;eBettd. *6NT_f' ~ 8 MAR 2403 METHOD FOR PRODUCTI ON OF ( METH) ACRYLI C ACI D
ANDY OR ( METH) A BACKGROUND OF THE | NVENTI ON Fi el d of tQEZ

| nvention: Thi m@mgmwm elates to a nmethod for the product} §nMA 003
(meth)acrylic acid, and/ o nmeth)acrylic esters. Mire specifically, it
relates to a met hod%%F the production of (meth)acrylic acid and/or

(nmeth)acrylic esters, characterized by renoving solid substances such as
pol ymer and precipitate which adhere to devices and pipes to be used for

the producti onvfrHoreiFDRGRITUE N cBNdivarT H)MRIAVIAG Wd 1D eNe SR | _
Description of the Related Art: It is well known that (neth)acrylic acid

and/or (neth)acrylic esters ar@EHFERIGICe BSFERS yneri zati on and, during
the process of production thereof, often generate polyners and oblige
rel evant devices to stop. It has been universally known to cope with this

troubl e by addi ng a pol ynegpzatrooNDNOFbTRr IRVERT@sNhydr oqui none and
phenot hi azine to the relevant raw naterial prior to the production of

(met h) acrgietdaef dthagdInventi®e: or perforning a surface treatnent on the

rel evant devices.for th I pQ f _preventi ol i st.ances,such

ol yrer and prEot bi VST F S aRErTRg-Poct ReCaed cad. HBne aRtRRaLE o
neasur es, (heveygtryhas atddidnedaperdéect (peeneairgnief ogstirence amdre
adhesi on of solid substances such as pol yner and precipitate. USP 5, 728, 272
di scl osesspe@bf hedl i cHt Wwelateyi 6@ o RelehPdt aPFnghthePFedavhien of

gpner ot o BELKITEc SOUTIJ SPRRLIBR. OO AL RPN O ie st cLpypll depi gt
met hod i Nnremoving~sotid substances such as polymer and precipitate which
adhere to devices and pipes to be used for the production of
(meth)acrylic acid and/or (meth)acrylic esters.
Description of the Related Art:
It is well known that (meth)acrylic acid and/or
(meth)acrylic esters are susceptible to polymerization and,
during the process of production thereof, often generate polymers
and oblige relevant devices to stop. It has been universally
known to cope with this trouble by adding a polymerization
inhibitor such as hydroquinone and phenothiazine to the relevant
raw material prior to the production of (meth)acrylic acid and
the like or performing a surface treatment on the relevant devices
for the purpose of preventing solid substances such as polymer
and precipitate from adhering to the devices. ©None of these
measures, however, has attained perfect prevention of occurrence
and adhesion of solid substances such as polymer and precipitate.
USP 5,728,272 discloses a method which, with a view to
facilitating the removal of generated polymer, comprises stopping
and washing the relevant devices while the cumulative amount of

a geherated polymer is small. The effect of this method in
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1 8 MAR 2003 preventing the occurrence of solid substances such as pol yner
and precipitate, however, does not deserve to be rated fully satisfactory.
SUMMARY OF THE | NVENTI ON The object of the present inventidngi MARN03

provi sion of a method for inhibiting the occurrence of solid substances
such as polyner and precipitate during the process for production of

(et h) acpybienaghng 8RE/QUcFRIdDAEEYdd 0 £318ES ankRkt 6ot &fd Y@L mERNBEtT Ng
t he occurrence and adhesion of solid substances such as pol ynef or

pol yner i peechptiépital, ahdwereci pidet®e oott hdehernved Bur bacesabeéda Holler and
a jacket. Further by this invention, the formation of (meth)acrylic acid
due to tR& d8EEM5ES i on of an ester during the process for purification of
(meth)acrylic estercan be effectively prevented. The present inventors have
found by their study that the occurrence and adhesi on of such solid

subst ances as pol yner and pFEYMPRYaPE WHECHNWERTEGNned during the process
for production,of (neth)a i c_acid _and/or h) ac ic esters and the
formati on of %ﬁe DR pgrébfdpaﬁgepg %ﬂgeaéggﬁp%gi%géhp%?vhﬁlggtgg %uring
the processheld puki {heahiotngftHdehiraenyki 6f esllIE sabe taaksadshynt He
basi ¢ substance which emanates in a small anount from a basic solution used
in washi B@l¥&AEcNdRr¢elrheat ¢ huEERPpethRVRLOFEES &P proibigorPandt

puri ficat,ign. I.S ql.nvent i,0 r - ifically,
Becor di ng By VRS T Erod VA BEB0P B AL E Py BRe s 3ian BALor
(et h) aciwhikiagind ane/ eechrebhracaydioiesdiors oghabasctiesiBstdahyesWoesnt he
production thereof is stopped, washing the device constructed for producing
(et h) aceyd pelysed andoryNemtipdaeferdadsied LRGP afsian the hgagedpnr
2003 sol ut] faor the purpose .of ,renovi sol id substances such as pol yner
and pr ecisﬁrt%g 5 St rread%o Tt he nc} faacjeascgc%fqt'a flow way of (meth)acrylic acid
and/ or (meth) aairidr @8} ats d AnvRetdew, cehdurongat henconr aReoh) 46Lylic
production and subsequently rinsing the device with a solvent. According to
t he met ha®ist dusi §0i ByerdeAMpPorHElan I RBsHS FRE dBvhides thsi pseceandioke

Ko, U 0 o8] Ut A 0,1 DB 065 L Sy STGUORLDL |

a solvent, it 7rfe MEEsPOSSiYentOrd ehBYe St S9) | thelbssaneest Aat pehymer
and precipitate which adhere to the parts of devices and pipes in a short
time and aEEERNGR Ahedd@ sier afi HachisAHE FrEEdsNaes ashBOopYBELcRN8n of

(et h) acryld ¢y a1 4 210K, (TS s LG, ARkeLRe PRELLGY! BELYoLOALRE, BRse of

t he Process e pro I on O | C-esters, ormati on of
(meth) ag®yl i(aetti)Gcdya ilo hbeddegrmasi tnedhphcsythicesdetersanme the

effectively prevented.

formation of {meth)acrylic acid due to the decomposition of an
ester during the process of purification of (meth)acrylic esters
are caused by the basic substance which emanates in a small amount
from a basic solution used in washing devices and reaches the
respective sites of production and purification. This invention
has been perfected as a result.

Specifically, according to the invention it can provide a
method for the production of (meth)acrylic acid and/or
(meth)acrylic esters characterized by, when the production

thereof is stopped, washing the device constructed for producing

(meth)acrylic acid and/or (meth)acrylic esters with a basic



The above and ot her objects, features, and advantages of the present
invention wll becone clear fromthe foll ow ng description of the preferred
enbodi ments. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The eXp§ cMAR

"process for the production of (neth) acrylic acid and/or (nmeth) acrylic
esters” as used herein refers to a step of cooling a (neth)acrylic

aci d- contsi1RitNGrg % ol Radrdysd hee Cﬁérﬁdwyitri% yepDd Pheseawxdsdathon 9f a
propyl ene and/or acrolein containing gas with a solvent and col |l ecting
(absor bi RIS vl RIFYasP by couhtered| o kashisvgfagest f of Fkeovearing

th i i t |l . | t d
the (mot el O A G feadab P REAg L bt ve Bh 18 JERE ™
(et h) ackyldinpehed asdrsecos ehengrbfigct3on dnd IR ARBIUIesulihddhg the

(meth)acrylic ester (JP-A-10-231,275). Exanples of the (nmeth)acrylic ester
may i ncl Géé”&%y*{ltébrﬂllsét%ée%‘hch as hydroxyet hyl (neth)acryl ate,

hydr oxypr opyl ; | l.y.Ci et b .at.e, I .

(et h) acryl at @%ﬁlﬁ %r?g%% g%rty%g?éeg% t(ek{%pl?%éié%)ggér@%%y bé/n"(qjasmng

2- et hyl hedtidast higssy) aded e piriocesstinwha chasoat soalesidn | dutrecgveny of
the formed (nmeth) acrylic acid conprises devices, such as an absorption

col urm f GEQHSSTT BERr PReeERiaR A i(ReBR) ACEY bAft3eld 86y ogn (Yakhbrcrylic
(meth) acradd & Acith @ SELd PRL NG, GO U, £ Al S¥L£RCLT 081 caltimm; ¢ a5 sof ygnt
separation colum, an azeotropic separation colum iIn i ch dehydration is
perfornmegosdiblan azeoteopive sehebntsohid acetbstaoiak segar abilgneeol and, a
hi gh boiling conponent separation colum for repoving high boiling,

subst anc & &idh- AL S Wiidhl 1IaEEe £Or EREi PRERE| Oh TN HRT Ad PAPSSoRRge

t ank, acsq{‘g_q? r - Qi j u LC

accessories o Stﬁhr%e %\erglc:;crkeéglalﬁ{\ee eg%%%!tt%g{ ub %g%,t%r%%dg}ee‘e@lra Pg%?ssa%r

t her eof , wdppbpestionh eXdnpld)bherywen ddied aaboms(metid detywicieneangref the
col ums and an}%/%gf t he accessories thereof nentioned above. Then, the

process whi ch TRt AERTEY 140 dGoFery Bf B¢ miAMjeS AT EhespepdeshpPrises
devi ces syeh s g gﬁ%}tﬁﬂ&esﬁ%&g, 108 APHRSe T o%hﬁn@éﬁ%éﬂ(gﬁén 'a%f%oﬁglrlg

(meth)acrylic aci an al coho an ester extraction co
vol ati | e wonheneatorppal at oo £eluhnestee r £ clanf be & f fEriciolainnprandnaest or age

tank, a condenser, a re-baoiler, a strainer, and a

u whi ch are
accessories of [FhERAHKA 8BS %ﬁ?e&@éj?ﬁttshef%%‘é??sm%@(rﬂglp%dﬁ?nFﬁ%? Harhe
ther eof s@r‘x@esix{'xﬁénﬁfgﬂpl §1pet V\SﬁeOItﬂQe E%HE‘“Sfééfgg Qﬁéwezelﬁ&(riﬁg the

colums and any of e accessories thereof nentione ove. -
description of the preferred embodiments.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The expression "process for the production of (meth)acrylic
acid and/or (meth)acrylic esters” as used herein refers to a step
of cooling a (meth)acrylic acid-containing gas obtained by the
catalytic vapor phase oxidation of a propylene and/or acrolein
containing gas with a solvent and collecting (absorbing) the
cooled gas by counter flow washing, a step of recovering
(meth)acrylic acid from the collected (absorbed) mixture of the
solvent and the (meth)acrylic acid (JP-B-06~15,496), and a step

of esterifying the (meth)acrylic acid and recovering the



1 8 MAR 2003 The distillation colum to be used in this invention is not
particularly discrimnated but has only to be capable of effectin
di,stillation. Exanples of the distillation colum nmay incluquaMﬁngBH
colum, a tray colum, a wetted-wall colum, and a spray colum. The term
"distillation colum” as used herein neans to include accessories for a

di stillatian, colakm seeh) asrf1Deatsexehanges-16-290denser, Bxhgphek! ek, and
a jacket. Anmong other itens nentioned above, the device is preferred to

i ncl ude ahk stinethi bonytdbumstanrd gt ebsorids ol kildiestivilledtssonsechuam such
as a heat, exchanger,.a re-boiler,.and a jacket. In ner al ol r . and

o eci pi + AR SREre b o8l 1 Ebe AT B Ry e The: heker S e Tat P
and/ or ang y@idy1 acryhé€hpsteyiate) he steye of (héem) dcapdhee, vappethyit he
devi ces, accessories, and pipes between them In the present invention, the
adher ed pohsaRracnilateci piethel canlnedh) a@ervddtiey neand of 2aespydhakyl
washi ng i r{icular, wthout overhauling the system of devices,
accessorigggéh%%gﬁyg Eebetmeen t hem constructed for the production of

(nmeth)acrylic pgédpapdbsr anichelBhadhykisC t@dllercecBieBaséE€ SREUEL@RHO be
used in this invention is not particularly discrimnated but is only
required treebe) acsplutiashi beorpbasee dayisesnsech &S #8 LTt ie’n colbanan

aqueous s ti .at_ | er | e f . QUP consi sting
of an oxifc}gef,] ﬁy%rog%lglg, ?ﬁ?%%ﬁ%?@ﬁgﬁd ar%%/'gir og%%gcégrr%?n%?gcgﬁ 8§n (%? alolg‘f
met al sucimésh) athiyuit SOUHUM spetapshgntohimtn § Ut dxdtBa Al axicdg wird a
hydroxi de of an alkaline earth netal such as magnesium cal cium_ strontium
and bari upplEAAt aSAPREAERORNEPEBRN, FNRe2BBRFECORLBSPARREAFAOPr 6PERMAd 10 be

t | t f LSLi . ide,
ydr ot dehgah panaraELEEhRTa, BEEEO DALl APy CERPLIEbER R LB YRHE, jan
particul agtytpeef geied §opdeaaidydraiue t her edfigh ABBAg idighecoalloaleint

metal s, sodiumor -5

separation column for removing high boiling substances such as
a stabilizer, a rectification column, and a storage tank, a
condenser, a re-boiler, a strainer, and a pump which are
accessories of the devices annexed to the upper, middle or lower
part thereof, and pipes for example between the columns, and
between any of the columns and any of the accessories thereof
mentioned above.

Then, the process which continues till recovery of a
(methSacrylic ester comprises devices such as a reaction column
or tower for the esterification of (meth)acrylic acid with an
alcohol, an ester extraction column, a more volatile component
separation column, a rectification column, and a storage tank,
a condenser, a re-boiler, a strainer, and a pump which are
accessories of the devices annexed to the upper, middle or lower
part thereof, and pipes for example between the columns, and
between any of the columns and any of the accessories thereof

mentioned above.



1-s MAC zoo3 potassium proves to be favorable. Though the conditions fit
for washing with a basic solution may be arbitrarily selected in view of
such factors as the ease of solution of solid substances quahugg 1908 yner
and precipitate which adhere to the articles given to be washed, th

washi ng tenperature to be used in the bottomof a colum may be proper in

the range of Myeomi2@€1etibe BOLLWAG POentisell iheHiash aveakllbnOnsCodt ai ni ng
the polymer and precipitate peeled off, preferably from80C to the boiling
poi nt. Pafrttiienlanly di aerankafted bednhag ORiYCH BsezarHel adief Settingn in a
boi I'i ng t r.Qves a Liate.f t f I The hi ng
time i sdﬁ'éstaclglalr tlcicoﬁl ar fgg{%g‘?slgrgl %fng{‘%d&fﬁ'ggﬁgﬁgg?/gr% oursge%e%ﬂ%@%f fice
to producpatkhedetdeahn, tshe ragstd ngnnpy betpedfoniidcdidhn f hevcadhesiag sol id
substances are thoroughly peeled or dissolved. Though the pressure to be
appl i ed @Iy t R8SCcEBFBe" 8+ S hakht htOR SHOMY | A% d§SFalBrednapeynst ke

washi ng .i C i ed ; d d pres f he

pur pose S5 DL S 1P CRE, F1'puh 1 *THE o FEUER, MRS HE B Fhak

devi ce suethasyer dissicohdahisen,cal teFboTher westd rg jpekkar. meAmongesthoe

reduced pressure results, for exanple, in increasing the effect. of washing
the realttfe BENERRNeF agPPHer néNG AR | b BEFERRIEA tQ tinRkly 2

curtal | e d e SARH 001 LiIRndhbBed sKL-eWs!or BRLON £ 010: Se GhfecL, o the
reduced pressure on the washing, the washing nmay be properly carried out
under ths @ dssan eexdhdriger angereofbdilile=, A0 Pajaqitedf erably 150 - 300 hPa.
Though the nechani sm of the separatjon or dissolutjon of the solid

substances has' e AU d8C PEefaP 58 tPogrEaF Py -xpl&i Hatt Bye
Cuphos, U oI PRnOt el L el g0 deseshani gL

t he basiin atleutitane o6 liquid and/or vapor in the devices, accessories,

and pipes between them. In the present invention, the adhered

polymer and precipitate can be removed by means of a special

washing in particular without overhauling the system of devices,

accessories, and pipes between them constructed for the

production of (meth)acrylic acid and/or an (meth)acrylic ester.

The basic solution to be used in this invention is not

particularly discriminated but is only required to be a solution

of a basic substance. It is preferred to be an aqueous solution

of at least one member selected from the group consisting of an

oxide, hydroxide, carbonate, and hydrogen carbonate of an alkali

metal such as lithium, sodium, potassium, and rubidium, an oxide

and hydroxide of an alkaline earth metal such as magnesium,

calcium, strontium, and barium, and a mixture thereof. The basic

substance is preferred to be at least one member selected from

the group consisting of an oxide, hydroxide, carbonate, and

hydrogen carbonates of an alkali metal and particularly preferred

to be a hydroxide thereof. Among other alkali metals, sodium or



~-a MAR zo03 Wen the basic solution is one nmenber or a mxture of two or
nore nmenbers selected fromthe group consisting of aqueous sol utions of an
oxi de, hydroxi de, carbonate, and hydrogen carbonate of an al kali Hﬁhal and
an oxi de and hydroxi de of an alkaline earth metal, the contdntMAR BB of the
al kali metal and alkali earth netal conpounds in the basic solution to be
used for,yasdd Non BYohes aFbigs afddoraglected in respect of the ease of
solution of solid substances such as pol yner and precipitate which adhere
to the articlBxowsh ngrenashddtipnsiSitbhdqr whehiod vothe bastivespangeéoaf 1 to
10 wt. o._Though,t.he pr.essure t e.,applied to the site of washing i s not
speci fi ¢4y ed%&?ﬁr{rﬁa%ételé’d,seﬁﬁg%\fgsm’n RS Cb“l% etEr e%cttc?rbselaﬁgip‘&r gréaeunder
a reducess RSHUEh foF sbhedpynpessn 8t s eshan e Ng e QY\@bFL‘é_EYp@f:aEQe
solvent within the device such as the interior of "a distillation colum.
The wastimicltaadhereote Ghéerriicdggcad vgnedsurle resined, | khénwrehsdingg t he
ef fect of i rear _side of .th I i h i.stillation_columm and
eventuaIﬁ%ﬂﬁgg%ég%%:ﬁ?t %3%%E§Lﬁﬁgqﬁengpkﬁ%% P%egnggggg OfYe ﬁaﬁEPﬁSrthe
effect ofnthe retysed presasore thbeomshigngeihbe MaBBING iMYobatpeaper |y
carried out under a pressure in the range of 100 - 900 hPa, preferably 150
- 300 hreent:EniR@stneonpohenatr aRAePiRShPhga e t heehedbasfe BorGerehllas
been suc L r C cond GEQ testi t distillation
col um f%%eér%%gsé&roggﬁéggqggqﬁogggt gac%angel%yrflaﬁ %ggﬁl‘ll{]‘%leﬁ?%?“lﬁgat

t r ansf erylaneh Qgesheud bag iantb lutsiecih RGP s el tigvitaee Adwds hF@rd@‘tii@aQ_ehaS
been washed with the basic solution, it is rinsed with a solvent. This

sol vglnt f?rrt_éte parpreal af W shiiser| Pfhatveefﬁéblu}g ﬂtgm@inw r)rcequ:t Qaﬁéqipéabéy

capabl e rinsi e rgen . :

Parti culéa)t%?glfﬂ%mhr?%?é?'s @O d\S/é‘r'l ﬁﬁgglﬁglryaiésnﬁéeﬁs I%\(}egér&%Eéééﬁ%Pg S5t the
vater  ghé dMRAOOIHY arehlYigused as pk€ozpkvedl 1 yhd neinle rmieiseniiged
water, distilled water, and tap water. From the viewpoint of inpurities
such as sedsbanand caci theronghtvnpaieaed ir wat-8F0L1VRE -watBrow@h béhgsed as
10 s/ m P Br8F Bt e BROTSHEF e thad R SRS FRAFGIIRY L By Tt 1T
condi ti 0;}6§r’f:@tulhﬁ$9pgtwathaéhﬁn?dy%ﬁeﬁﬂwﬂwbd @alrd e stith@ndelrh t he
basic solution is not specifically discrimnated. For the purpose of

hei ght en? need e @fFRRIS\HFe fghithg, PHAROARSHE phadipetattilyee flewpdidddy in
the bott t I be_ pr jn..the ang of. ; oi ling
poi nt, pgg}g$%b$§sggcg$gu€?%éb%? Fﬁgq%%¥ﬁ%$”f%%E%pre%ﬁrgfégggﬁgl%%gogo t he
boi | i ng peltkn. TherMashhidxhiMd hptheoageeoumdi uthen widwcdasipresighgieance
is foll oned bg the rinsing with water. Properly, the waste water which

ari ses fEBAPLRE, rioeRgMRlen WRdaFcrRay IREVE 'R CpEeEEl Uk VAsh l8gckaited D,
pref erab al 1d Ln rang f 12 .50C. , T i

Eanat ot ABmThedP nrAY viit nehat SrSSiRtaNian: T EHD ananiag i he

basi c soktutrtatlpnhgpeiey weashinhdg ofale comiat ofviéee abkakighttealingndhe

al kaline earth netal of not nore than 50 gg{llter,.preferably not nore than

10 ny/ | i e€Eechapfi EDRaFPPUCRE BHASHOE? ML INANFTH R TP OMYTRUTHY MRyl i ¢
e el _ . O f
(ot h) act S FBBRELNPRasT 180, AL GUDE  ERL Sie g0 M (S ML AP AR ©

perform pr @0gaspiang paefle xakdel usot ~ gaot heal.arly water. Especially when the
anount of the ﬁgl ymer and precipitate to be purged by washing is |large, the

washi ng with Theusistie stahamiFhesding §e§ﬂégrc§0mfér paispraitien RE @i ent

g‘; e:gg‘; ;'t %‘ro:llﬁgl ggm%&c%st N8 IR R en WS HQURE TRY & DO defh 1y
explained by supposing that the ester group is saponified or the
carboxyl group is converted into a salt and the resultant product

is gradually dissolved in the basic solution.



1.8 MAR 2003 depriving the polyner of the part thereof which is soluble in
the solvent. Though the conditions for the pre-washing is Eo@mtpmul arly
di scrim nated, the pre-washing tenperature in the bottomo 3 may
fall in the range of 20C to the boiling point, preferably 50C to the
boiling point, and nore preferably 80C to the boiling point for the purpose
of hei ght eni Rgehhehef bast cobopueivashsngne Thenps essrire mppdiLsd Surdwpg the
course of pre-washing is not particularly discrimnated. The pre-washing,
however Xy LBe IGROLEBalSISy e6aed &€& BuUt NEnFEP R CodFdad e $furasidanus he

pur pose,8h aRAACt 59 the Llowabl Iddyealsddie salyelbns! deq! hg deylge such

as the rnterior of a ation coﬁ umm. ‘The pre-washi ng pe under a
reducedcptesaate ofsunt slikaliinaretadi ngd e eifiert aofd waghioxd dehef eat si de
of the tray_in the distillation colum and eventually curtailing the

of & was ARG LERGeSaEBR REA bur HoR CRRCHETGHECH RG Lhe of ket Btot atdshi ng
e | . il g ERE
i he PLRALICCaRERSR cond B datLh R D B e e e B T i

i nvent i @aaswihlg e ydésec radieidt vayid vs pediddteal 1in hedspeord tdf refeereanee 60
exanpl es. . Tt shoul d he noted that the foll ow n% exanpl es are intended to
pr onot e SESHHLOREPS iSO 16F S WPt A PERHISNGH SHACASTREFANG BCLRLEAERVERFON i n

any sens@nelae 18l Gsld G AUty uabnuRt errvess det gy ped it 80

e
i nstrunment nmade by Toa npa Kogyo K. K. in Japan and
desi gnatinohhef r&oaduzf ilvibyl Matter $CM BOMigh hehe& ptesstusceot oab& adpp Ibddl  and

alkaline earth metal in water were determned with pl asma em ssi on
spect r o&RaltFers Y Rifc etP Y19 ot Rk etPgeL §C ﬁfgﬁ?%”ﬁﬂ?ﬁun%? a

product ,cQd8 f 1 ¥Frdserfed to be performed under a reduced pressure for
the purpose of enhancing the flowability of the solvent within
the device such as the interior of a distillation column. The
washing carried out under a reduced pressure results in increasing
the effect of washing the rear side of the tray in the distillation
column and eventually curtailing the washing time. For the
purpose of enhancing the effect of the reduced pressure on the
washing, the washing may be properly carried out under a pressure
in the range of 100 - 900 hPa, preferably 150 - 300 hPa.

The question whether the washing with the basic solution has
been successfully performed can be confirmed by testing the
distillation column for pressure loss or the heat exchanger for
coefficient of heat transfer and overhauling and inspecting the
device.

After the device has been washed with the basic solution,
it is rinsed with a solvent. This solvent is not particularly
discriminated but is only required to be capable of rinsing the
detergent of an alkali metal and the like. Particularly, water

is used advantageously as the solvent. Examples of the water



1. 8 MAR 2003 and the coefficient of heat transfer was cal cul ated as the
nuneri cal val ue found by dividing the quantity of heat by the heating area
of the shell-and-tube type heat exchanger and tenperature di fﬁ ﬁn@ﬁ

bet ween process liquid and the heat nedium The quantity of' ac é i %ci din
butyl acrylate was determ ned by the nmethod of neutralization titration

Wi th NaQH,EXAWPLESdg Aadi Stihd | ald19Rne0l AP RrMiied whtBna ahel)s@pd- t ube
heat exchanger "was adapted to separate waiter from an aqueous acrylic acid
sol uti odiwittiA leet hyter scing yephkattae afram Bzeotirspairsobieimpudheli é¢s ow way
of acryli chaci din the distillation colum and,the hecat exchanger was

adopt ed 54§ aﬁso%?%%‘fmoq‘n‘%/v&&]ricr’r&“ TRBS RIS &L rit i"E T8 d TE61 BEESR WRs

obt ai nedebyusbe Rt hege dissohesed hay I8 $P82r648 (Hxampke WicEorithe

pur pose of renoving the polynmer generated in the distillation colum
measur i egnBuetily idivamét sptaneir¢ s HEdnGi/mh  poesrakvilygnaki ppessthan
perforatedplates. (usi US 316 i,n the parts exposed to liquids and their
vapor) rl glﬁgglqdél&}s lé“cg(%lsdg‘(ﬁjiqur%leﬁ'r)?ar'oxi de solution was supplied fromthe top
of the col umthy tdandie iaind ebrarigklidyi AOthi Peecandlderief susaguedap:and the
shel | -and-tube heat exchanger was operated nmeanwhile to heat the agueous
sodi um fgr oXpe81i86l uvidh urder besrifal splesdere (&t noRC)spe®hficatlyhe

0019 L hsehohan o e o5l Wl ee, CoPLLRUBHSLY B6L el kL oo e

col um vasnient, ruedyasHihber diatire thepbotbem Di dHe bedlcwm owashkept in
a boiling state . After the ensuant state lasted for two hours, the supply

of the &QleBusMEydPaMISRELN d& sbeutaree fToRlfheq dpreobothéngapeimtand t he
heati ng_qf 4h b wi_.th § he. shel | -.and- e t r e, st opped
and theP’ reab?%}S%tIQ/Ag}éb eaéﬁjé%)hgg?oqlw’otﬁ%\%aggg?s%ﬁggggﬁgﬁ oé;?]t& h%g

interiorndf Ydia iand WwointSubsequently, water was supplied fromthe top of
the distillation colum to effect rinsing (at 100C) simlarly to the
washi ng wi t h Hife wadlhdads v458i bhe AR S Gttt fheagitefubsbaneer
rinsing.ha I ri.G._cot RS f C...The rinsj S
st opped 4t ?9%20@@%@5}/ ﬁ%}e ?Egg\%éétdel%h\a?’gﬁc%%gﬁéngésér%a’ vta 41ug’agft%S""%g‘taXEVEIOC)

The t ot 3}hicMtanilsed fablathe eimdimpndiaikabicee RaythavetalpH vathe naste
wat er was found to be 25 ng/liter. Then, the aqueous acrylic acid solution

was subjesigesfling f stprefRyanly Badd iafa dm tthe e aff 6100 Sdafs °C.

subjRRREing di staedaainly e tihe F 6008 |
" tho HEer TOF BT B %oV i ani> IBEPEags i The EAbrtici anihi TRERE o

e um an ecrease |1 n e coe

t ransf ersysdqeeshel d -tar-wasrg eati thy paeevabangen lwascabpedpedl yhes t he
distillation was stopped and the interior_of the distillation colum was

i nspect e, tafash gendrerfioofathenabka bl Jmeltal ARl G158 pesithometigd 8érylic

aci d was_observe h G, f eynd i di stk l. ion to
conti nuem%h r%faneer %W&Aﬁ/@f@@ llrf%i‘eru’g% S \tgl%l%lrg :ig nnégl Iﬁ%g]\/\%}séryvag hiélé /\E'/'\AEL{t %trén
aqueous @EsrisDehh Lat hy driext e dedrdaisent lvad drfreit Ioms ed(nvd 8H) et EIri ¢ Aactide sanme

manner as in Exanple 1. The water used for the rinsing had an electric
conduct i RY tde e s iRra© 281, ¢ shfeh thee eoitndr AN ¢ e itfdm W PSE6FSSEd and

the pH valu wat er reached to 8 (at 50C) , the total content
of al kalci%rrgr{l%{h;%‘grgﬁgé ine earth netal in the waste water was found to be

8 ng/liter. Thepthéhe agdeews wamhiine wrild sSheubiagiovesoluhi@ct &d tan
distillation. Even after_ the el agse of 100 da¥s of continued distillation,
vi rtual | peRBOERgNPEE-VAEREBTe VhTRhedpr 894HRBTY osBarticularly  water.

Especially when the amount of the polymer and precipitate to be
purged by washing is large, the washing with the basic solution
possibly swells the polymer to the extent of inflicting damage

to the devices. This trouble may be avoided by preparatorily



-11 1 8 MAR 2003 in the interior of the distillation colum and decrease
in the coefficient of heat transfer of the shell-and-tube type heat
exchanger was observed. When the distillation was stopped anﬁmhhf Snteri or
of the distillation colum was inspected, a sign of f or mek 8oMABf {3 snal |
anount ~of pol yner of the acrylic acid was observed. Then the col um was
found t P st t] ' f er.. . Tl VE MPLE 1
The. di sETRAT 0 SRS e 2 LR B Ry B S & ekl 6 1
whi | e omdltverg .t heThbnghngha t Bonéi et oissibsegquerie t préhravhshgng sM Abtan
aqueous 8% sodi_ um hydroxi de sol utjon. Then, the aqueous acrylic acid

sol ut i o3k SHIG et & 3 i itaacht tE8. P¥ReVpFBARdr EeMB8EatHrenéni Bheri or

of the ﬁﬂ%ﬁé %ri%nhonéa@c%sgﬁeianéhéf&gaeﬁgeeféf'Cé@ett8f¥ns%%%gﬂ§fer of

t he she e type heat “exchanger to ctease w thin fouar f
st arti ngpdihe: dipsteifldrattilgn 50Thecodithei bo At iog paintt hemdshoppesrandrabey
interior qf the colum, was inspected. Copious formation of the, polyner of

acryl i c EFd-waeremti tasCde %t heF dRStPFTRRT DA TRt et tdicdef fRet
shel | - ange- t ybg_Hgat 1 gychangfy . , LAEARATLUE 1 EXAVRLE. 2, Jhendi std ] lat i ge

c
col um was washed w tg'an aqueous 8 % sodi um hydr oxi d% solution and then
ri nsed wadrweetreing nstihet pame icadpel yadi sor Exiamgiied 1. The phesweakengt he

rinsing with water s st opped en the pH val ue, of the waste water reached
o 20 (s S ae Hest B DEREBRELOY SrkaT PN G Y 4 REFPABYCEF CRHERS) I

the wast, WRheroWdSodoetdet RaRE: AY gmwg :Eié@ébiig?g)?oft i9e AYHQRYT. aRLYLLC acid

sol ution was subjected to -12 Z003 illation. The pressure
| oss i n thee dextisre cguadt dheloolimbtenies fodurd diistiiddeédon aodutine The

coefficient of heat transfer of the shell-agnd-tube type heat exchanger to
decr eas P &F TH TP dRPE TOFTSSr FRAGTt e dF PFFiiatl?%?ggqq’l% Fiestiliisat £8n was

then stopped a0t d Ned BEGELR! o Plyddif P HET- 485 d NEPBE! le t%%ﬂ} ﬂ%tpe ,
formati on of the polyner of acrylic acid was found I nside the distillation
col um ahids § hkl atei ¢hecshehh - and- ¢ubet hebl y exehbagbing EXd/PhEe3washing
time. For the purpose of heightening the effect of pre-washing
under a reduced pressure, it may perform the pre-washing under
a pressure in the range of 100 - 900 hPa, preferably 150 - 300

hPa.

EXAMPLES

Now, this invention will be described more specifically
below with reference to examples. It should be noted that the
following examples are intended to promote comprehension of the
invention and not to limit this invention in any sense.

The electric conductivity of water was determined with an
instrument made by Toa Denpa Kogyo K.K. in Japan and sold under
a trademark designation of Conductivity Meter CM-60V, the
contents of alkali metal and alkaline earth metal in water were
determined with a plasma emission spectrocanalyzer produced by

Kyoto Koken K.K. in Japan and sold under a product code of UOP-1,



A-distillation colum provided with a shell-and-tube heat exchanger was
adapted to produce refined butyl acrylate fromcrude butyl acrylate
deprived of volatile inpurities . The flow way of butyl air L}g&f '&the
distillation colum and heat exchanger was adopted as an bal f

washi ng. The crude butyl acrylate was obtained by the nmethod disclosed in
JP- B- 06; 88, 6 Fole Jcher PAL POSE Qf o §IVA | WiRS
generat%ggi r‘f%t e&g%(gﬁ%f%ﬁ oﬁfcoe&trlr:n usi ng SUSa§O4 |ndl?'ﬁaeé%gr th exposed to
| i qui dsnamdrt beilr vaaper fomedsbyi dgvid2nm thediqameteryaond paake dywittHe
cascade m ni,ature rings, ter. (having an electrig conductjvity of 0.5 nS/m
at 250)NRBLERE 3FSo &gs tg’%pp?l?eeﬂl"t%‘?'hteurlé%.rgé{eg g}eqt t igc Bpﬂ\éﬁ &sbsed to
the butylbpgerytate and tdieMapobetPeeROfpMidsy t heqahal lapndehbe digat
exchanger annexed to the distillation colum was operated to heat water

under noeddabmpr e§ier ejuaPdritt wfof hacky§uid aicid Hen bottpin etriyReteolwam was
continuqusly extracted while the_su f ter fromithe top of t col um
s contERGEHLARE DHatH HASRAh OEnECBbT RSP oE -oRe LoF Bt REgIEGH: &
boiling state. After the ensuant state |asted for one hour, the water

supplied fromthe top of the colum was switched to an aqueous 4% sodi um
hydr oxi de sol ution. Then, the col G¥AMRAE Washed (at 101C) with an aqueous

4% sodi h i ti =13 1 8. MAR 2003 in_t i
Bl e 1 andh CABHIHALLAN(HPL BB G OT PR ETY RS AP aid diedhe |
rinsingehadages! @Qtsrél&a%@é’@% i)t a®fe Qa® eFBE AL ar Haqudhies rddisf g Wi t h

wat er was st opped when the pH val ue of the waste water reached to 8 (at 50)
The terdad comtwentonf wakkaltethatlal isplutykakietengarash avt &zdotndricast e

Water was .found tQ. be .1 [liter. Then, the crude hutyl.acryl ate was

subj ect é&_ltvgn&i'st ﬁ??a&li%”?’aﬁv%ﬁ agfrFyg;ci[ ﬁ81§| Hb?g“eogl%b@a%oi%fc%]&m? nued
di still @hiqoBheNQe 8t Bk HardrF GRA%CaHBptBE P e WS dAssfWvhBhiinghe med um
and decrease in the coefficient of heat transfer of the shell-and-tube heat

exchangegusasi sodsey Vid pclides cbfcieon wasi gt afned byl the aetdodrdiselesedi | | ed
ved.to_increase. Wen the distillation was

butyl acryl. at S _not._abs
st opped lQndTPt'%é'%th:%r'i@'% o(gxtaﬁ@l&i dYi'l 1 ati on col um was i nspected, a sign
of formation gQfy & MRdr RN F HerRRIME S diitpthe ACTH & £ d@Si Phees ved.

Then the distillation colum was found to permt the distillation to
cont i nueifafritliert i EXANRPLENInThsuting il math ohi ans temn angds Tuashebedywibh | ow ng

t he procedure.of Exanpl.e 3 while usi ter /havin l.ect ric
conduct i BJSbT RS TGS PEREOFR GRS Viter LPRESHTIR ARG tas TEdR T hiied
until t f&fﬁﬂéé@wqiquitdseaw%heiwagfoﬂ)e,agh%d;dwﬂs § als02NGm hydAex 1 ek al
content of alkali nmetal and al kaline earth netal was found to be 30

ng/ | i t ersolmieien Mias srpadipdt fromdiha &0@ RastBapsekier widhiitse pLgt ¢6n.
Even after the elapse of 120 d of ¢ in jstillhation, S| of
i ncreasé irﬁtftlﬁé(l&geiéﬁ?’ eanlcggsr%]tsurﬁlhnq %gh?ogﬁ%nﬂaighgégr ggls%e tiﬁg}et Fﬁggt
coef fi ciamnda{gdiealabr apshrateaf rewaiiald -ehndheube theataprehangesdvas
observed. The concentration -14
hydroxide solution under normal pressure (at 102°C). Part of the
liquid in the bottom of the column was continuously extracted while
the supply of the aqueous 8% sodium hydroxide solution from the
top of the column was continued and the liquid in the bottom of
the column was kept in a boiling state. After the ensuant state
lasted for two hours, the supply of the aqueous sodium hydroxide

solution from the top of the column and the heating of the solution

with the shell-and-tube heat exchanger were stopped and the

-10 -



1 8 MAR 20n3 of acrylic acid in the distilled butyl acrylate was not

observed to increase. Wien the distillation was stopped and the interior of

the distillation colum was inspected, a sign of formation @fMARsZﬂﬂEI

anount of polynmer of butyl acrylate was observed. Then the distillation

colum was found to permt the distillation to continue further.

COVPARAT 3idhe, di i J ¢oLynn, Was, i ous 4%

sodi um h%grﬁg%g/gég\lu%gon anzltltiéeh%tfrg%?liseg vm% vvzlter %hgio\#&gﬁacg ectric

conductivity cubGesusB/irhy(,25@ten wWees saupphbeder ras | hhé&xamp eoF. thethi s

case, the rinsing was stopped when the, pH val ue of the waste water reached
e Bh i 2ha

to 10 (56&Pt1itRe o5t GPIEBRt EnEIFeCH kPP I Rt @t Q) B iAe et tR FReal in

the wast el f eynd Re 53 i L8h8rohgl. Ccry.
subj ect ega;ggltl |gs;@%lha??konéh%\fet grs tg gg{el{napgergf 1% %Iggg%%?aéon ?énﬁvééc{i\@ér
di still atisen, foher s yhg haatiath edbacent ¢ atdradudiniwitey difsLblh®dn kit plsoc.
acrylate was observed to rise, the F\reessure loss.in the colum to increase,

and the CO& FLBFeRd B?Sh_%%‘????%rfsﬁé o?lT%et%Itlh-eaH8§Fﬁb%aF%5ta%&‘é‘ﬁ%ﬂger
to d_ecreadsgﬁ- vign &P digt Bhédt oRnwas, &4 PRASH &Nd otfh_smatlgrm@fca@f fhe
distillation colum was inspected, then copious formation of the po?yrrer of
butyl acrylkatle ngagapbserred insheevadie daser Wast fonund dlourm 2&mig Nkidert he

shel | - and-t ube heat télxchanl‘ger. EXAIVFiLE 5 Adistillation colum (%)rogi ded
with a shel | - ditEule hedIeQhiger Mo Gdafted e s dffit ot & WRerf F3m t he
aqueous GraHliig AGidh SO0 MMd thhQl ¥aARY RS AN 1ARE UL \WPPI &f SebNEe huedhe

flow way of acrylic acid in the distillation colum and heat exchanger -15
1 8 MAR 268 Mds taidopt ed rasiadd yobp exitgrf of washeage ifhéhagpeessuaer Yybss acid
sol ution was_obtained by the nmethod disclosed in JP-B-60-32, 615 (Exanple
Ty For e hr bBLETOPE: RhoMh G B BN s ChR Ael "CopP SRS F LPRE OFF
the' di stiddAt | OPaSOFMIMoEUSIHY U BZbd e e RasE S to¥BOS8dHMhdd AU, ds and
their vapor) nmeasuring 1 min dianmeter and furnished with 40 shel ving

wei r | ess geydwreat ed Wpleait €be dis el l(davimgasnsebppedi and didudniteirtiprob£15
nS/ m at 2@% ﬁg.eat, to 50 was suggl Led to tge sur.face of. the col ur’r%n
exposed t W[ ERT LBPREF bR ard THE $ip &P HREFES OfhRl e
the shel lsandr tahs,edlsr raRaRICHraPReXesh 10 d e il Sialsl bakl@Reen! URenas
operated to heat water under normal pressure. Part of the liquid in the
bot t om ofthHdeceblimmm wasgs foomd nuouseymékt chet 6d swhilllatiiom suppEtygnbinuat er
fromthen#) of the colum was continued and the liquid in the bottom of
the colu Ckept in a boiling state. After the ensuant state |lasted for
one hour, the water supplied fromthe top of the colum was switched to an
aqueous 4 o potassi um hydroxi de solution, wth the washing continued for
four hours. Thereafter, the supply BXAMBEE agueous 40 potassi um hydroxi de
solution from hec},o of the columm_and t he hgatjtq_g t hereof with tge

shel | and-t ube 18 OGP EUTR JfsreH28RE Y et B GiledEECAUE e{)“‘ots& $iim
hydr oxi den y@so & 86 e 08 4k ARd RReRO e d QuUlICqHeBE! Vn 8d arftAihRgedn

el ectric conductivity of 0.5 nS5/m (at 25C) was supplied fromthe top of the
col um toasisé&xamlecollumThe vakesaraedrdprethasr Whekng fechgquesdscaxic

t assi um hydroxi d | Ut | t i nsi t d at the
PPt hat CONGUPEL URFBebbrS Fid Tt 253 oN T Paab BB 1o 5 AT HDEHHEH PA5 t he
el apse of 3889HEd%MPYRS) pH t&d @Eadhé:Qageetwﬁelalréalbhe@etala agd sd%al,i ne

earth netal in the waste water was found to be 1 r(g/ iter. Therea]‘ter, t he
agueous athglietalkicdnd@ntt péne Wesl suisitedt ead -allkaline earth metal in the

waste water was found to be 8 mg/liter.
Then, the aqueous acrylic acid solution was subjected to
distillation. Even after the elapse of 100 days of continued

distillation, virtually no sign of increase in the pressure loss

-11 -



1.8 MAtt cuu~ to distillation. Even after the el apse of 120 days of
continued distillation, virtually no sign of increase in thﬁaﬁtﬁ@fﬁﬁ | oss
i nside the colum and decrease in the coefficient of heat t t he
shel | -and-tube heat exchanger was observed. Wen the distillation was
stopped and the interior of the distillation colum was inspected, then

observed” CoRPARRE EAELE kst arceery BBt afh Bt Cags e hhahe
fol | oW rRpetite qirerne il ehedt Exaaptted i k& comHdlIng idie Yy -thasdi Rgawi t h

wat er. \When an aqueous 4% pot assi um hgdroxi, de, solution was suppl ied from
the top SHCIRE oM@ OB VIFE -shBhpRahliet dbat hédetéRBhUAgert apRededndo t he

distillatjon I . ; 9 assi hydr oxi de
ol Ut o BT gy B L R o N e P A3 R B E e
heat i ng famhatherdicst id Isatildn acohuntm ofapoblnekedfandet Aervashi agidowkd no

| onger be contipued, EXAVMPLE 6 Now, the case of distilling crude
met hacr YASEEYD cOReRi hPRgE P ghR 0% T ISR 9oy PEFBS Ewk PP %ésﬁéé%?Fb@H here.

The cru i & was obt ai ned by the nethod disclosed in
JP—A—59?§Z?§§Q%%§§%p éﬁﬁyngor t he purpose of purging a distill ation
colum neasuring 1.2 ~~ in dianmeter and furnished with 30 shelving weirless
perforated plates to expel thel£ol ner qgner ted therein, wa~er (electric
conducti vity 5 nS/m (at 25(”::)@5 i B4R nte to 50C was supplied from
the top of thecolymmiand ke shehlmandsdsbe,aadq exhargen oanngxedpko the
distillation colunr_ was operated to heat the water under normal” pressure.
Part of grucddups dof nExample 11 8wivlReQoOd tithecbdthieonmr ofs it wbthimeathas
continuously extracted while the supply of water fromthe to f the col umm
s condTRAREURTE (Ho THOIEPH g HE- Dbt 1o areehs B! Banswehkapextfea

boi l'i ng lale.ofter the ensuant state lasted for two hours, the water
supplied fromthe top of the colum was switched to an aqueous 4 o sodi um
hydr oxi de, w Thent hethasdhiquegorondcrykeicfaci® dolunsionSwbseguenetyedt he

supply of, the aqueous 4~ sodi um hydroxi de solution and the heating thereof
with t heélsHett PR ubd Nfe Rress &n&@FSwéPetgFoﬁBEGr&ﬁﬂ % et§8u€8 8MAos

sodi um hydr g3y was: gk sehas aedh £hamddier cof dum .o VEEgE ‘&%r@ﬁéf%lf the

conductivity 5 ns/fmat 25 C) fromthe top of the distillation colum was
suppl i ecshel I+arsd-ilhd twateheat ehehsagernmbondscosa e thie Washi dgywas

e D e R b TS R S P
reached {04 &HAln?@C)ort HE difd 2b1¢RRL 8B DlsPbk@dd. Meidi And f@lriﬁﬁltﬁ.Bg earth

metal in the waste water was found to be 7 ng/liter. Thereafter, crude
met hacr yof c:heecipd lwarse rsabj et el ¢ @ cdics wiaks| &oiod. Lisdede dfheedishe lébapsa of

150 days of continued distillatio virtually no,sign of increase in the
pressuyep? %@ni%n?h%nﬁb?%n%h%nﬂhﬁg%T%%gétﬁ?e¥%%an%g?bﬁ?%ﬁF'of heat

transfer of the shell-and-tube heat exchanger was observed. Wen the
distillation was stopped and the interior of the distillation colum was
i nspected, then the pol yner OOMBARRTIVEAEKAMREE Porned in a small anount

and the colunmp was, found to perpgit the distillatjon to be further .
Sont i nued.  EXARPLE- G Gh FPLETR O & SR s - ehaa B9 Pt T SR he
procedur gyQtokXaaPs &1 9 YW |65 8hbhngi £ 58d PF 885 Wk dr 1 hhen i sdnd halink
colum at™ 250 hPa, the pre-washing tinme with water
as in Example 1. In this case, the rinsing with water was stopped
when the pH value of the waste water reached to 10 (50°C). The
total content of alkali metal and alkaline earthmetal in the waste
water was found to be 40 mg/liter.

Then, the aqueous acrylic acid solution was subjected to

-12 -



-18 1 8 MAR 2003 at 30 mnutes, and the washing tine with the aqueous
pot assi um hydr oxi de solution at 2 hours. Wen the washi ng was_perforned
under the conditions nmentioned above, the tine at which thelp& MAR w2003t t he
waste water reached to 8 (at 50C) was about one hour after the start of the
rinsing with water in the rinsing with water subsequent to the washing with

the aquagus sAALAsHIUM bydr gxLdeusol YELOM o Thee 11 0508, PaSe PERT OL ORI N the
same pressure condition as the above washi ng. SubsequéentTy, the aquieous
acryli cwaa dosabute dmoxes ssubpdcited coe fdiistienitad £ dreatEwemmffiear otthenh el apse
of 120 days .of continued distillation, absolutely no sign of increase in

the presrid 12055 HUPe F¥PEPeRN STl adiGTe 597 R ERRE Wi ivi2dhdayr Pbat
transf ersQfy ihey sheldrandrtibe heabygxghanger was, 9Q§ie\f}?(§rq:st%g%ldt D84

distillation wds stopped and the interior of the dist ation um was
i nspect edhe tinderdlosobdt thy ool ol weer iospecteld.c dopdowasfobsetyed. ofn t he

present exanpl.e, a nore than equal B effect of washi S optajned | n about
e hal 0% FHO/ RS (g TS i GRS rF QRS 15 CENPARATE VE ESRPLE 5
The di stddil@dd ol imaas, desthad -y -ldueviag f he giarpdur e of Exanple 3
while omtting the pre-washing with water. Wen an aqueous 4% sodi um

hydr oxi de sol uti on was supplied fromthe top of the colum and the

shel | - and-tube heat exchanger anngﬁﬁﬂﬂ% Efe distillation colum was
operated to heat the aqueous 40 s ]ﬁ@ oxi de solution, then the polyner

was swel | ed wi tdiidy 130 S8:iMH @ 19nSbabliBgdt hecheat sng1 angdnfibe,dishiLlation
col um was bl ocked and the washing could no | onger be continued. -19 18
MAR 2003:0evRisE 8aShedatitstd tbatricoiu ceot efinedduyshedr pyatelfimn agutae

d f. Exanpl.e 3 whil, thi he pr re.in the distillati
ol um. S350 YL eI ERE PR YA S eme RRF hCiBber LRE J0GH HateSt Then,
the crudg;dpt WerdaHat g YRS SWYiaated docdiahhl dd it Exenadllsr whhe

el apse of 200 days of continued distillation, no sign of incredase in the
pr essur edagsediasian oidecs! dom ensh tegr edde iorudee budeflf acrgdbtef wheat

LSt er 9L ey sl conds e, e sxghanger s dbogved et o

Chah S | ot ToRToE S Rec et |y o et choppasn e e o o

acryl at edisisi bbseierg¢olunn (using SUS 304 in the parts exposed to liquids
and their vapor) measuring 1.2 m in diameter and packed with
cascade miniature rings, water (having an electric conductivity
of 0.5 mS/m at 25°C) heated to 50° was supplied to the surface of
the column exposed to the butyl acrylate and the vapor thereof
while the shell-and-tube heat exchanger annexed to the
distillation column was operated to heat water under normal
pressure. Part of the liquid in the bottom of the column was
continuously extracted while the supply of water from the top of
the column was continued and the liquid in the bottom of the column
was kept in a boiling state. After the ensuant state lasted for
one hour, the water supplied from the top of the column was switched

to an aqueous 4% sodium hydroxide solution. Then, the column was

washed (at 101°C) with an aqueous 4% sodium hydroxide solution
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-20 1 8 MAR 2003 Claims: 1. A nmethod for the production of (nmeth) acrylic
acid, characterized by, when the production thereof is stopped, vvasrﬁ' g the
device constructed for the production thereof with a basic sIoﬂuMABer nd
thereafter rinsing it with a solvent] for the purpose of renoving solid
substances such as pol yner and precipitate fornmed on the surface of a flow

way of the I chd 4 ey] i t u f th
productilglntégg%%re%rﬁéef afsl %gl ﬂ#gal{1 J('a‘?/viqt %hgetsrg verlr}tglsfegf(gﬁeiiﬁor ogétg‘f
renovi ngraieal kal Ther watkat | neserr fhrnethé dermsacy f e t he baskeetgekut i on.

2. A nethod for, the production of a gngt h) acryljc ester, characterized by,
when t hERSHIHTBrY thkr@oP 1S/Bt 85pead, C pr e-ashi M Rhe" HeRi ¥atesnyesuct ed

for the &y LRt beLeaf Jhll g g 'evfaggfe;«sga;é%gegahw@o% bagigesol ution

[and thereafter rinsing’it wth a sol vent e purpose of 'renovi ng
sol i d sulis¢ andted soncheas @blairkerl Jandtpieangialdtad ifner prdtbméthel Sin taee of a
fl ow way of the acrylic ester_in the device during the course of the

(nmeth
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3. A nmethod according to claim r containing a pre- rng wwth a
sol vent qistorllatide. wadslempafideh tihe dbhspse sofuRdondays Afnebthadnaecor di ng
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to indrease. When the distillation was stopped and the interior
of the distillation column was inspected, a sign of formation of
a small amount of polymer of butyl acrylate was observed. Then
the distillation column was found to permit the distillation to

continue further.

EXAMPLE 4

The distillation column was washed by following the
procedure of Example 3 while using water having an electric
conductivity of 15 mS/m for the ringing. When the rinsing was
continued until the pH value of the waste water reached to 8 (at
50°C), the total content of alkali metal and alkaline earth metal
was found to be 30 mg/liter.

Then, the crude butyl acrylate was subjected to
distillation. Even after the elapse of 120 days of continued
distillation, no sign of increase in the pressure loss within the
column and decrease in the coefficient of heat transfer of the

shell-and-tube heat exchanger was observed. The concentration
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6) A nethod according to claiml1, characterized in that the solvent used in
the rinsing is water. 7. A nethod according to claim5 or claim®,
characterized in that the rinsing subsequent to the washi r‘gr]amMNQ %Mg: basi c
solution is continued until the pH value of the waste water i S not nore
than 9 (at 50C). 8. A nethod according to claim6 or claim7, characterized
in that 3heddsidgcWidt bnwelehisehaaguentit e 488y 1aebik WdthobBe Rasi ¢
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11. A ne‘f%%%lvg%%o?%%ﬁ%%b any one of clainms 1-10, characterized in that the
washing with the basic solution and/or the rinsing with the solvent is
perfornmed under reduced pressure(s). 22
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coefficient of heat transfer of the shell-and-tube heat exchanger

to decrease. When the distillation was stopped and the interior
of the distillation column was inspected, then copious formation
of the polymer of butyl acrylate was observed inside the

distillation column and inside the shell-and-tube heat exchanger.

EXAMPLE 5
A distillation column provided with a shell-and-tube heat
exchanger was adapted to separate water from the aqueous acrylic
acid solution with toluene as an azeotropic solvent. The flow

way of acrylic acid in the distillation column and heat exchanger
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For the purpose of removing the polymer generated copiously
in the distillation column (using SUS 316 in the parts exposed
to liquids and their vapor) measuring 1 min diameter and furnished
with 40 shelving weirless perforated plates, water (having an
electric conductivity of 15mS/mat 25°C) heated to 50° was supplied
to the surface of the column exposed to the aqueous acrylic acid
solution and the vapor thereof while the shell-and-tube heat
exchanger annexed to the distillation column was operated to heat
water under normal pressure. Part of the liquid in the bottom
of the column was continuously extracted while the supply of water
from the top of the column was continued and the liquid in the
bottom of the column was kept in a boiling state. After the
ensuant state lasted for one hour, the water supplied from the
top of the column was switched to an aqueous 4% potassiumhydroxide
solution, with the washing continued for four hours. Thereafter,
the supply of the aqueous 4% potassium hydroxide solution from
the top of the column and the heating thereof with the shell-
and-tube heat exchanger were stopped and the aqueous 4% potassium
hydroxide was discharged from the column. Subsequently, water
having an electric conductivity of 0.5 mS/m (at 25°C) was supplied
from the top of the column to rinse the column in the same manner
as when the aqueous 4% potassium hydroxide solution was used.
When the rinsing was stopped at the time that the pH value of the
waste water reached to 8 (at 50°C) (after the elapse of about 2
hours), the total content of alkali metal and alkaline earthmetal
in the waste water was found to be 1 mg/liter.

Thereafter, the aqueous acrylic acid solution was subjected
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of the shell-and-tube heat exchanger was observed. When the
distillation was stopped and the interior of the distillation
column was inspected, then absolutely no sign of formation of the

polymer of acrylic acid was observed.

COMPARATIVE EXAMPLE 4

The distillation column was washed by following the
procedure of Example 5 while omitting the pre-washing with water.
When an aqueous 4% potassium hydroxide solution was supplied from
the top of the column and the shell-and-tube heat exchanger annexed
to the distillation column was operated to heat the agqueous 4%
potassium hydroxide solution, then the polymer was swelled within
30 minutes of starting the heating and the distillation column

was blocked and the washing could no longer be continued.

EXAMPLE 6

Now, the case of distilling crude methacrylic acid
containing high boiling impurities will be described here. The
crude methacrylic acid was obtained by the method disclosed in

JP-A~-59-44,337(Example 1).
For the purpose of purging a distillation column measuring
1.2 m in diameter and furnished with 30 shelving weirless
perforated plates to expel the polymer generated therein, water
(electric conductivity 5 mS/m (at 25°C)) heated in advance to 50°C
was supplied from the top of the column and the shell-and-tube
heat exchanger annexed to the distillation column was operated

to heat the water under normal pressure. Part of the liquid in
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10RRTIT@E@T%EQEEH%&E:iﬁgﬁégiﬁﬁ§f495 continuously extracted while the
supply of water from the top of the column was continued and the
liquid in the bottom of the column was kept in a boiling state.
After the ensuant state lasted for two hours, the water supplied
from the top of the column was switched to an aqueous 4% sodium
hydroxide, with the washing continued for 6 hours. Subsequently,
the supply of the aqueous 4% sodium hydroxide solution and the
heating thereof with the shell-and-tube heat exchanger were
stopped and the aqueous 4% sodium hydroxide was discharged from
the column. Water (electric conductivity 5 mS/m at 25° C) from
the top of the distillation column was supplied to rinse with water
in the same manner as when the washing was carried out with an
aqueous 4% sodium hydroxide solution. When the rinsingwith water
was stopped at the time that the pH value of the waste water reached
to 8 (at 50°C), the total content of alkali metal and alkaline
earth metal in the waste water was found to be 7 mg/liter.

Thereafter, crude methacrylic acid was subjected to

distillation. Even after the elapse of 150 days of continued
distillation, virtually no sign of increase in the pressure loss
in the column and decrease in the coefficient of heat transfer
of the shell-and-tube heat exchanger was observed. When the
distillation was stopped and the interior of the distillation
column was inspected, then the polymer of acrylic acid was formed
in a small amount and the column was found to permit the

distillation to be further continued.

EXAMPLE 7
The distillation column was washed by following the
procedure of Example 5 while setting the pressure in the

distillation column at 250 hPa, the pre-washing time with water
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nhhh*hnOo™_= When the washing was performed under the conditions
mentioned above, the time at which the pH value of the waste water
reached to 8 (at 50°C) was about one hour after the start of the
rinsing with water in the rinsing with water subsequent to the
washing with the aqueous potassium hydroxide solution. The
rinsing was performed in the same pressure condition as the above
washing.

Subsequently, the aqueous acrylic acid solution was
subjected to distillation. Even after the elapse of 120 days of
continued distillation, absolutely no sign of increase in the
pressure loss in the column and decrease in the coefficient of
heat transfer of the shell-and-tube heat exchanger was observed.
When the distillation was stopped and the interior of the
distillation column was inspected, then absolutely no polymer of
acrylic acid was observed.

In the present example, a more than equal effect of washing
was obtained in about one half of the washing time required in

Example 5.

COMPARATIVE EXAMPLE 5

The distillation column was washed by following the
procedure of Example 3 while omitting the pre-washing with water.
When an aqueous 4% sodium hydroxide solution was supplied from
the top of the column and the shell-and-tube heat exchanger annexed
to the distillation column was operated to heat the aqueous 4%
sodium hydroxide solution, then the polymer was swelled within
30 minutes of starting the heating and the distillation column

was blocked and the washing could no longer be continued.
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EXAMPLE 8

The distillation column was washed by following the
procedure of Example 3 while setting the pressure in the
distillation column at 250 hPa, and the pre-washing time with water
at 30 minutes.

Then, the crude butyl acrylate was subjected to
distillation. Even after the elapse of 200 days of continued
distillation, no sign of increase in the pressure loss within the
column and decrease in the coefficient of heat transfer of the
shell-and-tube heat exchanger was observed. The concentration
of acrylic acid in the distilled butyl acrylate was not observed
to increase. When the distillation was stopped and the interior
of the distillation column was inspected, then absolutely no

polymer of butyl acrylate was observed.
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Claims:

1. A method for the production of (meth) acrylic acid, characterized by, when the
production thereof is stopped, washing the device constructed for the production thereof with
a basic solution [and thereafter rinsing it with a solvent] for the purpose of removing solid
substances such as polymer and precipitate formed on the surface of a flow way of the (meth)
acrylic acid in the device during the course of the production and thereafter rinsing it with a
solvent for the purpose of removing an alkali or alkaline earth metal derived from the basic

solution.

2. A method for the production of a (meth) acrylic ester, characterized by, when the
production thereof is stopped, pre-washing the device constructed for the production thereof
with a solvent, washing it with a basic solution [and thereafter rinsing it with a solvent] for the
purpose of removing solid substances such as polymer and precipitate formed on the surface
of a flow way of the (meth) acrylic ester in the device during the course of the production and
thereafter rinsing it with a solvent for the purpose of removing an alkali or alkaline earth

metal derived from the basic solution.

3. A method according to claim 1 further containing a pre-washing with a solvent prior

to the washing with the basic solution.

4, A method according to any one of claims 1-3, characterized in that the basic solution
is a solution of at least one member selected from the group consisting of an oxide, hydroxide,
carbonate, and hydrogen carbonate of an alkali metal and an oxide and hydroxide of an

alkaline earth metal.

5. A method according to any one of claims 2-4, characterized in that the solvent used in

the pre-washing and the rinsing is water.
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7. A method according to claim 5 or claim 6, characterized in that the rinsing subsequent
to the washing with the basic solution is continued until the pH value of the waste water is not
more than 9 (at 50°C).

8. A method according to claim 6 or claim 7, characterized in that the rinsing with water
subsequent to the washing with the basic solution is continued until the total content of an

alkali metal and alkaline earth metal in the waste water is not more than 50 mg/liter.

9. A method according to any one of claims 5-8, characterized in that the water to be

used for the rinsing has an electric conductivity of not more than 10 mS/m.

10. A method according to any one of claims 1-9, characterized in that the device is
selected from the group consisting of a distillation column, an absorption column, and a
stripping column, and further includes accessories which are annexed to the device and/or

pipes between therewith.

11. A method according to any one of claims 1-10, characterized in that the washing with

the basic solution and/or the rinsing with the solvent is performed under reduced pressure(s).
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