgsixmdptian pir the | (ewthasroleippar dhaustepy obirdacmit h a

Cnexan ned B NP AR Y cdbtton AR 7t Mhresder 20685 33038 n e Wae wher e

t he crude acrfdtRi3-iy8rdx®propidhicfacRdirorh Mbisrhisk @8d e 1aeroflai enéebld s¥ayebe renmoved
by purifying acrylic acid in the subsequent step In view of sinplifying the
process and NbARRNIRG s FBdrctregHaE st acid olytign by delyidradine thefP t HePRFde acr ol ei n
I'S not pyri ffér%@ta&tﬁn?ﬁruﬂ’é%&ic%@[d 38hydration and’%gfdﬁ!iéncofag%cgr'ﬁgﬁﬂ Qﬁro@és?duped by
oxi di zing acrolein obtalned in the above process for proéu0|ng acrol ein. For
produci ng aderyirbducagi tle HPt anidsohpmghecrudd atiyht aad gasdebohrttainnefnge & okei n, whi ch

may be herehnaihel)%gferred to as a "acrolein-containing gas", is brought into
coexi st ence “®t'A*CAt al yst for oxidizing acrolein, \ hieh may be hereinafter
referred to@1p "acrol ei n-oxidizing catalyst”, in any oxidation reactor

selected froma fixed-bed reactor, a noving-bed reactor, a fluidized-bed
reactor and the |lnkke process foswpeibeing paolem. glieeringsm dehydfatedo detpsesa®@Qf t her eby

conduct bng gas;RRA%e, ol dald Ql, Ofn@&hRE e ol Ca ¥l kRN, Al ALl gl N may be
acconpani ed by prodhgﬁlon ot proopi oni c a0|5 gron1prop|onafgehy§é. 20[0140]

having an acid property. As a solid acid catalyst having an acid property, compounds

having a solid acid can be used, and examples of the solid acid catalyst include (a) a

crystalline metallosilicate, (b) a metal oxide, (¢) a clay mineral, (d) a substance in which

a mineral acid is supported on an inorganic carrier such as a-alumina, silica, zirconium

25  oxide, titanium oxide or the like, (e) a metal salt of phosphoric acid, sulfuric acid or the

like and a substance in which the metal salt is supported on an inorganic carrier such as

a~alumina, silica, zirconium oxide, titanium oxide or the like.

[0122]

(a) Examples of the crystalline metallosilicate include a compound which

30  contains one or more kind(s) of T atoms selected from the group consisting of Al, B, Fe
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As the acrol ein-oxidizing catal yst, any conventionally-known catal ysts for
oxi di zing acrol ein can be enployed that can be used for producing acrylic acid
by gas-phase catal ytic oxidation of acrolein with nol ecul ar oxygen or

nol ecul ar oxygen-cont ai ni ng gas; and exanpl es of the acrol ei n-oxidizing

catal yst include, for 15 exanple, a m xture or a conplex oxide of netal oxides
such as iron oxide, nolybdenum oxi de, titaniun1oxide, vanadi um oxi de, tungsten

ol ybienum FRhSE U B e AVl BT HHEORE R o 1oty el SOEVRRAGT um as

essenti al cmne(bt; Exh®pRabt e Uhasll skidr gtigdahhge Iﬁ@ﬁﬂ ROk RIhnsoxiol zi ng
cat al yst naxqbe a supported catalyst in which a 20 m xture or a conplex oxi de

of netal oxildds Zd€sc Ii(be@ﬁdab’d%e angd complsor vedps owcly ag Q- Ah0¢.eSI--Ti. | nor gani ¢

oxi de such f nd an
i norgani c su s?gk%éﬁsu I as 5| fggﬁﬁgéﬁg%@%§8”¥k%§ﬁﬁéhﬁgb&pﬁﬁgg%gyﬁlng t he
f eed annantzmﬁImwmg@ﬂkmﬁéauuyEAmﬁpkhafamf@M@umaﬁmnnammmmgn@aaluaedsln t he

production of acnyllc acid, the up imt thereof is needed to_ be

appr opr i at eFyPreged Ofs@lhle%fgﬂ%wés&fég@l%erﬁowhitww ipRYigh phevalercagdesdiiiexpl osi on
hazard due tAd Q)?%qﬁte' 19Qu rt@cf:&?hlﬁhlﬂla, glﬁéafl %itconia or the like, (éy aﬁﬁl@%% phase
catal ytic oxidation of ol el n, a gaseous substance 30contal ning crude
acrylic aC|dmu§mqﬁmapmadzmﬂnhQSMﬁHMGEM|mdUQtéhﬁcmhébgéxeoﬁgﬂiubﬂf®nce is

| i quefied b¥3§95%.§@ densation, solvent collection or the |ike, thereby
obtaining a TR AR r'}kﬂic acid solution. The thus obtained crude acrylic acid
can be sybj egefd to the crystallizing step of the present invention. [0143]

A process for producing acrylic acid froma biomass or the |like of a
renewabl e sour ceSiesifisghei hafolidr addsdistlpwd. imhlategnatignahoPuiblicaieansr e t o
produce acr r S Vv roduced

r at her ea3| )(')(905?7@!%%&%19;&{6: ﬁ)()?)()@é[%%xth%tggvﬁco ulmcggc!:eys ‘gorﬂ?% 191 Og‘%'%ﬁl?gr%xypr opi oni c
aci d (here|@aﬁﬁekwﬂﬁyub@mﬁmﬁﬁﬂdﬁﬁxbeuaﬁ 3HP) whi ch can be prepared by
fernmentation of sugar avail able from deconposition 10 of lactic acid
(hereinaftelVdl be referred to as 2HP), cellulose or the like, which are

nat ural 1§ubst anceg, oady GATPASAANEILAR o AGE Ylehfue L hePATRRe BhisR P epar ed

by dehydrating a salt xycar boxylI c acl
oxidation or reduction atmosphere of high temperature during the dehydration or a

regeneration treatment. Specifically, crystalline metallosilicates, metal oxides, clay
minerals and the like are preferred: and HZSM-5, which contains Al as the T atom and
has a MFI structure, is preferred as the crystalline metallosilicate, and a crystalline
20  phosphate compound is preferred and aluminum phosphate is particularly preferred as
the metal oxide.
[0125]
Concerning acid strength of HZSM-5, it is known that HZSM-5 has a strong
acidity having peaks about -9 and -16 in Hammett acid strength parameter H, (refer to
25  the document: Kenji Hashimoto et al., Shokubai, vol. 29, No. 6, pp. 406-409, 1987), and
it is known that acid strength of aluminum phosphate changes depending on a preparing
method thereof and a crystalline structure, and aluminum phosphate has weak solid
acidity of +1.5 to +4.8 in Hammett acid strength parameter Hy (refer to the document:
Kivoko Sakamoto et al.. Nippon Kagaku Kaishi, 1995(9), pp. 681-688).
30 [0126]



10144] Hvdroxycarboxylic acid and/or a salt thereof is available from\ nous
15 resources. Biological resources which are recyclable as a carbon source are
preferably used in view of global \\ arm ng and protection of environnent, and
2- hydr oxypropi oni ¢ avail able from natural products and 2-hydrocypropionic acid
or 3-hydroxypropionic acid prepared by fernmentation of sugar avail able from
deconposition of cellulose or the |ike can be used. 20[0145] An agueous
sol ution of 2-hydroxypropiopic acid can, be prepared nown- met hods such as,
For exanpl e, -t ot nardbpr SR B he e R BiTaRdS Pregler B BHETaBstent
Advance in ARRUI8En NdcGEOMaOlsQ8Mduckl by BringidPa Adctn dad 28Mhinind Gy degp MENt at i on
usi ng fungi described in the docunment: Enzynme and M crobial Technol ogy, vol.
26, pp. 87- 1010 (cewed)witlf @146]yst in any reactor selpgted Eguie dersexamplst jaofhcedfbed

3- hydroxypr op oi,Gn 3158006, 3 RR:BLERALEM: O kAN TRERGAS S, as. for
exanpl e, fermentation of glucose as & carbon sour ce using transgenic

Escheri chi a tt@obis-phaicadelydniine réaiisotnans tetdased der buethd heneSitioe pfagmv/ces

30gri seus ATCC21897 described in the docunent: International Publication WO
2008/ 027742 COHMBINE eHYRSHD dficofPnéct giifice cpidlvals byt alsp PEWikhire dedign Escheri chi a
col to whi cheglyaarknofrmednataneinder lvad G emidabebfld aineupy ae and

al dehyde oxi dase derived from Escherichia coli are I ntroduce escribed in the
docunent : | ntrebaanipbned. Rabhé dater ome\WDe20pdd-plicd 46hydAmpn raxtien ican be nodi fi ed
bacteria can be useﬂxforﬁthe @eg&;ntations, as, | ong as thedn§%hods descri bed
in the abov&g6LoHeRY SOMEREIALREN Ek A e o 5:58{]13?% ARy 2

3- hydr oXypr @REQPEICreAdrthnd @ WRAUS HUoHIOR coRbRaIHP h @yafdd RNsnSa By@heXYpr opi oni ¢
aci d aqueous solution prepared by fernentation of various carbon sources using
an or gani smvesgladidea siistiflagfroni erduisn iy dpoRippiapiomehodof diswam beglgstgei n t he
process of the present | t] Furt.her - hydr. pr.Qpi.oni 1 d_10 aqueous
sol ution pré%ngd%%ﬁL3&%@%@?Pﬁgggégﬁégﬂagﬁbgggéé\gééa&fﬁ%@g#?%ﬁ&%%% an

or gani sm wi inhidistagk efifiiationngolaan, bel absbinany akdred. | Mhae aadthddscmacibd by t he
process of the present invent on. As a mainmer of contacting between sugar and
an or gani smcoidysted pisEPHENYISE P euHERvEly g eesEth srndpsted GoBiMP e Yoor gani sm or a
processgg nmﬁbgfrganisn1in the presence of sugar used as a rammaterial is

i ncl uded. Exanpl es 15 of the processed m croorgani sminclude a m croorgani sm
treated with acetdnepcesolfoepsdocing heroldik ghat autdiest ithey egb-phagr dengeamiosm  a

| yophi li zed nicrooHﬁﬁgLsny 1fract.u ed.gicr or aniPnl %.cell-fre%?extract of a
fractured mfEFBUr gdRFsH SRdlel &F JRsER yrtueingli ot drreleithubsi bereaishzy me
obt ai ned by cgphih&chd fdxampRnzyme therefrom Furthernore, 3-hydroxypropionic

aci d aqueous sol ution prepared by reaction using a m croorgani sm
[0128]

20 The reaction gas may be a gas consisting of only glycerin or further contain an
inert gas which is inactive against the dehydration reaction of glycerin so that a glycerin
concentration in the reaction gas is adjusted. Examples of the inert gas include, for
example. steam, nitrogen, carbon dioxide gas, and air. The glycerin concentration in
the reaction gas is generally in the range of 0.1 mol% to 100 mol%, preferably 1 mol%

25  or more, and more preferably 5 mol% or more for economically producing acrolein in
high efficiency.

[0129]
As the catalyst, a catalyst for dehydrating glycerin that shows high acrolein
selectivity is preferably used, and using such a catalyst makes it possible to produce

30  acrolein in high vield even when the reaction gas is introduced at a high flow rate. A
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20 fixed on a carrier by a common neans, a processed material thereof or an
enzyne can be al so used. 101471 For producing crude acrylic acid by
dehydrati ng hydroxycarboxylic acid, known-mnmethods can be enpl oyed. For
exanpl e, Japanese Unexam ned Lai d-open Patent Application Publication No.
2005-521718 di scl oses a nmethod for producing unsaturated carboxylic acid or
salt thereof \ \ here an aqueous solution or a solution of

2, 3- hydr oxycar boxyl i ¢ aci 2HP and 3HP) qr .salt thereof p ar gv y
Fermontatt ofonsiast B et 2abrdacor ot bsollcware BT S5 ST ¢ ner eby,
dehydr at ed. (GAbeS. Rabdnend! iPuBkingabl snhWWE 20064109732RLE1 900@FES: RweEt hod f or
produci ng 2, 3-unsat urat ed 30car boxylic acid where an agueous sol ution of

2, 3- hydr oxy éad bgs piegerahdy d0iGsht @4 1gwerdoprepmemicallwiiashcian apiekest inveigker ani ¢ or
an acidic o%gﬁgétp solid catalyst is held, and heated. International

Publ i cati on 007/ 106100 di scl oses a met hod for produci ng a reaction product
cont ai ni ag 20130opnsat ur at ed carboxylic acid conpound where a conposition
cont ai ni ng 3- hydroxycarbonyl conpound is fed to a reactor in a substantive
liquid formand cRGE eaPeAtufes consttly ot the frngmp2(Pet o0 arpraleidllydat al yst, a

basi ¢ cat al ¥igly, Qe JrBshell K gs4-g. ﬂﬁgﬂgﬂﬁgr&é}m\f fARL %E%e A& 10 400°c.  The thus

)O
obtained acrylic acid is a liqui st ance or aseous substance contai ni ng
crude acryli@3ati d. The |iquid substance can be used as-is as the crude 10
acrylic acid solution in resent .invention. The gaseous subst%nce IS
@{l}' Hnts E? i

he
liquefied by col o €ERAERELTF Sriclbgds dhpoldafticd g 1821 KdS IMPE he

col I ectijon $4n@Pwh¥ReNHRBYn does AR cARE ¥nkensaE iafld BkAdrAIRNN RN Fhlpal ned, and
the crude acrylic acid solution can used in the crystaII|2|ng¥step of the

present i nvéftatod MPa peefiaitly wrihe shgreed HAdYIBx gt DMiPaning nagee preprabhal-éd by
fernentatioaﬂgﬁghgagde acrylic acid prepared by dehydrating 15

hydr oxypr opi oni ¢ acid which has been prepared by fernentation contain
impurities $ugb|as organic acids other than acrylic acid, it is quite
effective to purify the crude acrylic acid by a crystallization operation of
the present in entigh therddbdraion depciet yafi acraleind i RUMYHY pertdesfed 0149)
20(Met hyacr vl GnRGhd MARAUFET bRYIchGeP AAHE sHgacR ACRS Sadysit REuRHESRNT

i nvention
decreasing the activity of the catalyst. Specifically, selectivity of acrolein is lowered

and selectivity of propionaldehyde is enhanced. In such a case, when a regeneration
treatment in which the catalyst is brought into contact with a regeneration gas at high
temperature is conducted, carbonaceous matters deposited on the surface of the catalyst

20  can be removed, thereby regenerating the activity of the catalyst. Examples of the
regeneration gas include, for example, oxidative gases such as oxygen and air which
contains oxygen. The regeneration gas may further contain an inert gas which is
inactive against the regeneration treatment, such as nitrogen, carbon dioxide and steam,
if needed. In the case where there is a risk of abrupt heat generation due to contact of

25  the catalyst with oxygen, it is recommended that the inert gas is contained in the
regeneration gas for suppressing the abrupt heat generation. Temperature required for
the regeneration treatment is not particularly limited as long as the carbonaceous matters
can be removed without occurring heat deterioration of the catalyst, and is preferably
equal to or lower than calcination temperature in preparing the catalyst.

30 [0133]



is excellent in quality stability, and hence, when the (neth)acrylic acid is
used as a nononer for producing a hydrophilic resin such as an absorbent resin
and a water-soluble resin, the polynerization reaction is easily controlled
and quality of the hydrophilic resin is stabilized, thereby inproving various
properties such as absorption performance and di spersibility of inorganic
subst ances. Especially, since acrylic acid produced by the producing process

of the present inyention,is excellent i al.ity. stability . and .
control a1 ity |G IhaCs mesirioy Pome Satifiahan Yok of AEiGearai™ as a raw

material fohyRrREUE] NThaBoADSPPPMfef&S At MRV itG &8R- RAAE bRAKYN aRd hi gh
quality. [0150] 30Definitions concerning the absorbent resin of the present

i nvent i on andbigsiedt ermiiieatioph obiamnessofftbe bidtnduet inghde: terr @empler ehdnek ei naf t er
expl ai ned. [l%%'ﬁgolx\'a(c%t)oneq%gé SH\‘? glr&)l%orl GPaddition ¢ roplLo ageht\? My ﬁggal?lﬁﬁga@itonr esin in
t he present ‘invention feans "a Wa er-swelf'abP ePand wat er - 1'ns € pol yner

gel I i ng agemwt the thgletaemin, padne! arsive | 1Hakt Ry adi@adis nialhdst re@leCed abeleshphdsen rati o
under non-pressure) specified in ERT 441.2-02 is generally 5 gig or nore, and
the term "wPaPEHUFRSE eB108ed- miekhsl esliq it &y cbarqsBiR $yodupRe Pfy b it ERT
470.2: 02 ' (GENGERely Q:TBRHR0 QfodTE! Sl A0uTBS S OFan! 68 SedueQiSkn 10ThE

absorbent resin can b si ghed appropriately depending on the intended use
t her eof and lilsdrotacp@ntisembead y |imted; however, it is preferably a

hydr ophi lic @@gﬁs-linked pol ymer prepared by cross-linking polynerization of
unsat ur at ed | mer (s) having a carboxyl group. The absorbent resin is not
limtedpo a for muvkedigrhnl & Brmdn the 0GR ofl RrdicReldy MBS codRdredaY bkncl ude

additives and the like in a 15range to maintain the above properties.
preferable that a larger amount of phenol and/or 1-hydroxyacton is removed.
Therefore, a mass ratio Ph/A of a mass of acrolein (A) and a mass of phenol (Ph) after
the purification and a mass ratio H/A of a mass of acrolein (A) and a mass of
1-hydroxyacetone (H) after the purification are respectively preferably 0.020 or less,

15  more preferably 0.010 or less, and further more preferably 0.005 or less. Meanwhile,
when a further larger amount of phenol and/or 1-hydroxyacton is removed, loss of
acrolein may be increased or the purification of acrolein may be complicated. Taking
these facts into consideration, the mass ratios Ph/A and H/A are preferably 1 x 10” or
more. more preferably 1 x 107 or more, and further more preferably 1 x 10™ or more.

20 [0133]

Boiling points of acrolein, phenol and 1-hydroxyacetone are about 53°C, about
182°C and about 146°C, respectively. By utilizing the differences between theses
boiling points, phenol and/or 1-hydroxyacetone can be removed from the crude acrolein.
Methods for that include, for example, a method of fractional-distilling acrolein having

25  alower boiling point than removal objectives by treating the liquid crude acrolein with
a distillation column, a method of condensing removal objectives having higher boiling
points than acrolein by treating the gaseous crude acrolein with a condensation column,
and a method of vaporizing acrolein having a lower boiling point than removal
objectives by blowing a gas into the crude acrolein introduced into a diffusion column.

30 [0136]



[ 0153] In the present invention, it nmeans an absorbent resin which is
conposed principally of acrylic acid and/or a salt thereof (hereinafter
referred to as "acrylic acid (salt)" as a repeating unit and nay contain a
graft constituent as needed. Specifically, 20 the absorbent resin contains
acrylic acid (salt) generally in 50 nol%to 100 nol % preferably in 70 nol %to
100 mol % nmore preferably in 90 mol % to 100 nol % and particularly preferably
substantially in 10Q,. e tatal a of no s),used in the
pol ymeri zat i on ex%é%ﬁmﬁnd?%@%gW?%%Pﬂﬁ“ﬁaﬁdgmn dﬁ%if“@??“m ‘N% " ERT"

The term " EDANA adosit B0 aRP RS At7PONedp&tivENT Ogeﬂﬂhﬂgﬂ@%ﬁm&ée@d@ﬂ\e!é'ﬁmV\DV@nS
Associ ation, and the term"ERT" is an abbreviation for the neasurenent nethod
( EDANA Recoessidedtimerqintyethhed spd/piot-hydexyapeioretran e remevied Glomaphe El”}'tdépean

standard ( neah ‘ﬁ:}In oddf0§tt tq%{(ﬁic}e f(grne\laﬁlﬁepr el%@tﬂ(gd OP 10\'11‘%08%%@ 5 %S ot her wi se

30speci fied, Fevi Sed is referred to
i N nmeasusi ngh@robmwdruaﬁ dm‘\\ dcienabsaoiagthercagliencrolehl 55] (a) "CRC' (ERT
441. 2- 02) The term"CRC is an abbreviation for Centrifuge Retention

Capacity and’lFéhns an absorption ratio under non-pressure (hereinafter may be

referred to as anPro Qﬁzﬁ’die‘ﬂuleoﬁhs 5%!119" }aomﬁﬁ%bﬂi Li@ad Ly a thllii §t cff"&b&l sorption

ratio (unit: gig) asured having an a sorbent resin s freely in 0.9

nmass% sodi ursIchl ardi tdeefmqa,uaousosrblmtmremov‘eqrrolﬁﬁnahdehmee%ommlmb dwi/eatcmimmg using a

centrifuge. by utilizing the difference of the boiling or melting points between propionaldehyde and

10 acrolein. However, since the both differences of the boiling point and the melting
point between propionaldehyde and acrolein are small, loss of acrolein may possibly be
increased. Therefore, propionaldehvde is preferably treated along with acrolein, a
precursor of acrylic acid, without being separated from acrolein.

[0138]

15 In the case of using glycerin derived from biodiesel as the raw material, the
obtained crude acrolein may be used without being purified: however, it contains
impurities such as phenol, 1-hydroxyacetone, methoxyacetone, 3-methoxypropanal and
the like, which cause deterioration of catalyst activity, decrease of yield, or production
of byproducts such as formic acid, acetic acid. propionic acid, pyruvic acid,

20 3-methoxypropionic acid in acrylic acid, and hence, the crude acrolein may be purified
to beused. The purification can be conducted by a conventionally-known method, and
examples of the purification include a method of distilling a condensed liquid of the
reaction composition or a collection liquid obtained by using a collection solvent, and a
method of using a purification apparatus provided with a collection column and a

25  diffusion column, which is disclosed in Japanese Unexamined Patent Application
Publication No. 2008-115103. 1In the case where the crude acrolein is not purified.
impurities in acrylic acid may be removed by purifying acrylic acid in the subsequent
step. In view of simplifying the process and lowering production cost, it is preferred
that the crude acrolein is not purified to be used.

30 [0139]
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[ 0156] 10The absorbent resin obtained in the present invention preferably has
the CRC of 20 glg or nore and 100 gig or less, nore preferably 25 gig or nore
and 50 gig or less, and further nore preferably 27 -4,1g or nore and 45 gig
or less. [0157] (b) "A AP" (ERT 442.2-02) 15The term "AAP" is an abbreviation
for Absorption Against Pressure and neans an absorption ratio under pressure.
Specifically, it nmeans an absorption ratio (unit: g/g) neasured by having an

absorbent resin syell in 0.9 mass% sodi um. chl ori de.aqueous .sql ution under a
ressure of 2. 06 KBHT 84 R dGr iodfsseronging o EORARET i B ¢ "reane. an
absorption pakkQ tf)luﬁﬂoﬂﬂlcin%/ grolBBasESfod Rink R Gie Reidt 11 pREerkéddRIt a8:a20pr essur e
of 4.83 kPa for 1 hour [0158] The absorbent resin obtained in the

present i nveéptiping perefear abich nadehpginafigr referrodiogis § “arolareentaingivs'gi g or | ess,
and nore pr ?sf %Fo%QILtyin%Z C(%ngte%rce Qihea %ggd\fs%p foqri 9\18)1rzm!g ea%?dlei&oxl\'ﬁi%ll may be
5 hereinafter referred to as a “‘acrolein-oxidizing catalyst”, in any oxidation reactor
selected from a fixed-bed reactor, a moving-bed reactor, a fluidized-bed reactor and the
like at a temperature in the range of 200°C to 400°C, thereby conducting gas-phase
oxidation of acrolein. The oxidation of acrolein may be accompanied by production of
propionic acid from propionaldehyde.
10 [0140]

As the acrolein-oxidizing catalyst, any conventionally-known catalysts for
oxidizing acrolein can be employed that can be used for producing acrylic acid by
gas-phase catalytic oxidation of acrolein with molecular oxygen or molecular
oxygen-containing gas: and examples of the acrolein-oxidizing catalyst include, for

15  example, a mixture or a complex oxide of metal oxides such as iron oxide, molybdenum
oxide, titanium oxide, vanadium oxide. tungsten oxide. antimony oxide, tin oxide,
copper oxide. Among these catalysts, a molybdenum-vanadium catalyst which
containing molybdenum and vanadium as essential components is particularly
preferable. The acrolein-oxidizing catalyst may be a supported catalyst in which a

20  mixture or a complex oxide of metal oxides described above is supported on a carrier
(e.g. an norganic oxide such as silica, alumina, zirconia, a complex oxide thereof, and
an inorganic substance such as silicon carbide).

[0141]

Concerning the feed amount of oxygen relative to the acrolein-containing gas

25 wused in the production of acrylic acid, the upper limit thereof is needed to be
appropriately set, since the excess amount of oxygen may cause an explosion hazard
due to combustion of acrolein.

[0142]
By the gas-phase catalytic oxidation of acrolein, a gaseous substance

30  containing crude acrylic acid is obtained. In a collection step, the gaseous substance is
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(c) "Ext" (EWE 470.2-02) The term"Ext" is an abbreviation for
Extract abl es and neans water sol ubles content of water-sol uble conponent).
Specifically, it is a value (unit: mass% of a dissolved anount of a pol yner,
that is neasured by pHtitration, \ \ hen 1 g of an 30absorbent resin is fed
to 200 g of 0.9 mass% sodi um chl ori de aqueous solution and stirred at 500 rpm
for 16 hours. The absorbent resin obtained in the present invention preferably

has t he Ext  .of re and | ess referably 0 g/g or
tor e and 20 ligrgont FallonfiTudl Sphpntelecion R g Gerfl) bl SL” o i YrSe
i s an abbrevi@hié @0d fserutibik eernewald oft@RACENe aRdidTRAN TR bk 3hi§e@dd to the
freely-swelling. Specifically, it nmeans an absorptlon ratio (unit: g/g)
measur ed by chakllinzetepol diepfeserm imBaimbent resin swel | freely in 0.9 mss%
sodlun1chlor?quaqueous solution for 30 m nutes and not dewatering using a

centrifuge 161] (e) "Residual Mononers" (ERT 410.2-02) The term
" Resi duab Mononer & pfdebdsforl igoducin@siceiliabcia miouni biofnamm ardikef airéheaﬁblabs or bent
resin. Specifically, it means a value (unjit: is neasured. b

hi gh- per f or AetHes!s hpigiarier deisbet ogrhaisHyno %@hr%ﬂeom@f%'fwea%r%%&d é%lear esinis
fed to 200 1p,co8 93“4\916 &nﬂhcﬁaaﬁ"/%gﬁp%u LGINET R AAMROUR %IQA\HF%QQ and

stirred at 500 rpmfor hour e absorbent resin obtdined in the present
i nvention phaﬂemabﬂvyﬂaswﬁhedRmaﬁhdm&amoppnmomMKbssnmhmdmNbpeﬁ@nﬂﬂerabIy 500
ppmor less. as 3HP), which can be prepared by fermentation of sugar available from decomposition
10 of lactic acid (hereinafter may be referred to as 2HP), cellulose or the like, which are
natural substances and compassable easily. Acrylic acid can be also prepared by
dehvdrating a salt of hydroxycarboxylic acid.
[0144]
Hydroxycarboxylic acid and/or a salt thereof is available from various
15  resources. Biological resources which are recyclable as a carbon source are preferably
used in view of global warming and protection of environment, and 2-hydroxypropionic
available from natural products and 2-hydrocypropionic acid or 3-hydroxypropionic
acid prepared by fermentation of sugar available from decomposition of cellulose or the
like can be used.
20 [01453]

An aqueous solution of 2-hydroxypropionic acid can be prepared by
known-methods such as, for example, fermentation using lactobacillus described in the
document: Advance in Applied Microbiology, vol. 42, pp.45-95 (1996), and
fermentation using fungi described in the document: Enzyme and Microbial Technology.

25 vol. 26, pp.87-107 (2000).
[0146]

An aqueous solution of 3-hydroxypropionic acid can be also prepared by

known-methods such as, for example, fermentation of glucose as a carbon source using

transgenic Escherichia coli beta-alanine aminotransferase derived from Streptomyces

30  griseus ATCC21897 described in the document: International Publication WO
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[0162] (f) "PSD' (ERT 420.2-02) 20The term "PSD' is an abbreviation for
Particle Size Distribution and neans a particle size distribution neasured by
a sieve classification. A weight average particle dianmeter (D50) and a
particle dianmeter distribution width are neasured by simlar nmethods descri bed
in "(1 ) Average Particle D aneter and Distribution of Particle D aneter"” of
page 7, lines 25-43 in European Patent Publication No. 0349240. [0163[ (3)

"Liquid per il ity" The term"liquid perneabiljity" nmeans a |iquid
(Fow bet ween DU En bfermgrplbiotstmin Sosteiru®s PohidridBil S as' it pi cal
nmeasur enent WRhNOASiRUekdftash deried fRAK RBBBENA fnéumoRdCand AIRRkid8xilflsow
Conductivity) and GBP (Gel Bed Perneability) 30are indicated. 101641

"SFC (Sal i ndemyedviramy fgdieti¢hid gl are nteadycqdedenesdisil i thy defurpergolnipaygopdal i ne

T N O e
s "cnB*s* 1Qerde@itions 0ds6bhg as the methods described in the above documents, that show
examples of preparing methods of 3-hydroxypropionic acid aqueous solution, are
emploved; and 3-hydroxypropionic acid aqueous solution prepared by fermentation of
various carbon sources using an organism capable of forming 3-hydroxypropionic acid
can be used in the process of the present invention. Further, 3-hydroxypropionic acid
10 aqueous solution prepared by contacting between sugar as a raw material and an
organism without fermenting can be also converted into acrylic acid by the process of
the present invention. As a manner of contacting between sugar and an organism, the
embodiment of conducting reaction using a microorganism or a processed
microorganism in the presence of sugar used as a raw material is included. Examples
15  of the processed microorganism include a microorganism treated with acetone, toluene
or the like, a destroved microorganism, a lvophilized microorganism, a fractured
microorganism, a cell-free extract of a fractured microorganism, and a crude enzyme
liquid or a purified enzyme obtained by extracting an enzyme therefrom. Furthermore,
3-hydroxypropionic acid aqueous solution prepared by reaction using a microorganism
20  fixed on a carrier by a common means, a processed material thereof, or an enzyme can
be also used.
[0147]
For producing crude acryvlic acid by dehvdrating hydroxycarboxylic acid,
known-methods can be employed. For example, Japanese Unexamined Laid-open
25  Patent Application Publication No. 2005-521718 discloses a method for producing
unsaturated carboxylic acid or salt thereof where an aqueous solution or a solution of
2,3-hydroxycarboxylic acid (2HP and 3HP) or salt thereof prepared by fermentation is
heated in the presence or the absence of a catalyst, thereby dehvdrated. International
Publication WO 2005/095320 discloses a method for producing 2 3-unsaturated

30  carboxylic acid where an aqueous solution of 2.3-hydroxycarboxylic acid is fed to a
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"GBP' neans perneability of 0.69 mass% sal i ne through an absorbent resin under
load O freely-swelling. It is nmeasured according to the GBP test nethod
described in International Publication WD 2005/016393. 101661 10The absor bent
resin obtained in the present wention preferably has the SFC of | or nore, and
nore preferably 5 or nore. [0167] (4) Preferred enbodi nments for production
Acrylic acid and/or a salt thereof produced according to the process of the 15

present inveption used as a main conponent. of | yneri zed
G cross. FP R UK S Sar a8 i Dorisaor R bk «5aBT07 001 ol o6
of nore andgdedBilcHa@Publi€sdn IN 280 L1 @380 HiselkdeDd nRARA 0O ro@RM4ta Badddn MOl % or
nore and 5 nol % O | ess, respectively relative to the acrylic acid andlor a

salt t her eoProdagidcantimng Riensaniated Ldathoxy e dcid toREpely bb‘tfalani?%@)qsﬁéﬂabsor bent
resin. 2010 (@ %]mtnﬁ 3 h\ OE( e]:'-)n t (lecq)n% Qﬁid-’% qpr%%?o $a 5 SubeEL[ltl\e lpq%c{]floﬁp

product|V|ty 0 resin are e cri U. S. Patent
Nos. 686%269nd 6&&6&&191;1 tH@%&BB amnchid mewbMadni a(amaxkatdm;bla leaici cans s\We@ B3/ 038402 and
WO 2006/ 034806 [ 0169

like 1s used in the reactor.
[0148]

The thus obtained acrylic acid is a liquid substance or a gaseous substance
containing crude acrylic acid. The liquid substance can be used as-is as the crude

10 acrvlic acid solution in the present invention. The gaseous substance is liquefied by
cold condensation, solvent collection or the like in the collection step, whereby a crude
acrylic acid solution can be obtained, and the crude acrylic acid solution can used in the
crystallizing step of the present invention. In addition, since hydroxypropionic acid
prepared by fermentation and crude acrylic acid prepared by dehvdrating

15  hydroxypropionic acid which has been prepared by fermentation contain impurities
such as organic acids other than acrylic acid. it is quite effective to purify the crude
acrvlic acid by a crystallization operation of the present invention for obtaining acrylic
acid with high-purity.

[0149]

20 (Meth)acrylic acid produced by the producing process of the present invention
is excellent in quality stability, and hence, when the (meth)acrylic acid is used as a
monomer for producing a hydrophilic resin such as an absorbent resin and a
water-soluble resin, the polymerization reaction is easily controlled and quality of the
hydrophilic resin is stabilized. thereby improving various properties such as absorption

25  performance and dispersibility of inorganic substances. Especially, since acrylic acid
produced by the producing process of the present invention is excellent in quality
stability and controllability in the polymerization reaction, it is quite useful as a raw
material for producing an absorbent resin having high absorbency and high quality.
[0150]

30 Definitions concerning the absorbent resin of the present invention and
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A nmethod for polynerizing acrylic acid obtained by the process of the present
invention is not particularly limted; and a continuous belt-type

pol ymeri zation disclosed in U S. Patent Nos, 4893999, 6241928, U.S. Patent
Appl i cation Publication No. 2005/215734 and the |ike, a continuous

kneader -type pol ynerization and a batch kneader-type pol ynmerization discl osed
in U S Patent Nos. 6987151, 6710141 and the 30li ke, are preferably enpl oyed.

[ 0170] The t hus,.obtal ned pol r i.s preferably converted into a

bar 11 sul at e PESSBTBEARo Bt oD g Rl Matab s e e W8 oscd 1 n U, 8. - Pat ent
Nos. 492020241359R64495, 5275773, 6207796, 6164455, 6207796, 6291636, 6875511 or
the like. 10171 ) Further, the absorbent resin is preferably
cross-1inked on tHe Abserbgeieetsiher eof dependi ng on the purpose or application

t her eof , especi al in t. e _of-- appl. yi to. i rticles. . /As concrete
enbodi nents, pr odt%éi tﬁl[g}n n&%ﬂ%@ rﬁ?écﬁ‘otgee re{g%ﬁ u‘r‘%%@{a@% atagﬁ%tegﬁbe?lf‘tégti on Nos,
0349240, 506Qad 5Qser-04dBR2 BolyAE&1 28[1%; afhb 09, te0H 68QARD-swdllble apaine sieat Unexam ned

Lai d- open Patent Application Publication Ngs, 7-242709, 7-224304, U.S. Patent
Nos. 5409774 R(58bsrgripn rajmamdarnongyasysrorspegBabia FiRT b4 218518 cemsgb o7

I nternati ongf nBﬁ'@hhc‘?fHeht%ﬂ? “\Wt?%rgl%041%4§4nle%g§%gﬁé%&2sglub}ég %%élﬁgc‘ﬂ fPerpnd the like

are preferred. [01/2 The above- descri bl 1cations ‘are 1 ncorporated into
t he present 48p20ORfis gatmbn0 sy edrenenerd 5| BAsES] or less.
[0152]
10 The absorbent resin can be designed appropriately depending on the intended

use thereof and is not particularly limited: however, it is preferably a hydrophilic

cross-linked polymer prepared by cross-linking polymerization of unsaturated

monomer(s) having a carboxyl group. The absorbent resin is not limited to a form

where whole amount (100%) is a polymer, and may include additives and the like in a
15 range to maintain the above properties.

[0153]

In the present invention, it means an absorbent resin which is composed
principally of acrylic acid and/or a salt thereof (hereinafter referred to as “acrylic acid
(salt)” as a repeating unit and may contain a graft constituent as needed. Specifically,

20  the absorbent resin contains acrylic acid (salt) generally in 50 mol% to 100 mol%.
preferably in 70 mol% to 100 mol%, more preferably in 90 mol% to 100 mol%, and
particularly preferably substantially in 100 mol%, among the total amount of
monomer(s) used in the polymerization except a cross-linking agent.

[0154]

25 (2) “EDANA™ and “ERT”

The term “EDANA™ is an abbreviation for European Disposables and
Nonwovens Association, and the term “ERT™ is an abbreviation for the measurement
method (EDANA Recommended Test Methods) for the absorbent resin of an European
standard (nearly a world standard). In the present invention, unless otherwise

30  specified, the ERT original (known document: revised in 2002) is referred to in
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[2. A crystallization system A crystallization systemof the present
invention is hereinafter explained. The 20 crystallization system of the
present invention conprises a crystallizer, a heat source device and a buffer
tank. In the case where the crystallizer is used for conducting a
crystallizing operation, the crystallization systemof the present invention
conprises the crystallizer a heat source device and a first buffer tank. In
the case where the crysta s used for conducting a nelting operation,

t he crystalPF?%?W%H“@éi 4ﬁeaw{eﬁfﬁgbnt i nvention conprises the
crystalllzemnaa heat source device and a second buffer tank. 10174]

The crystalllzer used in the crystallization systemof the present invention
is provided with @ HeM(-¢BRdsf8r028urface and the interior of the crystallizer

is partitioned 30pnt 8r g gt ug}ac%r:ﬁ)%?e\iatlg@‘rfér é&‘ﬁ%ﬁggrRﬁﬂlﬁ(lm %rg AP tanfar t

partitioned by the heat - tTans ent part, a
cool i ng sedimsanOin absogaibh gidredet! Mon-HrePyues eateinadiv mian bTehefeﬁ'é&'S(B ab apr esent
part, a solution to be créstalllzed and/or a crystal is present. |In the

present i nvedtSPBHON BlierudaPycHisplhy Acnsans an ARTosPLoB Tt QAL g @) Braswed Bt h) acryl i ¢
aci d crystakh,jig fodh iR €SEREel th @ bénkLoy &ﬁhml%r%ﬁ@@a d%@ﬂis souN%npart icul ar

limtation is 5%ace§80n the heat-transfer sur?ace
heat - t r ansf éor 39unifieieeandaletvateiigsitetrecentrijigieal | i zer |nto tmo parts, nanely, the
nediun}presiﬂg Eart and the crystal -present part, and heat is exchanged via

the heat-tr Per surface. [01751 As the crystallizer provided with

t he heatjot r ansf ermigUitk@6eh rékh SRRASRIUBe Hl%?éﬂt ﬁﬁeﬂt% peshbetehaRgeEc general Iy
can be enpl oyed, and heat exchan?ers exenplified in the above can be enpl oyed.
L0176] of 20 g/g or more and 100 g/g or less, more preferably 25 g/g or more and 50 g/g or less,
and further more preferably 27 g/g or more and 45 g/g or less.
[0157]
(b) “AAP” (ERT 442 .2-02)
15 The term “AAP” is an abbreviation for Absorption Against Pressure and means
an absorption ratio under pressure. Specifically, it means an absorption ratio (unit:
g/g) measured by having an absorbent resin swell in 0.9 mass% sodium chloride
aqueous solution under a pressure of 2.06 kPa for 1 hour: however, in the present
invention, it means an absorption ratio (unit: g/g) measured in the condition of under a
20 pressure of 4.83 kPa for 1 hour.
[0158]
The absorbent resin obtained in the present invention preferably has the AAP of
20 g/g or more and 30 g/g or less, and more preferably 22 g/g or more and 30 g/g or
less.
25 [0159]
(c) “Ext” (ERT 470.2-02)
The term “Ext” is an abbreviation for Extractables and means water solubles (a
content of water-soluble component). Specifically, it is a value (unit: mass%) of a
dissolved amount of a polymer, that is measured by pH titration, when 1 g of an

30  absorbent resin is fed to 200 g of 0.9 mass% sodium chloride aqueous solution and
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In the crystallizer, when the cooling mediumis present in the nedi um present
part and the solution to be crystallized is present in the crystal-present
part, the solution 15 to be crystallized is cooled via the heat-transfer
surface, thereby generating a crystal. Al so, when the heating nmediumis
present in the medi umpresent part and a crystal is present in the

crystal -present part, the crystal is heated via the heat-transfer surface to

be nel ted, thereby obt ai.ni a nmelt of the crystal. [0177] 20The .

o um pr esstiren st fit B0 da b Rsnrbrsir St St i ShsB U BERE) ¢ hr ough
whi ch the cogifiagy RRGhs P EITY D¢ of herchadbb E@ Jrests Wil inford piefekdb8dy adhran out | et
(a medi um di scharge-port) through which the cooling nedium and/ or the heating

medi um i s disehadgedy/s THesscryst al - present part is provided with an inlet

t hr ough mhiigubﬂe solution to be crystallized is supplied and an outl et

t hrough whi the solution to be crystallized and/or the nelt of the crystal

i s discharged. [OUy8JSC” (ERT 440b®2heat source device used in the

crystal lization systemof the present invention is not particularly limted as
long as it is capdbi@iFSodt MhiPbtnEtienHrifig Shedi RN PO MeAB R RGP t he heati ng
medi um and 1 C LSES i€ | j.f ) b b npl oyed. As
t he heat sogggg%ggeﬁ%e?hggﬁgggiSé%gﬁgfhmﬂ?%ﬁhgégﬁg ﬁﬁg'gégfﬁﬁguﬁggsun1and
heat s t he héatinng 2tredil ammbraybehiercemphvel/ebly [nOLT 8lass% sodium tidondesnqoasie wher e t he

heat source gevhgf %@ an appar at us mhich.cools.hhe cool ing nedium the heat
source de \ FEBIGHOR YIS NP MR EE YSHG el HeFsuppl y port through which
the coolipng[mmdj umis supplied and a cooling mediumreturn port through which

the cooling nediumis returned. The cooling nmedi umsupply port of the heat
source device is EbrisdudMenynierie (ERT é10.502% he medi um present part, and the

cooli g red: um sl S50 KA LATDE RERL SOULEE SRYLES, DGRy e oot 1

The an absorbent resin. Specifically, it means a value (unit: ppm) is measured by a
high-performance liquid chromatography, when 1.0 g of an absorbent resin is fed to 200

15  cm’ of the 0.9 mass% sodium chloride aqueous solution and stirred at 500 rpm for 1
hour. The absorbent resin obtained in the present invention preferably has the RM of
1000 ppm or less, and more preferably 500 ppm or less.

[0162]
(f) “PSD” (ERT 420.2-02)

20 The term “PSD” is an abbreviation for Particle Size Distribution and means a
particle size distribution measured by a sieve classification. A weight average particle
diameter (D50) and a particle diameter distribution width are measured by similar
methods described in (1) Average Particle Diameter and Distribution of Particle
Diameter™ of page 7, lines 25-43 in European Patent Publication No. 0349240.

25 [0163]

(3) “Liquid permeability™

The term “liquid permeability” means a liquid flow between swollen gel
particles under pressure or non-pressure. As typical measurement methods of the
“liquid permeability”, SFC (Saline Flow Conductivity) and GBP (Gel Bed Permeability)

30 are indicated.
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10 cooling nediumreturn port of the heat source device is connected to the
outlet of the nediumpresent part of the crystallizer, and the cooling nedium
di scharged fromthe medi um present part of the crystallizer is returned to the
heat source device through the cooling nmediumreturn port. [0180] 15In the
case where the heat source device is an apparatus which heats the heating

medi um the heat source device is provided with a heating nmedi um supply port

t hr ough mhiiguiﬂe heating mediumis supplied and a heating medi umreturn port
t hrough whi the heating mediumis returned. The heating nedi um supply port

of the heat sourcepdeSulieFlbs CARNARUEA hént Permicabity &f 0.8Ntatedkiine: pr esent
part, and the heating nediumis 20 discharged fromthe heat source device

t hr ough t he tiheeghsngbspslerntiresis upgdry lgndrof Ogrdl. s dippmcesyradgcedsdingrndhed¥ Gr esent part
.Of the cr ySt&e%{ Ilnetflﬁcf Clesy}i%d 8t§ P eﬁf'?\?’o' WERKEL urﬂtegirtEhe eof#shglﬁlh‘%afo pource devi ce

i S connecte e nedlun}present cryg%alllzer and
t he heatbng[mmﬂ]unldlscharged fromthe nedlun}present part of the crystallizer

is returned to the heat source device through the heating mediumreturn port.
[0181] The GRI fapang parngabidly pind-phan é%/%ﬁ%hﬂlelt&félt‘glbﬁl aretbemh 1§10t he present

I nvention '%n&ﬁqx&ﬂ%gf%kﬁ@“%HB%OPEQEQﬂ%mg&?%%&@m.@oqﬂP@ﬁnﬂR§Phﬁ ofnd a | over

opening. No limtation 15 on the fer t | ong as the cooling

medi um or tHewhéahnmgaﬁﬂndeDthmmnN@D§®®W@m3?h t he buffer tank, and any

particul ar T&&gftures may not be installed in the buffer tank. [0182]

10 The absorbent resin obtained in the present invention preferably has the SFC of
1 or more, and more preferably 5 or more.
[0167]

(4) Preferred embodiments for production

Acrylic acid and/or a salt thereof produced according to the process of the

15  present invention is used as a main component of monomer(s), and polymerized and
cross-linked using a radical polymerization initiator of about 0.001 mol% of more and 2
mol% or less and a cross-linking agent of about 0.01 mol% or more and 5 mol% or less,
respectively relative to the acrylic acid and/or a salt thereof, and then dried and
pulverized, thereby obtaining the absorbent resin.

20 [0168]

Preferred producing methods in terms of higher productivity of the absorbent
resin are described in, for example, U.S. Patent Nos. 6867269, 6906159, 7091253 and
International Publications WO 01/038402 and WO 2006/034806.

[0169]

25 A method for polymerizing acrylic acid obtained by the process of the present
invention is not particularly limited; and a continuous belt-type polymerization
disclosed in U.S. Patent Nos. 4893999, 6241928, U.S. Patent Application Publication
No. 2005/215734 and the like, a continuous kneader-type polymerization and a batch
kneader-type polymerization disclosed in U.S. Patent Nos. 6987151, 6710141 and the

30 like, are preferably employed.
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The buffer tank retains the cooling nediumor the heating nmedium having a
tenperature gradient in a vertical direction such that an upper part is

hi gh-tenperature and a |l ower part is |owtenperature. In order that the
cooling nmediumor the heating nediumis retained in the buffer tank so as to
formthe tenperature gradient in the vertical direction such that the upper
part is high-tenperature and the lower part is lowtenperature, it is only
necessary ti fﬁfd the cooling or heating nmedi um having high tenperature into
the buffer (& t hrough the upper opening and feed the cooling or 10 heating

nmedi um havi ng | owrf-aRRESALiREGG ol M id prefeliblyf @hvérekntd AraHEhlal®séPMRr Oopeni ng,
wher eby t he tenggrature gradient in the vertical direction is naturally forned

in the cool i hedhumraicngendeet disgoseddinubnS dtatinh&tpsi AOIREZ.bIAFE?S. t ank.
[0183] The %?gﬂ%%gzol}’ﬁ%, WL si@n 6q'6§91'}>?%, @é}%ﬂl%%%ﬁi:kg limted, and practical
shape’ suc cular cylrnder a

cylindrical as circu I and mu ngul ar cylinder is
pref erabbe. [@i7$t ance between the upper opening and the | ower opening of the

buffer tank is preferably equal to or npre than a maxi mum cross-section |length
of the buffer tankithgptl Heebardpiy snyperhapordinked ondenakiptriiifcPss- section

| engt h, and her fer : oy : 1 t X |, M
cross-sectigﬁ%%gﬂ fﬁ?R%ﬁﬁgégfﬁéﬁgyﬁ?gﬁﬁgfgg?ﬁﬁgﬁy%H%mg%§ﬁﬁg§?ﬂgggﬁyng and the
| ower openi nguitafy dartdesb ufAk epndraa kmbaliatntd, pastucieg uaihotiodiscleved ichEwbpdahe buf f er
tank or nore, and when the buffer t _has, such pe,.th rature

gr adi ent inﬁ?ﬁgfggy?wgﬁ1 8?H%é%%@nOgghé§s§$®8%%#%%%ggn%fﬁgzgo@%gﬁglnediun1or

t he heatihng yamdéseMUn@baiRedLhib-dphe mhf exphiddion POIR4don Nos. 7-om@erni ng the
maxi mum cr oss-section | ength of the buffer tank, for exanple, in the case

wher e the sHapd3 & Uhdasof Nes StEARLISSIBT8i 1330V SeYIZRAdeR3310heHa3d. num
Cross-sectiqQn . ffer I t of the
circul ar bo??%%fﬂangﬂﬁﬁm%ﬂEugﬁggﬂaﬁgﬁgﬁ%ﬁQQQﬁgggﬁ%§7%ﬁgk@§P‘2?&§gﬁﬁ has a
rect angul ar teylkeaggrefeirdte maxi mum cross-section | ength of the buffer tank
corresponds to the |l ength between the 30opposi ng corners of the rectangul ar
bottom In tHed2kase where the shape of the buffer tank is a cylinder except

the 1owgs parl anghd NposOaREiRl WABILANE BET indbfhofudly @ dnor pRsGRNe
narrowi ng dov?ny?ard, the nmaxi mum cross-section l'ength of the BUF er tank

cor r esponds spaiftchigonaxefencer oss- secti on | ength of the part having a
cylindrical %ggfe. In the case where the buffer tank has such a shape that the
i nt er nedi at & t in the vertical direction thereof w den, the maxi num
cross-section | engt A cREmlipaidaulfi@n) tank corresponds to the maxi mum

Cross-section qugth at the widest part of the internediate part. 101851
crystallization system of the present invention is hereinafter explained. The

20 crystallization system of the present invention comprises a crystallizer, a heat source
device and a buffer tank. In the case where the crystallizer is used for conducting a
crystallizing operation, the crystallization system of the present invention comprises the
crystallizer, a heat source device and a first buffer tank. In the case where the
crystallizer is used for conducting a melting operation, the crystallization system of the

25  present invention comprises the crystallizer, a heat source device and a second buffer
tank.

[0174]
The crystallizer used in the crystallization system of the present invention is
provided with a heat-transfer surface and the interior of the crystallizer is partitioned

30 into a medium-present part and a crystal-present part partitioned by the heat-transfer
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The upper opening and the | ower opening are arranged in the buffer tank so 10
that the upper opening is | ocated above the | ower opening. Wien the respective
openings are arranged in this manner, the cooling nmediumor the heating nmedi um
is retained in the buffer tank so that a fluid | evel thereof is positioned at

t he upper opening. 101861 As the upper opening and the | ower opening, for
exanpl e, openings may be 15 fornmed on the outer surface of the buffer tank, or
pi pes opening.into the interior of the puffer tank nay be installed to the

but fer 1 ank SHBIEET AP 4B Je B e Batel CoPRRTRY ™" B PEESARCHIES B pnar d 1 n

the interiofn®fn hBerRMf-p@tent AIK al B1utBStRbd BEsthIfzddnSdRI faf @fstal ‘i’sn[tk)reseﬁﬁ the | ower
openi ng, an opening is preferably formed at the bottom of the buffer tank.

Bot h t he uppetheoprsrit g caimn. o lsaide oweth)agbnpagd selriéonpndir aéacploente atly such t hat
the 20openi T Al pljeﬁe?ﬁthe gregént tiII‘P NR ‘8&5&1[ r?{?ntt Paﬁrt Chep Eérﬁgtﬁarl 20t C%{gl)nt iQ e buffer
tank. By prOV|§|ng the "upper openi ng and the fover o enrng in Thi's manner, the
t enper at 8r e pgeadoeiiie leht-triiefee eaiticagasobnd @athe N@ameahk idmsuréicaipagidonsntht he buf f er

tank is easily paintained when the cool.ing or heatin%»nediun1is i nfl owed or
out f| owed t KPSREHETIRE tha Ppde 1YY direhe e Present @i and the crystial-pigseshpHs connect i ng

t he CryStalBh@ﬁ&ﬂE%QQMH%BRﬁﬁﬂ§B&£HQ£M&%%f%gg the buffer tank are hereinafter

explained referring to Figs. and 4. Fig. 1 shows paths for
utilizing thel78] rst buffer tank as the buffer tank, and shov?s a

crystallization systemwhere crystalli zi is performed using a cooling

medi um 301 n the AU AT EUIEOH fi MR R CR PHRTE SN syst em of
the pregent yiRYEREhMBeCONBRLIIS 85 Be ChYIBIARI hhd B8at bxchAndt@abxeaPUIELI0RYI ce 4 and a
first buffer tank 5. A cooling mediumsupply port 4a of the heat source device
4 is connectkeletcan bempipeed. 2a of a nmedi um present part 2 of the crystallizer

I, and an oghbgt 2b of the nmediumpresent part 2 of the crystallizer 1 is
connected to a cooling nediumreturn port 4b of the heat source device 4. As a

resul t, a circul ahitdcpahlihzdrokhdnhie cdhi Agdiadis paskid ih Henielibepveean t he
crystallizer 1 and the heat source device 4. The cooling nmedium supplied to
t he nmedi um priéaehthe selptionto be cprialliged istagspit 2 the eoptabrictHe PHb dhe WbliPBe de \ice 4

I's heat 1§XC?@BQ%R'stitalrl‘i§écng cé?)lﬁlbé& L dhk g@{trdansf@tn&rﬁap&i M3 Ol értg(ﬁ;x%t {é&ﬁt‘gf. he

medi um present par e cryst izer 1 and returne at source
devi ce 4. Wids. then dedientng medium is present in the medium-present part and a crystal is

present in the crystal-present part, the crystal is heated via the heat-transfer surface to be
melted, thereby obtaining a melt of the crystal.
[0177]
20 The medium-present part is provided with an inlet (a medium supply-port)
through which the cooling medium and/or the heating medium is supplied and an outlet
(a medium discharge-port) through which the cooling medium and/or the heating
medium is discharged. The crystal-present part is provided with an inlet through
which the solution to be crystallized is supplied and an outlet through which the
25 solution to be crystallized and/or the melt of the crystal is discharged.
[0178]
The heat source device used in the crystallization system of the present
invention is not particularly limited as long as it is capable of cooling the cooling
medium and/or heating the heating medium, and heat source devices exemplified in the

30  above can be employed. As the heat source device, a refrigerator which cools the
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10 nediumis heat-exchanged in the crystallizer 1, a crystal is generated
within a crystal -present part 3 of the crystallizer | . The cooling nmedi um

whi ch has been returned to the heat source device 4 is cooled by the heat
source device 4 and di scharged again fromthe heat source device 4 through the
cool ing nmedi um supply port 4a. [0189] 15The first buffer tank 5 is provided

wi th an upper opening 5a connected to the outlet 2b of the nmedi um present part

2 of the crystallizer 1 and the cooli medi umreturn port 4b of the heat
source devi C&lpE mEdit l?@?ﬁ@fﬁmgeﬂggﬁmgg'lF@bﬁ?ﬂB&PH@'cooling medi um di schar ged
fromthe crystra|lizer 1 to the upper opening 5a of the first buffer tank 5,
and a path for returning the cooling medi um di scharged fromthe upper
200peni ng 5a of tlhethe jcaset wher fibg head riryree gletipe ihaataprBYpt &hgdvioel We are
formed. [0190]. : fi ffe n S, Pravi ] 1 | ower openi ng
5b Connecte38¥%gﬁﬁ£“€6§%ﬁﬁaf%@5?3%?8%%5%5“%%Sv&%aggﬁﬁ%%ggﬁﬁgipggﬁ?ﬁe device 4
and/ or the dtbhgdt wRioh ahe tcbdingetiediompis esppliedpaidt a Zo6tingt hediomyistual pbzer 1, and
the cooling mediumreturn port 4b of the heat source device aresult, a

, 4. As
path for fedtPHy YHEN ESAPHEE MEd b SUBBRY ed heromitheedieas gl PR devi ce 4
and/ or the GROMDAMRAN. AL 2GHALEES, UM DR af! N @hliaGh phl thd € | Over

opening 5b of the first buffer tan , and a path for returning the cooling
medi um di scheaelgedmdiom tshédis¢thovged ioge nihedhebb sofrcd Wdevid rtlsbudbuffeecodiapk 5 to t he

heat source device 4, are fornmed., 3010191 Fig., 4 shows paths for
LLili 21 ng ¢ RETSBETRED By et eiid 48 waéeddw-%eﬁenf B O R Sl aﬂe |
crystal ljpzathQmgSy&h@idturh PRI tiBhdai f@irdeSiePiRE 1060mBELdASH e dutReat hBg medi um
In the case of using a heating nmedium the crystallization system of the

present i nveartdivonpiesnppirselthy ceysipdlizar. |apg dre qooling egumsdeghaiged dphcde4 and a
second buff . ' 2] L I rt 4 t t,source
device 4 iS%%%%ﬁgéfgﬁt@%pﬁﬁﬁé%?%gﬁggﬂg%&ggﬁé%Fﬁ%?%ﬁg@g%?ﬂ%%ﬁnggb?gthe
crystalli zerodlingandivanreuh bet. 2b of the medium present part 2 of the
crystallizer 1 is connected to a heating nediumreturn port 4d of the heat
source devi ¢¥%] As a result, a circulation path for the heating mediumis

formed hetveen the &yl ahli A hel B0E: iR NERtaRRLLE RIAEYLAC A e heat i ng

medi um supplied 10 to I um present part the crystallizer 1 fromthe
heat sour ce nedunt ¢hedentssoheatlevacecih argeldd ivmthtaHeatoreyrs¢dabhisaady pqrt thnaigh hen

di scharged fromthe nedi umpresent. part 2 of the crystallizer 1 and returned
A S R e S or N B P S S Sl

crystall i zefhelheafin¥GhA is rGuiiBd. t athe WehilHo i Gh ¥ SipR! pHf 65 BRtheRAbc3 of the
crystallizer 1. The heating nmedi um which has been 15 returned to the heat

source devi devig issongaieedd By inlefeof Hecamedwurpseser dpitcandghabeitiog siehiamged agai n
from the,heqt SoM:Cfod Ghe' hif sctrd RN LG ReALAE TEALUTLSHPRLY RgTt 4c.
supplied to the medium-present part of the crystallizer. The heating medium-return
port of the heat source device is connected to the outlet of the medium-present part of
the crystallizer, and the heating medium discharged from the medium-present part of the
crystallizer is returned to the heat source device through the heating medium-return
25  port.
[0181]
The buffer tank used in the crystallization system of the present invention is
provided with two openings, namely, an upper opening and a lower opening. No
limitation is placed on the buffer tank as long as the cooling medium or the heating

30 medium can be stored in the buffer tank, and any particular structures may not be
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[ 0192] The second buffer tank 6 is provided with an upper opening 6a
connected to the heating nedi umsupply port 4c of the heat source device 4
and/or the outlet 2b of the 20 medi um present part 2 of the crystallizer |
and the heating nmediumreturn port 4d of the heat source device 4. As a
result, a path for feeding the heating medi um supplied fromthe heat source
device 4 and/or the heating nediumdi scharged fromthe crystallizer | to the
upper openin a of th sec nd buffer tank 6, and a path for returning the
heating medt Wﬁﬁ?@%ﬂ%?g%ﬁ“? ‘om the upper opening 6a of the second buffer tank
6 to the hegmxspurce device 4, are fornmed. [0193] The second buffer
tank 6 is provided with a Iomer openi ng 6b connected to the outlet 2b of the
medi um pr esent pdﬂﬁ'%ﬁ@fﬁmhéﬂwﬁyﬁﬁakmhwéﬂw¢uah@7@hé@ﬁ@aﬂﬂﬁﬁﬂﬂéQHMhﬂreturn port

d of the h 30h
4d of the ?e%pe?% ]E:%Fadg-: \ef‘tl cfiio‘?lln,ﬁctlol‘ie =) tthat%HFﬁ%f)g} \Bétﬁ %%ﬁ-?é&g%gtgu gf ) hgatl ng

medi um di scharge cr S izer
second baffamjhankx@mtamd“aamgmhm&prhraﬂanhmngebhmngeaﬁnmgmmhdhumhgischarged
fromthe Iomer openi ng 6b of the second buffer tank 6 to the heat source

devi ce 4, af®dfgt ifeigtained 1gdhe buffer tankpgocsy @i g ethe teHweRfYe edienz i then syst em of
the present \él‘ﬁcﬁrﬁlfe%n szdgﬂq&ttt gﬁéelyg)\t?vﬁ'lé 'hzg%rtemﬁé} ufdSRH gﬂag)%\@& ggvikce and the

buffer tank are instal and t pat hs are orne as explal ned above,
t he heat solncengexiwe iwopkls ns¢eaiahy1;o feqdytb¢ edoling pniggapenatinohaanghigh nel ti ng

operation is stabilized nd th 0 tion ener. i s.reduced.. 101951

e Vot al Ttk igg b R e TERR ORt Uik SReT G D ol o B B Feat 10
source d@Vl%&&n@ﬂ@dﬁ%@hﬂﬂﬁﬂ@ﬁu%ﬂﬁ&ﬁngﬂﬁoﬁﬁ%uﬁ&%&ﬂﬂ&kﬁé@ﬂwl@@ﬂ%ﬁ&ﬂ%;'n Fig. 7,
101961 As heat source device, a first heat source device 4A which

cool s the codkichy thﬁe@nmmawmgrad@@tc@rthe ersieal shigeten dewiueadlyABrgd whthheat s t he
heating medi, gﬁmug} %d%’ﬂ})&%{ ekl GediliThalléRh GOMMEELAEV! ce 4A Ts provided with

a cooling ne
[0183]

The shape of the buffer tank is not particularly limited, and practical cylindrical

15  shape such as circular cylinder and multangular cylinder is preferable. Distance
between the upper opening and the lower opening of the buffer tank is preferably equal
to or more than a maximum cross-section length of the buffer tank, more preferably
more than twice the maximum cross-section length, and further more preferably more
than four times the maximum cross-section length. Thus, the distance between the

20 upper opening and the lower opening of the buffer tank is at least equal to a width of the
buffer tank or more, and when the buffer tank has such a shape, the temperature gradient
in the vertical direction is easily formed in the cooling medium or the heating medium
retained in the buffer tank.

[0184]

25 Concerning the maximum cross-section length of the buffer tank, for example.
in the case where the shape of the buffer tank is a circular cylinder, the maximum
cross-section length of the buffer tank corresponds to the diameter of the circular
bottom, and in the case where the shape of the buffer tank has a rectangular cylinder, the
maximum cross-section length of the buffer tank corresponds to the length between the

30  opposing corners of the rectangular bottom. In the case where the shape of the buffer
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15 port 4Aa connected to the inlet of the nediumpresent part 2 of the

crystallize

r 1, and a cooling nmediumreturn port 4Ab connected to t

he outl et

of the medi um present part 2. The second heat source device 4B is provided \ \

ith a heati
medi um pres

sour ce devi
crystalli zi

ng medi um supply port 4Bc connected to the inlet of the

ent part 2 of the crystallizer 1, and a heating nediumreturn port
4Bd connected to the outlet of the mediumpresent part 2. The 20 first heat

4A di th tall
B PR les S Pept ARG ol S T e o DR A £ 5 RlprBha ™

1, whereby
second

heat source cBlVh&fnAR: IRANRLAS thdenakiBainh NebsBBGBMIENP of NBe Bubst ahki zer 1

wher eby nel

ting operation is performed in the crystallizer 1. {0197]

As

t he buffer tweideponslsfq the mapsipfipe erossasekiion lopatle of thep#t kaviw aehpdicat dere. of t he

cool i ng nedi
certain ran

)N me <t \\Iﬂgr% thé) 85@ t%ulxl\r E%s Jﬂlgl?'% v\,%%r %\gt tﬂgvétgr?neﬁfo‘ [%f }n E

ge, a secon eratu

within a
re of the

heat i ng Hedl\bhﬂibil&hﬂdétfb@dhér@oﬂ\hﬁeﬁiGﬁé)ﬂld\lhﬁlﬁi ch»MeCt&ndl@Ngtlﬁ)@fﬂB ladhstaahnt within a

certain ran

ge, are enployed. Paths connectjng the fi buf fer tank

5, the

first heat SOWFERILY h@éﬂ%ﬁl%arosm%mbkey@tla {hp z\éﬁlestlpaétr%f thwtesmpdatas Fig. 1,

whi ch repre
using the c
second heat
whi ch repre
t he heating
cool i ng jpedi
crystallize

second heat
t he second

one refrige
the crystal

15

20

30

§§@ts the crystallization systemwhere crystallizing is

per f or med

oling nmedium Also, paths connecting the second buffer tank 6, the

[&l@al ce device 4B and the crystallizer 1 are the same as

Fig. 4,

sents he cr stalllzat%hgﬁe stem where nelti tmgfgeriorned usi ng

medi url® YHYCEPRFIIG an greniigeRiF Aganged iy g
AN O uRr TR 8 1dcRed NBofd fistioR8AbPSRIS CRVIRBUNE Qeshérihb

SBf t he

omthe

r 1into the lower part of the first buffer tank 5 is onitted, and
a path for foewigﬁgtr%mrrmactﬂn thipmpnnepfthe peoling anddhgn re dicurvatiee wWedipatigr ned to the

PR (e 2 AR AP B A by Sl TP S PRREL ST o

t he present [oI®g¢ention may conprise two crystallizers and two buffer tanks for

rator. This enbodinent is explained referring to Fig. 8.
li zer, Authejypger epias apd .tlzeelp“ FIACREHESa s sy RR]e- cwglfléﬂ Ry é?

formed on the outer surface of the buffer tank, or pipes opening into the interior of the
buffer tank may be installed to the buffer tank. Preferably, as the upper opening, a pipe
which opens upward in the interior of the buffer tank is installed to the buffer tank. As
the lower opening, an opening is preferably formed at the bottom of the buffer tank.
Both the upper opening and the lower opening are provided preferably such that the
openings are located at the center of the cross-section of the buffer tank. By providing
the upper opening and the lower opening in this manner, the temperature gradient of the
cooling or heating medium retained in the buffer tank is easily maintained when the
cooling or heating medium is inflowed or outflowed through the respective openings.
[0187]

Flow paths connecting the crystallizer, the heat source device and the buffer
tank are hereinafter explained referring to Figs. 1 and 4.
[0188]

Fig. 1 shows paths for utilizing the first buffer tank as the buffer tank, and

shows a crystallization system where crystallizing is performed using a cooling medium.

In the case of using a cooling medium, the crystallization system of the present
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[0199] As
1B are



15 enpl oyed. The first crystallizer 1A is provided with a first heat-transfer
surface, and has a first nediumpresent part 2A and a first crystal -present
part 3A partitioned by the first heat-transfer surface; and a second
crystallizer 1B is provided with a second heat-transfer surface, and has a
second medi um present part 2B and a second crystal -present part 3B partitioned
by the second heat-transfer surface. 20[0200] Arefrigerator 7 is
provided with a.cooling nedi suppl ort 7a.copnected ta.an jinlet of the
Pirst medi uifgPisdanmpis e cowtilvghbin e e dfvical tim HorPisEiginett ed to an
outl et of th@on‘ngrn&tdmmealfpgmwteﬁ%mhen@wsp&ee d&id2eat tadedBHoWNSMIRIY port 7c
connected to an inlet of the second nedi um present Eart 2B, and a heating

medi um r et uerngsiBIe-prRgent pph dcafdlep erpstalizes Ut P arpputichdb 96 derdediprHpAsNdr esent part
2B. [0201] the. buff. . I ISt ffer i mai nt ai ns
Corper at ur e P81 et GorhBg: o By iR mBLh e it 2 WhERED L0

Wi t hi n ascerbdatndeadege, Aand résubes eiiculinivhf@ith fa@anke GostnicChedimh i &medt enper at ur e
of the heating mediumreturned to the 30refrigerator 7 constant within a
certain randetvest beshplbyerdl adahs ket smiecderiog *t nEhe joplins Bedip@supRisk 5, the

refrigeratof, f.andhhe ié é%{ﬁ{a?t{i £ Qle Lnaklifizd NensaANge ql%atgg'ro rce 'degw@hﬁ@ represents

the crystallization sys here crystallizing 1s p ornmed using the
cool i ng nedihearexdlagged ipdtehsystadimee ¢1 dnd ghenhscbagahidorh tifef reeditrampkeséit ptuhe
refrigerator, 7 and the crystallizer 1 are the sape as Fig. 4, \ \ Inch

Fepr esent s CHl B gaeliry hend iewPel e e wre Fy i o Ve b FRinhe ng ¢ he
heat i ng jedigé@iunl B hd-ex&anedPdt M ofysthBRel MY adbryvii@agt gaheR@ddt wathint he cool i ng
mediumto be returned to the refrigerator 7 fromthe crystallizer 1 into the

| ower part ofystahgresant gart Bupf dre eraikllizeri 5 offiet oeting aredivan pdich ks esedi ng at
| east a part f [ medi o rned to th rigerator 7 from
the crystal ?uzlrg%d ‘Itorh?en gﬁ%oﬁgbggﬁ\ﬁgéryg%@e%& Ehgﬁelyastg%lb%edfp \}ﬁ? 1(3 éd;l@{hgénl%%ggi s omtted.

10[ 0202] again frbm thdieaeyshadideaed 4 siaiph tHertobling m&iurh-Suppsy preferred that both a
path 31, which connects the inlet of the nmediumpresent part 2A of the first
crystallizel?¥®8l and the inlet of the nediumpresent part 2B of the second

crystal ll% zer 1B, ﬂ{édﬁ@t Iﬂ?ﬁa{' hagg ];Si iﬁrl\’g%&nle& QR }L@g&hﬁ)eﬁﬁ |5§tc%r91fectr%ch?0 the

medi um present part 2A o crystal r 'A and the 15 outlet of the
medi um pr esentlet p2ly tof 2Be omedihe-Beeandartcrd/ stfathk | aestalliBr arandptheviadidg Each of

the pathe 31 and 32085 % BN Q1oL 8aS02 | AR, 308 8 REAN, for the

cooling medium discharged from the crystallizer 1 to the upper opening 5a of the first

buffer tank 5. and a path for returning the cooling medium discharged from the upper
20 opening 5a of the first buffer tank 5 to the heat source device 4, are formed.

[0190]

The first buffer tank 5 is provided with a lower opening 5b connected to the
cooling medium-supply port 4a of the heat source device 4 and/or the outlet 2b of the
medium-present part 2 of the crystallizer 1, and the cooling medium-return port 4b of

25 the heat source device 4. As a result, a path for feeding the cooling medium supplied
from the heat source device 4 and/or the cooling medium discharged from the
crystallizer 1 to the lower opening 5b of the first buffer tank 5, and a path for returning
the cooling medium discharged from the lower opening 5b of the first buffer tank 5 to
the heat source device 4, are formed.

30 [0191]
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When the refrigerator is used as the heat source device, cooling of the
cooling 20 nedium and heating of the heating nmediumcan be carried out

si mul t aneously, and hence, it becones possible that the cooling nmediumis
supplied to the first crystallizer 1A fromthe refrigerator 7, thereby
conducting crystallizing operation in the first crystallizer I A as well as
t he heati ng nediun1is supplied to the second crystallizer 1B fromthe

Cryst ol izer 15, ARt BIYRGTEY e Ay gy Epbr VoK A PRAVFrT 8E st al 11 zer

I A and the gRlsNGy@RRLAbE 8RehiWRdAemSIBRL RGefbMSddalsink A@kathnB nidfinf. | Nhshed, it is
preferred that the cooling mediumis supplied to the second crystallizer IB

and the heatlierggsneldisinga keasippedion. the conlifpiatsysiegpsahd presept inxentibk ough t he
path 31, whi {n%p%%E accqxo%tédﬂ%r gLHe@[ 96 h@&%’c%d far?g@é @hdsﬁ’gge?q Grystallizer 1B

is returned e coo un}re urn rt rigerator 7 and
t he heat 5nghemdp umddmsaipgh g 4fcro® thethbg sbmrbsﬂe\wewst abiine@et tolaA ihlst Jaefur ned to
the heating nmediumreturn port 7d of the refrigerator 7 through the path 32.

When the cr ﬂﬂ%‘l“l‘?‘f%‘?%ﬁaré\z Cgfttléer?{\gﬂgﬁq I; ﬁnq:plbout@t 3b & fhedBed i PHS ranner . t he
oryst f‘g'zbji ek SRETRL OARS | UOEIBLL] R RRESALEAMGRRPR:LId beheRtdy carried

e crystallization system of e present invention, a
heat sourcesdﬂvad@umhichASNpgmhesCHGHMK&deoﬁHthhmﬁmgunuhmd1aﬁsemdnd coollng
medi um whos

te ratur r than the erature of the first cooling
medi um For%&%‘é& Sc“étaﬁ‘é?r E;‘E’rh%\lﬁ t%‘ﬂ‘ﬁiﬂ{? 'r‘i§4t hel§ heuke Redr P RgPHEdi um the
second QOO|&@9wmﬁ&h E@QQanheﬁbfﬂ& aedhirgc s idgedle nefitkobe deli¥stakl i zati on
system may constructe conbining three crystallizers 10 and three buffer

tanks wth ﬁlbﬂ@wl@ﬁqug@ﬂ@t%ysmﬁmes 1 et dleinrrbseharped @@4}3 Ithe mediupgfesentivaly to Fig. 9.
[ 0205] f@ﬁ ggtaﬁltz%S g.l‘lél | &&ihe tnac, & h'erhsé t gou}/c%ta%l Cf: LZer HVHA‘J?. the ﬁ?aglggd

crystalllzer Ccrys 1 zér

crystalli zefnelAini Ss pHeavéxdRthgwd tih aefmﬁ§Mhi5 meatcﬁﬁﬁmsieﬁd&wrﬁamﬁ aand has a
first mediumpresent part 2A and a first crystal-present part 3A partitioned
by the fi rsth‘ﬁ@lainefePer%Wtér o tfer sizdiallizerskbeollly gayfad é‘}eldiuflbﬁ‘hloé has bgeByi ded with

a_secondshealih AR Seat Wi f@geric AN 1A% B, SESORd TBRAINRL DLAFERLRRYL 2B and a

second crystal-present part 3B partitioned by the second heat-transfer

surf ace; andgean trhmrtlae lenysnakldevder4 (heugh therhestingedk dwing-kupgplt forr4t. heat - t r ansf er
surface, g%ﬁ?f athird 20 nediumpresent part 2C and a third

crystal -pre part 3C partitioned by the third heat-transfer surface.

The second buffer tank 6 is provided with an upper opening 6a connected to the
heating medium-supply port 4c of the heat source device 4 and/or the outlet 2b of the
20  medium-present part 2 of the crystallizer 1, and the heating medium-return port 4d of
the heat source device 4. As a result, a path for feeding the heating medium supplied
from the heat source device 4 and/or the heating medium discharged from the
crystallizer 1 to the upper opening 6a of the second buffer tank 6, and a path for
returning the heating medium discharged from the upper opening 6a of the second
25 buffer tank 6 to the heat source device 4, are formed.
[0193]
The second buffer tank 6 is provided with a lower opening 6b connected to the
outlet 2b of the medium-present part 2 of the crystallizer 1 and the heating
medium-return port 4d of the heat source device 4. As a result, a path for feeding the

30  heating medium discharged from the crystallizer 1 to the lower opening 6b of the
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[ 0206J Arefrigerator 7 is provided with a first cooling nedi umsupply
port 7al connected to an inlet of the first nmediumpresent part 2A, a first
cooling nmediumreturn port 7bl connected to an outlet of the first
medi um present part 2A, a second cooling medi umsupply port 7a2 connected to
an inlet of the second nedi umpresent part 2B, a second cooling nmediumreturn
port 7b2 connected to an outlet of the second nedi um present part 2B, a

heat i ng medi um |y port 7c connected t ninlet.of the third

medi un pr eseHenbaRTer iR e & pHBAT: Ry G B R B e SRb e ed to an
30out | et of jdvig okmﬂg%m@léé@&dhﬁ%ﬁﬁ&ttmﬂ% fo tdlheal D3RE device 4. are fhenddhe buf fer
tank, a first buffer tank (1) 5A vdllch maintains tenperature of the first
cool i ng medilWftteturned to the refrigerator 7 constant within a certain range,
a first buffer ta B.val i.ch,: i nt aj t r re of. the second cooling
medi um r et ur ned t%§?&§£?§?ypg%?§ %%B9H€g%§ﬁéﬁﬁﬂgﬁ¥%%ﬁ %‘%%?%a?%%rggge, and a
second baf f erystaBiakr, thewshiGhurraidatiad a8l the Bl adnltraee Gtalldieaddahd fog pamdi um
returned to the refrigerator 7 constant within a certain range, are enpl oyed.
Pat hs connedts ymehes ferplated gbper heahrd sscaflviss “Warkie stellyr pigeprlieise 7 and t he

crystalli Ze%pératﬁfn%nfl@?m%ﬁi@pﬁ’&atﬁn?s sthbili2M! 40 tﬁe%ﬁﬁﬁ?g}o? ﬁ%e'P i€raat&l 1 1 zation

system where crystallizing is perfornmed using the c dium 10 Al so,
pat hs conne¢®li9hy t he second buffer tank 6, the refrigerator 7 and the
crystallizer 1 are the ﬁEne as F%% 4 which represents the crystallization

syst em where mel t 1 g SUBETPR SHET (Y g PESSEN HREDTNy THS FOOWISHITO BFY. 9, pat hs

for feedongs@lrcd ®@Rkbs #dARD budr thile fFOAE LGIMRAI MRhdveh BEFig gt urned to the
refrigerator 7 fromthe crystallizer into the |ower part of the first buffer

t anks 5A and09Bl are onmitted, and a path for feeding at |east a part 15of the

heating mediumto d, to.t refrigerator 7, fromthe,crystallizer into
t he upper part ongﬁghgggéﬁgugig?égﬁggﬁt58%§§a%%%?%%ﬁ&&F8§6§fga%%kg In the
enbodi ment  stedith kd &i @eon, het sduscepl@ic@r 4 aviidhabhea3othb HRatat Meddm mBi ch
connects the inlet of the nmediumpresent part 2A of the first crystallizer 1A
the inlet ofMBYehe ThedirihePradentevpart’ bBratdef nathaeosiee BrdiemPhlyer 1 B and
the inl ¢5 ObolIRaWHTHUEY BY FS Ik oPfely e Rhrcl i philh bFETHSRALLI EGhg LG and 2
path 34, which connects the outl et o% the ne |Bn}present part 2A of the first
crystal | i zerodingtreligutdteh poft 4Abecomedied e phreesdatt ofgbe me@Bmefresemtepaste ond

crystallizeﬁhl B %rg the outlet of the. nedi nﬁﬁfesent. art 2C of the third
crystal | i zerNf §econy aeal sgee ieyice ghdf PRy é“‘léai’t almedigm-spply 0O 458t h for t he
first cool i Rgh dBEl Wihe @R hhd QEditNS r&BaPAH 2csahd BYstimdir umang hanigat h for the

heati ng medi um
medium-return port 4Bd connected to the outlet of the medium-present part 2. The

20 first heat source device 4A supplies the cooling medium into the crystallizer 1, whereby
crystallizing operation is performed in the crystallizer 1, and the second heat source
device 4B supplies the heating medium into the crystallizer 1, whereby melting
operation is performed in the crystallizer 1.

[0197]

25 As the buffer tank, a first buffer tank 5 which maintains temperature of the
cooling medium returned to the first heat source device 4A constant within a certain
range, and a second buffer tank 6 which maintains temperature of the heating medium
returned to the second heat source device 4B constant within a certain range, are

employed. Paths connecting the first buffer tank 5, the first heat source device 4A and

30  the crystallizer 1 are the same as Fig. 1. which represents the crystallization system
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102091 According to the enbodi mrent shown in Fig. 9, a solution to be
crystallized is cooled by the first cooling nedium thereby conducting a
former part of the 30crystallizing operation, and the cooled solution is
crystallized by the second cooling nedium thereby conducting a |latter part of
the crystallizing operation. Wen the first cooling nediumand the second
cooling nedium are used |ike the above, saving of energy in the crystallizing

operation can be achj eved. the forper part of the,.crystallizing step, a
ot of t he e uns S By e i Fec R Sfiwhoorfe S wrfidied by « ne
first cooli pg seBMdWTerk@dl® Ihe second hedsb@ice R Geel 40 ARthday $tal@fertinge @EYstal | i zi ng
operatlon in the first crystalllzer 1A, the latter part of the crystaII|Z|ng

operati on i supha Bach ntimélrry@wmslth@@r\ ytalfzatign gy Sttqme“#éﬂetmthglgdpéﬁré@m@ﬁ in the
third cryst % 111 %rhefltg‘ﬁalglgdlullﬂm ﬁlhlfg aatths%??&q éx%oa? eaglga g?tdéfutm I (f ll%ghSUppl i ed

to the first izer umi1s s e second
crystalIbzemwmﬁnlanﬁrmh&mahfﬁéﬁﬁmﬁ&ﬁ@guﬁﬁﬂnmanPShﬁmﬂ@khednha-Ihﬁa&blrd
crystallizer 1C thrqugh theﬁp whil e the second cool |n? medi um

&td

di schar ged 1giperat fherfgit b 9%@%%1%@%““?% nd arhahfop Egding at kested@Bmd cool i ng
medi um r et ugn He%h ?ﬁ‘é%m%{ i e rétﬁinea Q@rtﬂé Qcodd HERSPRBHNY. MRdiym @k schar ged

fromthe second stallizer returned to th e(ﬁeatlng medi umreturn
port 7d of tChetaHeéIrll igerthd mp’érpfa{mfﬂhemecmdrbsffen@m(i ngmtedi um di scharged fromthe
third cryst ICis returned to the first cooling nmediumretum port 7bl
of the refr ?ﬁtor 7 through the path 34. As a result, the latter part of the

crystal ljpzi ng 0peﬂﬁ¢bﬁ@mﬂ§mﬂ%f%@%ﬂ@dﬁ‘Hmtbﬁméﬁrﬁiaﬁbﬂﬁh&lhbﬁ@h&ﬂ@wothe mel ting
operation is perforned in the second crystallizer 1B, and the forner part of

the 20 cry. icsstallizers jand topbutter itawks ifa qreréforere@r | hisheanbodjment sropplagedl | i zer | C.
Simlarly, &%i Emﬁ H@tter part of the crystallizing operation in the first
crystallizer £th gmaltlng operation in the second crystallizer 1B, and the
former part [@fot he crystallizing operation in the third crystallizer 1C are
finished, the paths 33 and 34 are operated, and the neltln%koperatlon is
performed in the #f fhe oyl f‘lf‘Z%rCf‘iLS,E?thcehéAf eﬂdn%rse@aﬁtcrﬁfa {25k 1Br 8t al 1 i zi ng

operatigg i %mgf%rx Lprigd iy ck@&ll&%ﬁ?ﬂ‘?s @‘éﬁlﬁ ltﬁé% t?z{ﬂgfeF ﬂfrfa!cé‘tah&r part of

the crystallizihg operation 1s perf crysta i zer 1C. Wen
t he cry- st ahhd zatsi madispgtresentghagvid zmd aHiirgf. chstzameesuE@drtBA fHahiteneralmnide, t he

crystaII|2|?g%ﬁ§erat|% %g the nelti n9..oper at| n.can be, efficiently carried
out and the FgfPdbf EHY dFV@f of i Feis progidRd pethy 564981~ decr eased.
30 EXAMPL EShEaQQr:hﬂerr surface, and has a second medium-present part 2B and a second
crystal-present part 3B partitioned by the second heat-transfer surface.
20 [0200]
A refrigerator 7 is provided with a cooling medium-supply port 7a connected to
an inlet of the first medium-present part 2A, a cooling medium-return port 7b connected
to an outlet of the first medium-present part 2A, a heating medium-supply port 7¢
connected to an inlet of the second medium-present part 2B, and a heating
25  medium-return port 7d connected to an outlet of the second medium-present part 2B.
[0201]
As the buffer tank, a first buffer tank 5 which maintains temperature of the
cooling medium returned to the refrigerator 7 constant within a certain range, and a
second buffer tank 6 which maintains temperature of the heating medium returned to the

30  refrigerator 7 constant within a certain range, are emploved. Paths connecting the first
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(1) Effect of using a buffer tank (1-1) In the case of using a buffer tank
Purified acrylic acid was produced froma crude acrylic acid solution using a
crvstallization systemshown in Fig. 9. As a heat source device, an absorption
refrigerator was enployed. Fromthe absorption refrigerator, a first cooling
medi um havi ng tenperature of 0C, a second cooling nmedi um having tenperature of
-30C and a heating nmedi um havi ng tenperature of 40C are respectively

di schar ged t flo ncernl a cr Iallive , a

Crystal I zePuliodhsatineHoa b dt B gy e ARaRS A ha o |2 BER um pr esent

part and a eay&hal (RILSANIZaRH dysRar thdd anaaibing thRrheadds ﬁis'ir%r\ﬁé edolinr f ace was

used. 102121 The crude acrylic acid solufion consisted of 94.3 mass% of

acrylic aci éedpng pdso. pals opryectingtthe second) byfkes dawkof. theceefigerasesi dand tha mass% of
mal ei ¢ aci d, $S f r he. Cr . acrylic
acid soluti cc)rﬁgtgl lzéogagqassﬁl%pas&ﬁgg “Ih[zﬁﬁéegrégegétﬂgl g Sttgglézélp{) %r‘rag%fl ! \c\)ﬁ Q? he

cryst al | 6zelmenhigliepdriveméd tisig e bédting niggdhil mIIOFlgog: aNNtlﬁﬁ)r Sepipk heldast @ t he
medi um present part of the crystallizer, there conductlng a forner part of

the crystal P2 chesalne @%ﬂltﬂﬁ.t@ bg e, thy f?fflg%ff‘tobufﬁfoé‘"f the ZRvetatligpr vhi ch

retains a cepd ﬂ{erl?v?-grwttheoﬁrstt e} 'td’nﬁ 1§89ﬁtleﬂgmﬂeﬂfa}ﬂ?gﬁ‘tﬁﬁcglf% Wi lbged so that

the tenperature of the first coo medi um r et ur ne efrigerator was
mai nt ai ned @mtiﬁthdﬂﬂmﬁgnwdmnlmlﬁhemnedmeﬂauwmgaomrﬂhﬁmiwmsbsmdahlhg medi um
returned to. th refrl or wa nitored, and when the tenperature exceeded
15C, a part“ﬁ? ﬁ@P¥P 88FP %b ﬁf&?@ﬁWﬁ ‘ged fromthe crystallizer Was

fed to ap uppep) part of the first buffer tank (1) and the first cooling medi um
\\ as dlscharged froma |ow er part of the first buffer tank (1) in equal
amount . The fi rstlﬂdb@?ﬁlb@llﬁ@dlshnﬂldiﬂsﬁﬁa$ ged prefenmed thet Yodwepathait whiktht he fir st

b .Uf fer tank c&i‘i)ectgvﬁl% n gt ol‘frtlaelr%acéi@m-t pe%el{tﬁ % bg g} q{@%&\%&ﬂﬁ%ﬁf@ﬁ&dﬂﬁe [n?e%t of the

first cooling nediumdisc rom cry I's occasion, the
first cool i Rg@ thesediom-present part 2B of the second crystallizer 1B. and a path 32, which

connects the outlet of the medium-present part 2A of the first crystallizer 1A and the
15 outlet of the medium-present part 2B of the second crystallizer 1B, are provided. Each
of the paths 31 and 32 has a path for the cooling medium and a path for the heating
medium.
[0203]
When the refrigerator is used as the heat source device, cooling of the cooling
20  medium and heating of the heating medium can be carried out simultaneously, and
hence, it becomes possible that the cooling medium is supplied to the first crystallizer
1A from the refrigerator 7, thereby conducting crystallizing operation in the first
crystallizer 1A, as well as the heating medium is supplied to the second crystallizer 1B
from the refrigerator 7, thereby conducting melting operation in the second crystallizer
25 1B. After the crystallizing operation in the first crystallizer 1A and the melting
operation in the second crystallizer 1B are finished, it is preferred that the cooling
medium is supplied to the second crystallizer 1B and the heating medium is supplied to
the first crystallizer 1 A through the path 31, while the cooling medium discharged from
the second crystallizer 1B is returned to the cooling medium-return port 7b of the

30  refrigerator 7 and the heating medium discharged from the first crystallizer 1A is
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30as fed to the first buffer tank (1) at 150 nB/11 to 300 111. 311 and returned
to the refrigerator without flowing through the first buffer tank (1) at O
n8/h to 150 nB8/11. [0214] When the tenperature of the first cooling
mediumreturned to the refrigerator fell below 5C, a part of the first cooling
medi um of OC, that is to be supplied to the crystallizer fromthe
refrigerator, was fed to the lower part of the first buffer tank (1) and the

first cooling nmedju di scharged fromt upper of the first buffer
Lank (1) i nPQyal oS REURHRE RET Hor bR L LIt he upper
part of the widhSthe b fi@lizdiBRKsvEtkth VRS @ wined £o ke if ahiki @8KRLE Ofheal ONg Wi th
the first cooling nmediumdischarged fromthe crystallizer. On this occasion,

the first ceobsialgingegpanenad theageltieg apratien emmybetcaliqigntlecamsied 9810 MAI to 300 nB/ 11
and fed to i@ﬁ4jirst buffer tank (1) at 0 nB/11 to 150 nB/11. 10215]

The forner %rt of the crystallizing step was conducted for 40 m nutes, and

refrigerating perhoheancellohiidingsteaf bi ger gtent M\eiamnlaIRatkdhicberdenget hi s
operation. 151021 Subsequently the second cool i ng nedi um of -30C was

suppl i ed t o“fid Sﬁg%iie&i*rflfﬁ exding A B askend codling nedig} V@SRRI enduct i ng a
CRTEORE A SR ol IO e i
so that thestpimper éit dire codlingheedsiee dhelse2@uoalolimgmeddinuamd ndteaumgedediont he
refrigerat Oris l\llgg , alqg ithrétc%'spa?lgzag(gn §§%t%1% may constructed by combining three crystallizers
10 and three buffer tanks with this refrigerator. This embodiment is explained referring to
Fig. 9.
[0205]
As the crystallizer, a first crystallizer 1A, a second crystallizer 1B and a third
crystallizer 1C are employed. The first crystallizer 1A is provided with a first
15 heat-transfer surface, and has a first medium-present part 2A and a first crystal-present
part 3 A partitioned by the first heat-transfer surface: a second crystallizer 1B is provided
with a second heat-transfer surface, and has a second medium-present part 2B and a
second crystal-present part 3B partitioned by the second heat-transfer surface; and a
third crystallizer 1C is provided with a third heat-transfer surface, and has a third
20  medium-present part 2C and a third crystal-present part 3C partitioned by the third
heat-transfer surface.
[0206]
A refrigerator 7 is provided with a first cooling medium-supply port 7a;
connected to an inlet of the first medium-present part 2A, a first cooling medium-return
25  port 7b; connected to an outlet of the first medium-present part 2A, a second cooling
medium-supply port 7a, connected to an inlet of the second medium-present part 2B, a
second cooling medium-return port 7b, connected to an outlet of the second
medium-present part 2B. a heating medium-supply port 7¢ connected to an inlet of the

third medium-present part 2C, and a heating medium-return port 7d connected to an

30  outlet of the third medium-present part 2C.
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[0217] The tenperature of the second cooling nediumreturned to the
refrigerator was nonitored, and dependi ng on the cases whether the tenperature
exceeded -25C or fell below -25C, the first buffer tank (2) was utilized in
the sane manner as the case of the first cooling nmedium The |atter part of
the crystallizing, step Was conducted for 40 mnutes, resulting in obtaining
an acrylic acid nystal. The refrigerating performance of the refrigerator was
1250 kKkWin &ﬁ)Latter part of the crystallizing step. [0218]

Subsequent | y, “he heati ng medi um of 40C \ \ as supplied to the nmedi um present

30part of the crysd@bbifgtankt DEEERMTE ARFUOBIANGh EN@ iRk ikddepepd@P of hB t he
nmelting step, a sweating operation was al so conducted. On this occasion, a

second buf f ést cegliag wsdeim sebrzad e the refaeeraion’ sersignt Wighin g ke tayeangsn g fivedi um was
tilized t t) Ir.e h ‘ ' th
utilrzed so b{l%}g’ tanlft?%%ﬁ.\\ cg%té#ﬁtglggen#gg%gﬁe 8ft hd %CB@%O?H}E%%&{II%%QHJH%C] e

refrigerator was mai htaine erature of the

heat i ng medidtherefidéraee 7tcondidme wittfnrd gefmat afigenasd fedtohdb@thr taihds whieh t he

tenperature fell below 35C, a part of the heating nediun1discharged fromthe

crystal | i zefmajnigsstepmpgrapuse gt fhssatingaedigm fepanede® dhel TP ¢ £RRSHNd t he

heating ”Edk\‘i'ﬂiﬂn"‘@é%&ié&ﬂ%é Qﬁedellflljﬁl&g?danpéﬂ?soﬂnn%%%]t&fﬁ&ﬂ“&ﬂ%?%ﬂ?sﬂ%ﬁ er tank in
di umdi ro

equal anount. The heating ne schar ged the upper part of the second

10 buffer tBnkewesggretbu? nettht onystabizerelf are gerateoras lohgwvineli Feptehenty hst of t he
heat i ng nediun1ﬁjschar ed fromthe ﬁ% stallizer. asi qn, the heating

I On this occ

medi um vas FEETEH R SERDRITEUTT L TH5RI RETYEEY e e O3B AFTHMand r et ur ned
to the nefriger gzﬂtﬁ’sr cothddnas thefsb@wh BAENTAUY et BRI SRR ﬁdl_n@'ﬁfef&{s.taﬂl%kl at 0 nvh.
to 150 nv1l. [0220] 15When the tenperature of the heating nmediumreturned to
t he refri genegt e same as Fig. 4. which represents the crystallization system where melting is

performed using the heating medium. In Fig. 9. paths for feeding at least a part of the

cooling medium to be returned to the refrigerator 7 from the crystallizer into the lower

part of the first buffer tanks 5A and 5B are omitted, and a path for feeding at least a part
15 of the heating medium to be returned to the refrigerator 7 from the crystallizer into the

upper part of the second buffer tank 6 is omitted.

[0208]

In the embodiment shown in Fig. 9, it is preferred that both a path 33, which

connects the inlet of the medium-present part 2A of the first crystallizer 1A, the inlet of
20  the medium-present part 2B of the second crystallizer 1B and the inlet of the

medium-present part 2C of the third crystallizer 1C, and a path 34, which connects the

outlet of the medium-present part 2A of the first crystallizer 1A, the outlet of the

medium-present part 2B of the second crystallizer 1B and the outlet of the

medium-present part 2C of the third crystallizer 1C, are provided. Each of the paths
25 33 and 34 has a path for the first cooling medium, a path for the second cooling medium

and a path for the heating medium.

[0209]

According to the embodiment shown in Fig. 9, a solution to be crystallized is

cooled by the first cooling medium, thereby conducting a former part of the

30  crystallizing operation, and the cooled solution is crystallized by the second cooling
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exceeded 35C, a part of the heating nediumat 40C, that is to be supplied to
the crystallizer fromthe refrigerator, \\ as fed to the upper part of the
second buffer tank and the heati ng nmedi um was di scharged fromthe | ower part
of the second buffer tank in equal anobunt. The heating nedi um di scharged from
the | ower part of the second 20 buffer tank was returned to the refrigerator
along with the heating nedium di scharged fromthe crystal lizer. On this

occasion, the heatin was fed t st al I| 15 h to 300
b a1 ed gL His SO T BT & AR st B8 e e

The nel tingsdipR M&surk ARG ukd &doddforhily MdaHine Sre i8S llﬂ&'tﬁbgaﬁoﬂe ohtiak rb'fng 15 ton
of an acrylic acid nelt, that is, the purified acrylic acid. The refrigerating

per f or mance egfrex He e fp ﬁtglélzlagocrpewoman 2B00hievgd. n In Hee demer grtsafele Here, the
Lﬁf [' ?Ie;rg[,' ngntgﬁltngr fégpfgarp&atﬂgs Qtfbn%@%tcnosftalhz%?t“h%ﬁﬂl 's%ﬁlg %{; q'g‘of%@ obj ect per

rmance or cool i and the
per f or mance bf ﬁreﬂ”rﬁ&bblngm@lalmepresent ed by 30[0222] (1-2) In the case
of using a buffer tank not according to the operations of the present
invention 192101 The former and latter parts of the crystallizing step and the

mel ting step wer eAﬁ&r}Hé’ﬁ)trﬁlgr it $iffe &Q%h%g%ﬁ&a@oﬁl ihhd fﬂ%t Examml& jof the above

section (1-1), except that e first cooling nedium the second cooling nedi um
and the heatthengttﬂephruﬁ dnescthaulgadgforpemlmhel tHeystald czgnllivegr B.windl thy fed to

correspondi ng, buffer .tan con returned to the refrl gerator from
The burfor (MRS obTHESTBiRR 65 Solir T ene BrEHb i reh® et AEUHIEE um Ot he
second gqool kigplieedd Wr ARM chbaihaal A Nthe RAfiMegLHT ResphiRdt denhs akdonger at or was
changed in the range of about | OC in each step. As a 1Oresult, the

refriger at oengolize hB)t andoth figst azb@lylg\mwlemrmusmpéwdw ith ghet thisd tcexma@rzat i¥e of the
%g?eg;‘d![ E(ran ige y%‘t th atztlg t3lggﬁhg% él?ea?écohc? thol n&omtealggll 1§gh&}g%§ J?C}n%rthec% et ant
consunpt i on chasllizac nﬁaseﬁturﬂe!aZEbSﬂhe( dec)d chSblﬁlQemecﬁﬁlﬁ et @brt U g e buf fer tank
refrigerator 7, the heating medium discharged from the second crystallizer 1B is
15  returned to the heating medium-return port 7d of the refrigerator 7, and the first cooling
medium discharged from the third crystallizer 1C is returned to the first cooling
medium-return port 7b; of the refrigerator 7 through the path 34.  As a result, the latter
part of the crystallizing operation is performed in the first crystallizer 1A, the melting
operation is performed in the second crystallizer 1B, and the former part of the
20 crystallizing operation is performed in the third crystallizer 1C. Similarly, after the
latter part of the crystallizing operation in the first crystallizer 1A, the melting operation
in the second crystallizer 1B, and the former part of the crystallizing operation in the
third crystallizer 1C are finished, the paths 33 and 34 are operated, and the melting
operation is performed in the first crystallizer 1A, the former part of the crystallizing
25  operation is performed in the second crystallizer 1B, and the latter part of the
crystallizing operation is performed in the third crystallizer 1C.  When the
crystallization system shown in Fig. 9 are used in this manner, the crystallizing
operation and the melting operation can be efficiently carried out and the consumption
energy of the crystallizer 7 can be further decreased.

30
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15The forner and latter parts of the crystallizing step and the nelting step
were conducted in the sane manner as in the Exanple of the above section
(1-1), except that the buffer tank NN as not used. The tenperature range of
each of the first cooling nmedium the second cooling nedium and the heating
mediumreturned to the refrigerator \\ as nore than 20C in each step, and the
refrigerator could not work so as 20 to nmaintain the tenperature of the each
nediunlsuppkbgggfﬁ%éhe ox-stallizer fromthe refrigerator constant, whereby
the crystal operation was destabilized and the energy consunption was
increased. [@42¢] (2) Effect of utilizing a cooling mediumand a heating
medi um as the nutual sources (2-1) In the case of nutually-utilizing a cooling
medi um and a heat{hbffersaf wng a buffer taplgr j fj ed acrylic acid was produced from a

crude acrylic aci@_ﬁzA?%% Efg%%%%lggﬁ$ﬁﬁgllization systemshown in Fig. 9, in

t he sane manner a e above section (1-1). The buffer tank
was not 8sed in theiffed ackylit e wof ptdi@cdauiarh iaatud3Qastiy latid sakiioh udieacr ude
acrylic acid solution used was the same as that in the Exanple of the above
section (1- tpstfraienserasires A the Ahdubras spircs Hevike sPedbsotrbionredi ums

di schar ged E&H%%@P§“9§¥ﬁ$ﬁ{&ﬂZ%Rm%@k@ﬂ%&ﬁﬁé@ﬂﬁﬁéﬁthQ%%t%&ﬂEQQnﬁ%ﬁHp'e of the

above section
having temperature of 0°C, a second cooling medium having temperature of -30°C and

a heating medium having temperature of 40°C are respectively discharged at flow rates
10 of 300 m’/h. Concerning a crystallizer. a crystallizer provided with a heat-transfer

surface and having a medium-present part and a crystal-present part partitioned by the

heat-transfer surface was used.

[0212]

The crude acrylic acid solution consisted of 94.3 mass% of acrylic acid, 2.3

15  mass% of water, 2.0 mass% of acetic acid, 0.4 mass% of maleic acid, and 1.0 mass% of

other impurities. 20 ton of the crude acrylic acid solution of 30°C was supplied to the

crystal-present part of the crystallizer while the first cooling medium of 0°C was

supplied to the medium-present part of the crystallizer, thereby conducting a former part

of the crystallizing step.  On this occasion, a first buffer tank (1) which retains a certain
20 amount of the first cooling medium was utilized so that the temperature of the first

cooling medium returned to the refrigerator was maintained at 5°C.

[0213]

The temperature of the first cooling medium returned to the refrigerator was

monitored, and when the temperature exceeded 5°C, a part of the first cooling medium
25  discharged from the crystallizer was fed to an upper part of the first buffer tank (1) and

the first cooling medium was discharged from a lower part of the first buffer tank (1) in

equal amount. The first cooling medium discharged from the lower part of the first

buffer tank (1) was returned to the refrigerator along with the rest of the first cooling

medium discharged from the crystallizer. On this occasion, the first cooling medium

30  was fed to the first buffer tank (1) at 150 m’/h to 300 m’/h and returned to the
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[ 0225] 20 ton of the crude acrylic acid solution of 30C was supplied to
the crystal -present part of a first crystallizer while the first cooling
medi um of O0C was supplied to the nedium present part of the first

crystallizer, thereby conducting a former part of the crystallizing step. In
the first crystallizer, prior to the former part of the crystallizing step,
the nelting step was conducted. 10[0226] Wiile the fornmer part of the

crystallizing.step was nducted in the first crystalkizer, the latter part of
ThaCcryst al P gte B LR e S et D R b Sl S sacond
crystallizeqoand a third crystallizer, respectively In the crystal-present
part of the second crystallizer, a cooled crude acrylic acid solution, \Nhich
had been obt ai nedVhen thy terapreaiateiohdhet fivat foghngmegdiapt repyfned He therrgigaiator zi ng st ep,
was present he~ | e ~ ol Z] nduct ed by
suppl yi ng tﬁ%?§%€%ﬁ§162%$ﬁﬁﬁﬂﬁé§f§%¥%$%“§6%f@ﬁ%gﬂﬁﬁg%&éﬁggwyyﬁﬁgéﬁ’ part of

t he second cryallabd fr@arihd rfideevdar ywad fl-preslentr jar 6f o fidéufiéi mek anystal |i zer,
crystallized acrylic acid, which had been forned by conducting the latter part
of “the cryst@f i godingpnedium yas ¢ipcharepd fromdbe wipsr st ¢fithgyfisst Bpfehigk conduct ed
by 20 suppl yj in i ~' t he i the third
crystalIize¥bggegﬂgggﬁﬁ@} ?%ﬁ?%%&%%h%h&g%?ngggggngﬁgﬁfﬁ&?ﬁg%%Pg@ethe
purified acydtiboffacud, (1 wass ehi@dne the réfnigerhier atehd wrily thetfeg, coalirmweatumg oper ati on

was al so conducted.. [ 0227 . Into the first crystallj.zer, e first

Cool g meaRHRTBIIGETAE o0 ditiotsor Mt Cobf e e Mardtie char ged
fromtheofi figtcreiafSlenhd 15000/ M&S300thl/h Ze0EAS0 te FRUMERObNR N8 ah@at hng Medi um at
t he nonent soon_ after the start of the former part of the crystallizing step,
since the filp@m/bool i ng nmedi um di scharged fromthe first crystallizer had
tenperature @%5 OC or higher The first cooling medi umdi scharged fromthe
first cryst£ i¢zer was utilized as the source of the heating nmediumuntil the
tenperature of 30ratorhel pard&l w2 O@llizing atept ©Mpehatdigderoe anneiamendad to the
average of tenperatures of the first cooling_nediun1and t he heating medi um

di schar ged fiB#srtHe ReEPimages oftths refiigaiosryae A 230V dutpshiscap @it the first

cool i ng jgedias,fli scharged fromthe first crystallizer fell below 20C, the
first cooling nmediumwas utilized as a source of the first cooling medium

[ 0228] Subsequently, the second cooling medium of -30°C was supplied to the

medium-present part of the crystallizer, thereby conducting a latter part of the

crystallizing step. On this occasion, a first buffer tank (2) which retains a certain

amount of the second cooling medium was utilized so that the temperature of the second
20 cooling medium returned to the refrigerator was maintained at -25°C.

[0217]

The temperature of the second cooling medium returned to the refrigerator was
monitored, and depending on the cases whether the temperature exceeded -25°C or fell
below -25°C, the first buffer tank (2) was utilized in the same manner as the case of the

25  first cooling medium. The latter part of the crystallizing step was conducted for 40
minutes, resulting in obtaining an acrylic acid crystal. The refrigerating performance
of the refrigerator was 1250 kW in the latter part of the crystallizing step.

[0218]
Subsequently, the heating medium of 40°C was supplied to the medium-present

30  part of the crystallizer, thereby conducting the melting step. In the melting step, a
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Into the second crystallizer, the second cooling nmediumof -30C was supplied,
and the second cooling nedium di scharged fromthe second crystallizer was
utilized as a source of the first cooling nediumat the nonent soon after the
start of the latter part of the crystallizing step, since the second cooling
medi um di scharged fromthe second 10 crystallizer had tenperature of -15C or
hi gher. The second cool i ng nedi um di scharged fromthe second crystallizer was

utilized as the source of the firs nmedi um unt i e te ature of
Phat 1ol |- baVBIE PEESCHRSE To s QOB Y eBS R HEe Sl RBE o

t enper at ur esetfhs 4 BESEEOAH: 6Ok IhBLinIBAIdUT AR ufiled kb it tHéQthbe@zguﬂéﬁﬂl um

di scharged fromthe refrigerator, and after the tenperature of the second

cooling 15 th?é@ﬂtumlm%@héﬂﬂgéﬁltpﬁhﬂfﬁffﬁéfa@é(@@h@a@lfwdaﬂqoﬁer fell bel ow -15C,
t he second g b] ng medium\\ as utilized as a source of the second cooling
medi um [ 02 @]q Into the third crystallizer, the heating nmedi um of 40C
was suppbi ed, andrﬁeh&:n{pealhirag)fnthdihemnr@i ﬁeﬂnamgeaiurhécbm@ tihe réthigarglocryast al | i zer
was utilized as a source of the 20 second cooling nmedium at the ponent soon
after the stugnftorsd. andeviesths F?@l%{aéﬁe fedl brdev AL ekt Algthpdaitiis B84 Rar ged from

the third Crd)ééﬁa?%eld'fﬁﬁﬁ ifaagy s"tﬂﬁ%?(\% RldGo Al 0w Mn qu}ﬁﬁeco c{:&ﬂ%?%ﬂ\r&ﬂd medi um

di scharged fromthe third crystallizer was utilized as the source of the
second cool ithregheatej oedliumt whs dlbrétaltgedrﬁ@n‘aMUnﬁ)eoﬁ)am loé ttheesecawldadich @nktihat

t enperature correspo 0 the e of t eratures of e heating nmedi um
bnd’t ho. ol GBBRng | HedrE dr S ARk FsofT RHBS 8 g oft BF SR8 aftor t ho
t enper atjur e paffertthe h&&%&tﬁ&d%%&m@e&%}&w@d\ iftr @Brdsher tRinesling i&h@h! 1 zer
exceeded 5C, the heating nediumwas utilized as a source of the heating

medi um [ozyaﬁmmwdﬁvnlmeCHSmH@are§@éb@ﬂm@w@ﬂe%%h¢megéwd@ndwexﬁdﬂi@ﬁ 40
m ot es. T ARRRELAGH LC\AONER OB L CILIART BLAL (il dlI5: GRRA,S! eP was as

follows: refrigerati o nmance nediumto 0OC

was | | 001(ﬂ\v$\{\ufgﬁf1ﬂbhgeth@.§dcﬂlg:l Refeft enmance’ /ﬁQﬂ;@QﬁW ng the second cool i ng medi um
to -30C \\ as 1100kW and refrigerating performance for heating the heating
medi umto 40Ejks -22501(W Here, the refrigerating performance nmeans "an

amount. gk heat acqHif o6k [ AMAR; O ECYERAL MRl icFiey (1S rokfiEaRE { or mnce

for coollng was represent performance for heat’i ng was
represent ed ebyeecﬂe@%ﬂ; (L Dai2)of IthE bénting asdivof and?°Crtltatad toybausuppligi togtha cool i ng
medi um and a cr\ staﬁlzernfgom the refrigerator, was fed to the upper part of the second buffer tank and
the heating medium was discharged from the lower part of the second buffer tank in
equal amount. The heating medium discharged from the lower part of the second
20  buffer tank was returned to the refrigerator along with the heating medium discharged

from the crystallizer. On this occasion, the heating medium was fed to the crystallizer

at 150 m’/h to 300 m’/h and fed to the second buffer tank at 0 m*/h to 300 m*/h.

[0221]

The melting step was conducted for 40 minutes, resulting in obtaining 15 ton of

25  an acrylic acid melt, that is. the purified acrylic acid. The refrigerating performance of

the refrigerator was -2500 kW in the melting step. Here, the refrigerating performance

means “an amount of heat acquired from an object per unit time”, and the performance

for cooling was represented by “+” and the performance for heating was represented by

30 [0222]
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medi um 10The fornmer part of the crystallizing step, the latter part of the
crystallizing step and the nelting step were conducted in the respective
crystallizer in the same nanner as in the Exanple of the above section (2-1),
except that the first cooling nmediumwas utilized wholly to the source of the
first cooling medium the second cooling nediumas utilized \ \ holly to the
source of the second cooling nedium and the heating 15medi umwas utilized

wholly to the source of the heatin di um 0232 The nmean el ectric
bow e of the rerrdf oo i e Ll ol pEifeorty perden FERE T ger at f ng
per f or mance pfQent GRehiong the first cooling mediumto 0C was 12251; W

refrigerating performance for cooling the second cooling nediumto -30C was
201225kW and r ef Fliegilermagriang lasier pastsred ilececti viallizieg stem gnd the nipdiitgi sty Wetdi um t o 40C

was -25001: \é\énducted in the same manner as in the Example of the above section (1-1), except that
5 the first cooling medium, the second cooling medium and the heating medium
discharged from the crystallizer were wholly fed to corresponding buffer tanks and
continuously returned to the refrigerator from the buffer tanks. The temperature of
each of the first cooling medium, the second cooling medium and the heating medium
returned to the refrigerator was changed in the range of about 10°C in each step. Asa
10 result, the refrigerator could not work stably while maintaining the temperature of the
each medium supplied to the crystallizer from the refrigerator constant, whereby the
crystallization operation was destabilized and the energy consumption was increased.
[0223]
(1-3) In the case of not using a buffer tank
15 The former and latter parts of the crystallizing step and the melting step were
conducted in the same manner as in the Example of the above section (1-1). except that
the buffer tank was not used. The temperature range of each of the first cooling
medium, the second cooling medium and the heating medium returned to the
refrigerator was more than 20°C in each step. and the refrigerator could not work so as
20  to maintain the temperature of the each medium supplied to the crystallizer from the
refrigerator constant, whereby the crystallization operation was destabilized and the
energy consumption was increased.
[0224]
(2) Effect of utilizing a cooling medium and a heating medium as the mutual
25 sources
(2-1) In the case of mutually-utilizing a cooling medium and a heating medium
Purified acrylic acid was produced from a crude acrylic acid solution using a
crystallization system shown in Fig. 9, in the same manner as in the Example of the
above section (1-1). The buffer tank was not used in the production of the purified

30  acrvlic acid. The crude acrylic acid solution used was the same as that in the Example
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| NDUSTRI AL APPLI CABI LI TY 1_0233_1 The present invention can be used for

a process for
and/or a nelting step. Also,

producing (nmeth)acrylic acid conprising a crystallizing step
the crystallization systemof the present

i nvention can be used for crystallizing and/or nelting. EXPLANATI ON OF
REFERENCE 30[0234] I, I A | B. IC crystallizer 4.4k 4B: heat source de \ice
5, 5A, 5B: first buffer tank 6: second buffer tank 7: refrigerator CLAIMS . A

process for Produ0|n t@)ﬂcr%%lc aci con thin t he .s

10

20

30

the” above “se t10 e temperatiires unts of the respectl\ e
mediums discharged from the crystallizer were the same as those in the Example of the
above section (1-1).

[0225]

20 ton of the crude acrylic acid solution of 30°C was supplied to the
crystal-present part of a first crystallizer while the first cooling medium of 0°C was
supplied to the medium-present part of the first crystallizer, thereby conducting a former
part of the crystallizing step. In the first crystallizer, prior to the former part of the
crystallizing step, the melting step was conducted.

[0226]

While the former part of the crystallizing step was conducted in the first
crystallizer, the latter part of the crystallizing step and the melting step were conducted
in a second crystallizer and a third crystallizer, respectively. In the crystal-present part
of the second crystallizer, a cooled crude acrylic acid solution, which had been obtained
by conducting the former part of the crystallizing step, was present, and the latter part of
the crystallizing step was conducted by supplying the second cooling medium of -30°C
into the medium-present part of the second crystallizer. In the crystal-present part of
the third crystallizer, crystallized acrylic acid, which had been formed by conducting the
latter part of the crystallizing step. was present, and the melting step was conducted by
supplving the heating medium into the medium-present part of the third crystallizer.
As aresult, 15 ton of an acrylic acid melt, that is, the purified acrylic acid, was obtained.
In the melting step. a sweating operation was also conducted.

[0227]

Into the first crystallizer, the first cooling medium of 0°C was supplied, and the
first cooling medium discharged from the first crystallizer was utilized as a source of the
heating medium at the moment soon after the start of the former part of the crystallizing
step, since the first cooling medium discharged from the first crystallizer had
temperature of 20°C or higher. The first cooling medium discharged from the first

crystallizer was utilized as the source of the heating medium until the temperature of

that fell below 20°C. that temperature corresponded to the average of temperatures of
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supplying a cooling mediumto a crystallizer froma heat source device,
thereby crystallizing (neth)acrylic acid froma crude (neth)acrylic acid

sol ution; and di scharging the cooling mediumfromthe crystallizer and
returning the cooling nmediumto the heat source device; wherein:

tenperature of the cooling nmediumreturned to the heat source device is
mai nt ai ned constant by a first adjustnment operation or a second adj ust nent
operati on; the first adjustnment operation is. performed f eedi ng at
oas . par i snelioBriRg BEAIRIES BETPRE L R BT fi THERrCh e dooi ce
fromthe crygéahé iaferan? of M0 HARSHIIMANEiGh d®chdrislt frdt fiffirst @dtalnng

di scharging the cooling nediumfroma |ower part of the first buffer tank to

return to tHAl badaw 28%urtheligeqioting mgAym was utilizedhas & eqveedofably (it peoling oper at i on
IS perfornegwﬁﬁn{eeding at least a part of the cooling nmediumto be supplied
to the crystallizer fromthe heat source device and/or the cooling mediumto
be returned[txsi he heat source device fromthe crystallizer into the | ower
part of the first buffer tank and discharginﬁ1the,cooling medi um fromthe
upper part of thel™othgeecpif ¢rstallizenihe sseondidaphng Bedive ohe i C sqtireligevi ce.

2. A procesgyf 91@_595098’ U&Slfﬁ n(éaﬁﬁlbaigﬁ{a}’gleii ?[Oﬁ'lctilg ?ec‘ém'-tﬁii% \\tag?ltiﬁgegg§_ of :

supplying a heating nediumto a crystallizer froma heat source device,
t her eby nel nispgceolytbe bisk tovdidg frediuh) @ dlreyhomeracoar afgnthe start of thedntsxipartgi ng t he

heati ng nedi fromthe crystallizer and returning. the heati nediumto the
heat sour ce ORI Snce the Seogfl SapnE PRIy TisHiBraraALIM® SEdrtm 1 et ur ned

to the_hﬁatcﬁgMﬂﬁ@~QQYH@@p&ﬁuﬂﬁbﬂtﬁfﬂﬁérQQ@ﬁPanTh@ﬁaﬁmHh&hﬂg@dﬁ&ﬁ&ﬂﬁnt
operation or a fourth adjustnment operation; the third adjustnment

oper ati on i displargedrinael thgysetaddiryrgpllzaner heastilized marthe suraeind theebitst aeplinedi um t o be
returned to ngelaﬁmpt?n%tl th%?&lrlge?atgr%\(l)k St ffefl%gl]&\h%o%': }11%{ %lnlp&%u%ge éo?rtegpogc[l]ed to
the average of temperatures of the second cooling medium and the first cooling medium
discharged from the refrigerator, and after the temperature of the second cooling
15 medium discharged from the second crystallizer fell below -15°C, the second cooling
medium was utilized as a source of the second cooling medium.
[0229]
Into the third crystallizer, the heating medium of 40°C was supplied, and the
heating medium discharged from the third crystallizer was utilized as a source of the
20 second cooling medium at the moment soon after the start of the melting step, since the
heating medium discharged from the third crystallizer had temperature of 5°C or lower.
The heating medium discharged from the third crystallizer was utilized as the source of
the second cooling medium until the temperature of that exceeded 5°C, that temperature
corresponded to the average of temperatures of the heating medium and the second
25  cooling medium discharged from the refrigerator, and after the temperature of the
heating medium discharged from the third crystallizer exceeded 5°C, the heating
medium was utilized as a source of the heating medium.
[0230]
The respective steps were conducted for 40 minutes. The mean electric power

30  of the refrigerator in the each step was as follows: refrigerating performance for cooling
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| ower part of a second buffer tank and di scharging the heating nmediumfrom an
upper part of the second buffer tank to return to the heat source device; and
the fourth adjustnent operation is perforned by feeding at | east a part of the
heating mediumto be supplied to the crystallizer fromthe heat source device
and/or the heating nediumto be returned to the heat source device fromthe
crystallizer into the upper part of the second buffer tank and di scharging the

heati ng medi,um from.t he | ower rt of the second buffer tank tp return to the
neat sour ce rdurcdotnz Medy Y 4ROk is Qo 1RGNS B Fardmee 8o o Bt

conpri si ng t88n$tBMmgOmedifMPR! Y30Pd, wa CI00kWwnandadiidtali: Bedditahal fdrzer from a
heat source device. thereby crystallizing (neth%gcr lic acid froma crude

(et h) acr yl heatingj thes beaing omedium to  40§¢ sehar gL HEW he Heesol thagrefriasiaing f r om t he
crystallizer et LN h i edi n . rc evi ce;
sumpl vi g a PRASEAS etk Ufh Sl At RaIRE A P p b 200 Bl BRT PEUASEL P

t her eby 8el tlengrioheancegirhgoatingy vaCrepaisehitedalpyd -+ and the geis@ban@i fog hédiag heat i ng
mediumfromthe crystall zei and returning the heating mediumto the heat
sour ce devi &\@ IGRIFSFEGIPY - - t enperature of the cooling nediumreturned to
the heat sousgg)device is maintained constant by a first adjustnent operation
or a second adj ustnent operation; tenperature of the heating nedium
returned to the h@ad Isale cae ddwiot enitwllyrmiihtiag nedoognstdinm dy @ahediing d

adj ust mrent operation or a fourth adjustnment operation; the first

adj ust ment 8%§Pﬁ1ion is perfornmed by feeding at |east a part of the cooling

medi um tjg be ret uriadmh@ phA8r ety sBAMIGS (et tRtef pamit e csitiftiabkiper into an
upper part of a first buffer tank and di scharging the cooling mediumfroma

| ower part ofd thheneftingstepbrete eanducigskin e rewveeirvg cootatlizer ihdlzsamguaseerdevi ce;
in the Example of the above section (2-1), except that the first cooling medium was
utilized wholly to the source of the first cooling medium, the second cooling medium
was utilized wholly to the source of the second cooling medium, and the heating

15 medium was utilized wholly to the source of the heating medium.
[0232]

The mean electric power of the refrigerator in the each step was as follows:
refrigerating performance for cooling the first cooling medium to 0°C was 1225kW:
refrigerating performance for cooling the second cooling medium to -30°C was

20 1225kW: and refrigerating performance for heating the heating medium to 40°C was

-2500kW.

INDUSTRIAL APPLICABILITY
[0233]

25 The present invention can be used for a process for producing (meth)acrylic
acid comprising a crystallizing step and/or a melting step. Also, the crystallization

system of the present invention can be used for crystallizing and/or melting,.

EXPLANATION OF REFERENCE
30 [0234]
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t he second adjustnent operation is perforned by feeding at | east a part of the
cooling nediumto be supplied to the crystallizer fromthe heat source device
and/or the cooling nediumto be returned to the heat source device fromthe
crystallizer into the lower part of the first buffer tank and di scharging the
cooling nmediumfromthe upper part of the first buffer tank to return to the
heat source devi ce; the third adjustnment operation is perfornmed by
feeding at | east ﬁ#@ﬁiﬁ 9; thelheating mediumto be returned to the heat
source device from'théPcfysbPaR¥Fer into an I ower part of a second buffer tank
and di schar gi ng theahgptiicRGoiRE e rom an upper part of the second buffer
tank to return to the heat source device; and the fourth adjustnent
operation is perfoPhedBuysttedditaegk at | east a part of the heating nmediumto be
supplied to the qg¥§;géhai?q .rfomthe heat source device and/or the heating
medi umto be returned to the heat source device fromthe crystallizer into the
upper past of the7.sewgaaiobuf fer tank and di scharging the heating nediumfrom
the |l ower part of the second buffer tank to return to the heat source devi ce.
4. A process for producing (neth)acrylic acid, conprising the steps of:
supplying, a cooling nediumto a first crystallizer froma heat source device,
thereby crystallizing (neth)acrylic acid froma crude (neth)acrylic acid
solution: discharging the cooling nediumfromthe first crystallizer and

returning the cooling nediumto the heat source device; supplying a
heating mediumto a second crystallizer fromthe heat source device, thereby
nmelting crystallized (nmeth)acrylic acid; and di schargi ng the heating

medi um from the second crystallizer and returning the heating nediumto the
heat source device; wherein:
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the heat source device is a refrigerator; tenperature of the cooling
medi um returned to the heat source device is naintained constant by a first

adj ust mrent operation or a second adjustnment operation; t enper at ure of
the heating nmediumreturned to the heat source device is maintai ned constant
by a third adjustnent operation or a fourth adjustnent operation: t he

first adjustnment operation is perfornmed by feeding at |least a part of the
cooling nediumto be returned to thecggﬁgpsource device fromthe first
crystallizer into an upper part of buffer tank and di scharging the
cooling nmediumfroma lov,er part of the first buffer tank to return to the
heat source device; t he second adjustnent operation is performed by
feeding at |east b paprocess far heodegng (pghastliunid @orb@nsmdpr fteng ofo the first

cryst allizer fr Onglg ?mh%%pol?n é:d?un(iifvﬁcqw tﬁlng{{ rom{anl%at s%ﬁ Fpgugeglel"ém to be

returned to the urce eV| rzer rnto the | ower
part of thecﬁsmﬂtu@mﬁéﬁﬁwhapKmaﬁdndh&&h&h@&ﬂ@nﬂhewﬂ&ohnmgamﬁdiunmfronmthe
upper part of the first buffer tank to return tg the heat source device;

the third adj ust ntiffhagperhg ?O@Hng gedupfpyniyg cpitaflizenindgemineghe toohingart of t he
heati ng medipm hLPog LetBiRede Q. t he heat source device fromthe second
crystallizer into an lower part of a second buffer tank and discharging the
heat i ng nedi um f relmran: upper part of the second buffer tank to return to the
heat source devi ce, e fourth adhfgtne t operation is gerforned by

feeding at | east %ﬁ%g?wﬂeprﬁé“ﬁ@8¥HW§”W%dﬁﬂ SEHpIES {EHe second

crystall i zemafdiaRadt dBsthRBY 2 FidH h&BstReMI opBraBiidiQrsetdng alli@@ileAdhpeRdbim t 0 be
returned to the heat source device fromthe second crystallizer into the upper

part of the seconde @mtfaéwsm@nkomﬁ@oauIS@hléwgiedgﬂtﬂqedlmatt fepry anedli efntherom the | o
er par t Of t Q(?lm l ?UBCE Femr%é%piphg‘nghéa?tsgurce Elcgdper}?onrl]?%t Cl’{ss%l#ﬂge?ﬂlgg\{]}lce

5. The process acco m 4, wherein

a part or ahlbpe@fpalft laEacﬁ@s@IbUﬁ@ thkCdnd roidh & gina figad ofifiOneditie ffdnﬁ sllovediypatal I i zer is
utilized as a saqurce of the heating nmedium and a part or all of the

heat i ng nedpﬁﬁﬁéﬁ%éﬁggéﬁﬂi?ﬁ@ﬁ?ﬁﬂ@egﬁﬁéﬂﬂﬁpky§?éﬁﬁlzer is utilized as a source

of the cooling megium,g adjustment operation is performed by feeding at least a part of the
cooling medium to be supplied to the crystallizer from the heat source device and/or the
cooling medium to be returned to the heat source device from the crystallizer into the
lower part of the first buffer tank and discharging the cooling medium from the upper

part of the first buffer tank to return to the heat source device.

2. Aprocess for producing (meth)acrylic acid, comprising the steps of:

supplying a heating medium to a crystallizer from a heat source device, thereby
melting crystallized (meth)acrylic acid; and

discharging the heating medium from the crystallizer and returning the heating
medium to the heat source device:

wherein:

temperature of the heating medium returned to the heat source device is
maintained constant by a third adjustment operation or a fourth adjustment operation;

the third adjustment operation is performed by feeding at least a part of the

heating medium to be returned to the heat source device from the crystallizer into an
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6. The process for producing (nmeth)acrylic acid according to claim5, where in
the cooling nmediumdi scharged fromthe first crystallizer is utilized as the
source of the heating medi um when tenperature of the cooling medium di scharged
fromthe first crystallizer is higher than that of the heating nedi um

di scharged fromthe second crystallizer; and the heating nedi um di scharged
fromthe second crystallizer is utilized as the source of the cooling nedium
when tenperature f t he heatj.ng nediu i sch ed.from.the second crystallizer
e ower "t nH' Rt o6 SranBt CUBT G SRR E egut PRUMRHET o Pl

crystalli zempart of the second7bufEEhampr&%&.&&toftﬁgheafs@dt&Ide@ce( Akt h) acrylic acid
according to claim5, wherein t he cooling nedi um di scharged fromthe

first crystalI|zéheﬁgﬂﬁﬁﬁNFW@ﬁtQ@ﬂ@h@I%Dﬂﬁﬁéwéﬁ‘ﬁﬁé“ﬁé&&ﬁﬁg1WEﬂP®W$mhen
tenperature hQatm%rﬁ d{qutlol a4 ﬁlgcll Fomhg 01§ gtg gfeﬁjonfl 2 We&t@gurc% 53‘50(3%%3/%{1@ lizer is
etween terrpera ure ot t

hi gher than a e cooling
medi um supp Iheaeﬂg fofiedivnk hsebdmatm@lqu rﬂ&ehdzlewlm c&mde Tﬁ@[ﬁ)&lé &I’\ufaﬂizeff intohae heat i ng

medi um suppl i ed fron1t e heat source devic heati ng medi um
di schar ged PPRsiPakal Geessaer bulps taak F“ildz‘é‘FChF“@l%tthq lilez“té’ég @%dltlwéf%ﬂ}? EBVHf t he

cool i ng medi %MQ%eBWﬁfeﬁ%aHK% r%furﬁﬂ%e%h {dNke FBGLUm di scharged from the

second crys 't zer ower than the edeterm ned tenperature between
tenperature of the cooling nedlun1supplled fromthe heat source device and

tenperature of the heating.mediums lied.fromthe heaf source de \ice.
8. The process fof &H&%?%P{Oﬁﬁ?ﬂ%é@%ﬂ%%ﬂ BB B 65 Sy one of ol ai ms

| to 7, wherein thegpfi %tcogl—lfgflﬁé'duhﬁﬂka AR dmGalch@olrcadBU& (Rfebl he cool i ng
nediun1 t he second % ?er tank retains a certain anount of the heating medi um
and crystallizing (meth)acr\ lic acid from a crude (meth)acrylic acid solution:
discharging the cooling medium from the crystallizer and returning the cooling
medium to the heat source device:
supplying a heating medium to the crystallizer from a heat source device.
thereby melting the (meth)acrylic acid: and
discharging the heating medium from the crystallizer and returning the heating
medium to the heat source device:
wherein:
temperature of the cooling medium returned to the heat source device is
maintained constant by a first adjustment operation or a second adjustment operation:
temperature of the heating medium returned to the heat source device is
maintained constant by a third adjustment operation or a fourth adjustment operation;
the first adjustment operation is performed by feeding at least a part of the
cooling medium to be returned to the heat source device from the crystallizer into an
upper part of a first buffer tank and discharging the cooling medium from a lower part
of the first buffer tank to return to the heat source device:
the second adjustment operation is performed by feeding at least a part of the
cooling medium to be supplied to the crystallizer from the heat source device and/or the
cooling medium to be returned to the heat source device from the crystallizer into the

lower part of the first buffer tank and discharging the cooling medium from the upper
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each of the cooling nediumretained in the first buffer tank and the heating
mediumretained in the second buffer tank has a tenperature gradi ent such that
an upper part is high-tenperature and a | ower part is | owtenperature

9. The process for producing (nmeth)acrylic acid according to claim8, where in
tenperature of the cooling nmediumreturned to the heat source device is

adj ust ed depending on tenperatures of the upper part and the | ower part of the

cool i ng nedlum he first buf and t enper at ure of
the heating WeB F&ﬁﬁf Eﬁ'ﬁmeﬁ%§ E%.aipﬁpﬁ H&¥ice i s adj ust ed dependi ng on

tenperatures of tHe (MRPRGuRAEd opdidR pe%&ﬁedp&r tee@hg thRaf1GARd NG MBI UM
retained in the second buffer t ank. 10. The process for producing

(et h) acr yl iheatine ingpdie & bt Friprngsl @rile beré sefreefiaiiqesram the @ystallesr djte an t he
first buff erlox\e?ﬁ t'o%a@éc?)ﬁ!‘l %qger%&l\ gpagsrlh%glﬁgs e l%@rtuﬁf%%mﬁafrdp ?Lrégg;ge | ower part

thereof, th ol 1'ng bet ween t he

openi ng at @h@oﬂmpemomﬁmﬁ&andkkhemﬁpenmﬂ@mamukheehawemjpart of the first
buffer tank is equal to or nore than a maxi mum cross-section Iegpth of the
first buffer tankhe&th adjustment ﬁléereeedhaerﬁﬁr%rb\ e % 1995t PHEEE et h openi ngs

at an upper ppaihb pRRfndiol 1R ph@&”&} th%lbﬁgtgﬂ}lfzer it Ql‘é%l%‘at‘é@ﬂnr‘éé‘dé\f’b% N8t fppg medi um

passes, whereln dlstance ween the opening at the upper part and the opening

at the Iomehamagmkdﬁmnhemsenmmmlbuﬁfbﬂtumnkckswe@uaimt@n@mﬂnﬂrmﬁtman a maxi mum

Cross-section Ieggtp of th rocess for
pLip

con f
ot oot ¢ e agh o Sech i w e BOF ath afgawﬁeofré%amsfar#@nrthf&rp furt her

conpri sing HheosheRgoRf buffer tmﬂﬁf"ﬁéﬁrf@fo!tﬁ&le@i JeREIdBvir 2- et hyl gl ycerr nto
convert to (neth)acrolein: and oxidizing the (nmeth)acrolein to convert to

(meth)acrylic acid, thereby obtaining the crude (neth)acrylic acid solution.

4. Aprocess for producing (meth)acrylic acid, comprising the steps of:

supplying a cooling medium to a first crystallizer from a heat source device,
thereby crystallizing (meth)acrylic acid from a crude (meth)acrylic acid solution;

discharging the cooling medium from the first crystallizer and returning the
cooling medium to the heat source device:

supplying a heating medium to a second crystallizer from the heat source
device, thereby melting crystallized (meth)acrylic acid; and

discharging the heating medium from the second crystallizer and returning the
heating medium to the heat source device:

wherein:

the heat source device is a refrigerator:

temperature of the cooling medium returned to the heat source device is
maintained constant by a first adjustment operation or a second adjustment operation:

temperature of the heating medium returned to the heat source device is
maintained constant by a third adjustment operation or a fourth adjustment operation;

the first adjustment operation is performed by feeding at least a part of the
cooling medium to be returned to the heat source device from the first crystallizer into
an upper part of a first buffer tank and discharging the cooling medium from a lower

part of the first buffer tank to return to the heat source device:
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12. The process for producing (neth)acrylic acid according to any one of
clainms | to 10, further conprising the step of: dehydrati ng

hydr oxypr opi oni ¢ acid or 2-nethyl -3-hydroxypropionic acid to convert to
(meth)acrylic acid, thereby obtaining the cnide (neth)acrylic acid solution.
13. A process for producing a hydrophilic resin, conprising the step of:

pol ymeri zing a nmonomeric conponent(s) including the (meth)acrylic acid

bt d by th d di f to 12.
14, A process. for B ottt ARSBearbant reldred Satebricy fpsChEuTPLheof

pol yneri zi ngo@indDNQi®hit6 HeOpARAND (B fikd Chuetiingr Hos heaih) Rery! de@w@cn d
obt ai ned by the produci ng process accordlnqﬁto any one of clainms 1 to 12. 15 A
t

crystal | i zathder 8yswehng @?@ﬁlym &) by returned to @ﬂysqwel floege femvhadstwi th a
heat -transf el st%glz%r ﬁl?%%dlo 09 o8 e ﬂ}s'fl %}135 stcha?%g%qhec Eé’oﬁl |- present

part partitione heat - Pransfer sur t source device
provi ded MAhﬁdeGMQhMﬁgmﬁBQMH@f&Hm@#%uﬁﬁﬂ&mﬁ@ﬂmﬂﬁmﬁﬁehﬂu&ﬁuhﬂkﬁkeOf t he
medi um present part, and a cooling nediumreturn port connected to an outl et
of the nedi um pr e@%mlrdp%fwstm%{mpemﬂon is pgriprmegs Dipeeding at ast sy eldBE with an

upper openi ﬂ&tﬁgrﬁ%ﬁhﬁ% bO rduffe d;ofétth%eﬂ sodrBe SRl 45T RELKEMd &@s{lzhhf’eﬁld the

cooling nediumreturn port, | ower opening connected to e cooling
medi um supplinto pofaw eaputt of a sdwlehutﬂeetanbhnd techaediiguhe peatisg ntedipar fromnd t he

cooling nmediumretu sta | i t|on S sten1 onpri si ng: a
ryst arl | zerigy bgt el Rppitoudihut &b P Pt ki ng. o
medi um present pahé f@RMM RAjRinYdt BperRIBSEPéfRAed bPFeisl MNQGk DYart Bethe

heat -t ransfer surface: a heat source device provided with a heating

medi um supplhyativg meedgin trebq swpplies! nthe a¢cend elf\stnlrhléernfémwwmab%me deaice, and a
heating medim 1 &LYLR; LR GERMES EETnEP (R lhe Ph! Ehir@Tdel N8 IR RLFSENt Part:

and
crystallizer into the upper part of the second buffer tank and discharging the heating

medium from the lower part of the second buffer tank to return to the heat source

device.

5. The process for producing (meth)acrylic acid according to claim 4.
wherein

a part or all of the cooling medium discharged from the first crystallizer is
utilized as a source of the heating medium, and

a part or all of the heating medium discharged from the second crystallizer is

utilized as a source of the cooling medium.

6. The process for producing (meth)acrylic acid according to claim 3.
wherein

the cooling medium discharged from the first crystallizer is utilized as the
source of the heating medium when temperature of the cooling medium discharged from
the first crystallizer is higher than that of the heating medium discharged from the
second crystallizer; and

the heating medium discharged from the second crystallizer is utilized as the
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a second buffer tank provided with an upper opening connected to the heating
medi um supply port and/or the outlet of the nmediumpresent part and the
heati ng medi umreturn port, and a | ower opening connected to the outlet of the
medi um present part and the heating nmediumreturn port. 17. A crystallization
system conpri sing: a crystallizer provided with a heat-transfer
surface and having a nediun}present part and a crystal -present part

partitioned b heat.- t r ansf er rfac hea i ce provided
P & coershied At tiad RO R SR WatReRie i bt hlint RRte S G R e R P o e ot
part, and aﬂ%ﬂ@hﬁﬂQxﬂ@ﬂhM%ﬁ§@&@fﬂmﬁ@&ﬁo@@&ﬂﬁ%hﬁgnk@mﬁﬂmﬁmh@&!ﬁ@ﬁlﬁbe
medi um present part: a second heat source device provided with a

heat i ng rredfwlé@m#bﬂz@f port connected to the inlet of the medi um present part,
and a heating nediumreturn port connected to the outlet of the medi um present
part; a first buffer tank provided with an upper opening connected to
the outlet of the7 nedidprdeessentprpdicingaatii)beyleoatit ngcomiicurs clainura port, and
a | ow er opening connected to the cooling nedi umsupply port and/or the outlet
of the medi 0¥fi5Hesent part and the cooling mediumreturn port; and a

second buffer tank. RbQi.d% M‘ﬁltd]scﬂ!& HPRGMH ﬁh@efﬂ'st”&x SANALGL &l &shfﬁeheat' ng

medi um supply port and/ 6r the outl e of the nmedi um present part and the

heat i ng rrediswreer@’tthﬁrheamgmcidland\han leoweratwpeithaigpobopmedinedlitcbarpéefrout | et of the

medi um pres medi um et urn gort 18. Acrl}éoallization
f

art nd t heat i
L e B T A A T e S g R e o

heat - t r ansf %{e QU AG&I@N dupa¥d R HehSo uiB dé\ud Rl esgitanRabf thdRchidg f 1 1 st
crystal -present part partitioned by the first heat-transfer surface, a

second cr ystdijvnysipplinddiang g hodt sopree desicermidheat - t ransf er surface and having a
second medi um pr GRE ﬂéa‘,‘u%grntled??lg dias’ch%(lagegqpon9 Eh)éss%&)nd pcﬁ’x%?a?hzer utlthzgaagst tlhgI oned by

t he second heat-trans
source of the cooling medium w hen temperature of the heating medium discharged from

the second crystallizer is lower than the predetermined temperature between
temperature of the cooling medium supplied from the heat source device and

temperature of the heating medium supplied from the heat source device.

8. The process for producing (meth)acrylic acid according to any one of
claims 1 to 7, wherein

the first buffer tank retains a certain amount of the cooling medium,

the second buffer tank retains a certain amount of the heating medium, and

each of the cooling medium retained in the first buffer tank and the heating
medium retained in the second buffer tank has a temperature gradient such that an upper

part is high-temperature and a lower part is low-temperature.

9. The process for producing (meth)acrylic acid according to claim 8,
wherein

temperature of the cooling medium returned to the heat source device is
adjusted depending on temperatures of the upper part and the lower part of the cooling

medium retained in the first buffer tank, and
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a refrigerator provided wth a cooling nmediumsupply port connected to an
inlet of the first nmedium present part, a cooling nmediumreturn port connected
to an outlet of the first nediumpresent part, a heating nedi um supply port
connected to an inlet of the second nedi um present part, and a heating

medi umreturn port connected to an outlet of the second nedi um present part:

a first buffer tank provided with an upper opening connected to the outlet of

the first medi t part th | di t t, and a |
openi ng connect edoPaCE Boul RGUhedrsredping? gorte vt Srehl bbifer of the.

first nedi ugyRsesependdd bn BbetalResCThd NiPeNPaH MPhEIMENp RS the BEENg a
second buffer tank provided with an upper opening connected to the second

heating nedingdiusuisiingd pothe segaa Brfer kekout | et of the medi um present part and
the heating nmediumretum port, and a | ower opening connected to the outlet of
t he second nedi um present part and the heating nmediumreturn port. 19. The
crystallization syst die gesessdion@rddaciapymengcofic ek aBordmgtio anS,onate€r ei n

di stance between the upper opening and the | ower opening is equal to or nore
than a maxi MINCH G ¥4e€ti on 1 ength in the first buffer tank and the second

buffer tank. the first buffer tank is provided with openings at an upper part and a lower part

thereof, through which the cooling medium passes, wherein distance between the
opening at the upper part and the opening at the lower part of the first buffer tank is
equal to or more than a maximum cross-section length of the first buffer tank, and

the second buffer tank is provided with openings at an upper part and a lower
part thereof, through which the heating medium passes, wherein distance between the
opening at the upper part and the opening at the lower part of the second buffer tank is

equal to or more than a maximum cross-section length of the second buffer tank.

11. The process for producing (meth)acrylic acid according to any one of
claims 1 to 10, further comprising the steps of:

dehydrating glycerin or 2-methylglycerin to convert to (meth)acrolein; and

oxidizing the (meth)acrolein to convert to (meth)acrylic acid. thereby obtaining

the crude (meth)acrvlic acid solution.

12.  The process for producing (meth)acrylic acid according to any one of
claims 1 to 10, further comprising the step of:
dehydrating hydroxypropionic acid or 2-methyl-3-hydroxypropionic acid to

convert to (meth)acrylic acid, thereby obtaining the crude (meth)acrylic acid solution.
13. A process for producing a hydrophilic resin, comprising the step of:

polymerizing a monomeric component(s) including the (meth)acrylic acid

obtained by the producing process according to any one of claims 1 to 12.
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14. A process for producing an absorbent resin, comprising the step of:
polymerizing a monomeric component(s) including the (meth)acrylic acid

obtained by the producing process according to any one of claims 1 to 12.

15. A crystallization system, comprising:

a crystallizer provided with a heat-transfer surface and having a
medium-present part and a crystal-present part partitioned by the heat-transfer surface:

a heat source device provided with a cooling medium-supply port connected to
an inlet of the medium-present part, and a cooling medium-return port connected to an
outlet of the medium-present part: and

a first buffer tank provided with an upper opening connected to the outlet of the
medium-present part and the cooling medium-return port, and a lower opening
connected to the cooling medium-supply port and/or the outlet of the medium-present

part and the cooling medium-return port.

16. A crystallization system, comprising:

a crystallizer provided with a heat-transfer surface and having a
medium-present part and a crystal-present part partitioned by the heat-transfer surface:

a heat source device provided with a heating medium-supply port connected to
an inlet of the medium-present part, and a heating medium-return port connected to an
outlet of the medium-present part: and

a second buffer tank provided with an upper opening connected to the heating
medium-supply port and/or the outlet of the medium-present part and the heating
medium-return port, and a lower opening connected to the outlet of the medium-present

part and the heating medium-return port.

17. A crystallization system, comprising:
a crystallizer provided with a heat-transfer surface and having a
medium-present part and a crystal-present part partitioned by the heat-transfer surface:

a first heat source device provided with a cooling medium-supply port
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connected to an inlet of the medium-present part, and a cooling medium-return port
connected to an outlet of the medium-present part;

a second heat source device provided with a heating medium-supply port
connected to the inlet of the medium-present part, and a heating medium-return port
connected to the outlet of the medium-present part;

a first buffer tank provided with an upper opening connected to the outlet of the
medium-present part and the cooling medium-return port, and a lower opening
connected to the cooling medium-supply port and/or the outlet of the medium-present
part and the cooling medium-return port: and

a second buffer tank provided with an upper opening connected to the heating
medium-supply port and/or the outlet of the medium-present part and the heating
medium-return port, and a lower opening connected to the outlet of the medium-present

part and the heating medium-return port.

18. A crystallization system, comprising:

a first crystallizer provided with a first heat-transfer surface and having a first
medium-present part and a first crystal-present part partitioned by the first heat-transfer
surface;

a second crystallizer provided with a second heat-transfer surface and having a
second medium-present part and a second crystal-present part partitioned by the second
heat-transfer surface:

a refrigerator provided with a cooling medium-supply port connected to an
inlet of the first medium-present part, a cooling medium-return port connected to an
outlet of the first medium-present part, a heating medium-supply port connected to an
inlet of the second medium-present part, and a heating medium-return port connected to
an outlet of the second medium-present part:

a first buffer tank provided with an upper opening connected to the outlet of the
first medium-present part and the cooling medium-return port. and a lower opening
connected to the cooling medium-supply port and/or the outlet of the first

medium-present part and the cooling medium-return port: and
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a second buffer tank provided with an upper opening connected to the second
heating medium-supply port and/or the outlet of the medium-present part and the
heating medium-return port, and a lower opening connected to the outlet of the second

medium-present part and the heating medium-return port.

19. The crystallization system according to any one of claims 15 to 18,
wherein
distance between the upper opening and the lower opening is equal to or more

than a maximum cross-section length in the first buffer tank and the second buffer tank.
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