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THE | NVENTI ON This invention relates to a nethod and an appar at¢gsg? o¢f - |
for "distilling (neth)acrylic acid and/or (nmeth)acrylic ester in a ,pos‘vpy
di stillation tower. Distillation is an operation in which a raw

liquid conposed of two orl nore liquids in a m xed manner each having a
different boiling point is heated for.vaporization and the gas (or vapor)
mai nly conposed of DESIUIRAXTION MEIHODQASD| DRSTILIATION ARFARATUS condensed
to separate the conponents of the mxture of liquids. In the case where
the relative volatility between the conponents is great, the separation of
the conponents is easy. However, there cones a problemthat, in a nornal

state, the CBADREGROUSD GENYE NSRRIVt ed with a desired concentration by
merely vaporizing and condensing part of the m xture of |iquids.

Accordingly, it ishpsopnesmlid Al Ro Aemdthoff andi $41 Appdious hat part
of the condensed liquid isireturned (refluxed) fromthe top of the

diStil|ati0nf&?“@is%%&%thﬁ%ﬁ%¥ﬂ¥¥di lﬁgyag&ﬁﬁgagzggﬁgm§§2 | 1{ &g provided

in the tower tore thie' 'gas Tisrng up f tron tower

into contactegeég iﬁm%réi%éﬁiﬂééﬁgﬂjES%%&[ning from the top of the tower in
an adequat e manner~So as 10

Distillation is an operation in which a raw liquid
composed of two or more liguids in a mixed manner eacﬁ
having a diffe%ent boiling point is heated for vaporization
and the gas (or vapor) mainly.composed of a component
having a loweriboiling point is condensed to separate the
components of %he mixture of liquids. &n the case where
the relative v%latility between the components is great,
the separationiof the components is easy. However, there
comes a problem that, in a normal state, the components
cannot be sepaﬂated with a desired concentration by merely
vaporizing and condensing part of the mixture of liquids.

x

Accordingly, it| is a general practice in the art of

Lo oo s
distillation that part of the condensed! liquid is returned

(refluxed) from the top of the distilla?ion tower while

H
passing a tray br a surface of a packing provided in the
, :

-

tower to renderithe gas rising up through the distillation

!
tower into contact with the reflux liquid returning from
l

the top of the #ower in an adequate man$er so as to

withdraw the co&ponent having a lower béiling point through
-
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wi t Fgkaw t he conponent having a | ower baishssngripekstis tdaramighes xees4201230286 P 6
2 the top of the distillation tower while w thdrawi ng the conponent
havi ng a hi gher boiling point through the bottom of the distillation
tower. The efficiency (distillation performance) of the distillation tower
can_be theoretically calc Iated according to the specification of the
tower, the flowrate of the liquid and the gas to be supplied through the
tower, and ttke graperf thenphissfillation towenowkike withdrawing Bde ng
ability of aliquid to bejsupplied into the distillation tower

(her ei naf t ergompcaentr dfaari at highetshppl yndgi peint )tletghasthe bawtomqui d
and a reflux liquid is loWw the supply liquid unevenly flows through the
distillatiorof ovey .didGqan hy towert akefe affiildifenlcyt Yddstilagsivhen the
appar at us/ net hod adopts th tray tower, or a packing with a thickness of

several ten pavddrmiRicd)S otb theddi Eed) Weetoh heowep sl fﬁie%@t‘i‘éﬁﬂtl? Lhe

packed tomer systen1to eve Iy distribute the liquid. Nanmely, in
convent i onale RN géU%o fheC é@if&é dﬁi n Y Endf ithlAl ORne
per formance that mould ave en obtain d according to the theofy could

not be obtai a JI e I t rs Qf
distillation I%filcesafOQ% xj'gﬁiﬁegfs“gr#%%e&%enéshe# o# ih}g.le(as&%%ﬁugpl qui d
's great, Ortz}ehec Ne3SOShY kR pﬁgpéé‘@ﬁ' thereot.

If, however, the distributing ability of a liquid to

be supplied intio the distillation tower;(hereinafter, also

referred to as “supply liguid”) such as a raw liguid and a

reflux liquid ils low, the supply liquid unevenly flows
through the dis&illation tower. Accordingly, it takes a
plurality of trays when the'at:paratus/méthod ad:opts the
tray tower, or a packing with a thickness of several ten
millimeters is required when the apparatus/method adopts
the packed tower system to evenly distribute the liquid.
Namely, i i the conventional method. and apparatus, a
certain level o& distillation performanée that would have
i
been obtained aLcording to the theory could not be obtained
occasionally. Especially, if the diameéer of the
distillation to%er is large, or the surtace tension of the

supply liquid 1L great, or the v1scos1ty of the supply

liguid is hlgh, or the supply liquid haé a property that

the liguid is easily separated into two;liquid phases of

oil phase and wﬁter phase, a problem has been pointed out

-_
—2-
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| i qedost 1S high, or the supply liquid hasyesprropeet ys R 6 RROEEFEGI 2P0RES F 7
easily separated into two |liquid phases of oil phase and water phase, a
probl em has been pointed out 3 that
the liquid is liable to unevenly pass through the distillation tower,

whi ch woul d | ower the distﬁllation efficiency. E%pecially, the prior art
apparatus/ nethod has suffered froma problemthat the distillation

ef ficiency ithatgrasualilgpikdover ddabhet he vaseemly (hests [Hhinvmghndhie) acrylic

acid and/or (neth)acrylic lest er . FIG 1 is a cross sectional view
exenpl i fyi ngﬁ&ﬁiﬂmatimmqwke,wh@bhi wogbdelGhdy tigediiistillationor art when
distilling (neth)acrylic acid and (neth)acrylic ester (hereinafter, also

sinply refergmddieny." (EBbE 81N | GhéPrordart apparatulpethéd has
(meth)acrylic acid and (neth)acrylic ester). In thi's enbodi nent, descri bed

s & case Mg dd Pon QUpGobleNtfl (£RL AR Mildt 34 ericieaRyaiged as

a mai n conponent and acetic acl I'S contal ne as an I1npurity is Used for
distillatio raw. L qui d i pRLied. into..t1d | St i r 10
Chrough 5 | erediRIng 1obied, 4 cRUPRILE or MO (e et By aUByIINCT 10
through the distillatiagn r_10.whil e being vaporized by heating, and
IS I ntroduc Elﬁﬁﬁgdk§ﬁdzﬂgiﬁ§gﬁ§§£§c2%§5$5fthe top of

FIG. 1 is ja cross sectional view e%emplifying a tray

tower 10 which {is generally used in the prior art when

distilling (met&)acrylic acid and (meth)acrylic ester

{hereinafter, allso simply referred to as *(meth)acrylic
acid” as a gene}al term for (meth)acrylic acid and
(meth)acrylic_ester). In this embodiment, described is a
case where a raw liquid in which (meth)acrylic acid is
contained as a %ain component and acetié¢ acid is contained
as an impurity %s used for distillation, The raw liguid is
supplied into t%e distillation tower 10%through a line L,.
Acetic acid havkng a lower boiling péint rises up through
the distillatio% tower 10 while being véporized by heating,
and is introduc%d into condensing means .20 via the top of

the distillatio£ tower 10 through a line L,. After

condensation by|the condensing means 20, the condensed

-
3
H

liquid is drawniout through a line L,.
1

On the other hand, {(meth)acrylic adid, having a higher

boiling point, is drawn out from the bottom of the

!
distillation tower 10 to a next step through a line L,.
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the rosgti |l ation tower 10 through a |ine;dsds ZAI}BQé)mCWQS%j%‘@yWQB%G P s
condensi ng neans 20, the condensed liquid is drawn out through a line

Ll[err]. On the other hand, (neth)acrylic acid, having a higher
boiling point, is drawn out fromthe bottomof the distillation tower 10
to g next step through a ane Llerr]. Part of a refined liquid
obt ai ned by the above distilation is returned to the distillation tower 10

via a reboi | par8Ooft &r pegined | iifuid @btlainsdnbg the abodendisitillatiibby the
condenser 20 contains (neth)acrylic acid as well as acetic acid

(inmpurity), Rariethrhs €&"eienserhti10WtdonS okl Nedvis Nd OrébeiXsstid | ation
tower 10 through a line L[err] as a reflux liquid to inprove collecting

ef ficiency ofprg hiafix\’é'ﬁ .8Ck tho MR BifichEled! qlqaial bfUtHecontact in
the distillation fower neth)acryllc acid in thereflux liquid flows

down ont o thSoR&é Oiot | 5d | il h@%g&?ﬁ& a¢Pa2ld 4 abﬁ‘”‘at%&ﬁblgo the

next step nce (net cryllc a conpound

o Yo 2 ULk R | e PR LB B 2o o
o | g AR oL R, SR LoFud gy 2y 70 e
reflux liquid ﬂo improve collecting efficiency of
(meth)acrylic %cid. After subject to gas-liguid contact in
the distillatidn tower 10, (meth)acrylic acid in the reflux
liquid flows dﬁwn onto the bottom of the distillation tower
10 and is drawn out to the next step.

|

Since (megh)acrylic-écid is a compound liable to be
polymefized quéte easily, it is a general practice to add a
polymerizationiinhibitor such as hydroquinone and
-phenothiazine to the raw liquid and the reflux liquid.
Also, there hasg been adopted a method for supplying oxygen
through a line L, to the bottom portion of the distillation
tower 10 to sugpress polymerization.

Despite of the above countermeasures, however,

polymerization jof (meth)acrylic acid capnot be completely

prevented. Containment of polymerized matters in the

distillation tawer 10 lowers purification performance in
the distillation tower 10. Accordingly, what frequently
happened was tJ suspend operation of the distillation tower

i
10 for removing the polymerized matters accumulated in the
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t OWEROMLO t 0 suppress pol ynerization. 1999@&51;2'5&1@f26tf$fe6mo'me42mzsozss P 9
count er measures, however,
conpletely prevented. Containnent of polymnerized matters in the

tower 10. Accordingly, wha
of the distillation tower

pol yneri zation of (neth)acrylic acid cannot be

frequently happened was to suspend -operation

distillation tower 10 Iome[s purification performance in the distillation

accunul at ed fhsthblation t

I NVENTI ON

In view t

provi de a NeSWMARY MORITHD
and/or (neth)acrylic ester;that enables distillation of supply liquid
wi th high purifi catiview

preventing
t ower .

pol ymeri zati o
prkov oddi £\l

10 for renoving the polynerized matters

werdild.i | | ati on tower 10. SUMVARY OF THE

ereof, an object of this inventionis to
ONor distilling (meth)acrylic acid

driepifgnay bbfjeat| ofigtlvper ivent iiames Wo | e
of (meth)acrylic acid in the distillation
abavanohpparatas pepedistoilling invention is

directed to a nethod for djstilling (neth)acrylic acid and/or
(et h) acryl i Gne@s Blcdvl &
uni formy d?gtriﬁjt%g a

di stillationg{ ef A4en Y Spbiy! 116018 HPERZRIHR pf¥Fivation |

3 lahldabkoimbONPAcr FRIP dfidl i Hnliblek
upply liquid to be supplied into the.

efficiency for 'a long operating time, while preventing

polymerization of (meth)acrylic acid in the distillation

tower.
To achieve

invention is di

the above object, an aspect of this

rected to a method for d#stilling

{meth)acrylic acid and/or (meth)acrylic'ester in a

distillation tjwer, comprising the step of uniformly

distributing a supply liquid to be supplied into th

distillation tower over an entirety of a horizontal cross

sectional area /in the distillation tower to prevent

polymerization pf (meth)acryiic acid in the distillation

tower.

L3
!

According to the distillation method of this invention,

the supply liquid may include a raw liq&id before

distillation, a

reflux liguid which is returned into the
] - .

distillation toer after condensation outside the

distillation tower, and a refined liqui? obtained after the

distillaticen.

Preferably, according to the distillation method -of
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secth@nal area in the distillation towerisbe: piedant s Jpokaeersd Tme=suon 206286 P 10
(meth)acrylic acid in the distillation tower. According to the
distillation method of this invention, the supply liquid may include a raw
liquid before distillatioh, a reflux liquid which is returned into the
distillation tower after cpndensation outside the distillation tower, and
arefined liquid obtained after the distillation. Pref erably,
accordi ng tothie dhwsntilat, at fe@sstdonk. of the supply liquids may be
6 this invention, at |eastjone of the supply liquids nmay be supplied into
t he distiIIasﬁppliadwﬂnﬁdninﬁydimmiﬂ&a$ﬁohmmowenptﬂgoqght&t least Nbice
preferably, according to the distillation method of this invention, at
| east one ofsiisly it J i guids may be supplied i:nto the distillation
tower in a spraying nannef. In the case where the distillation tower
is atray tower udhe P19, ABcBkdngOEROehé | Dbt It iciUinéthod Ssting
at any location of a tray Imediately bel dw the supply port may vary
within the r 0 - the  .a e n td t:ne .l d.gui.d on the
96 L ichC at }%é@@ ofi8 8?”{,1{@ é‘%bgh elx.gﬁr}rﬁsqwa

tray. It may be preferable to se pressure [0ss y port of
the be supplied into the distillation tower in a spraying

manner.
In the casle where the distillation{tower is a tray
tower, the concentration of a compositién in a liquid
existing at any] location of a tray immeaiately below the
supply port maj vary within the range of 130% of the
- average concentration of the liquid on the tray. It may be
preferable to set a pressure loss at the supply port of tﬁé
liguid at 50mmH,0 or more so as to uniformly distribute the
liquid.,.
Another aspect of this invention is directed to an
apparatus for distilling (meth)acrylic acid and/or
{meth)acrylic ester in a distillation t;wer comprisings
supply means for supplying at least one of supply liquids
including a raw liquid, reflux liguid, ?nd a refined ligquid
into the distilllation tower, the supply‘means including at
least two supply ports through which th% liquid is supplied

into the distilllation tower.

Preferably, the supply port may belprovided with a

pressure loss generator (e.g., an orifide plate).

\
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|'i qekotk at SOmMH[ err] O or nore so as to UBbdx0bAThY «flh Sizkidit sl iaeatdigitizde » 11
Anot her aspect of this invention is directed to an apparatus for
distilling (nmeth)acrylic agid and/or (nmeth)acrylic ester in a distillation
tower conprising: supply ans for supplying at |east one of supply
liquids including a raM/IEEUid, reflux liquid, and a refined liquid into
the distillation tower, the supply neans including at |east two supply

ports through whiMdrd hpedfiegabdyi, sthepphpplly medns tivr duppllyliag at t ower.
Preferably, the supply port may be provided with a pressure |oss generator

(e.g., an oriddsie dile?lc®) the supply liquids M@ WIR{EAMaw 1igaigyprl y neans
for supplying at |east one of the supply liquids including a raw liquid, a

reflux |'iquiseiand 1&@&@,&3@1& iaqyééigag divﬂﬁ&mi@na@ iHAWHEC AN atomizéBC

above and ot her objects, features an ahtages ™ of the present 1nvention
w || becone nore n eak f NG '
description and ravm'gﬁgge HBQB&?&#D@%@?&% &%J%E%%F%‘égehbgg FIG 1
is a schematj i aqr how .dist] t t ho f ior_art;
5 TS TIE AR L e J LBt LA

reading of the following detailed description and drawings.

!
l

BRIEF DESCRIPTI:N OF THE DRAWINGS

FIG. 1 is schematic diagram showing a distillation
method of the p&ior art;

FIG. 2 is a schematic diagram showing a manner of
supplying a liquid according to the prior art method;

FiG. 3 is ;a schematic. diagram partially showing a
method of suppl#ing a liquid accoxding £o this invention;

FIG. 4 is h schematic diagram partially showing the
method of suppl&ing a liquid as an altered arrangement
according to thdis invention;

}

PIG. 5 is g schematic diagram partially showing the
method of supplying a liquid according t-:o this invention;
and |

FIG. 6 is a schematic diagram partially showing the

method of supplying a liquid as an altered arrangement

according to this invention.

DETAILED DESCRIPTION OF THE INVENTION

_—
-
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suppkad ng a |iquid according to the priapsat barmeido6;27wm:6: 23-kdds4 30128086 P 12
schematic diagrampartially showng a nethod of supplying a liquid

according to this invention; FIG 4 is a schematic diagrampartially
showi ng the nethod of supplying a liquid as an altered arrangenent
accarding to this inventioh; FIG 5 is a schematic diagrampartially

showi ng the nethod of supplying a liquid according to this invention; and
FIG 6 is a schemdforeidegraibiayt aaprgfehoed nembditimendt lodd tdfissuppl yi ng a
liquid as an altered arranfenment according to this invention. DETAI LED

DESCRI PTI ON {dtveltth drYVig¥ 1l ¥ described is a manner of supplying a 8
Before describing a preferred enbodinent of this invention, briefly

descri bed i quco%ﬁqpebybmoﬁ akt%&@&wﬁi @ fe ROk odklglet hod
with reference to FIG is a partially cross sectional view

of a distildation tower o[ prior art for distilling (nmeth)acrylic acid
and (nmeth)acrylic ester. In FIG 2, a nozzle 11 is provided at a side wall

of the dlStI||EﬂIé¥% 50@gr 18a&91§ff§ ¥f£%£5§£é€f8H41 %& %_Bgeadlstlllatlon

t ower
distillation tower of prior art for distilling

(meth)acrylic agid and (meth)acrylic ester. In FIG. 2, a
nozzle 11 is prgvided at a_éide wall of the distillation
tower 10 to supkly a raw liquid into thé distillation tower
10. Also, anotﬁer nozzle (not shown) is provided at the
distillation tower 10 to supply a reflux liquid and a'
refined liquid to be returned into the distillation tower
10.

As a resul% of an investigation of a cause that would
lead to polymerizatién of (meth)acrylic acid during

,

distillation, the inventors (applicants) of this
application fou:nd out that a supply liquid such as a raw
liquid and a re&lux liquid is unevenly supplied into the
distillation to@er 10, namely, the problem resides in the
manner of suppl%ing the ligquid.

Specificaliy, when distilling (meth)acrylic acid and
{(meth)acrylic eéter in the distillation tower 10, tﬂ;
concentration of a composition in the liquid in the

distillation tower 10 varies, and accordingly, the

polymerization inhibitor in the supply ligquid is unevenly

-8
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10. riiMsO, anot her nozzl e (not shown) is 1ps@ybAied @Ak s 2haum 6 Slideeatdi o5 kOWers
10 to supply a reflux liquid and a refined liquid to be returned into the
distillation tower 10. As a result of an investigation of a cause
that would lead to polynerization of (meth)acrylic acid during
distjillation, the inventors (applicants) of this application found out

that a supply liquid such as a raw liquid and a reflux liquid is unevenly
suppl i ed i ntdisteibuied iid Atdras todweliddid npiede., Fhetheobl g@asresi des in
the manner .of supplying the |iquid. Specifically, when distilling

(met h) acryl i en@@éill el oWs e ! b€ gakebus "phége di Thielredlyi, on tower 10,
the concentration of a conposition in“the liquid in the distillation
tover 10 vardgser ARtk AL YellddhhnceNBs BRYYER! bdahl M | AP 1N the
supply quuidﬁfgruneven 35 ne Q§¥ 2 9
di stributed } 4 Qi h : u y flows in
terns of gas%gsu{éf{)%tslé.n Og}rééf))}fa %ggsttplgbé{]?%s%er osrrbrfc%yg%b d:)xygen
supplied int h jstdllation tower 10 for the purpose of suppressing
pol yrmer i zati‘g%iﬁ"‘g‘"_"f%m%"e"d’. 15’ Towers addition, since the liquid flows
through the di still o di0"gintd LRE"FibYsa" PRSSs WEMugiehd's
|
distillation téwer 10 unevenly, there occur various

problems such éhat the temperature in the distillation .
tower unevenly'riSes at several locations, the liquid
remains on the surface of the parts inside the distillation
tower 10, and dried-up locations appear in the distillation
tower 10. In this way, locations appear here and there
inside the distillation tower 10 where polymerizatién is
liable to occur. If polymerized matters are generated, it
is required to suspend operation of the diétillation
apparatus so as to remove the polymerized matters
accumulated in the distillation tl:.ower 10. In particular,
as the diameter of the distillation tower increases,
polymerization likely occurs. Further, in the case where
the supply liquid has a high viscosity, a large surface
tension, and a property that the liquid is easily separated
into two phases (o0il phase and water phase), there cannot
be avoided a phenomenon that the liquid unevenly flows
through the distillation tower, which would conspicuously

lower the distillation efficiency.

THIS SHEVT HAS BEEN
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preRbens such that the tenperature in thgediatiddatkl 2Duml0VShaeioyBRbYss © 14
rises at several locations, the liquid renmains on the surface of the parts

instde the distillation tower 10, and dried-up | ocations appear in the
distillation tower 10. In this way, |ocations appear here and there
inside the distillation tower 10 where polynerization is liable to occur.
| f polynerized matters are generated, it is required to suspend operation

of the distillati®rorddpPAAtdvi0 the hBovBNP¥Eb1 AR, pa&aﬁmmged:wameers
accunul ated in the distillation tower 10. In particular, as the dianeter

IC:)Lr]E Egrfjl ?;a%%gﬁé%%i%eeﬂwgﬁS%%Fygﬁjivé?%bﬁgtshg@h%dgﬂlﬁ\fsco r@ lda | ar ge
two Sﬁises?‘i.?&*ﬁ%@%% W %‘g‘ﬁ%@%ﬁ-gﬁae&%‘ﬂaa%%o?'??%étév??ﬁ%&aée e
Tl Bl S AR W A e e

whi ch woul d"Conspi € ou

10 1Li In_order to SQ|V robl e accy to the

st | ati FRATHO PR A @neioimef:ﬁéagmﬁ@ GRRUET S ST
supplied (djstrjbuted) onto an entirety of a horizontal cross sectional

area in a %ﬁq*qz&Q§i¢Q(ﬁﬂﬁ'Qﬁﬁtlﬁﬂé§éﬁﬂ EBV?ﬁerﬂ?aPFéﬁroFo(ﬁEPH}ﬁcryl|c
actd in the SL”%iquld as unlformly as possible, it may be preferable
’
to supply at legst one of the supply liquids through at
least two suppl& locations (ports) or in a spraying manner.
The more the supply locations are provided for any
kind of supply liquid, the better result is obtained. In
this embodiment} providing four or more-supply ports is
ﬁreferable. It should be appreciated, however, that what
is essentially important in this invention is to uniformly
flow the liquid through the distillation tower.
Accordingly, it; may be preférable to set a plurality of
supply ports :i.ng a symmetric relation with respect to a
center of axis éf the distillation tower.
Further, i% may be preferable to set the flow rage of
supply liquid té be supplied through each supply port at an
equivalent valu; as possible. In order to suppress

variation of the flow rate, it may be preferable to provide

an orifice plate, a valve, a reducer or its equivalent at a

specified position in the supply port so as to set a

pressure loss at the supply port at 50mmH,0 or more.

This Sheet Has Been Rep : -10-
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i quodd i nside the distillation tower. |pQLdgl 4@, SUPDu:s blSabbayifhodss ¢ 15
uniformy as possible, it may be preferable to supply at | east one of the

supply liquids through at |east two supply locations (ports) or in a

sprayi ng manner. The nore the supply locations are provided for any

kind of supply liquid, the better result is obtained. In this enbodinent,

providing four or nore supply ports is preferable. It should be

appreci ated, ho e t ; o S ' N sl Rtgat i IS, NvVent i on
W‘?r}‘»] ‘the Eggﬁ‘“@@_ ar%ilc?ﬁgfr%rhgclzldkldg)gl 2at 58 hBlSné

is to uniformy ow t i qui rou IstilFation tower”
Accordingly, J e.prefer e e | t fo s I orts in a
symetric raxlzfttfleg%%\}mgt ﬁgr ggge Fét%éguéce%&exfé%gf’ﬁjgx il)ésgf v Egggi g{llgl | ation

t ower . Further, it may, be ferable.to.s the fl.owrate of supply
liquid to béfaé‘&ﬁpf’%ea°k’h*r'8uéﬂge‘5‘g‘ﬁa%’3upg¥b‘§/ Sdb‘?‘ilcgbwaﬁm&&mi HAFEXET val ue as
possible. In _order to _suppress variation of the flowrate, it may be
preferabl e 88 SheETIGRt Pt FURPERSAING They vpg iatippadetloy Fatke
equi.valent at a specified position in the supply port so as to set a

pressure | o§8nRPt RE sEPpryedofrrihenGhiihe Prosgurgpless is too

11 In the case of providing an orifice plate, it may be preferable to
set the val darge.praceenrdingys Vit may beeprefiagablbe tooseb tIoo uppderr] O

It should be noted, however, that the effect of suppressing the variation
of flow ratdimit of pressure loss at 500 mmH, 0. In the case of using

a spray deviceéat the supply port, the value of pressure
loss is usually within the rangeé of 3000 to 10000 mmH,O.
FIG. 3 is h diagram showing a manner of supplying a
raw liquid thr&ugh a plurality of nozzles 11 provided in a
side wall of a %istillation tower 10 according to this
invention. FIG; 4 is a diagram showing a manner of
sprinkling the liquid onto a tray 13 through a number of
supply holes 12% formed in a distributor pipe 12 inside the
distillation to?er 10 according to this invention. In FIGS.

3 and 4, providing a plurality of supply holes l2a and
i
nozzles 11 enabpes uniform distribution of the liquid onto

the tray 13 to ﬁmprove distributing ability of the supply

i
I

I
FIG. 5 is ? diagram showing an example of supplying a

liquid.

reflux liquid through the top of the distillation tower 10.
In FIG. 5,§the reflux ligquid is sprayed onto the tray

13 through four[supply ports (shower nozzles) formed in a

distributor pipé 14. When supplying the reflux liquid

_—
Thissﬁeﬁtﬂasﬁeenkc I -11-
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canmee be expected further if the pressybgd gﬁsstﬁsz;q@mdiarzgmsé@foqwhzeglpym

it nay be preferable to set the upper |imt of pressure |oss at 500

mH err]O In the case of using a spray device at the supply port, the
val ue of pressure loss is'usually within the range of 3000 to 10000
mH.err] O FIG 3 is:a diagramshowing a manner of supplying a raw
|l iquid through a pIurallty!of nozzles 11 provided in a side wall of a

di stillati oRHr@Rfh la(i\ea%gt(dtnahéoclmtﬂuﬁwtﬁmr RloG i4 & aikbagram
showi ng a manner of sprinkling the liquid onto a tray 13 through a nunber

of supply hel8s a12% a0 Tg "‘@nii‘rghﬁxh EhPut erf&lr@?wjr\z s“%béémbﬁﬁleg in

distillation tomer 10 according to I'sS invention
di I f
B ot buti ot nebt; SleBkEnle IR 3N o“ﬁéér§§%% %&ié‘ng' .
bi | f [ I
of suppl vi nd %scp%?p%xtb i Lh atih v Rﬁé‘gaégwf eﬁi‘%rfs?oﬁé?”‘ioe
In FIG 5, the reflux liquid is sgraxed onto the tray 13t rough four

suppl y por t PrEERERELen 2, PRERY | Bhetiquid, doynsandy, agr SHPHE 8.

supplying the reflux liquid 12 through
the ‘top of FﬁePﬁF?PPFI&ﬁP:En§§§k¥mﬁmﬁ ag nuch jageppssihde.a so-cal | ed

"entrai nnent" phenonenon ijs acconpani ed in
On the cother hand, polymerizatlon is llkely to occur

on the surface Ff parts at the top of the dlstlllation
tower 10 such a% a head, a vapor outlet pipe and so on.
Accordingly, iﬁ this case, it may be preferable to spray
the liquid upward to prevent polymerization. Furthexr, it
may be preferable to prepare a spray device capable of
spraying droplets of the liquid having a relatively large
diameter to prevent occurrence of the entrainment.

FIG. 6 is @ diagram showing an altered arrangemént of
the method of supplying the supply liquid according to this
invention. In FIG. 6, spray devices 15 are provided on the
tray 13 to supplly the liquid in the form of mist. When the
liguid is supplfied through an intermediate portion of the
distillation tower 10, where the trays 13 are set at a
relatively small height interval, and the distance between
the spray device 15 and the tray 13 (or a packing) is small,
it is preferable to spray the liquid upward instead of

downward spraying to improve the distributing performance

of the liquid. !
-
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Whi efod he [iquid is splashed agai nst gas o64s084 .86 A5 B4 ¢ I xdd@P2ARd0RE » 17

distillation tower 10. Accordingly, it is preferable to spray the liquid
downward, as shown in FIG 5, to prevent the entrainment as nuch as

possi bl e. On the other hand, polynerization is likely to occur on
the surface of parts at the top of the distillation tower 10 such as a
head, a vapor outlet pipe and so on. Accordingly, in this case, it may be

preferable to spreyrtidie, lituisd prasei-dnie poeyedttiel somydsziaiiom offFurt her,
it may be preferable to ptepare a spray device capable of spraying

droplets of the é&ﬁg&iiigqggﬁléaday %bLPan6h§r§68s£EI§mﬁﬁ”ady1ﬁvfﬁﬂaﬁ

occurrence of the ‘entraln . i s a diagram showing an altered
o1 aNGETEnt 6 phDL IR0 et bBOshEcePHONLY bt PGl g 0 (h' s
a1t er moc P8 Crdt it el reFRe Piguiafly SpREEeBRLAGE | 07 250"
e Set 2t oond SR b kbRl 10 0 LB NP
ot ove t he SRELIGUARTGR, (RHMGANCE the tRaY| Lo impediately bebow e’
supply port ma% be varied within the range of +30% of the
average concenfration of the liquid on the tray 13. More '
preferably, the variation is set within the range of +20%.
One type of the supply liquid may be sprayed onto the
tray 13. However, it may be preferable to spray two or
three types of ihe_supply liquid onto the tray 13 to attain
uniform concent?ation of the composition {component)
contained in th? supply liquid to be supplied into the
distillation to%er 10. | )

According ko this invention, even if the diameter of
|

l .
the distillatiop tower 10 is large, the supply liquid can
I

be distributed uniformly into the distillation tower 190.
Further, even if the supply liquid has a high viscosity and

a large surface tension, gas-liquid contact efficiency is
improved. Even'if the supply liquid has a property such
that the liquid| is easily separated into two phases (o0il
phase and water§phase), the supply liguid can be uniformly

distributed.

HereinafteL, an example to realize the invention is

- = 3 -
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13 rrow Further, it is preferable to set;g$dreGOHROSE Lsb A1 OF 22 4d¥@a5pPdYs ¢ 18
| iquid equal as nmuch as possible at any portion of the liquid regardl ess

of the type of supply liquid (raw liquid, reflux liquid, and refine
liquid). Specifically, the concentration of a conposition in a liquild
existing at any location {surface) of the tray 13 imredi ately bel ow t he
supply port may be varied wthin the range of 30% of the average

concentrati cleddr i@ lirfWeta@n .t hend rey) YodridPlekampief esabhywet e, vari ation
is set within the range of: 20% One type of the supply liquid my be

sprayed ont gud A€y tdrd o3 thEOWRYRbLek! tHBYePEi FE A1 Pileddn® IPRANRLEWR.OT
three types of the supply |iquid onto the tray 13 to attain wuniform

concentrati ; |t G [ i pply

Taur d to ot e R, foRnt EPPRANA ndCRated HYTCRIE Y o
this inventi [ di t f 4.1 LshLllyat | Ois

| arge, the s%%pﬁx? eellaqw 85‘%&% git;@dl‘lesrstt% t%)lﬁ 2%%%%%8%% %hlggtggﬁéu&
distillationgtower 10.. Further, .even if_the,s |y li,quid_has_a high

0 tosi ty i Be sHLEOShEARKS oo e GHiR Yoo b sBpRrRRELEf | <

I nproved. Even if the supp]jy.liquid has a property such that the Liquidis
easi |y separ ish‘tlgl%l%ih‘&gésafﬁVlt%*séi%tﬂé’cgerfrﬁﬂ’agrgﬁ SPAELEuppl vy
liquid can be uniformy distributed. Herei nafter, an exanple to

real i ze the A0/ &ROPEn oifsthe present invention.

{Example)
Used was a] distillation tower of a stainless steel
(SUS316) internally provided with 50 sieve trays of a

stainless steel| {8US316) having an inner diameter of 2200

mm. Acrylic acid was refined using this distillation'tower
according to thg prior art meﬁhod and the method of this
invention. a 1iquid containing 96 weight % of acrylic acid
and 2 weight % pf acetic acid was used as a raw liquid.

The raw liquid {vas supplied onto the tenth tray from the
uppermost position in the distillation tower at the flow
rate of 9200kg/hr in which S50 ppm of hydroquinone was used
as a polymerization inhibitor. A distillation (refinement)
of the acrylic acid was conducted in the above distillation
tower continuougsly for 30 days under the condition: ft the
towef top temperature 63°C, at the tower top pressure 40
mmHg absolute, the flow rate of the reflux liquid 8400kg/hr,
the concentration of hydroquinone in the reflux liguid 100

ppm, the flow rate of the ligquid drawn through the top of

L
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14 rt@gcri bed in detail. The foll ow ng exanpld:imsg ftovewers: 23 mesel2y1 BaessoP 19
the exanples to realize the present invention. Accordingly, the invention
shoul d not be limited by the described exanple. It is to be understood
that various changes and |nodifications on the design will be apparent to
those skilled in the art without departing fromthe spirit and scope of
the present invention. (Exanple) Used was a distillation tower of a
stainl ess starl dic%WS3ikligdnntewenl 130gkpiirecnd bixygensisepplyr agteof a
stainl ess steel (SUS316) having an inner diameter of 2200 mm Acrylic acid
was 1 ef i ned yxvicegnt ke GbStbhl 611 BFe tONEE11 MA@ itewelr0 10RR’ find or art
nmet hod and the nethod of tihis invention. Aliquid containing 96 weight %
of acrylic ' MR s %aQf t | uged rasmsdi geli d.
Theraw |1 qiid was S, CAFEARTALTER 67 it tiDn BF adecto quLd, &
posi ti on i1 el Skhl L3t AR APNEL) PLe 1P (AR 3! GeBbnd2R0KGRRY 1 whi ch
Uséd "as a pol yme rnhibirfor. A

50 ppm of hydrogquinone Was rization
distillation.(refdnenen of the acrylic acid S duct ed.i above
distillation™ u&\ﬂela cgﬁ%’#ﬁgﬁglﬁl?lﬂ? é?)“gta‘i/s?“ur? er t%%& ggnﬁﬁ lfgn%'{‘]%t t he
tower top tenperature 63[arr]C ,at the t r .top pressure 40,
absol ute, tF@% UL @a%fs?ﬁﬁl+%élY5?I?éﬁﬁ%fQ§580?Qgh§ge Yﬁﬁlégﬂggn?ﬁation
of hydroquinone in the refilux liquid 100 ppm the flowrate of the liquid
dr awn throu@hetﬁgnpgptggtnon of hydroquinone in the collected ligquid -

was measured. Also, the distillation tower was put into

disassembly aftiler continuous operation of the apparatus for

‘30 days, and the amount of polymerized matters accumulated

in the distilldation tower was measured.
[Prior Art Metéod]

The raw igquid and the reflu% liquid were supplied
through one supply port formed in the side wall of the
distillation tower shown in FIGS. 1 and 2, and distillation
was conducted under the above conditiops for 30 consecutive
days. As a resilt of the experiment, the concentration of
acetic acid drawn through the bottom of the distillation
tower was 1430 ppm, and the variation of the concentration
of hydroquinone was within the range of -63 to +72% of the
average concentiration of the liquid on the tray. Th?
amount of polymerized matters accumulated in the
distillation tower was 15 kg.

[Example 1 according to the inventive method]

The raw liguid and the reflux liquid were supplied

This Sheet Has Been Replaced ~13-
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1200kg/ hr, and oxygen su ate e
bottom of the distillation tower 10Nn| er ?ﬁ ry%gi.zg(ﬂf ggs?oy 18" (é%f?&% ¢ iR
concentration of acetic a¢id at the bottom of the dlstlllation t ower was
nmeasured, the liquid at arbitrary eight points on the tray on which the
raw | iquid was supplied s collected, and the variation of the
concentration of hydroqui one in the collected liquid was neasured. Al so,

15 the distillation tower

the distillg t Sags t o) us operati orr
of the appara usg$ ] é¥£s %da%§u§ o%lg%lié%ﬁfgéd matters

accumnul at ed dlstlllatlo asur ed Prior rt Met hod]
The raM/Ilqﬁ%ﬁgﬁ%ﬂaY+ﬁP ?5<%qQ$§a&nﬂe$§ §Heﬁlf%ﬁen¥+éanﬂ1s §hpp|y por t
formed in the side wall the distillation tower sho F GS and 2, -

Lﬂkﬁﬁf%&mméPntﬁétéBOQE ERAE Y

sult of the_experinent, the concentratlon of
acetic aci FeEHR Higwidhls wethtt ancrtase vakue | AN oxifisfeplage 1430
ppm and the variation of [the concentration of hydroquinone was within the
range of - 68a% pugidest irheachy efagbecfnvenneazlem. offhehd ianddi wasn t he
tray. The anmount of polyirerized matters accunulated in the distillation
tower was I1Supulied Bxarplstateathatdthg presbhere nless iate thet lod]fice

and di stil |IBRRBEr Ghat

consecutive days..  As a_ r

plate was 150 mmH,0, and distillation was conducted under

tion for 30 consecutive days.

the above condi As a reqult.

of the experimint, the concentration of acetic acid drawn

through the bot
the variation o
the range of -2
the liguid on t
matters accumul
[Example 2 acco
The raw 1i
Example 1, and

through four su

was conducted un

days.
.acetic acid dra
tower was 120 p
hydroquinone wa
concentration o

polymerized mat
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tom of the distillation tower was 850 ppm,

f the concentration of hydroquinone was in

7 to +23% of the average concentration of
he traf, and the amount oflpolymerized

ated in the distillation tower was 2 kg.
rding to the inventive method]

gquid was supplied in a similar manner as
the reflux liquid was sprayed onto the tray
Distillation

pply ports .as shown in FIG. 5.

der the above condition for 30 consecutive

As a result of the experiment, the concentration of

wn through the bottom of the distillation
prm, the variation of the concentration.of

5 in the range of -11 to +8% of the average
f the liquid on the tray, and the amount of

ters accumulated in the distillation tower
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Thereawv | iquid and the reflux |iquid wergos4IRR] Je@8) 16: 31, wmi6: 23 smEsa201230286 P 21
16 through four nozzles provided at the side wall of the distillation
tower according to this inyention in such a manner that the distribution
ratio of the raw liquid tofthe reflux liquid is set at a certain value. An
orifice plate was provideé in each of the four nozzles. The liquid was
supplied in a state that the pressure loss at the orifice plate was 150
nH err] O a@ggd@§giﬁéfiiom was conduct ed under the above condition for 30
consecutive days. As result of the experinent, the concentration of

acetic acid ﬁ%ﬂ ough:the bott of, I Stj {.on tower was 850
ppm the vaﬁa I ]hég a‘[%é’;écdgﬁ‘ge%tgr gwfoﬁn%gg%gé’ﬁo%%%tg%d was in the range
of -27 to +23% of_t he erage cqncentration, o t he |Jjquid the,trqy, and
Che amount of  pol TSN daARSs VASCAMIPLLEY FHETEAANY 40 (e AStbPRue:
was 2 kg. [Exanple 2 accaqnding to the ipyenfive nethod]. The raw
(TGt d vas B P BT ShnPRd thenRer BIULS Faf SuEbLid AcEorBLR,
liquid was sprayed onto the tray through four supply ports as shown in
FIG 5. Disth?I%he sethps BudPeBIGnd8rin Héhigh g girfiltiXod agddao
consecutive days. As a result of the experinent, the concentration of
acetic aci d andhe Irasugdiauid wereoapoiyedcomtiatthe duagn throwsh ®he 120
ppm the variation of the ¢oncentration of

respective four| supply ports. Distillation was conducted

under the above| condition for 30 consecutive days. As a

result of the ekperiment, the concentration of acetic acid

drawn through the bottom of the distillation tower was 80

ppm, the variatjion of the concentration of hydroquinone was

in the range of| -2 to +3% of ‘the average concentration of .

the liquid on the tray, and the amount of polymefized

matters accumulated in the distillation tower was 0.1 kg.

The result;of the above experimehts is shown in Table

] | LI
'Ihls ShectHasB en [k
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hyde.ggui none was in the range of

of the liquid on the tray,

accunmul ated in the distillation tower
[ Exanpl e 3 agcording to the inventive method]
l'iquid was supplied accordlng to the nethod

was 0.5 kg.

| iquid was

reflux liquid

respective
condition f
concentrati
tower was §
in the rang
the tray, 4
distillatid
shown in T4

A

-11 to, 9J§§ﬂ=/°29t 26

Ff%sa%%95ﬁ¥le23)§9£¥E§@¥dé@£éd39 22
and the anount of po

ynerized matters
17

The refl ux
shown in FIG 5, and the raw

supplied according to the nethod shown in FIG 6 in which the
and the raw liquid ver e SpPl qyed onto the tray through the

four supply porits. Distill at1on was conducted under the above
or 30 consecutijve days. As a result of the experlnent t he
oA—of—acetic—agld—drawi—thepgh—t-he—bettompt—the—dirstttizti on
0 ppm the vagiation of the foncentration gf Xdro ui none {was
e of -2 to +3%epreHEratirhge| THHRERP? £5 on i qui d]on
nd the amount @f polynerized {matters accunulated in the
n tower was 0. JoEgacetic acifhe|¢ensgptraffionhe (H93VBEEES i ments is
ble 1.

at tower bottom | of hydroquinone |matter in tower

{ppm) (%) (kg})
Prior art 1430 -63 to +72 15
Method
Example 1 850 | ~27 to +23 2
Example 2 120|-11 to + 8 0.5 .
Example 3 80|~ 2 to + 3 0.1

As mentioﬁed above, it is obvious that distillation of
supply liquid with high purification performanqé can be

performed for 4 long operating time according to the method

and apparatus d
polymerizétion
supplied into t

To sum up
provided is a m
(meth)acrylic a
distillation of]
performance for
polymerization

Although t

f this invention, while preventing
of (meth)acrylic acid in the supply liquid
he distillation tower.
the above, according to the invention,
ethod and an apparatus for distilling
cid and/or (meth)acrylic ester that enables
supply liquid with higﬁ purification
a long operating time while preventing
of (meth’acrylic acid in the supply liquid.

he present invention has been fully
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18 rrom Table 1 1999% 2H128 (&) 16: 3140 Ms8id100P0286 P 23

vari ation of anount of of acetic acid concentration

pol yreri zed at tower bottom of hydroqui none nmatter in tower
(ppmM (99 (kg) Prior Art 1430 -63 to
+72 - 15 Method [Exanple 1 850 -27 to +23

2 Example 2 120 -11 to + 8 . 0.5 Exanple 3

80 - 2 to +d@scribed by Qa} of exampli$ RN ir@Fedeabeveo thei s obvious that
distillation of supply lilguid with high purification performance can be

per f or med faecam}ﬁaﬂ%ﬁgeaf i 8d | M A0 U R0 uhiRek BRoBRL bRAL Saigppar al us

of this inventio e prevent| ng polynerization (meth)acrylic acid
th di st (L

'tﬂe aﬁoigppéécébg?hgn?o“‘?‘ﬁ ff(gaiﬂ%rps Rﬁen 'b%: 'ahgg!i:!eﬁ@ £8Vﬁose sla:.llé)dsum up

€ Thvention,

apparatus for til r and/ or iﬁﬂ th).acr ester

that enabl e&® g#‘étf‘f'#au (r;%tg:) Péiﬁfsa FFYHEfi r’% aﬂ ataingln

perfornancef alogg opgrating tine while preventin g rrerlzatlon of

(et ) acr yl REA&ELGaF10RR, %amyf Fam e scope oF LheuLAvEREITH oothe

i nvention has been full
should be coﬁlst rued as being included therein.
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19 rrd@scri bed by way of exanple wth refies@mnegs k@ 1182 #aCEORPARNLINY 230286 P 24
drawi.ngs, it is to be understood that various changes and nodifications
will be apparent to those skilled in the art. Therefore, unless otherw se
such change and nodificatjons depart fromthe scope of the invention, they
shoul d be construed as being included therein. . :

20 WHAT IS CLAIMED IS: 1l A nmethod for distilling (nmeth)acrylic acid
and/ or  (NekaaCiry ceaSREBr k0 a distillation tower, the nmethod conprising
the step of uniformy distyibuting a supply liquid to be supplied into the

distillati t | &ty Of | al ' I
nthe o S| A PRie, At (S LN (aReRIACEITIE aCAE AR T atl on

in the distillation

supply 11 qu Bt At hRE OFA ¥ B R % SR Tehe, HAERSAT,

refineq liq%%%prising the :tep of uniformly distributing a supply
liguid to be supplied into the distillation tower over an
entirety of a horizontal cross sectional area in the
distillation tower to prevent polymerization in the

distillation tower.

2. The distill?tion method- according to claim 1, wherein
the supply liquiid is at least one of a raw liquid, a reflux

liquid and a refined ligquid.

3. The distillétion method according to claim 2, wherein
at least one of the supply liqﬁids is supplied into the

distillation tower through at least two supply ports.

4. The distillftion method according to claim 2 or 3,
wherein at least one of the supply liquids is supplied into

the distillation tower in a spraying manner.

-

5. The distillgtion method according to any one of claims

1 to 3, wherein| the distillation tower is a tray tower.

6. The distillation method according to claim 5, wherein

This Sheet Has Been Replaced =20~
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3. The distillation nethod
the supply liquids is supplied into the
| east two supply ports.
wherein at |east one¢ of the supply liquids is supplied into
distillation tower
according to any one of cl
tray tower. the Gonkdéhtdiatliitnl i ancBREBOGE 86k O1kli ik 110 il @xE.stWhgr ei n
t he concentration of
| ocation of g
range of 30%f
The disfi){adi

wherein a pressure
H O e Al di sti
(ot 1) acryl OREARFEATIR, SnsEh 4

conpri si ng:

in a sp

e

0SS a

1d8RAI @'Y a ek

he average concen

v{?ﬂ:hﬂ?tt d

according to @bt Mhde WElLiBm cads kRE01086268f» 25
distillation tower through at

4. The distillation nmethod according to claim 2
t he
ayi ng manner. 5. The distillation nethod
ims 1 to 3, wherein the distillation tower

is a

|l iquid existing at any
' HihbRrthe
ration |%ﬂﬁ€?a %ﬁppﬁg r§§.
r di-ng - bjms 1 to 3,
%pgify—pst(?(r;‘t %(r‘}%t ?’ng g&ﬁgﬁf! : lqyi d is 50nm
n_apparatus for distilling
RSty

. at i
¥ distillation tower (10)

¢ApE

conposition in the

frahmeasdpely )
thang

7. The distillition method according to any one of claims

1 to 3, wherein

a pressure loss at the supply port of the

supply liquid is 50mmH,0 ox more.

8.
acid and/or (me
comprising:

supply mea
ligquids includi
refined liguid
means including

supply ligquid i

A distillat]

fon apparatus for distilling {meth)acrylic

th)acrylic ester in a distillation tower

ns for supplying at leasﬁlone of supply
ng a raw ligquid, a reflux liquid and a
into the distillation tower, the supply
at least two supply ports through whiéh the

s supplied into the distillation tower.

9. The distillation apparatus according to claim 8,
wherein the supply port is provided with a pressure loss

generator.

10. The distillation apparatus according to claim 9,

wherein the pressure loss generator includes an orifice

plate.
_—

21~
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supply neans for supplying at | east onesebs smpqaltgoibiﬁum:is;@m?wg%?sﬁaﬁ/v“

liquid, areflux Iliquid

t hrough which the supply |

] gnd a refined liquid into the distillation tower
(10), the supply neans in¢luding at | east

two supply ports (11, 12a, 15)
iquid is supplied into the distillation tower

(10). 9. The distillation apparatus according to claim8, wherein the
supply port (11, 12a, 15)}is provided with a pressure |oss generator (12a,
15). 10. The distillation apparatus according to claim9, wherein
the pressure | oss generatqr (12a, 15) includes an orifice plate (not
shown) . i j ratus for distilling (meth)acrylic??

11. A distiﬂﬂati%n#%ﬁﬁﬁﬁ%ﬁﬁﬁ?q(ﬁpaﬁ ?tlFIlng netﬁ%acryllc aci d and/ or
(nmeth)acrylic ester in a |distillation. tower (10Q) b SLRQOE

suppl y mean@cigr agdgsry (REER)a¢ °cﬁﬁ§?ﬁ‘%h%b%ésﬁgggéggb?%%?ﬁﬁfng a raw
liquid, a reflux liquid, jand a refined liquid into the distillation
tower (10), comprdeppty nedns including a spray (15).

supply mea
liguids includi
refined liquid

means including

ns for supplylng at least one of supply
ng a raw liquid, a reflux liquid, and a
into the distillation tower, the supply

a spray.

I
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