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INVENTION Field of the Invention: 5 This invention, in a methSd'#8r%he
production of acrylic acid conprising steps for absorbing with water an
acrylic acid-containing gas obtained by the reaction of catalytic gas
phase oxidation, renmoving | ow boiling substances and high boiling
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efficiently and enjoys exalted productivity.
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Description of the Related Art:

Acrylic acid is used in coating, textile processing,
leather products, and building materials, as well as for
copolymers destined to produce acrylic fibers and for

20 emulsions to produce tackiness agents and adhesive agents.
The demand for acrylic acid is now increasing. With a view
to realizing mass production of acrylic acid by using an
inexpensive rawmaterial, therefore, it is common for acrylic
acid to be produced by the reaction of catalytic gas phase

25 oxidation of propylene, for example. Since the reaction of
catalytic gas phase oxidation gives rise to by-production
of low boiling substances and high boiling substances besides
yielding acrylic acid, various processes are relied on to
separate and remove such by-products and purify acrylic acid.

30 The official gazette of JP-A-09-157213, for example,
discloses a method for producing acrylic acid by introducing

a mixed gas obtained by the catalytic gas phase oxidation



causing the gas to contact an aqueous absorbing solvent contaj nin lic
acid, acetic acid, and sparingly water-soluble solvent theréﬁbnﬁﬁgggﬁf%g
an aqueous acrylic 5 acid solution, dehydrating the aqueous acrylic acid
solution 1in an azeotropic separation colum and obtaining through the
bottom of this colum acrylic acid substantially free from acetic acid,
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15 organic phase in the azeotropic separation column.

The solution, the exhaust gas, and the like which emanate
from such purification processes possibly contain raw
material compounds, produced compounds, and other useful
compounds. With the object of exalting the efficiency of

20 production, the practice of putting these materials to
circulatory use in the process of production is continuing
in use.

The official gazette of JP-A-11-012222, for example,
discloses a method for recovering acrylic acid from acrylic

25 acid containing acrylic acid dimer and maleic acid, which
is characterized by introducing the acrylic acid containing
acrylic acid dimer and maleic acid into an acrylic
acid-recovering column, expelling acrylic acid by
distillation through the top of the column to recover the

30 acrylic acid, meanwhile introducing the bottom liquid (A)
from the acrylic acid-recovering column into a thermal

decomposition tank and decomposing the acrylic acid dimer



to the acrylic acid-recovering colum. This method is direct tomg687
effective use of the acrylic acid diner and 5 maleic acid and, J2BYATY
circulating the acrylic acid produced by the deconposition to an acrylic
aC|g-r$coX§r|Pg colygn, is enabled to obtain acrylic acid as a finished
product. Acrylic acid is an easily polynerizing conpoynd and is liable to
genelrfate andam )(*Elmecb@‘ét@mpblw.(,A)duflpﬁgtli%CﬁFSHgg§lnE0aFg]re Tsé’raﬁtbcl on of
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spraying a liquid substantiall i dentical. .iyn 1151 i li.qui d
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discloses a method for distilling an easily polymerizing
compound by the use of a distilling device, specifically a
method for preventing an easily polymerizing compound from
being polymerized, characterized by supplying a liquid
20 substantially identical in composition with the liquid
existing in the periphery of component member disposed in
thedistillingdevicetothecomponentmemberbyanintroducing
means by spray. The concept of sprayingaliquidsubstantially
identical in composition with the liquid existing in the
25 periphery of component member throughout the entire surface
of the component member has originated in the discovery that
an easily polymerizing compound begins to polymerize when
it is left stagnating on the surface of a component member
inside a distilling device and the subsequent discovery that
30 the polymerization within the distilling device would be
effectively prevented by performing distillation while

allowing no stagnation of the liquid on the surface of the



and a circulating liquid of bottons (a purified liquid) . This, 5 |iqgui
diluted to a | ow concentration with water, al cohol, azeotrogﬁ@n%%ygggf, or
extracting solvent, can also be used. Since acrylic acid is an easily

pol yneri zi ng conpound, however, the process for the absorption of acrylic

acid and the subsequent process for purification are liable to form, 10
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15 change simultaneously with a change in temperature. The
occurrence of an acrylic acid polymer results in lowering
the yield of the product.

In the process for the purification of acrylic acid,
not only the acrylic acid polymer but also by-products

20 generated by the reaction of catalytic gas phase oxidation
adheres to such devices as the distilling column and the
occurrence of this adherence entails such harmful effects
as blocking the devices and possibly impairs lasting stable
production of acrylic acid.

25 In the high boiling substance-containing solution
resulting from the separation of high boiling substances,
the so-called Michael type adduct of acrylic acid exists
besides the acrylic acid dimer and forms a cause for degrading
the efficiency of raw material for the process of acrylic

30 acid production. When the Michael type adduct accumulates
in the process, it inflicts a serious hindrance on the process

for purification and the process of production as well and



5 SUWARY OF THE | NVENTI ON The present inventor has di scovergg t hat b&a
method for the production of acrylic acid which conprises abs@PH4%%1 n
wat er the acrylic acid-containing gas obtained by the 10 reaction of
catal yti c gas phase oxidation, separating a |low boiling substance,

separating aerﬁ‘é&ﬂl@%‘l' ifvﬁ%.i%‘dbéf @gfﬁgerg@q LR fﬁkhé{t@ﬁ%@ﬂgl@ﬂo cfgrylic
acid oligoner, the eftrci ency o roduction o acryl'rc aci an be
i nproved by padddsly ngp ¢hehertény af steprdding ritheoqueiligyaopopyoduczat i on

15 inhibitor_to a age other than a sta f or I ng r mat eri al
Conat 1 s caia SuthtreduidsarkRelogeiias ety i deafahenttaverge | or
suppl yi ng " adafipny thaneitd ier delgrhdidgstar §RA1SUPPLYI A8ryPid s £p. for

dehydration the acrylic acid recovered by thérnal deconposition of the
ol i goner? The 20 method for producing the acrylic acid may incorporate

therein a step for producingy ﬁ?rﬁkiﬁﬂﬁsﬁgﬁE&EQGNthe produced acrylic
acid or a step for further purifying the produced acrylic acid into

acrylic acid of &He ghmysenir iiinrerttomehad utidmwiverert orlpor aire 4 estdiod a step
for produci a _polyacrylic acid 25 (or sal her eof ) by usi t he acrylic
bt or o hiton BRRIF P tod P GRpt o i vhichrrr BT L Bas AR by
provi ding aiaflatad/He @cEPPiErabeivesntaashinghgast epthdned By RiHON i N

water, the step for separation of |ow boili r_lg substances, the step for 30
separ at 1 hg Fege AN PACatdLY bHe <3S phdsehexidesirsr $ARRFAF1NEedM3bsi tion

of the acryhiG i L , I 0gs S : SDSEHUEeN eps,

and t hen pelgolfo%rl%ﬁﬁgstehgggggééq%%%%fg?léaahﬁgﬂu%?%Pﬁ%g% st eps, btraélﬁants

t he occurrenterofaliyl yrecomposting salns eqeenytl icst epsdand lax@imes ,t hehevent ual
i.on. Thi,s inyention et hod for

Serylic act BAraR e B ETELE o Sl A LR B THELER) (o
aci d- cont ai eiffigc@dsqgr €sthétr Nd f et éhEoreagt ré@ucing a polymerization
15 inhibitor to a stage other than a stage for supplying raw
material (what is called "step for feeding") to a distilling
column and a stage for supplying a reflux thereto, or (ii)
a step for supplying to a step for dehydration the acrylic
acid recovered by thermal decomposition of theoligomer. The
20 method for producing the acrylic acid may incorporate therein
a step for producinganacrylic ester fromthe produced acrylic
acid or a step for further purifying the produced acrylic
acid into acrylic acid of a higher purity. It may further
incorporate therein a step for producing a polyacrylic acid
25 (or salt thereof) by using the acrylic acid of a high purity
mentioned above.
This invention, particularly by providing a tank and/or
a cooler between each the step for absorption in water, the
step for separation of low boiling substances, the step for
30 separating high boiling substances, and the step for thermal
decomposition of the acrylic acid oligomer, cooling the feeds

to the subsequent steps, and then performing the subsequent



of catalytic gas phase oxidation, renmoving |ow boiling substances apg, high
boi Il i ng substances, and thernmally deconposing the acrylic aci § of Vgomer
contained in the high boiling substance-containing solution resulting from
ronthe s 10 for renoval, can prevent the polynerization nore efficiently

and exalt the productivity. BRI EF DESCRI PTI THE NG Fig 1S a
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acrylic acid ncldidifg &StaP tHdlovditaiAr gdudld BF gfrafudicion) ¢ ester and
a process for the production of polyacrylic acid (salt). DESCRIPTION OF

THE PREFERRED ENVBODIINENT(@N2mheitt i the mepeed &Pt kR PEPERCTIRT &fat es

to a nethod for .t.he pr.oduct.i on ryl.l i.d i I step
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solution by absorbing the acrylic 25 aci4-containin as Wth . us
absor bi ng solo\fen@?t?gytl‘é ge8p RS OLPRARhYCRr udéE é’gxﬂq \(,:\i‘é"(‘:’i ?j’%&?q'%%o

dehydration aRdlandR™%hAY Lk DBk REgS UbShapsRcEs pMaai d thguaally
acrylic acid-containing solution, (d) a'step for obtaining, acrylic _acid

and hi gh boi Idesgnaessirantbecantal i¢ 1§ isoP4igemesycantREABY Hy WYRLUFY | i ng
substances fraom.t.he cru Yyl ' s$henR JIRERY &k
acrylic aci d%gﬂ'%lﬁlgrsn%?%%ar?%céonr%oazlﬁ{nfghq %@ﬂggéé?‘ll%saci dnfglqﬁgoryer. cont ai ned
in the high forbrefovabjaian g08¥enbdild pglgmbsiaatéonamze riffdcdendtlivon,

whi ch nethod is characterizeczl bx. grformng at least either of (i) a step
for introducPRg &£%Fdity s PIC iWHit¥itor to a stage other than the stage
for supplying a raw material and the stage 5 for supplying a reflux to the
distilling colum or (ii) a step for su(ggl(#énﬂgﬂthe acrylic acid recovered
by thermally deconposi nBRIEF IEHEERT I t PRIt ai ni ng crude
acrylic acid by d%l]}éqr LN, £10w diagram illustrating schematically a

15 process for the production of acrylic acid including a step
for the production of an acrylic ester and a process for the

production of polyacrylic acid (salt).

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

20 The first aspect of this invention relates to a method
for the production of acrylic acid which comprises (a) a step
for obtaining an acrylic acid-containing gas by catalytic
gasphaseoxidation,(b)astepforobtaininganaqueousacrylic
acid-containing solution by absorbing the acrylic

25 acid-containing gas with an aqueous absorbing solvent, (c)
a step for obtaining crude acrylic acid by dehydration and/or
removing low boiling substance from said aqueous acrylic
acid-containing solution, (d) a step for obtaining acrylic
acid and high boiling substance-containing solution by

30 removinghighboilingsubstancesfrmnthecrudeacrylicacid,
and (e) a step for recovering acrylic acid by thermally

decomposing the acrylic acid oligomer contained in the high



The term | ow boiling substance" as used in this invention ﬁ%.refeég 0 as
a substance having a lower boiling point than acrylic acid dBY' S %dard
conditions and the term"high boiling substance" refers to as a substance
havi ng a higher boiling point than acrylic acid under standard conditi ons.

The term "acrylic acid oligonmer"” refers to the M,chael . 15 type,h adduct of
acrylic aci d MR s SURHTENGREPTHA M f épﬁl’}ﬁlﬁ&'f oY TR ﬁe]%ho% 18

CH2=CHCOO- ( - %5 (Mhepel-PoPmifigalt i DEESEr e@Ehdr-oB angl aXstepands
for CI—IZCI—IZ%%%%—%&d %\?oéig%i?(r)lgmt h%t 1t:he pl urgl i tyro? -?(-?jsamay e 20

i dentical or fhf fieremdushiere anppdyresizabien)imhtbitehtod §h28FIQENREI d

(salt) " refers to_as olyper _containin ryli i / ylic
acid salt as tH® WAF rFarcag oﬂ%ﬁts%?pi%len%%oﬁ%’rq rt\éé?g%%\f %Hoge%%gﬁ?%%al |y
in aratko Ofoﬁ@uéﬂ%iﬁ@a@ 7Ok . Yo te ed peef Bl abyycobtmhess @bi)han 90
nmol % and nost preferably substantial gy 100 mol.. % Bé ucsii ans}gch

pol yacrylic aieP (5ol SUPRLY NI e 36534il6 8C 180T BrEUREE P Vet KT BB e
pol yacrylic agl an1 rakSohRNts He@Sifibr Ashiden DRy Yeeugei ¢
acid salts, acgércg?%%%gﬁﬂﬁ(\a/a?éggbggﬁs and nor ee%);r ef erably ajlmlz%ali metal 30
salts and amomiyhicaesd ney dehydratilioSuch acrylic acid may be

copol yneri zed wi th_.ot her ngno . " AV N I t)
nononer may be ei Pﬁé‘? EFIBrsﬂsi'- Vﬁr%aiie%lﬁ\;ﬁ%ﬁgégg%g\lgtngl}gsr%%éi}ﬁsa%&%%% ely
0.01 - 5300l dhasedond ke sabsyanceabiat)ingf a howeoske i1 hikg oo dgferithan

graft polynerized to such other hydrophilic. polyner_ as starch and .
pol yvi nyl . alagRbtic BRid dder it d%'gq?ﬁﬂ%d H%ranisﬁa‘e et 2t n%léc-flérs to
as such_a polydwerinp sibsPEHRI FeF@lrdbibi 4y DEuPssindy hablingldh fgtier

water. The term "water-absorbent resin” used herein refers to as such a
pol yacryl i c deiid {rsnipo)inds thegssessed is arddsundak et arda xRN HniPchi bi t s

a property of sweldng Wl ba%ﬁﬁ.rica&gidV@i‘ﬂdxﬁépplrlétférist ¥o the Michael
15 type adduct of acrylic acid which is represented by the
following formula [I].
CH,=CHCOO-(-X~CQO0),~H [T]
(wherein n is an integer of 1 - 5 and -X~ stands for ~-CH,CH,;-
or -CH(CH3)-, providing that the plurality of -X-'s may be
20 identical or different where n is 2 or more.)

The term “polyacrylic acid (salt)” refers to as a polymer
containing acrylic acid and/or an acrylic acid salt as the
main component of the monomer thereof, more specifically in
a ratio of not less than 70 mol%, more preferably not less

25 than 90 mol%, and most preferably substantially 100 mol%.
By using such polyacrylic acid (salt), it is made possible
to produce a water-soluble polyacrylic acid (salt) and a
water-absorbent resin. As the polyacrylic acid salts,
preferably univalent salts and more preferably alkali metal
30 salts and ammonium salts may be cited. Such acrylic acid may
be copolymerizedwithothermonomer. Forexample, theacrylic

acid (salt) monomer may be either cross-linked with



10 The term"distilling colum" as used in this invention eg?iaces ﬁ i de
range of devices, regardl ess of designations, such as col | ecti?T¢d Bﬁ%,
absor bi ng col unm, dehydrating colum, azeotropic dehydrating colum, |ow
boi l i ng substance separating colum, high boiling substanceseparating
columm, 15 acetic acid separating colum, purifying colum, and  thin-film
evapor at or, wapphozimatisty 9 o0l sepamatlitngbasedponehhs B?rYiFFu%Cb@) of
difference in_boiling,pojnt. The term "putifying: .St | Lon,
Stripping.  CPySFAFFLIBAKONS BHEPHCPT o b PSRBT oy Ror Sabrpl St 20

The term "di shyd}aphoDic peagmes ases et and pefigvanyigp vodlxl | e Terperment s
contained in a solution ﬁ heating"the solutjon to its boilhn (gfint_ t he
term "stri ppi hgateerepsublbe pelymersised herein RREPEFLARS §UF F@% ¥io'st ance

in a solugi on { Q.14 10a% BBREB i RYt§UPPYaE A t3W11RPL00 Yah waterl herhe
solution. 25 The term "crystallization" neans a nethod for separating a

target subst abeeni‘twather fabysnxdientr yesdng. ueed Brigplersfetrfetpraf i€ node
of enbodying this_. invent.ion_ wll scrib i t.h £ € &® Fia.
1. The method SPWREYiMTenttd f(g‘%lgﬁe %ér"og%cét&%os%véo%‘/m gcrcg/ﬁc 3% ac‘%d
conpri ses supptyhdguie lal BRhEbi B ,a pasperegnd iaweldl irayvw irddt watekr and
conponent, inert gas, npolecular oxygen, steam and the like to a reactor
10 for catal yfatehaknpphidRribii¥ation -- 8 5 January 2007 and subj ecting

the raw ggterial tp,dhemeagtsen oingaddl vhhe adagahaget ks datvert i h a
mol ecul ar oxygen-containing gas. Spécifically, the raw material gas is
supplied to témbraees erwid®rengh afsdeybeeaxsifdardliesshef|desnatiNSype

react or packed Wi th jdjzi al . Th idat i | ene
re e raw mat rTER EbnpORArL b, Oy ERAT BLotbuplEATE! e RIARY OO0
acrol ei n, whegoTwiih hazestbppitetblivalrdte ng eatuiop lofw bat dipgissihgdsnsitase

oxi dation, produces acrylic acid. The reaction condjitions,suc aw
Tt ori a6 gASSCR Sk FPAGTEA RO TS W T ehnant LG LTt

oxygen-c@Btai{id¥dic acid separating column, purifying column, and

thin-film evaporator, which are used for separating
components by virtue of difference in boiling point.

The term “purifying” embraces distillation, stripping,

crystallization, extraction, and absorption, for example.

20 Theterm”distillation” means amethod for separatingvolatile

components contained in a solution by heating the solution

to its boiling point, the term “stripping” refers to as a

method for transferring a target substance in a solution to

a gas phase by supplying a stripping gas into the solution.

25 The term “crystallization” means a method for separating a

target substance in the form of crystals.

One example of the preferred mode of embodying this

invention will be desdribed below with reference to Fig. 1.

Themethod of this invention for the productionofacrylic

30 acid comprises supplying a raw material gas 1 containing raw

material component, inert gas, molecular oxygen, steam, and

the like to a reactor 10 for catalytic gas phase oxidation



gas, and reaction tenperature which are used for this producst on O%O
acrylic acid nmay be any of the sets of conditions which are L}jél f Q
her et of ore known processes for the reaction of acrylic acid. 15 The raw
material gas is conposed of 1 to 15 vol.. %of such a raw materi al,

conponent as one or nore of propylene, pr opane, and acrolein, 1 to, 3 tines
t he anount o&ndrﬂalbmtlm @hearawammls t® bhea s eten &L Giyeéﬁtl‘énd t he

bal ance of S%CP%}#"’?%G @h%%t%n ?&an ?,10% e g m_cLheudh it gegl 25 does

reactor for € reaction of cata s phase oxi
not need to i;pe@@ficamllgr lyhe eamma:ttemahgashbsk Isugpd-itagbeo thhger e@atovr can

be used advantagequsly In res ct th it e c%brs? ig t he effl Ci eng&ﬁgf
reaction. Thk0 s¥GtyPfe %R:‘F&Xiag‘ Foo%é 'ainﬁe“ & EYRG& SRS BA n 25
acrol ei ngl S wSeH &8 5)@.&112@%?95@%@8@(1@0”@'&% ekibnttibe ofopeepyRene

t wo- stage reaction of catal ytic gas phase oxidation when propylene is used

as the raw naser IraW m@mn@htcom@erﬁbr KO- @%%@Eléatraer‘%]ttsaﬁ& feming

| at t er - st age cat t e f t tic
gas. phase o GEQTBHT: 30 TS i TeEelfly Wieh Pl RR [ BAB)CEReR| ! B

f ormer - st ager@acﬁaicyﬁto:ﬂ s:altaqwtu@dgas gmmm«aeuchmmral Qrbdunﬁgr@w}’bm As
typi cal exanples of this catal Jan ary. 2007 0 e sent ed
by the generafifor mi&: r%%tB?% ﬁ@nd&tﬁan% lTI]DgayO)i:a( vvheré;el i 6'\}{) é)%,g and
Fe respggti Vc?)l:i’dfifﬂﬁi cdid1 dy'@& Y B9RAHyabi, SHYl Bcudld dxpdenAoshoatisideor at
| east one elenent selected fromthe group consisting of ni ckel and. cobal t,

5 B stands f@asat andastearielen ehempeyataditedWiish @& groth E’EnsJ? % ng of
al kali netal pgconségt‘l 'ﬂ%x};ﬁfﬁ%@‘iﬁxﬁ b@tan 89%hé3£'§t§|o%f@5'ﬂd§@i&% ed

fromthe gr ing o osphor ni obi um manganese, cerium
tellurium twingsh eare aEEdrrmnythandietreaL@foDesﬂmm farocassemstonrichel ement
selected 10 fromthe nsi st lgg of silicon, alumnum zirconium and
titanium O %?%1‘?118350‘?0(? ﬁl a2t ¢, d, e, :f, g, and

15 The raw material gas is composed of 1 to 15 vol. % of

such a raw material component as one or more of propylene,
propane, and acrolein, 1 to 3 times the amount of the raw
material components a of a molecular oxygen, and the balance
of such inert gas as carbon dioxide or steam. Though the
20 reactor for performing the reaction of catalytic gas phase
oxidation does not need to be particularly restricted, a
shell-and-tube type reactor can be used advantageously in
respect that it excels in the efficiency of reaction. The
acrylic acid is produced by the one-stage reaction when
25 acrolein is used as the raw material component or by the
so-calledtwo—stagereactionofcatalyticgasphaseoxidation
when propylene is used as the raw material component. The
former-stage catalyst and the latter-stage catalyst to be
usedinthetwo—stagereactionofcatalyticgasphaseoxidation

30 do not need to be particularly restricted.
The former-stage catalyst 1s required to produce

acrolein frompropylene. Astypicalexamplesofthiscatalyst,



X respectively represent atomc ratios of M), Bi, Fe, A B, 9 D, 38(%0
such that b = 0.1 - 10, ¢ = 0.1 - 10, d = 2 - 20, e = 0.001 - ‘gngyzVy _ 5
and g = 0 - 30 are satisfied 15 when a = 12 is fixed, and x assunes a
nunerical, value which wll be fixed by the oxidizing states of the

rel evant elenents) _may be cited. The |at ;531296 GaRAl VSt guihred to
ef fect gas pﬁg%%e o&?%%?sl'%rht%(# ;Lyr eag{elo egi"iasr%clon':3f arni ngay'acrM(§]|s‘3‘<'a'|5§1Eb%Jli!ql)é
produce 28 Cg.%yiﬁg.oc@qjgdof A(fswﬁeyxpai;mIM@xamﬂ esndfFré hfsspattal ysly ¢base
represented by the general formula: Ma-Vb-W-CUd-A, - Bf - Cg- OX, wherein M
stands for by BRdadienytet BA8BUERr ARG AdAM & W%’E“gﬁdéoxfc%]r i(ﬁﬁﬁ t¥e cu

stands for COPRRINt Ae$EaPES B tifd gL 6@5 bopRa s@liFsK nsekeas e dowan € he
group consisting of 25 antinony, bisSnuth, tin, niobium cobalt, iron,

ni ckel ., 5and® stamds Umr Bistlass fore ftlament e edrehion ik tBPYR om

t he group consisti.ng of al kal i, : |,i h Aand

thal I'ium Ccs?rhs?fdsstlf Oaf? ql&}aas]tlngé]e?agseraréerlﬁ ﬂ's%]elec éﬁd’ férTgéni%aA rt§ e gr Ouapt

consi sting dfeadt i 698, eabnenbuselectednifivon arite 39roepi wonsA sstiawd f or
oxygen, a, b, c, , and x respectivel rggéesent tom ¢ ratios of

d, e, f,
Mo, V, W aRh%Pszrusa,nthl‘é)msH‘éﬁgtaﬁ&Feb ceplumgellurigm, gsfeng 1 -

5, e 10 5 Janyyw 2884 16ad p stands~fOr atdleddt dherefemer? s¥leBAdd sfi ed
when a = 12 is fiXed, and x represents a nunerical value which is fixed

by the bRi difziom téeageoupfconeistirymif silion s)2a R Zdd COMHE acryl i ¢

aci d-cont ai ni_n i ch.i i he, 5,reactgr 10 gener

contains 10 a-ncg(gg\;%vt%.n\é@o&“df Oa%F%?%l% fz;(g?dgiipcgérg’ f‘a’l.bzf \%t’. 8% %f gbe [ ?r{ac%:/i d,

and 5 - 15 w re¥%pettimbey. refhesant ydtenbcinhicord @ifnMeg Bas Wi ok, By

obtained by the reaction of ¢ tal%%i_c ggs phase oxidation.is suppljed to
= th Gl

an acrylic &oi ®abds B Fg<Lol pr dles€ whilet 1d €s therein
i's directed absophipnd Lhe,agryl ¢ c- asj ar@ry at ned 30 e gax ieHiaiqied by
the process for reaction wth an aqueous absorbing solvent. The reaction

conditibhs when a = 12 is fixed, and x assumes a numerical value which

will be fixed by theoxidizing states of the relevant elements)

may be cited.

The latter-stagecatalyst is required to effect gas phase

oxidation of a reaction gas containing acrolein to produce

20 acrylic acid. As typical examples of this catalyst, those

represented by the general formula: MOa=Vp-Wc~Cug—Ae—Be~Cg—0x,

(wherein Mo stands for molybdenum, V stands for vanadium,

W stands for tungsten, Cu stands for copper, A stands for

at least one element selected from the group consisting of

25 antimony, bismuth, tin, niobium, cobalt, iron, nickel, and

chromium, B stands for at least one element selected from

the group consisting of alkali metals, alkaline earth metals,

and thallium, C stands for at least one element selected from

the group consisting of silicon, aluminum, zirconium, and

30 cerium, O stands for oxygen, a, b, ¢, 4, e, £, g, and X

respectively represent atomic ratios of Mo, V, W, Cu, A&, B,

¢, and O such that b = 2 - 14, ¢ =0 - 12, d = 0.1 - 5, e



such as the conposition of gas conponents in the reaction ¢ t he

conposi tion of the aqueous absorbing sol vent, and 15 the tenﬁzlka&?%}?/&()%? t he
absorption which are used for this process may be any of the sets of
conditions which are used in the heretofore known processes for the
reaction of acrylic acid. Wen the acrylic acid-containing gas contains
unal t ered acrollein5 t fe=aéryti 2, aend-gont &iniHY IR ﬁ?d&/lsofe“?g WFhId &d to

the acrylic acj deabsord ggd%?&%g%el?st%n?r;;s;gfnu&&%ic%qr%f{h@ WA HDEE T ihaspved

as by distillation or usl on: be otherw se supplied to the
absor bi ng coluymh@0xdftien ngt diea gas oliashehrehevant ed enEhits ) imapee gud@d-he

degree with which the absqrption eff.iciency is exalt Wale es. |
accor dance 2@, 1§a§cﬂgﬁﬁ8%’ér’i%gfi§ﬁbéaﬁ ﬁegbgbaslor}%?eﬁfaro?znolt&r?n 20

to be useg herfidtdmY obgeABYaldy Sstchakiowp absordi ng 66lammsl ias apliat,e
colum, packed colum, “wetted wall tower, and spray tower. Cegnerally, this
absorbing c®.@mr 200 wtpr & efr agetdcbacadpl aR8 eot ubh B+ & PAcFEFETol umm.

30 In the case of e g 1 rd fs | Raeked
regularly or i rreé[h}{éar%qt%%gilf%oég%advﬁ?g daé):{ a"{ﬂg}g{hegusr sz’c‘?é" area gnd
exhi bi ti ng aitheperaeatidn tof cHialgasid igas phasel pxisla¥dedariy 200P1liggnt act
is effected on the surtace of .th acked hed fillged it £ In
t he absor bi n§Oc@PuRFT¥ICWAFLE ?5385’@?9% Eoglélgf)dé@bntﬂgqlengﬁtéﬁ%asss %’qg?['Eh

i ntroducegl tRERld @HEADSOrHd NgirSceed vest aBioenpayl ehef askgdibi agidcrylic
acid is introduced fromthe upper part into this colum tq bri%g i_nto
counter cur comtaddadadn wihen dage Wi imest tyhddeaREPsessd 18 EPAELLOD

absorption of ;agr é}ligq@&%&'s &%&%r@b%&%a@,wbﬂé%a&i&m &URAkkgdnsan

aqueous 10 absorbing®sol vent maybe used. This solvent is at an advantage
in bei ng i nespeihsiase taed camposiirg cex lvdu gia sweompogeatst iLhg ther s8RERAOPr ocess

fsg{ VEE? P;Ogﬁ%i,?gag Fgﬁé%%&%ﬁ%%‘ gftt(:)hgeaqlll’eeé@se%bsg}%ﬁ'fy’]%@i%eﬂtes,oéplhng

15 the temperature of the absorption which are used for this
process may be any of the sets of conditions which are used
in the heretofore known processes for the reaction of acrylic
acid. When the acrylic acid-containing gas contains
unaltered acrolein, the acrylic acid-containing gas may be

20 supplied to the acrylic acid absorbing column 20 after the
acrolein has been removed as by distillation or diffusion.
It may be otherwise supplied to the absorbing column 20 after
the gas has beencooled. This is because the degree with which
the absorption efficiency is exalted increases in accordance

25 as the gas temperature is lowered.

The absorbing column 20 to be used herein may be any
of such known absorbing columns as plate column, packed column,
wettedwall tower, and spray tower. Generally, this absorbing
column 20 is preferred to be a plate column or a packed column.

30 In the case of the packed column, the interior thereof is
packed regularly or irreqgularly with a filler having a large

surface area and exhibiting air permeability. Thegas-liquid



contain at least 80 - 100 wt. % of water. One exanple of sucgifS anzggyeous
absor bi ng sol vent may be conposed of 0.1 - 5.0 w. % of acryli?®¢"4¢i

- 10 wt. % of acetic acid, and 80 - 99.8 w. % of water. The absorbing
solvent 21 to be used herein may be prepared in advance as fornmulated in
the conposition nentioned above. For exanple, a water phase in 20 _an

0i | - wat er sepaoattact3s aahiseted ©mt ey sorifegiecofchyarracked kasl did 180 my

be circul ated o) rblng solvent 21 for acrylic acid to an acrylic
aci d absor bi d%io&ﬁﬁn%éag Used as such. The absorption efficiency of the

absorbi ng sol vent 131 tR% | abseabeng Nncatamndande ashtifie smh\eentacn:@'dper ature

decreases. The absorbing solvent,k 21is eferr to be supplied at. a
fixed tenper &CHAcCPAtARBIPGnFR DL 1085 uﬁ&fjt gm%ﬁﬁ% 5a19 §6€F%+H8

amount ofgth @Nb 1 eXPEESPEh F MBI B i i E19A5i ¢ il i snakhpdubedqanmount
of the so ve‘r%\tCﬁ?LEYI toth %éannunt 30 of fﬁg feed 535 6_ fs, is set in the

range of. 2 frof Lhesypperfpamblintg thil qglymn deyb¥sng pRECeFANRFeS - 10
L/nB. Th | {
® POLYTREIAALLED E PER VLR G GRSt ooV Patld K avbgRethe mss

ratio of - acryl water 1s approximtely
50:50. The ab&ébﬁbt@ﬂn of aeryllic aciid.can be effected efficiently by
mai ntaining the nmass ratio in .the r nge nment i oned ab e.and_preventing

the pol ynerizati ofts Ehen ADSORPIRG &P FUr pORR b?dprggeﬁgPﬁaufhe

pol yner i gqti QBsE}E bl H?@oﬁv@x‘ﬂlxﬁ@* bé'u'?ﬂads Ub&haa%laﬁeraﬁw laitcan a@izéntpgef ers
t he absorbing solvent 21 to contain therein at |east one conpound, sel ected

fromthe gromp bemsgstnﬁgpﬁﬂSlﬁﬁoﬁyﬁ ébhﬁ@&ﬁﬂsexbﬂéﬁblWaESﬁpSHﬁHétlng
manganese saltg, sg §§oégsganﬁn€ﬁ8 g&glOﬁOB eécryélc acid to be

di al . kyldlthlocar es such as coppe utyl thi ocarbamate, nitroso
conpounds andeasede Ihnnxquuhnseahﬁqﬁhmnglsqtmani iBhendiyt reguicedpband

her eof , 1 or CORERRREE raahi U s b DSor I hivERGRopn Rg) cRaitp Pl I Bulhl (<

15 an aqueous absorbing solvent may be composed of 0.1 - 5.0
wt. % of acrylic acid, 0.1 - 10 wt. % of acetic acid, and
80 - 99.8 wt. $ of water. The absorbing solvent 21 to be used
herein may be prepared in advance as formulated in the
composition mentioned above. For example, a water phase in
20 anoil-water separator 32 annexed toanazeotropicdehydrating
column 30 may be circulated as the absorbing solvent 21 for
acrylic acid to an acrylic acid absorbing column and used

as such.
The absorption efficiency of the absorbing solvent 21
25 increases in accordance as the solvent temperature decreases.
The absorbing solvent 21 is preferred to be supplied at a
fixed temperature in the range of 0 - 35°C, particularly 5
- 30°C. The amount of the solvent expressed in the liquid-gas
ratio, namely the amount of the solvent (L) to the amount
30 ofthefeedgas(m3),issetintherangeofz-15L/m3,preferably
3-121L/m?, andmore preferably 5 -10L/m’. Thepolymerization

of acrylic acid occurs most readily when the mass ratio of



15 hydroxyl . am ne, p-ni trosophenol , N-ni tr. osodi phenyl am ne an I.Lim
salts thereof which are deconposed by the conditions of the dF@ngeﬁhg
colum and the deconposed conponents thereof rmanifest an effect of
inhibiting polynerization of easily polymerizing substance. The

pol ynmeri zation inhibitor which 20 is contenplated by the present invention
does not enbamnylunmmutaSGM§n%R%Sé@PQﬁHéM@b@%Y@@G ﬁposTﬁﬁéﬁSPﬁpﬁ%@n

distilling I um h sts
an effect of |nﬁ| ? g%%ﬁyﬁ%ﬁf%%é%{#$é¥#§ %ﬁ ‘E% &E%&'@QéggggﬁgP need
to be particihar hﬁssZEatest fhctied. rénye Giiertthlead\écbmtiovceoraqmdupdsvwmtahnghave

been generally known heretofore as agents for inhibiting the
pol yneri zat i &ReoPoAYekiizZatd®Pound may be used. Anong other such N-oxyl,

conpounds; 2, 2, 6, szl it T B Aol p%bh:d'ﬂ}@(%uﬁ oEE8PbES P yindethe
follomnng fornula 1): - 13 5 January 2007 R1 H3C (1) HCN3CH O

(wherein R1 ppanru@rn@atmmo@mhmmhmemmmta@q@cﬂéwryllc
CHOCH2 GH2 OH, gg*aggﬁrggh%ngb% %E?l@?%oglgren@ hydrg9eBnaL ol tﬁérglfﬁo'b

are used advaft | s prefera orie or nore compounds

sel ected anoag Redst,dnd eloimpurirtyselected from the group conSJ.stlng of
pi per. i di nox hydr ox ridi noxyl

4 4 A"ty s§t9xil§@“9%??a%nﬁqﬁﬁoe];%amt %H& yﬁ?ng%ﬂ8§ﬁkﬁ4]etss \fﬁlc&aal ve

good ef fgrt Smhﬂ h@é%ﬂhb@gataol MBEbb%aHELQ![‘ky@HE’@ﬁbA@BaQB&mQ%eN—Qﬁ&h as
conpounds can used wit hout any limtation. Particularly when 10

2,2,6,6-1.et Cawﬁhyﬁl@uﬁerrllt@mmbamatm Hidresp Commndstidtethine
pi peri di noxyl, PHESEI’IOUI%& rﬂ)‘?lenla't(?l)@élz' nceonpe}‘l@&uﬁd&?c Bﬁ%ﬁslﬁ‘cluds

stabilizing ageﬁ reqU|r|ng 0 inc any neta in the
conponent s, bshehednpounalspas Ni-hii kirbg opheagid rpdimxtlhenpeablrithevsattfal of

t he . .
thereof, for example, ammonium salts of N-nitrosophenyl

15 hydroxylamine, p-nitrosophenol, N-nitrosodiphenyl amine and
ammonium salts thereof which are decomposed by the conditions
of thedistilling column and the decomposed components thereof
manifest an effect of inhibiting polymerization of easily
polymerizing substance. The polymerization inhibitor which

20 is contemplated by the present invention does not embrace
such a substance as undergoes decomposition in the distilling
column and gives such a product of decomposition as manifests
an effect of inhibiting polymerization.

The N-oxyl compound does not need to be particularly

25 restricted. Any of the N-oxyl compounds which have been
generally known heretofore as agents for inhibiting the
polymerization of a vinyl compound may be used. Among other
such N-oxyl compounds, 2,2,6,6-tetramethyl piperidinoxyls

represented by the following formula (1):



15 equi prent due to the presence of stabilizer and the waste i qui n be
easily treated. In this invention, the N-oxyl conpound nay béJéggﬁygﬂ&?
conbi nation with an N hydroxy-2,2,6,6-tetranethyl piperidine conmpound and
a 2,2,6,6-tetranmethyl piperidine 20 conpound. As representative exanples
of the N hydroxy-2,2,6,6-tetr.anethyl piperidine conpound,

1, 4-di hydroxy-2,2,6,6-tetr' arge hyl piperidine and
1- hydroxy-2, 2, 6, 6-t et ranmet hyl” Wi idine may be cited. 25 These
IC{li pe Ldine conpoungs) nay be used either
N

N hydr oxy- 2, 2, 6, 6-t etranet g

singly or in the formof ampy two or nore nenbers. - 14 5 January
2007 As typical. exanples of thé 2,236, 6-tetramet hyl piperidine conpound.
2,2,6,6-tetramet hyl piperidine and 4-hydroxy-2,2,6,6-tetranethyl,

pi peridine may be cited. These may be used either singly or in the form of

a mxture 5 | AR RS JERYLES, , bokderia@lJon, CHCH,CH,0H, CHOCH,0H
N-hydr.oxy-2?§?%¥%}tetraﬁéthyl pipéridine cpnﬁ%unds aﬁh : '

2,2, 6, 6-t et r aHeCHyIH PHpeFHAPAE , comsttth@8daRe SadsispEQTr & SVaHos&ah gLom

inmpurities in_c ci_al | aj | S SYPJURES usEhe use
of such a coﬂﬁeﬁ?@@{)l ?rgvéls%éb%%égb\?%g%gggg&df PI\Jéo%llcllg.%cforrpound eq&gl s the
use in combi gaki ep Woirk cmppdmadey -2 Red; &l t anonge? hyl 6, prpetramgghydnpound

and 2,2,6,6-tetranethyl, piprdjdine_c u ment | . pi cal ,
xanpl 66 of  PHE ERANBPHE oA SR e LTINS AEREE tatRobd, ¢
(p- met hoxy- phggol ) 4may ke ¢itied (2The 6,lo tetaetimene ppopesifianoxghle in
respect that 1t excels the hydroquinone in the effect of preventi
pol yneri zat i phosbeitest whighed ghaveontsIangd i oBERPERSan 3¢ oxHFEVEBMYBAnd and
a_ phenot hi agi.ne, conpound, ThaskRhengly GRTPARAS cipoldusedn Hatubea form
of a nixturePd Y’Pﬁg{]gggﬁg?é Terber . 3%’ AS t%l ,Gﬁ%)g(a les of the
phenot hi azi ngigRswound, any limitation. Particularly when
10 2,2,6,6-tetramethyl piperidinoxyl or
4-hydroxy-2,2,6,6-tetramethyl piperidinoxyl is used as the
N-oxyl compound, since it forms a stabilizing agent without
requiring to include any metal in the components, there is
no possibility of corroding the metallic material of the
15 equipment due to the presence of stabilizer and the waste
liguid can be easily treated.
In this invention, the N-oxyl compound may be used in
combination with an N-hydroxy-2,2,6,6-tetramethyl

piperidine compound and a 2,2,6,6-tetramethyl piperidine

20 compound.

As representative examples of the
N-hydroxy-2,2,6,6-tetramethyl piperidine compound,
1,4-dihydroxy-2,2,6,6-tetramethyl piperidine and

1-hydroxy-2,2,6,6-tetramethyl piperidine may be cited.
25 These N-hydroxy-2,2,6,6-tetramethyl piperidine compounds

may be used either singly or in the form of a mixture of two

or more members.



phenot hi azi ne, bis-(a-nethyl benzyl)phenothi.azine,
3,7-di.octyl.phenot.hiazine, and bis-(a-di. nethylbenzyl)pheng?%|d§%%g may
be cited. The copper salt conpound does not need to be particularly 25
restricted. Either copper inorganic salts or copper organic salts can be
used. As typical exanples, copper dial kyldith ioc arbanmates

acetate, copper nApt heyatical copporplesylaf e, tl&%ppér sébﬁa?@tréﬁﬁgg

nitrate, and co chlorlde 5C t d
usabl e 30 |np%R§ FSFHFOfX) nova en? o(%d?va gtﬁg &g§§gk%%%ggggﬁggs e

copper salt goRpaubEy- qemL60EedeabamethQOpppreﬁldikgIdunhlbearbahades
prove favorable fromthe vi ewdaint ? anuary. 200 feffect

typi cal exanﬁh@§eomai’ﬁée sk idinaT |§>;L_n|g_ di Phi b’&atrhet’)af7 IBf)}ﬁEure

di et hyl dj ? pcarbagpte, cppper peh-&t hyl déhbépsar banat e, Iﬁ@p@gntally,

di propyl . d|t | ocar bamate, 5 copper dibutyl.dithi.ocarbamate, cqpper

glpﬁnty:d|thNehgdbaané,2e6p§eteﬁram§%@N d|P@H?rééépebaﬁﬁﬂEounéﬁpp@Pd

i pheny ocar. ba

et hy! pr opy? Pt Ay B3 ar bangt 90 opsRPELIhes: RURERR NS T AFOTBL e 1EREPS!

gggggr netEa?ﬁeﬁinbﬁhaﬁﬁmmmjxﬂméx:unapmmercaaﬂlwyhhexyhbietpr@d&@banate,
r nmethy enyl di t hi . ocar mat e th I

di t hi ocar ban®f&- [ﬁﬁﬁmgﬁ¢®¢%utﬁﬁﬁ??ﬁ?&%ﬁggghﬁe n%g%%?@ lyjgvailable

ethyl penty! . gkﬁ!ﬂheﬁ%@ﬁ”@k?l SERRSnd @Y méllsh@%é/h@btﬁmmm@mlmn wipher

et hyl phenyl d | ocar bamat e yl but yl di ..t hi ocar bamat , e, gpper

propylpentylthhdoeayb&w&té,6c§9§§ﬁmgﬁhﬁﬁ o@}Pﬁé&ﬂlWﬁtrﬁQﬂﬁﬂqﬁﬁmu%n copper
propyl phenyl 9,5%9 9%e9§%&€hy§.°89§&dldlne compound mentioned above.

Astypicalexamplesofthephenolcompound,hydroquinone,
methoquinone (p-methoxy-phenol) may be cited. The

15 methoquinone proves favorable in respect that it excels the
hydroquinone in the effect of preventing polymerization when

it is used in combination with an N-oxyl compound and a
phenothiazine compound. These phenol compounds may be used

in the form of a mixture of two or more members.

20 As typical examples of the phenothiazine compound,
phenothiazine, bis-(a-methylbenzyl)phenothiazine,
3,7-dioctylphenothiazine, and

bis-(a-dimethylbenzyl)phenothiazine may be cited.
Thecoppersaltcompounddoesnotneedtobeparticularly
25 restricted. Eithercopperinorganicsaltscn:copperorganic
salts can be used. As typical examples, copper
dialkyldithiocarbamates, copper acetate, copper napthenate,
copper acrylate, copper sulfate, copper nitrate, and copper
chloridemay becited. These copper salt compounds are usable
30 in the form of monovalent or divalent compounds. Among other
copper salt compounds mentioned above, copper

dialkyldithiocarbamates prove favorable from the viewpoint



but yl pentyl di t hi ocar bamat e, copper butyl hexyl . dithi ocarbanmat co
but yl phenyl di . t hi ocar. bamat e, copper 25 pentylhexyldithiocarﬁgﬁQFggegé%per

pentyl phenyl di t hi ocar bamate, and copper hexyl phenyl dithi ocarbamate nay be
cited. These copper dialkyl.dithi.ocarbamates may be a nmonoval ent copper
salt or a divalent copper salt. Anpong other copper 30
dlal.kyEQ|tEp§g§i5§ﬁﬁbes cited above, copper dinethyldi.thiocar.bamate,
copper di et hyl di thi r Qgggg i byt it Qi ove
favorable in res%ggﬁﬁﬁfgﬁgg§§@%%%%gﬁ§‘ 00%39%§&§§%ﬁg}?ggggagﬁgaggggé,
?ch|st|on%gapge@opper di butimethydid itiloicaraizametee pr oves espe€PRPEY
avor abl e. typical,. exa es of the manganese salt .c n anese
dial kyl di .tﬁﬁ_ﬁ%gi’ﬂagﬁ%é@c%é}“é‘%ﬁ't hEOPREZal §PF°P%5-8%§HE§8ﬁg$a‘Bg%gg
|dentlcah;orcgbgggrent_and eaghpiey18etARbBYkbakblyl,, propyl, oetoppeyl),
manganese di phenyl dithi carbamate, ~nanganese formate, nanganese acetate,
manganese ocdipgatﬁldlﬁﬁﬁ§9ﬁ§§émﬁ56hth@ﬁEPGF wﬁhb%%%%@lbﬁgﬂﬁﬁﬁgﬁﬁ?ﬁ?'and
nmanganese s mpounds  of %%%1 =100 Aacetic acid naypherlo
cited. Thesegngﬁégnese sal t g? <nﬁ¥§?¥§§?%§?%ﬁﬁﬁiei&her sinegMg? fn t he
fgrn1gf a n1?éuhylethymdibhiauaebamabens. Thi s invention prefefSPPRE
absorbing solvent to contajn.one or re conpounds selected fro grou
consi sting o??tRV§R§?p¥£§ﬁtﬁﬁagéfgﬁ@%gﬁf conpounds, manganese sg%#ggrcoppgr
15 di . aly.gkyl dethpipeeybamehescapbhfnase, conpounds, and anm ne conpoppes or

one or nore congounds mentioned above in conbination w th phenot hi azi ne.
Natural |y, whehhyheenbpidibhhagcasbPaBateean be prepared as a syst8RPSF three

or nore C°ﬂ@ggﬁiiﬁeﬁ¥1&B€h§ggé£5953?glOne-Or nore of these siXc@Pp&inds of

conmpounds a not ht azone conpoun it will. manifest an effect in
i nhi biting poéyhetphenybdithiatarbanatebetter ¢hpperhe ef fethyppBeR¥Ed in a

t wo- conpo . .
P nenéiggfégg}bamate, copper ethylbutyldithiocarbamate, copper

15 ethylpentyldithiocarbamate, copper
ethylhexyldithiocarbamate, copper
ethylphenyldithiocarbamate, copper
propylbutyldithiocarbamate, copper
propylpentyldithiocarbamate, copper

20 propylhexyldithiocarbamate, copper
propylphenyldithio~carbamate, copper
butylpentyldithiocarbamate, copper
butylhexyldithiocarbamate, copper
butylphenyldithiocarbamate, copper

25 pentylhexyldithiocarbamate, copper
pentylphenyldithiocarbamate, and copper

hexylphenyldithiocarbamate may be cited. These copper
dialkyldithiocarbamates may be a monovalent copper salt or
a divalent copper salt. Among other copper
30 dialkyldithiocarbamates cited above, copper
dimethyldithiocarbamate, copper diethyldithiocarbamate,

andcopperdibutyldithiocarbamateprovefavorableinrespect



The amount of the polynerization inhibitor to be used does ga‘t nee 06./0 be
particularly restricted but may be properly 25 selected to suiPt'dh
operating conditions to be involved. It is preferable to set the total,
anount of the polymerization inhibitor to be used in the range of 3 - 3500
ppm (by mass) based on the mass of the acrylic acid in the reaction gas

to be absorbed. Abtsegefdecthe pnd er padY anoGANiSEtiRE /30 3y vFABRET

pol ymeri zati gn,i nhj bi.tor. t d, j i 2195 teheMa@X. conpound is
in the range%&Puf'il'%%& 186%1%%{%}% cgﬁtopﬁ% %g?slé%gfa t'&e acroylai c acid in the
reaction gas, thatas tybicadl Janugple007 thé miamgamesaneadbt sabmpesngound or

t he copper salt conpound .is_.in.the range qf. 1 - 200 based the mass
of the acryl P@nIZ&eFs ﬁhtalﬂ}&YrJéﬁ&m&? ,mat(%f?ast @‘fhetrr?euﬁ&ra%s%w%ofgrglégnd i's
in the rapge Rbubs mBPGPRMentthdh10brtdier sl apaPacithdys b nathpe,range

of. 1 - 500 ppm "that” of the phenothiazine conpound is.in the range of. 1
- 500 ppm t k&hydf, prepyHr eryPRtYl b, Manganass AiPhenykiithheaEBaPatfd is in
the range of 1 - a 8 mEnkghbaesbyhnbhpey -
id.ine conp%ﬁ%gaingslgng?ﬁgmrigﬁgga% e?é 5"26’(?"26‘55' Tgnﬁ this i nvrelnti on, the
pol yneri zat i manigahiebietrarplitherprted enapdanes bpernongdunesd ianconahganeaet i on
systemin the _formof a soluti avi the polyneri Lon . ikphj bit

di ssol ved i nS&81%5oFPBRPUNASNE 'yei%HYEﬁ’Beag?WBF geéﬁ?éﬁé‘?%ag?%ﬁ hay! 85

i nhi bi t gry copt aRl. NITESL Ht hPRgad8se St het f @6m yimgy tihe dde@obytherzation
i nhibitor-containing solution and the nethod for the introduction thereof
do not need sénpdypartieuthel §ormeat (3 aigdurmeissrat PEMARy BEPRTF oduced

| to the absorplhghsColiiy fy Bl 120En OLBeHHRAR ddy Sl @ee EontauRPl Y

of the raw material. and the st or supply of the reflux 20 to the
distilling cohenur mard kemposmdst sehectednfiron Hdle grage ceosistppycdf the

and the st alleoRBr STy o e ororbR g B o R L Ep g e ARG 27
absor bi ng sojygMkyldithiocarbamates, nitroso compounds, and amine
compounds or one or more compounds mentioned above in
combination with phenothiazine. Naturally, when the
absorbing solvent can be prepared as a system of three or
more components by the addition of one or more of these six
20 kinds of compounds and phenothiazone compound, it will
manifest an effect in inhibiting polymerization equal to or
better than the effect produced in a two-component system.
The amount of the polymerization inhibitor to be used
does not need to be particularly restricted but may be properly
25 selected to suit the operating conditions to be involved.
It is preferable to set the total amount of the polymerization
inhibitor to be used in the range of 3 - 3500 ppm (by mass)
based on the mass of the acrylic acid in the reaction gas
to be absorbed. As regards the preferred amount of the
30 individual polymerization inhibitor to be used, this amount
of the N-oxyl compound is in the range of 1 - 500 ppm based

on the mass of the acrylic acid in the reaction gas, that



When the polynerization inhibitor is mxed with a sol vent 25§%f regg&* a
pol yneri zation inhibitor-containing solution and then this solit#¥n“’s to
be supplied, the polynerization inhibitor is consuned effectively because
it isuniformy dispersed in the acrylic acid absorption colum. As the
solvent for the preparation of the solution nentioned above, 30 the acrylic
aci d- cont ai nbfigt Bel manganése asal t apdrpowkd X Hdie S9PRET 83 1$oFPBRPUDE whi ch
is used in the acrylic_acid bsqrpt i I [ ' id,

f or exanple,l?ﬁﬂlt¥ei§an%ejg%gé?3ogd®§9k%%?%ggpﬁg“gog%§n§f§%ﬁ%%ggg%?gpart
of the crudesagayhihcthei deaobtiahngdsi nthhheofptheenstrassotamnponndessl ting

fromthe thernmal, deconposition of an acrylic_acid ol..igoner to .be
descri bed spéBi Fhearanadetieds rep900PPR, bBIB%/Brﬁ]? itglﬁ @%@pqlhgoglpggggr Bti on

col um may be,ysed, 85480 @AE1Y6D6 R, dt RRBIA PhEPheitiiladiind Bompéund
absorption colum 50, It 1s particularly favorable to use waste liquid
froma steanmiej ectmr ushel i wandee pedcesd for t RO br od®R®™i ontdftacr9fic

acid as the gcrylic._ agig-containi t Jhis, i Seq t:he ste
liquid 10 fr‘gﬁwﬂéogégn?éfc’égt’ g‘?gukgﬂ??iﬁggt%%sﬂso e icgg@?o%%khalfsnilﬁlgtmgcr ylic
acid, which haggeedrl y50bepaarendohposiftd o 6 #-tet menetiyl pipehedingui d

i nsi de the absorption, colum_ and induc?s no ggcrease in the absorption
effici ency | FORRRUABsHP piPohRecHRRAR. OFf 1t Ae?4Cr PPI¢ aci d- cont ai ni ng

sol utiongfo be used 1§iRas A diihal, achy¥! b619aies igaRGSH raili Wi gdmnis he
acrylic acid conposition in the absorption colum, this excess, would
possi bl y resprefenrddcredss nigntradugrbrifiicorher reacédop §¥steRdhRethe

pol ynmeri zatipn. The conditij f opgLatj9 L& RSO Rh i &L um
20 20 vary ?ﬁmsgﬁ% %ag %P§E§§1;%§ gﬁ%t&#eegghi e ébrylic. .

aci d- cont ai nil hgsgasedl d rbe solppEintsdnanel e nabbe fptrimont @opehymer 13t E@®unt of
the gas supplied per unit ting,

General |y, thehiRiperaforkd ?lPﬂggg}%€E%¥9iﬁgﬁ%E§%F%'ggﬁgggﬁgﬁ%ggs |%uFﬂé
range ofj540 poBpherization inhibitor-containing solution and the method
for the introduction thereof do not need to be particularly
restricted. The solution may be introduced into the
absorption column at any stage other than the stage for supply
of the raw material and the stage for supply of the reflux
20 tothedistillingcolumn. Intheabsorptioncolumn,the"stage
for supply of the raw material"” means a stage for supplying
an acrylic acid-containing gas and the "stage for supply of
the reflux" means a stage for supplying a absorbing solvent.
When the polymerization inhibitor is mixed with a solvent
25 to prepare a polymerization inhibitor-containing solution
and then this solution is to be supplied, the polymerization
inhibitor is consumed effectively because it is uniformly
dispersed in the acrylic acid absorption column. AS the
solvent for the preparation of the solution mentioned above,
30 the acrylic acid-containing solution is available. When the
absorbing solvent 21 which is used in the acrylic acid

absorption column 20 contains acrylic acid, for example, the



25 If this tenperature is | ower than 40C, the shortage woul d hpe at 8-
di sadvantage in necessitating plant investnment for cooling 3 3n%ﬂ¥§§?lng

consunption of cooling energy, increasing the condensation of a substance
having a |l ower boiling point than acrylic acid, and consequently degradi ng

30 the purity,of -B‘%y'éﬁé&g 10 4te kot QP‘c'déﬂLH ehuhiRescf i%pééf@
col um. Cbnversefy, f e tenperature exceeds C, the excess wou

result in i ncbeasnad tiheoltbes groaesyl,i @ sollfidn Jarsudlrtyii)Ofromctie

t hrough the top of_ the absor p%i.on col um and possi bl lL.owerin theb ield
of product . TRETFbsSEFEMRPSIdORoFTof N HAPRELET pErof CORARIEZ0 % PFn  he
range of 0 -q88cKPBed 3IE] PIESBLY Rerealfft )i 6rPd @t 13qusd eEnd han O
kPa (gauge pressure), the shortadge would result in necessitating a vacuum

devi ce aRd eRSRTPHEORIGMHUN) Hagsbaetied i@ éés%cﬁYlé%eﬁfW'qqn‘twmﬁéssur_e
exceeds 30 kP ( gayge ﬂ%%“%ﬁ)sor&)*%%oﬁxﬁgiﬁm}‘i’%'bd pe L &?aldd?&ﬁvaaf‘i ge 1n
bl ower used for 10 a raw mat

necessitating a big capacity suppl yi ng i al
gas to a reatdwsrdlote cat alsg wasgas ljlase forndat$oeanne]eotse quesd | 3n

entailing plant investnent and cqst, of enerqgy._ \Wen an exhaust s, from
The top of "tHlE B5PEeRS Tar aiK BFGERIT L8R Glo 2P EAL6r2e 50 2SuF Y B and
unal tered raw dEieita n CoTRNeHiDanThesefd eridaugley tibi waged.1iduid this

invention, the aforenentioned adjustment is prefer. red to set the anmount
of the FPquifFaetihagstarmaBIBEpProAS a8l BANCPEF SPEE198cIGBHA LR of

e, 0 U e R/ k58 U, e R

erm "anount of ting lrquid' “is referred to as a
val ue 20 obtas hedtlyf theildiqwgid hes adeite absohpet Loy giod ummBdng umgluces per
unit tinme onto one shelf. b)d(ht he. cr osgisecé];gnal area, of t%ﬁ) cal unm When

this condit i"h$STERT S FPed e ABSPRPEIPBr S L o TR b riRG SR SCHEIMS™ s
infallibly @olemm Wt eHesd@tyl i@nd iidiecaraimntingf sbhatwent tagd uged
proves proper. Since 25 the liquid is stored in a proper anount on the
gas- | i q&f) d has a higher acrylic acid concentration than the acrylic acid
composition in the absorption column, this excess would
possibly result in decreasing the absorption efficiency or
induce polymerization.
The conditions for theoperationof the absorptioncolumn
20 20 vary with such factors as the temperature of the acrylic
acid-containing gas to be supplied to the absorption column,
the amount of the gas supplied per unit time, and the volume
of the absorption column. Generally, the temperature of the
top of the absorption column is in the range of 40 - 85°C.
25 If this temperature is lower than 40°C, the shortage would
be at a disadvantage in necessitating plant investment for
cooling and entailing consumption of cooling energy,
increasing the condensation of a substance having a lower
boiling point than acrylic acid, and consequently degrading
30 the purity of acrylic acid in the bottom liquid of the

absorption column. Conversely, if the temperature exceeds

80°C, the excess would result in increasing the loss of acrylic



contact device, the state of the colum wetted wth the quuiﬁd and bh
state of the column avoiding drift and stagnation of gas or 1J%H#y 2 Qﬁ be
both realized without fail. The bottomliquid of the absorption colum 20
is cooled 30 with a cooler. (not shown) annexed to the bottom part of the
colum and then circulated to the absorption calumm to increase

th
concentrati oacdf BRFORER Hae dtom dhédhRoaPsARtd@Ng columppan Bﬁﬁﬁé??hom
Cenerally, i O%Qgiggt tpm g'&g%do@f Ptrg_gugiegor ption colum 20, nanely the

aqueous acrylic acid-containing sofution, such by-products as propyl ene
remai ning i n an uDhétpressstata; thsuthpbyf privelwdisorpt for velldamy de, 1s

acrolein, furfural, 5 benzal dehy formc acid, aceti i.d, i¢c acid,
and acrylictAdNF 5??88@3{_? 'asg ‘%“ai(ﬂa\}l@f 868%58§e§o| y f%%%%t?%%&lh%%i bi t or
are present i#iadeirtidn bk yha§e piedsulre )t ilse nvenhyemouller esuEous
acrylic acid-containing solution nentioned above is |led to.the azeotropic
dehydr ati on 100 N&IQERLST M SubyBEHBE, 45VISH; @G | BREALLAREN tropic
sol vent  SuppLi e LREAE! nq Qo2 K IRyl kel LAL! BRessbbseduesasys g0 the

process for obtalning aqueous acrylic acid-containing solution, this

i nvention prkfarggawye pstesislured ,t he exdess wowbdlbe atoa adyantsamst ance
destined to be 15 transferred_to.the subseque o 0 .
subsequent Jp‘? LS LR Y %JU? CHTC le&%ﬁ%&evg% hlgg%(% ug%f)sg%i}ﬁ%g

aci d- conpai M ngagohtte@RalWieR Recessacyctds Suppldaedlytia glisstphdse i on
colum 22 and deprived of such I ow boiling ., substance as acrol.ein therein,

then the botA%iHaFiRR AR FIRSSPIeRF L 1 g iRIFRY LS Hp to a

cooler 24, auyk AGHEPLS WY A h G @ tCoRs Frohoh s @bgtd PR heiCTukias been
cool ed herein éggteored n a tank 25. By c(%ol ing this sg)l ution before it

i s transf er rigl tigcie tteghko26hei reactomdd poddiutliag gascand ulrelniad i on
o Lok ARG AL ORI 28 Pribe o et StaLe,
liquid o6 the In this invention, the aforementioned adjustment is
preferredtoset theamount of theliquidwettingtheabsorption
column per cross-sectional area of the column at a level of
not less than 0.3 m*/m?-h, preferably not less than 1 m°/m*-h.
The term “amount of wetting liquid” is referred to as a value
20 obtained by dividing the amount of the liquid [m’] supplied
per unit time onto one shelf by the cross-sectional area of
the column. When this condition is satisfied, the interior
of the absorption column is infallibly given a wetted state
and the amount of the wetting liquid proves proper. Since
25 the liquid is stored in a proper amount on the gas-liquid
contact device, the state of the column wetted with the liquid
and the state of the column avoiding drift and stagnation
of gas or liquid can be both realized without fail.
The bottom liquid of the absorption column 20 is cooled
30 with a cooler (not shown) annexed to the bottom part of the

column and thencirculated to the absorptioncolumn to increase

the concentration of acrylic acid in the bottom liquid.



absorption colum maybe transferred to the tank w thout bein asse
through the distillation colum 22, transferred via the pungjfgk?% ﬁ%@
cooler 24, and then circulated to the tank 30 25 and transferred to the
subsequent process as well. As typical exanples of the cooler,

shel | -and- t ube, Lype: [eaty SXOhangel s, il ot 6+ vhe etlruhinRasisy 269

spiral type exchangers whi ve been
heretofore kﬂﬂ&ﬁ@li%lﬁé%?ﬁéommcﬁ)ﬁlmta&di.d-l.cmmttmirtim@ salbst Bowesswilh ch can
be renoved in the _distillation colum 22 can be renoved even.in_ the

azeotropi c RENSERPEETHR 29| RFAPBDCITHECURHRRT i Uh it LR BT FRG 5
substance cagy, bhe §ff §otR @S Walsh 2obhalerPde, CUcFOl 8T, WuSful#l,

separately installed.” Int i's respect, the aqueous acrylic acjd-containing
sol ut i on5cortem kdedydy, t ipsnicneentdi oacbtdgdpgidny dladesia eid, and

wat er - cont ai ni ng, acryl.i ¢cid ri t . r Q208 e
dehydr ati on %%]f)g]rﬁ’lc f%”b(fO?ﬁgof“ieghtg%%@?%l&%‘%%ﬁag%ﬁa%%%e%l@ s to %%@5 bott om
liquid of thenabsesptaes sobsent ahd ddditbisn omo lacuytiofaché. col um
obtained after the subsequent distillation. The copling. enp rature for

t he aqueous acryFFEP&ﬁ%ﬂ%&ﬁ?ﬁ?ﬂpndjngHPFBHS?QFYfEFt T%;iﬁiﬁﬁﬁq%d to

be in the raﬂﬁﬁn?fo@ﬁethBgedTé}%\ie 13 1P LaGURONSe8EFYDIE Bl et Ni ng
solution in the tank 25 is supplied to the azeotropi c dehydrati on col umm

3o|. As flhe ek{zﬂolmrlorﬂ(b adeh pabdecsede ol nn@oBIUNGHERD Kibvh A AZRMEARLDI at e
col um, packed col.umm, t.t e Ll _calu cqy; ra usabl e.
dl%eorraﬁuféﬁ:fép %e}( e‘{:?, D, h%%%%}%’c ‘Hlmlﬁtaeczlgﬁﬁ

The azeotroﬁ?% . simTlarly tot I on colum
nmentioned alsussedqueenigenevatlie/ ppoetesrizd: dbthenangltiteeagobans agrryal isacked
colum. Incidentally,. the prﬁfenred unber of t.heoretical e n t he

azeot ropi ¢ GEhYTCRT L EHIURR 186108 /i Wt AT 0% p§ef-er§0£cl’ %EQDS%&‘I]’[ ypi cal
exanpl es of 1 heZaall/eri & S6bYERttd @A uhedsubstihite deyenhéanto sm vents
containing at |east one menber selected fromthe group consi sting of
hept anel5di re@ngferred to the subsequent process before the subsequent
process is carried out. For example, the aqueous acrylic
acid-containing solution, when necessary, is supplied to a
distillation column 22 and deprived of such low boiling
substance as acrolein therein, then the bottom liquid of the
20 column is transferred via a pump 23 to a cooler 24, and the
aqueous acrylic acid-containing solution which has been
cooled herein is stored in atank 25. By coolingthis solution
before it is transferred to the tank 25, it is made possible
to cool the solution infallibly, decrease the retention time
25 in the high-temperature state, and repress the amount of an
oligomer to be formed. Optionally, the bottom liquid of the
absorption columnmay be transferred to the tank without being
passed through the distillation column 22, transferred via
the pump 23 to the cooler 24, and then circulated to the tank
30 25 and transferred to the subsequent process as well. As
typical examples of the cooler, shell-and-tube type heat

exchangers, plate type heat exchangers, and spiral type heat



cycl ohexane, ethyl cycl ohexane, toluene, ethyl benzene, chl Qr benz
xyl ene, and mixtures thereof; 30 solvents containing at |east ‘GH&" P‘réﬁr@?er
selected from the group consisting of diethyl. ketone, diisopropyl ketone,
met hyl propyl ketone, nethylisobutyl ketone, nethyl-t-butyl -- 22 5 January
2007 ketone, n-propyl acetate, n-butyl acetate, ethyl acryl at ae net hyl
met hacr yl at eexehhygemthhwm hage heelylhexetatare koo Gigyft &cﬁﬂta’{“éy ai lyl

acetate, iso n iny, I t t hyl
or ot onat e, BB varn S ge dR  Ap e He EER e
t her eof ; aﬁ@sﬁhl@dti@hWﬂﬁl@mﬁQmmedndhaaeﬁmhmﬁhévennhamhﬁngza@treB$C one

menber selected fromthe group consisti n% of hept an&, d'hnft hyl ...
cycl | ohexanedeBYAyAtEgR| 6PeWARe Ut ol THEhECRERHLOTD e i2E O¥hPSHbbRAzene,

xylene, and gy ‘déﬁéetbsﬁeeé &fkéctédsa!;V@E’éhCin@gﬂtﬂ@n@& teaséo Dien menber
selected fromt group consisting of diethyl ketone, diisopropyl ketone,

met hyl pr opyl wked:bmes sapahyrteéybmwakb@@ne Itshag| CeSRREYY theeaghgous

| tat b t t | t | at e,
byt et hatesTaiE, rHrCat i Sing RN “KEReIp R o PRRE Y e

i sopropenyl ﬂﬁ€éﬂt@on\5rr®aldly pn@epl@eatteh,e Wa bey+cpnbpinhag @cnystileydcid
crotonate, nethyl valeate, eth but rate gl but{@ a ﬁ {ll atlgﬂd @@%ryres
t her eof nayPBbOEﬂ%‘éd:he?(y%‘rsef%r é"Pelt 61 9§2e85FORALsIRBREAFhIRY G2 'east one

menber gel eglad,d EQ%Eh%n%OEQtCéHmM iangl efubeptesahd bbueor, 1 baatid
m xtures thereof; sol'vents containing at |east one nenber sel ected from

t he group cocnéﬂshe n@soﬁrpétllwu cabumacid &he borbemyl EbHOf R@t‘b‘h]eumn_
n- propyl ac:% el Qiﬁgk t%%etsqlth%,eﬁl%nq:nﬁlrgeqﬂé&sl&her%{e @&gﬂlfngr,n xed

sol vent for a sol'vent ~containing at |[east one nenber selected from
t he group coaﬁpéiaﬂ@reffoheipmaaquembmlmlacmdxr:@méglmh@lgemlwmw a

sol vent Contalnaﬂgtgﬁkhgﬁgée errggqgﬁ e%gf é%%u&ﬁPSEERF 50°C. Then,

15 the aqueous acrylic acid-containing solution in the tank 25
is supplied to the azeotropic dehydration column 30.

As the azeotropic dehydration column 30, such known
columns as plate column, packed column, wetted wall column,
and spray column are usable. The azeotropic column 30,

20 similarly to the absorption column 20 mentioned above, is
generally preferred to be a plate column or a packed column.
Incidentally, the preferred number of theoretical plates in
the azeotropic dehydration column 30 is in the range of 3
- 30.

25 As typical examples of the azeotropic solvent to be used
in this invention, solvents containing at least one member
selected from the group consisting of heptane, dimethyl
cyclohexane, ethyl cyclohexane, toluene, ethyl benzene,
chlorobenzene, xylene, and mixtures thereof;

30 solvents containing at least one member selected from
the group consisting of diethyl ketone, diisopropyl ketone,

methylpropyl ketone, methylisobutyl ketone, methyl-t-butyl



group consisting of ethyl nethacrylate, nethylisobuty.|ketone,, 30 n- pyl
acrylate, n-butyl acetate, and mixtures thereof may be citnga$ﬁgy§ﬁgﬁnt
of the azeotropic solvent to be used cannot - 23 5 January 2007 be

uni quel y defined because it is fixed by such factors as the water content
of the aqueou li.c acid-C Lhing, [ | | : €€$ tropic
dehydrati on c%?gﬁégéﬁh ]kgggeggbégégégg%%éﬁggﬁﬁgﬂtb?gy%gnﬁggL. ?’can
be used 5 at méehkhomethaopplaten adbpledetbactdyd amer,posinydf azectattpe.

The anount of the azeotropic solvent is preferred to be large. particularly
from the vi eviSORTRPBE A5TENGHEN R Hor PREFPERY I T PRAPSRFY PLE CaLP Y ITY ¢ i
unduly lar Qe1p1tt§’;l‘!\fd§£te',[ herexges profidrmh s ahethyl Sedvarhage,i methyl
necessitating a 1arge anount ~ 10 of "energy for distillation. The

t enper at ube dcfalerte opthly Lihet vaade r dppetyibefdest i dpd ndgtyFss3tengr e
properly sel egt ed, depending on such factors as the water content and the

anount of by-product present in the aqueous acrylic acid-containing
solution to be supplxed solyentes fopwatl of af eedviengqucdnperindangtat ilesstt he

tenperature of the feed liquid he ree of dehydrat.ion ained.at, the
kind of ot héjrnecd‘i‘ﬁi‘&?%ts‘?]loe%o%%e@%t &Fd’%ﬂw&oéﬁgrﬁ%rﬁn% H’Z‘gr ggefp,tanaerfd t he
kind of distidimdim ceyymbheReNepokrhed idyditheiaeesstolaenpyr idthiylg

acrylic acid. Generally, the pressure at the 20 top of the colum is_in the
range of 190 bermenfha qHinEobapsena h&vl@nser &g &isftuaes tderset Wétdol um

I s decided by ts%ﬂ.véﬁf}%%ﬁ%%iiﬂ';ﬁ?;gﬁ‘ez%é%ﬁ@ I GlerdiSe PTOPEEE Y S the

operating pressure. The opera e azeotr.opi.c dehydration colum
30 i s render egrcefd i compisbingr ofi dileghiyll Hetvre, odliigaperp?b kepenstor,

e 0 A Rl ST B L P SRR b o
phase) 31 andtdnegt arppbpye dFetdtef hupungltheedate, phtasel Atrgladaegf | ux
ratio inlgheﬁgﬁﬁyi(geékééfyfé%éf)é€§§f;§£%ﬂ§£}§lgggydgggggnacrylate,
n-propyl acrylate, allyl acetate, isopropenyl acetate, vinyl
propionate, propyl propionate, methyl crotonate, methyl
valeate, ethyl butyrate, dibutyl ether, and mixtures thereof
may be cited.

20 More preferably, solvents containing at least one member
selected from the group consisting of heptane, toluene, and
mixtures thereof; solvents containing at least one member
selected from the group consisting of ethyl methacrylate,
methylisobutyl ketone, n-propyl acrylate, n-butyl acetate,

25 and mixtures thereof; and a mixed solvent formed of a solvent
containing at least one member selected from the group
consisting of heptane, toluene, and mixtures thereof with
a solvent containing at least one member selected from the
groupconsistingof ethyl methacrylate, methylisobutyl ketone,

30 n-propyl acrylate, n-butyl acetate, and mixtures thereof may
be cited.

The amount of the azeotropic solvent to be used cannot



30 colum 30, and circulating the water phase 32 to the absor5 ion 2@@ um
gffamf%‘é ttom

20 and used therein as the absorbing solvent 21. Consequentl
liquid of the azeotropic dehydration - 24 5 January 2007 colum 30
acquires a conposition having a water content of not nore than 0.05 wt. %
and an acetic acid concentrati i n the, range .of

02 - .. % Th
azeot ropi ¢ d@ﬁyﬂ?éﬂ?@ﬁycg?ﬁﬁﬂeggb%ﬁ:%‘F%?sltpr efrlx%jogi’é'disflfzgln%ﬁ‘éégt%a%f a

pol yneri zati pel phickit Qonft@nt! M RHPRQuedis PAEKENLENGcaarybheadtidgh rom
under goi ng unwanted pol ynerization. As the polynerization inhibitor, the
typi cal . exasplutientsdpphietetpaiheyrgse tdeaingahydyatien spsBMpt 2BA
colum 20 nmay, bhe, used gi j Y, Lot r . 00f 3 Xt of two
or nore menbgpg. klrﬂlgsolgn‘—\s%%%‘f%%g%% e?cge)ir%é%e@%o}%é;n%ﬁd;at anclgﬁ% i#%%dt o be
suppl i eds n gerjHekhban pdporciyt adoptied. faMithe patpose axfdazbet sobgent are
vaporized in _the part of the distillation. colum ab%ve ttée si}agg for
supply, acryFhe AUl Re 3RO USRS BPIYGEF oI RAGEEFARS T £ 62142
bottom si de Qf -t heueQL ¥ EromPHE ’vitéﬂ@)oﬁfrﬂ;séﬁ%&e@fen&(irmd pE1@RéHizStion
considered to beef f ective in perentlnE t he pol ynerization inhibitor
from being @feadnilin a¢ibecalifelt He BaAPIYCclaRgd Hweisls the excess

pol ymeri zati on § nhi bit.or c . mgl 1 2P despRopesi tion
of the acryIV@u%%r%dgo%fgaorge%%\%n‘%%ﬁa\%ﬁoﬂ!ﬁ %‘eegfegtésggraittggg speci ?i cally herein
bel ow i gousedf asnéhgyacoyl déstatidtioh.serves as an effective utilization

of acrylic acid and contrihutes t he i venment .of t.he ctivity.
Wien the acryli CT}&%it(?“\P?rQ%bﬁflq 2 q"thﬁ F%%&;&? AZSFELE p&&h@%&%’;{f}%}%@i%
colum 30, isoWuhh 30Emal Rpadparl gaseldewnhagepeadtihg quahichyfaetops oduct
and preventing the polynerization inhibitor from being precipitated. It is

inferred thaas vil¢ evatRr hyoprortcerd He AROWRT 0T RETPEIRYT bRFF $5FMat er
5 b 1, ARt g R by s v s a1
di still abi onthe amount of feed liquid per unit time, the temperature of
the feed liquid, the degree of dehydration aimed at, the kind
of other component to be separated and the content thereof,
andthekindofdistillationcolumn incorporated intheprocess
for purifying acrylic acid. Generally, the pressure at the
20 top of the column is in the range of 20 - 200 hPa (abs.) and
the temperature of the top of the column is decided by the
azeotropic composition which is proper for this operating
pressure. Theoperationof theazeotropicdehydrationcolumn
30 is rendered efficient by providing it with an oil-water
25 separator, introducing the distillate from the top of the
column into the oil-water separator, separating the
distillate into an oil phase (azeotropic solvent phase) 31
and a water phase 32, refluxing the oil phase 31 at a reflux
ratio in the range of 0.5 - 10 to the azeotropic dehydration
30 column 30, and circulating thewater phase 32 tothe absorption

column 20 and used therein as the absorbing solvent 21.

Consequently, thebottomliquid of the azeotropic dehydration



Also in the acrylic acid recovered by the thermal, deconpos i5 on b e
water formed by this anhydridization is contained. By -. 25> 5054¥78 €
2007 circulating this water to the azeotropi c dehydration colum and
dehydrating it therein, therefore, it is nade possible to |lower the water

content in the_product. This dehydration . prqcess is at.a further adyantage
in preventin6°%ﬁ3n53§0?9ﬁE}F951?(ﬁPW?ﬁﬁiﬁ%§h(h§WﬁHQJﬁﬂgPﬁgfnéoéFggﬁpg¥ation.
According topbhi oi-BVeRLK0D. 0bhatef ki ghaney atepioedueidotoncantbatiiont her

i nproved by repressing the concentration of the acrylic acid oligomer
(acrylic aci dndther ranget PEMBrP2 rn3t H&-bGttom | i quid of the azeotropic
dehydration colu 0 I I e P W perdps e, pheberably
to a |evel of ng?héo?%%9%§ﬁ§§%wg% 70 Q¥iﬁ1%%¥§%reatd%nt of :geogropic
dehydr at ison adadnyéen thetrert camfl alpod vineid iizeg: isubst bk 6t eo fpaitisipinpese
aqueous acrylic acid-containing,solution, the proc for hy. ' 15 and
the process Pbr BERYFAF{-BH o?cfﬁ%l?om?%b?li%5°§ub%?gﬁi%Olé%ybgﬁﬁéégggd out

separately ofoeamBrothehontenens! | yhe afdoaymetiezdyient nenhibotodehydhat i on,
the product by this dehydration can be refined by perforninqﬂthe Pﬁocess
for the sepat#pienl examPRsSbEitedg Bubheamaragnandt danddrviph the

conbi nation wth 20 KROUR SBEHOd figly1RUs  fiirf @hieOforhlot
solely by d%%%?fﬁg%ﬁgﬁs&yﬂg{ggﬁﬁ€$2%t?on of acryfﬁbgé?ﬁg #hy be effected
by crystial | i aat aomixOaragofotwbeow dereamgwbarsewed for the selection of a

f ification, this i ti desi t L  al b
Cenovi ng vt or andhi B BT R DECLTbe N 6 MR e S R eey T2

aci d- cont ai NbaGs §OH UL &@Nin asord fithaiude vAaty aiceyadicd aand .t rensiersaterto the
process for separation of high boiling substance, In this, inve tionl,l it is
preferabl e tandfdrnppPlYeBbALR VapPraze nknB%FMB%ﬁtfﬂ%tb?diﬁg%l#' tio

azeotropi ¢ d@@i’ﬁ:ﬁﬁté%@ e%tagg FHE RIASBSS dcafy1Sepatati 88c@bek wmdoi | ing
substance and the process for separation of high boiling substance to cool
t he 15 vaporization and transfers to the bottom side of the column.
Thus,thepresenceofacrylicacidisconsideredtobeeffective
in preventing the polymerization inhibitor from being
precipitated because the acrylic acid entrains the
polymerization inhibitor. When the product of the thermal
20 decomposition of the acrylic acid oligomer which will be
described specifically herein below is used as the acrylic
acid, it serves as an effective utilization of acrylic acid
and contributes to the improvement of the productivity. When
the acrylic acid is supplied to the azeotropic dehydration
25 column 30, it will be at an advantage in enhancing the quality
of product and preventing the polymerization inhibitor from
beingprecipitated. It is inferredthatwhiletheby-produced
maleic acid, when absorbed in water, is present in the aqueous
solution in the form of hydrous maleic acid, it is gradually
30 anhydridizedwhenheatedbyrepeatingtheworkofdistillation.
Alsointheacrylicacidrecoveredbythethermaldecomposition,

the water formed by this anhydridization is contained. By



crude acrylic acid. The crude acrylic acid is cooled by - 2% 5 JaQ y

2007 transferring the bottomliquid with a punp 34 to a cooPefmuas% @ﬂé t he

crude acrylic acid cooled therein is stored in a tank 36. By this

transfer. simlarly to the transfer to the tank 25, it is nade possible to

cool the liquid infaLIibL%.5 by the cooling, decrease the ti.ne of _retention
Pa

in the high cisspdriingethas watew toephesiZe e dif AeryArak 1on GoMBRn
suffered to u i t . 16 yhbEsaphd i n
the tank 36 ?§8p§ng§?859ﬁé gg ﬁﬁg?ﬁggf3g§§%§§{§%ﬁgygﬁcga§§ Fhescgoler
shel | - and-t uhe lgper hdat wabeexchmabeet sin phetpredypet he&hisxdahrgeasioand

spiral type heat exchangers whi.ch _have been heret af or : t art
are usabl e. PFRERSSt htScr eaacFVFFEeﬁc'? V?%P?%% féhk%§égggqéh pI?g to a

heavy-ends cybiyvaekiBBt40n Thehiepvor efgsmc UindsddoimgiOpreonpitatien. a
process for ea?ing the liquid under treatpent 15 and exgglling acrylic
aci d by di st Arrardéndt kPotifhst ARVEBS1o8r .hgi SEFILFARPEH o5l BRATUEFLRPt he

vi ewpoi nt of _the th {ih i e by g lred g @niedcbackheraehiBinosO is
preferred tggﬁa?/% %Pﬁﬂll%ﬂelaﬁé@rrper atyure as pernr('ril ssible. If the |
t enper at ur e vhet hergiideaaddybliganet i(scupddtyanighdimae 20dekEeBST of

A

enl argi ng t h&%p n, ' r erirng easy the occurrence

of a polyyrertol 8 1heeheayynendsogst thehupnwt degy adong pheféralyyteld of
acrylic acid, and possibly hindering the continuous operation 25 in
consequence beveheObcBOFrBAEE 5haB poMymer- If the tenperature falls short

of 20C and approxirgBLER GOtElek thlent! B8 {I&AZISHK PALAYdrkheoahesnages woul d
be at a disadvantage “in possibly freezing the content of the colum and

increasing whaeteaneodt lof W@dﬂﬁnglﬁyhgﬂﬂnqgjqﬁnﬁqﬁyqdmngQQ%$§q$%gu§he 30
ef 11 ¢ ency oRbYBAGAT B GLeRLibRY RO TR San KT ™ A At C 57"
pol yner 1suf f gre@dci® predssafdrt sephbatiah.of the low boiling substance
may be carried out separately of eachother. Generally, after
the treatment for dehydration, the product by this dehydration
can be refined by performing the process for the separation
of high boiling substance either alone or in combination with
20 other heretofore known method for purification. Not solely
by distillation, the purification of acrylic acid may be
effected by crystallization. Owing to thewide range allowed
for the selection of a process of purification, this invention
designates what is obtained by removing water and low boiling
25 substances from the aqueous acrylic acid-containing solution
as the crude acrylic acid and transfers it to the process
for separation of high boiling substance.
In this invention, it is preferable to install a cooler
oratankbetweentheprocessforazeotropicdehydrationand/or
30 the process for separation of low boiling substance and the
process for separation of high boiling substance to cool the

crude acrylic acid. The crude acrylic acid is cooled by



- 27 5 January 2007 efficiency, this invention has el ectedt 0005 6#6
treated |iquid between the subsequent processes. In the pregéﬁFumy 0

i nvention, the yield can be inproved at a highest level. by cooling the
treated |iquid between the treatnent for 5 azeotropi.c dehydration and the

treatnment of high boiling substance. As the heavy-ends _cut columm_40, such
known col unndTads faria g Sihenko th ik dd ddddu i thnét PEIPAAY tOoPufROL&Rd

spray col unygar %dp%%QJ%ruﬁ@?ag%gilceagidc%boqghu%ﬂer%hﬁ‘h%rEEOE%d1QnIhe

azeotropi ¢ dehydration colum nentioned above, is generally preferred to
be a plate cal tankd6 a packeds coamsifer Shmséacéyu‘frmstm?ai]rébﬂfar¢<ht|b\§ck| ng

or stepped pl at The,_ nunber of theoretical of 3 -

30, preferatf@p ?(525'26t 1% B9 e(ﬁos%ﬁﬁl'la i%Sh c|°n @;‘/llﬁ gg%glﬁj P’urm 40

my be perfepmedeundelihhe goodbisonshoft thstdd Imumm dm ma\eehllgaen

heret of ore known to the art. Specifical the pressure _at thi E of the
E. e

colum is in @ﬁ@eﬂ@ﬁ@éeofpazd‘—f- 3gh ]ﬁ%r?%%sth? ARE P d edpef 6f the
bot tom of 't heg, Gy '@ah't% Rt gh%e %%otﬂ«‘a\ﬂ% 120p e ddeu e ayy - eRdsceytiecol um

4 0, simlarly't e azeotropi.c dehydration col um 30 nentioned above,
prefers addi eicoylirhecétdoinfthe meoked 6am§umeiﬁ)¢rp©dy’¢@rb€2dm &Rei ARANBPt or

with the obj %Ct%oﬁf P §M$nt| ‘}{Q"Jﬁ&f&*d EheTyuRder g %PI?I% é@@nhggt 25

pol yneri zati & hventi on Ymerization i

preferrex t ochenangeedycsrate tgme béat hﬁcdha&tgéﬂsa,t land spioahLypa heast age
ot her than the stage for ply of theraw erigl, or th staefor
suppl y of th@xpéﬁpﬁﬁrswpécgr%ﬂé@éﬁﬁﬂ Cbéﬁ t?ntﬁﬁh bi-t 8F Swhi ch

conforms to h@sb%”p%‘héﬁOehe@rufdféea&ﬁﬁf@a&% 1%@@551&136!155 sappried at
any of the stages which Is present away fromthe stage for supply of the
raw 28 to a heavy-ends cut column 40. The heavy-ends cut column 40
constitutes a process for heating the liquid under treatment
15 and expelling acrylic acid by distillation through the top
of a distillation column. From the viewpoint of the thermal
efficiency, the feed liquid to the column 40 is preferred
to have as high a temperature as permissible. If the
temperature of the crude acrylic acid is unduly high, the
20 excess of temperature would result in increasing the speed
of oligomer formation, enlarging the possibility of
polymerization, rendering easy the occurrence of a polymer
in the heavy-ends cut column, degrading the final yield of
acrylicacid,andpossiblyhinderingthecontinuousoperation
25 in consequence of the occurrence of a polymer. If the
temperature falls short of 20°C and approximates closely to
the freezing point, the shortage would be at a disadvantage
in possibly freezing the content of the column and increasing
the amount of heat to be applied during the process for the
30 removal of high boiling substance. In consideration of the
final efficiency of production based on the comparison with

the amount of a polymer suffered to occur and the thermal



5 January 2007 material. and before the stage for supply of e ref hyx
Specifically, the polymerization inhibitor is supplied in con®R&¥i?dR" with
the acrylic acid-containing solution by an atom zing neans through one or
nore sprayi ng nozzles disposed 5 in advance in the distilling colum. The
reason for the atomzation is that it enables the solution _contai nierég t he

pol yneri zat i sHEf¥mienair thidyendped ﬁﬁsaeﬁﬁﬁée@aﬁﬁé:c?%i% gt
distillation %%%%%ﬁ OPfet Qﬁbgghﬁgggl é%%?%@s%@.beInp"tﬁ‘ée%tr%‘éent

effectively. injectiron 1's mad 10 the stage for supply of
a raw mat eri alnveart idre, sthege ifedd sappby ivpravedfat ux hidiesiollgved Pati on

inhibitor may be injected ,as separated. fromthe raw mater]
reflux thr ou&?oeja\’rﬂé h &‘esppé?iiﬁﬁgnoﬁlﬂ%l r%teﬁé’eﬁ& y)é\'rhe?i zt:]{éla?rw%}ﬁi tg:&?m may
be m xed §n aguc@pid hadihglraw omt gfid athe abded beenef of ukighd bbS tilme

resultant mxture is injected through the spraying nozzle. Since the
acrylic acidssddaid®ti on does not vary very nuch in the heavy-ends cut

col umn, the Pol YITord 4l ABayPhLRAE Gt 121 iy SUPPLLEH o ARyl ber L han

the stage for supp e raw material. and the stage for supply of the
ref |ux 20 ompliateray lusn,npecked avluhs, svegeed oralklumeyumsf, aRe EREANL eri al

and/ or the stage for _supply,of the ref |ux. .n i et erabl e
to use as thé&®° F(Fea@gﬁgbﬁft @fe OFE VSR %&L‘g é% ai ’nééd'gqlh'raosrul h%%he t op
of the cpd umrheThgzesasepibordémgiratseomf cpauinnof méheicnsd i ldbatves ,i sithat

since the heavy-ends 25 cut colum is a device for obtainin crﬁlic aci d,
the use of Gfdefiadthy PEeEesEpdt tAdhPI BRI PR %@é‘l#‘%@aﬁ? HM % he

product (rawgiRier Eahuaﬁse;ﬁsfrc@rm@aﬂ} wpeekii&xb 88 dgped@ldldsasulrhe in

stabilizing the quality of product. In this invention, it is permssible to

condense t he nusbeacrof i thewrek tont aphahgs diist ikl &he gangsbtah nkd-t BPeugh

the top of thefhea -e%ds Gt colum 40 and supply at least part of the

resul t ant acpflei ETE8d- Cont & i ng condensate liquid - 29 5 January 2007
15 The distillation in the heavy-ends cut column 40 may

be performed under the conditions of distillation which have

been heretofore known to the art. Specifically, the pressure

at the top of the column is in the range of 20 - 200 hPa (abs.)

and the temperature of the bottom of the column is not higher
20 than 120°C.

The heavy-ends cut column 40, similarly to the azeotropic
dehydration column 30 mentioned above, prefers addition
thereto of a proper amount of polymerization inhibitor with
the object of preventing acrylic acid fromundergoing unwanted

25 polymerization.

In this invention, the polymerization inhibitor is
preferred to be introduced to any of the distillation columns
at a stage other than the stage for supply of the raw material
or the stage for supply of the reflux. More preferably, a

30 polymerization inhibitor which conforms to the composition
of the content of the column is injected at any of the stages

which is present away from the stage for supply of the raw



to the azeotropi c dehydration colum 30. Incidentally, the %gndensabg?
liquid generally is a finished product of acrylic acid used’ ML W
material. for the ester and high purity acrylic acid and the bottomliquid
of the colum contains 5 the polynerization inhibitor, acrylic acid

ol igonmer, and other high boiling substances. In this kﬁge tion he bottom
liquid is deBRr§RELRE A9da BRIGFDOFRS n§taE8s £akc £ PG Ya] 'hﬁh635F6 '8 and

iS.Subiectedsggc§595§§@2§ fae begﬂBkh¥atQ@ﬁoﬂﬁﬁibmﬁokhssaﬁﬁpbl@eaCEd_
ol i gomer contalined therein and 10 consequently recovering acrylic acid.

The thermal denguposibhoniigi theeageyyliccaasddcontybrrg § WakQn &F 88t in a
heed to be pAPORCAIAPMEAT CRFPRER GO bR, SEERVERS oA S Hepaetary 1!

need to be p& ated on acco its form nce the

ol i gomer shasiaSahigAcel S@0%iHey dipasisillng sdwlenpr e@ips tregasom oforn tbei d

substance, and displays an inferjor |iquid 5roge t¥” the tank .is g eferred

to be endompatﬁﬁﬂﬁaﬁhoPn%$i?ﬁﬁ?(ﬁ?tﬁﬂﬂﬁ%?%l? e .Paﬂi&OBU?PB 4ahd™dr 6¥Fded

with a i qul fogichl 2h Aon 3 Wit st kbibdidpdaybaciapabie rageni hoLazi ng
e

t he conpositton i nsi de ank. The concentration of malei.c acjd
cont ai ned i hhehbisteicbipolet dolaguind apBt al hews Hyhe we Lyreriaa tdefoPo8Pt i on

is set so as_to be not re t 5 N Y LEeA R st he s or 0- 3
w. % and nBF%VSPE? r%gfﬁgFﬁygﬂ%'rgﬁﬁglo .rl%%? ?hébe&?BTﬁg §§§§0ﬁ£for
restrictiong the stlde faeighpifl e ofcentavanadarial mot therstadmfoF sMpplyi s
that the maleic acid readily converts jnto f ric acid ich i i soner
and the fumePf.? BEefH1Raviiy ROHYBRT HERHRAY b%gﬁ?lﬁ?ﬁc?%yrg?e%njégégdsolid.
For the purpgsesofaphtalinkAsnt ke desormesssii qund ohie BOFLink sthesaghption,

it is preferred t'o provide the deconposition tank 51 in the |ower part
t her eof wit hamotlher Spnagjigenose lesE e polymenigatiion Anhapeferapry

separat i on CB' un{rinxe4 in ad ané.wlfﬂljac.r}?é %g@ﬁma@@figi HhPeHld Pef1ux and
substance-con?alnlng solutron’is supplie
15 theresultantmixture is injected throughthesprayingnozzle.
Since the acrylic acid concentration does not vary very much
in the heavy-ends cut column, the polymerization inhibitor
may be supplied at a stage other than the stage for supply
of the raw material and the stage for supply of the reflux
20 oritmaybeinjectedatthestageforsupplyoftherawmaterial
and/or the stage for supply of the reflux. In this case, it
isEmeferabletouseastheacrylicacidpartofthedistillate
obtained through the top of the column. The reason for the
use of part of the distillate is that since the heavy-ends
25 cut column is a device for obtaining acrylic acid, the use
of the distillate substantially identical in quality with
the product (raw material as ester and high purity acrylic
acid) results in stabilizing the quality of product.
In this invention, it is permissible to condense the
30 acrylic acid-containing distillate gas obtained through the
top of the heavy-ends cut column 40 and supply at least part

of the resultant acrylic acid-containing condensate liquid



to the malefic acid separation colum 46, the bottomliquid _of the (9 um
is concentrated with a thin filmevaporator. 50, and the oIﬁd&ﬁ%Vyﬂg
deconposed in the thermal deconposition 5 tank 51. The liquid obtained from
the thermal deconposition tank 51 may be again concentrated in the thin
fil mevaporator. 50 and the acrylic acid obtained in consequence of the
thermal  decdwpbdet #BROHEIPBE FRItARR PR SeAuEn: AR- a&%ﬂlr‘iergfc‘?ﬂly‘s the

vapori zed in %Aggq]é,ﬁ]&é 1 LG APSHeE 01190 LI Alad poatbd df ampyibe.

recovered thr e topo e nmaleit acid separation colum _
mal ei ¢ aci d seypal asiednasotenrang nedser alufioer tbe eshevrand dulgh Eudtidy of 1

- 10, preferably . 1 - 5.. The i,stillation.in.thi |_u .S preferr. to be
performed at af%%éll(?olalfﬂﬁi tac%1 gﬂhe?s&?rteekolnh ulfiar?gfe%glfe %lﬁlﬁ%g%ﬁ%gl %bs.)
and a col sim tpet trynyineimielat ibe Dihiwitdr ghesryhin 420€. oThgomelr, n ahid m
evaporator. 50 is preferred over a shell-and-tube, tvy e .heat ex han%er in
respect that gtharshighheid 159 SehFeartest i A BVEH 1 diod r of R PG tom
viscosi ty. T*iligu%vgged@i PLSed Ys aeﬁ%ﬁ Q)othi@%sgﬁbgtaﬁtz@ﬁc_@%ﬁ:‘éﬁ%&n%

hori zontal typ and a vertical type. e thermal deconposition tenpérature
in the thermsbluddoonpasdt iigh sabkesteds yenér aPr9cedst Heor agersrliyo 220C

etontion 11 RECARGOIE P oo Te elpEaTiatfRg st rined piissr AR

retention ti qul reserve econposition
t ank/ amougt  ebneesfuendilly) devovelr igeneralyllyc defidied because it varies with

the tenperature of thermal _deconposition, it js generally .required to be
in the range of ?@e-tgﬁrﬂﬁbr%?c%%?lﬁw Pl‘feFif’rEIag G5ia gﬁlﬂaﬁ‘ﬁ%l 30

needs to proyide W idy subeatd PHePRANSecbinp®efiftiiotSsallo9eYerrhe tReFmRNL ai N
the tenperature of the thermal deconposition by externally jacketing the

tank and/ or Aetempasiiyiper tank 331- dogsjamiaryeedoro &8 ePakFigylarikosi ng
a heat eXChaaggEr‘}ﬁqngttleld' &h g%c%'ﬁ%t& of iREH ARI WIRS éflg"yficﬁ'onféll has

15 high viscosity, possibly shows precipitation of a solid
substance, and displays an inferior liquid property, the tank
is preferred to be endowed with an inclination toward the
liquid outlet and provided with a liquid circulating and/or
stirring device capable of uniformizing the composition

20 inside the tank. The concentration of maleic acid contained
inthe decomposed liquid obtained by the thermal decomposition
is set so as to be not more than 5 wt. %, preferably in the
range of 0 - 3 wt. %, and more preferably in the range of
0 - 1 wt. %. The reason for restricting the malic acid

25 concentration to not more than 5 wt. % is that the maleic
acid readily converts into fumaric acid which is an isomer
and the fumaric acid having a high melting point precipitates
as a solid.

For the purpose of obtaining the decomposed liquid of

30 thisdescription, it is preferred to providethedecomposition
tank 51 in the lower part thereof with a distilling device

such as, for example, a maleic acid separation column 46.



This invention permts addition of a polynerization inhibit to tg ?igh
boi | i ng substance-contai ning solution 5 prior to subjecting %Tgr¥ ﬁg i on
to thermal . deconposition in the maleic acid separation colum 46, the thin
film evaporator 50, or the thermal deconposition tank 51. This addition

results inefficientlypreventing the polynerization and 055|bI§ g ting
the thernal G&cohpebipPbhingsy hﬁ$QKF?Kﬁ%@ﬁﬁi&%&$&ﬁ949ﬁﬁ tiotr SERPA

promoting th t@ﬁ@nﬁg%elgeggmo§%ééf3§t1§nAt:o]ﬁ.imﬂ "4 (the? b@t&&@tlrlamaehyl
pi peri di noxyl phosp e an nor e of conpounds nanel vy,
2,2,6,6- tetraﬁethylconumarudiuonybstmepeéswntédabyhlmhélﬂmlE@W@@gaﬁ@ﬁhula

Choct, "o Roeaid s hhitaea? T Sabibeis L b ARFE dLionflRl; R

for a hydy ogeanﬁtm qmectizgh& d, oI 105 TR Ohe tWheMha hideoxpeditidn, 6
6-tetranet hyl . geridine conmpounds such as, for exanple, 20
1, 4- di hydroxya;_ak25 Gt o€ AgkREThgPRERPEF ABPAC i tde thinTilm evaporator

1- hydr oxy- 2, %ﬁ%rﬁEﬁ}lhj_yc! b RS A di‘ﬂ%or?sec%:erﬁze Brtiaid aReihxh

pi peri di ne conpoun or exanpl e 2,2,6,6-tetranmet hyl piperidine
and 4- hydrodyeamgps;ﬁibatmayebhyte@mmer¢@inémngﬁl&@axaQIYL#C 2gid is

nbi b
combinat! on SRS, OLI°L AR S, ¢ GphRYecdp U1 S venthan. theq

ment i oned) abgy Tg bére@beéséae;dut@daetﬁartmp ed e themcmrﬂs‘Bséparatlon
dehydrati on. Is - 32 5 January 2007 is because the purification by
elimnati on 8Pl8WBh4Pmpurities as water to be contained in the subsequent

process will be @B&%Q@Ql@ngc&Heseﬁhyaeibﬁa&b@amhn@sbhagr aWhlhbbe ggt to
effective utilization. be specifrc, the dehydration
theoretlcal plates of ]. - 10, preferably 1 - 5. The
distillation in this column is preferred to be performed at
15 a column top pressure in the range of 10 - 150 hPa (abs.)
and a column bottom temperature of not higher than 120°C. The
thin film evaporator 50 is preferred over a shell-and-tube
type heat exchanger in respect that it is capable of
concentrating even a liquid of high viscosity. This device
20 does not need to be discriminated between a horizontal type
and a vertical type.

The thermal decomposition temperature in the thermal
decomposition tank 51 is generally in the range of 120 - 220°C
andparticularlypreferablyintherangeof120-—160%L While

25 the retention time (amount of liquid reserved in the thermal
decomposition tank/amount of waste oil) is not generally
defined because it varies with the temperature of thermal
decomposition, it is generally required to be in the range
of 20 - 50 hours. Thus, the thermal decomposition tank 51

30 needs to provide with a heating means. It suffices, however,
to maintain the temperature of the thermal decomposition by

externally jacketing the tank and/or internally (or



5 proves favorable, both in terns of |owering the water conte } inzhg
product thereby heightening the quality of the product and ﬁ?é@gﬁ?i t he
pol ymeri zation inhibitor frombeing precipitated. Incidentally, the
acrylic acid expelled by distillation 10 through the top of the heavy-ends
cut colum 40 is enagled to groduce an acrylic ester .it IS supplied
to a process SKbRTEA&LP) oHLEP 6ﬁn8fath%a5c?%¢??9%§56ﬁn WL R Y 1D
produci ng an gchggtcmggggﬁ ksograsmybiCoipcid will be explained bel ow as
one node of enbodying this 15 invention. To an esterification reactor 60
packed with a stroBbLy lavﬁdtéoaapﬁéﬁléﬁcﬁéﬁgélpéspﬁ'é% o lmenizatiqme
acrylic acid t hen
an al cohol aRR%ﬁi@Sg;gpghQ%ﬁ? hgéﬁggé EQA%%“?§Q¥%$%?§§Qg%ﬁg%

Then, thesr eapri@rl &Dlsﬁhﬁmﬂmg mm«adsoedtmhotartheamaﬂ. shqmmmsortmﬂ urm

80, mhlch by distillation expels an acrylic ester al Ico

wat er, and othgrt hSWWﬁ%QHQ1 C%%b§?8ﬁ5@t¥ﬂPoG§ u@ﬁe%ék)%ﬁ g i
Subsequent | y, etfiforstst 30 At RN ahichaafir Bbbhgos9Pi6h thRKas1 d sepayation
columm 25 80 is introduced into an oil -water separator and is separated

therein into @@ﬁbﬂorpnagelsi ok Biient ahpeeY 9ht tneshepodyaerd 43t ian phase
82 having wat er ﬂgg ?gg&ggé £ hasg §3,d s
transferred to amr a %F%?%@%%@ col um %l dig&gp(ym%e{rmghase 72é| n the
oi | -wat ell OSeqmmmrMmiermriMEhtsmdlcstdem eft lpmmgitmtga tthap tdfe rimad.

wat er - separ at | on colunn 70, and the oil e .81 syp |I6% ,

| i ght - ends CRURMA APy, I1n this ﬁhﬁle }Fﬁ Sott Vﬁé%dgl §§g%§Px%n/ -
33 5 Januar yp 2007 d fifoXyef | pr@sbR D é hﬁuﬁt‘drﬂa P aictld OF atleBondurnds t he

| i ght-ends cut colum 100, the acrylic ester is separated through t he

bot t om and sumﬂq]éblr t20 Zr b i1 iR ARSI i PERS reild nopsyd: Sp FERFESE Gy (Mye
ester 111 |s ﬁ?&ﬁﬁhé“fgfﬂdfﬁ'(¥55 through the top. Incidentally, the
mhic as been

al cohol .
H;l Lca, (1)

HC I cn,
15
(wherein R! stands for CH,, CHOH, CHCH,0H, CHCH,CH,0H, CHOCH,0H,
CHOCH,CH,O0H, CHCOOH, or C=0 and R? stands for a hydrogen atom
or CH,0H), one or more of the N,hydroxy-2,2,6,6-tetramethyl
piperidine compounds such as, for example,
20 1,4-dihydroxy-2,2,6,6-tetramethyl piperidine and
l1-hydroxy-2,2,6,6-tetramethyl piperidine, and

2,2,6,6-tetramethyl piperidinecompounds suchas, for example,
2,2,6,6-tetramethyl piperidine and
4-hydroxy-2,2,6,6-tetramethyl piperidine may be used in

25 combination among other examples cited above.
In this invention, the acrylic acid which is recovered
by thermally decomposing the oligomer mentioned above is

preferred to be supplied to the process for dehydration. This



expel l ed by distillation through the top of the al cohol recoy 90
may be circulated to the oil phase 81 in the oil-water separ 38 mxﬁﬁﬁﬂgd
to the acid separation columm 80. The water, al cohol, and other | ow
boi l i ng substances 10 expelled by distillation through the top of the

| i ght-ends cut columm 100 are circulated to the esterification reactor 60
t hr ough the dol beerpso et hf ipet Lppdy phinivatior ofcyieh impugitdss

react or 8@ %Qlt%eprcg: Sccgr%a{tggdpﬁ?d&‘r?é 'sgg)s@:};ent @grﬂde%se%ﬁqu’ belS the

bottontlqu| aC| séparati on col um ualfly contains acrylic
acid diner aadtadmeﬁnanmnﬁhehpm&ymemfaatumh Mitaetor typel addupts $@ch as

al koxypropi oni ¢ aci.ds and, . al koxypropj onic esters repr ent.e
fol I ow ng f offiPEEiVe Ytildgd ’tﬂé/fpw t f2° tlrt? eotl deg‘gﬁ%ﬁ‘%&ﬁ{‘s such

as acrylig %Qo%'sdfa\}oré%lé) voth EQ@)eﬂt&d?af[lomex(ﬂMgetﬁemamexscantentteger
in the range of 1 - 5, nd R2 |ndependentlg stand for a drogen atom
e g

or an al kyl dnoupe Prad@Ci)@h%I%hﬂsleflcﬂht@%M PXOoBREYi di ng
t hat wh 25 t { |
at when ?H]d_rfpurls-é?;e{ri]tgﬁg% Eﬁ@ B q%{ngéfizaé%] ion 05_ %blﬁogayfﬁﬁn ' Q@EﬁbCa

or different ttom e aC| separation colum
may be circupatedpticatbd.esterification reactor. 60 as illustrated in Flg.

1, or it may be su lLied tgo_a separate pyovi d ; at or
and deconposi ti on BE&Qeeﬁaﬁleﬁﬁ%h CFXHéS gﬁp?ﬁgegEPQ %%Lg%ﬁégggﬁgoner
contai ney thgerghign The afiS Hebaiaeth ioutt kelbaint am isqehdbdea - 34

5 January 2007 déconposed and further converted inthe thin film
evapor at or Fﬁt@r%ﬂl% @sherrylier geteraghes %nésa%u%ﬂ&?@&%@l BresEar.

When t hese 09 ﬁ@téf§580£95509¥0%ﬂ ag@kglhetgsggg esterification reactor
[

60, they cons ective 5 utilization of conponents. Incidentally,
t he deconposi t i onNow, amethod for producing an acrylic ester fromacrylic

acid will be explained below as one mode of embodying this
15 invention.

To an esterification reactor 60 packed with a strongly
acidic cation-exchange resin as a catalyst, the acrylic acid
obtained in the heavy-ends cut column 40 is supplied and then
an alcohol and other are charged to the reactor 60 to form

20 an ester. Then, the reaction solution is introduced into an
acid separation column 80, which by distillation expels an
acrylic ester, unaltered alcohol, water, and other lowboiling
substance through the top thereof. Subsequently, the
distillateemanating fromthetopoftheacidseparationcolumn

25 80 is introduced into an oil-water separator and is separated
therein into an oil phase 81 containing an acrylic ester and
a water phase 82 having water and alcohol as main components.
The water phase 82 is transferred to an alcohol recovery column
90 like a water phase 72 in the oil-water separator which

30 is the distillate through the top of the water-separation
column 70, and the oil phase 81 is supplied to a light-ends
cut column 100. In this while, part of the oil phase 81 may



of the bottomliquid nmay be pronoted by the addition of the fore j oned
N-oxyl conpound. The method for the production of an acrylicsg§Wﬁ¥y sists
in obtaining an ester by subjecting acrylic acid and an alcohol 10 to a
reaction of dehydration. As typical, exanples of the preferred al cohol,

vari ous species of al cohol such as pethanol, .ethanal, n-huytan
i sobut anol , bec-usftlard Fopdtenoiclid $epanehmdh, cfcﬁd{-ﬂﬁ aﬁgl', gﬂ-rbeﬁpgnol,
cycl opent ano:l.igh%'—gﬁégnght 2o08%aN9bo, BhBexappliccystehexanskpatabegt anol,

15 2- hept ano heptanol, 1-octanol, isooctanol, 2-ethyl.hexanol,

i sononyl al cohobpghnthé dnttiombodhatpphieddo gi ¥eEining\CHabd lithahd| i near
formor in a_pranched form__ They used_gj s{.hg iQ+thg form
of a conbinaFFSnpr8§u?ﬁ§ %Er%%+%‘%§%%%§§? ﬁ%o?gg%?gFFyF9t%%S€£%ctFon

condi tions 2@hapdqHi shel t@pi ommoirilnttiaiisy f aheeatkobblt waiphobessksen

menti oned above may be arbitrarily selected fromthe kn congditjions. The
acrylic aci desBpethers bybiistdd & QrﬁP?ﬂ&ﬂRuEQ%SQ08ufgﬁgﬂh aﬁ%°h%§ be

further refipgdogsryl &8 anfll 90 indAble0B1 rdR1 £0LUNTD nOWial praseyBiCiaci d of
high purity. For exanple, a convéntional primary amne such as hydrazine
hydrat e and tphenyl-wathmgeparahdt annexedsh thet 2@ senad adducP Lufhe

acrylic acidgjn amunt_in n f - : , sefgeaply 1.0
- 5.0 nol es, sberaﬂ?ﬁ Pt he %#é;%hélg’eg%gﬁt%%%j %%Vgtkﬁ%%%'lﬁé %%}g after a
treating gageakpbslbdrbyediseiierht e efimoudhheheesopt afit thiext Lgkt+ends

subj ected to vacuumdistillation 1 th kn distillation col Jhis
distillationcit celyen 1D0j3RGFIFS te‘géﬁ gﬁnﬁea?g?’é%fé%ﬁ%f’g,r%%g%o | ash
col um fittedoWihhodqll She SRPAA Prowdwle! #n Cehymappef PassSwe thet he
range of 1.0 - 150 hga (abs.) at a columm top tenperature in the range of

35 - 90C. Byeshégiﬁieatment¥e@ﬂ§0€oﬁ@entrations of such 5 al dehydes as
a1 er oL iy A, BROERlas POy AP BRoRRCc BRI SR Wiflaboyh gased ban, 10

ppm Acrylic acid of equ
15 the bottom liquid of the acid separation column 80 eventually
contains acrylic acid dimer and acrylic acid dimer ester and
Michael type adducts such as alkoxypropionic acids and
alkoxypropionic esters represented by the following formula
[II] together with the rawmaterial components such as acrylic
20 acid.
R!'~0- (~X-C00 ) ,-R? [II]
(wherein m is an integer in the range of 1 - 5, R! and R?
independently stand for a hydrogen atom or an alkyl group,
and -X- stands for -CH,CH,- or -CH(CH3)-, providing that when
25 m is not less than 2, a plurality of -X-'s may be identical
or different).
Thus, the bottom liquid of the acid separation column
80 may be circulated to the esterification reactor 60 as
illustrated in Fig. 1 or it may be supplied to a separately
30 provided thin film evaporator and decomposition tank (not
shown) to decompose the acrylic acid oligomer contained

therein. The components contained in the bottom liquid are



can be obtained by using a crystallization device. Wen a r-ab28é?ent
resin is produced fromacrylic acid, it possibly proves unfavéFaBV or a
gi ven use because of its 10 odor, or stimulus to the skin. Acrylic acid of
hi gh purity obtained by such purification can be preferably used in this
case. In this invention, the acrylic acid of high purity thus obtained is
supplied to depempased and fugdhey §9¥1’t’.e)7t91?lddh§g?o%h“br €V3PBTRBEOPr oduce

polyacrylic agid Sﬁag%&gﬁgﬁiCQC??¥F55aB§dUS§Hdtanéeggﬁﬁcaaﬁﬁﬁeésﬁg§9rbent

resin, for exanple. pél yac I'c acid s produce fromacrylic acid of
hi gh purity, whbhs thesaticompoedérers tdwe pumitidoshcast yleige iaci dntpo bee

transf d with th P 42 _to th | 43 and_t || ' | ed
i n the cool cFSHSTLALEBEAPDr oHCAREDR Pank BBcka CTRECEERERn PoFeZEhiandi ng

son for conmendi ng

this proeessyisithatiby dhismpeaehtBy, ificidemedEl ppasicliecompeobtisohe
liquid infallibly, decrease the retention tine in the high tenperature
part, and reprieke hojetamdusauist mayebs| PEIRRFE 1Y difey add ofhghe
cooling tenp : yii ida tank is preferred 25 to be in
t he range of§§§£gﬁgﬁg§°$%é go§§ggrgf#gog§?d (salt) production process 120
is capable of proHamiethodafymathyprodacitdopsy a) abyydaqesiien¢oysists

i ntroducing the acryl.ic acid, nmentioned apove to a. neut 1;2at | cess
121, a pol ymRPPAA '"ﬁr%8§§efg)2’, S%]%Cgﬂl? AgT ?L&'ggaécgsjlcigb{izagln%fé;og%%l ing

process 1524 gnda spbheeibAdofi Behpdiheingl evantt iy bed et amp hes ev . tivien
acrylic acid is not neutralized, polyacrylic acid is_ obtained. The 17 36
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optionally. JPfaAGIY! e ARAJTRY DEsObiEdl | F 83LIBIaAdAR! ellpiandly OVe a
varyi ng physical property. cross-linking process nmay be additionally

performed dutipenbanalier RhepensSapollyner idzgandanglocessCyatrpertanrali zati on
ELﬁSE?ZeLSnfﬁTﬁ%E%%$$F%%ﬂggahkﬁi 39%%%%%%1,58§cféﬁEE£§01?iﬁ%é5¥hﬁgﬂFh
15 2-heptanol, 3-heptanol, l1-octanol, isooctanol,
2-ethylhexanol, isononyl alcohol, and lauryl alcohol may be
cited. They may be in a linear form or in a branched form.
They may be used either singly or in the form of a combination
of twoormoremembers. Incidentally, thereactionconditions
20 and distillation conditions for each of the processes
mentioned above may be arbitrarily selected from the known
conditions.
The acrylic acid which is obtained from the heavy-ends
cut column 40 may be further refined as with a distillation
25 column to obtain acrylic acid of high purity. For example,
a conventional primary amine such as hydrazine hydrate and
phenyl hydrazine and/or the salts thereof is added to the
acrylic acid in an amount in the range of 1.0 - 10.0 moles,
preferably 1.0 - 5.0 moles, per mol of the aldehyde contained
30 therein, and after a treating agent is further added thereto,
the resultant mixture is subjected to vacuum distillation

with a known distillation column. This distillation is



acid or a produced polyacrylic acid (salt) with a prescrlbed ?8‘5 a
powder or aqueous sol ution of a basic substance 10 may be mted‘nuafﬁ g

nmet hod does not need to be particularly restricted but rmaybe properly
selected fromthe known nethods. This neutralization process may be

carried out prior to _paolynerization (neutralized in th
nmononer) duﬂ%oﬁn}?@'pépyn%’f‘?@%%?onm gri ]aﬁl%%rcqlt%“’bgll§%'§ glfgo&hmlSt

(neutralized dlpd . ddie uanire'F af CQIGﬁh) toB pPesSupef of e d-Aiderof ho -
pol yneri zation.” Though the di agram depi ct's a process which_ "performns

pol yneri zat i dblafhPer (abetnabtzat¢ehumn Heop renpelad e o Fie Féngs Pdr ned,
R o3 2 e Se POt EEpABRERD, Hhe  DbRCERTFacilfiacOY WOUGR' ! On

of equi pnent ohenﬁ process Be perly

altered %o &uldteﬂyf&%s)wSﬂMun%lpplaﬂmjldm} oamdieheneaaaelhyde can be
neutralization device may be identical or different. K The baS|a§dsubs ance to

be used for REFHEASES Ry RS ENAN 48RPy A5 YdriSnarig QbSMadyPEHY t he
known basi c %%?ﬁ%%nsséalaédswm@ﬁm g OTe Al Bz K casnlcLar horat as,

hydr oxi des of al kali. netals,” ammoni a, and organi c am nes. The radio of
neutralizati @mt@fr —abepirbenscinesigesinoprededeto fFemaanwhiaragidy edtri ct ed

L T BTN SRR b0t gl AUt o )

pr ef er abl y50 reac I'S generat egsduri ng
t he neutra@l i babtrOBrl stlirqliusetotthe b@k;treno\zmtyhﬂc sucuflﬁl odshtighi purattyce t he
product emttin t he heat  of ¢tion into ro lin such as,
- 37 5 JanuSPﬂFg‘z‘@G?l bYoﬁqueRHFrﬂJEécaEleBocF?’hg’eg grta Sye%%%(?e

cooling towegasEhe PRRWiisCi Mrdtk 5o | theldddnid Qéh!&tdﬂlﬂllrthmfilhﬁy thus
neutralization, when necessary, is introduced into a merization

process. Theohtahsedois sulpphded, BeiROLHAEKYS 16 aﬁﬁ%é§§1&de3rﬁ€tlcﬁé€6 to be
o e oot BESEPREEATH, " Bpoakle PRLYIBL 8L gesdrpe iy, Spie adenl
of pol yrEr i zbei aseduth psodtceppi wgtpolpbeorbantoneséhectpynexample.
When polyacrylic acid is produced from acrylic acid of
high purity, this invention prefers the purified acrylic acid
to be transferred with the pump 42 to the cooler 43 and the
acrylic acid cooled in the cooler 43 to be stored in the tank
20 44. The reason for commending this process is that by this
cooling, it is made possible to cool the liquid infallibly,
decrease the retention time in the high temperature part,
and repress the amount of the oligomer suffered to form. The
cooling temperature of acrylic acid in the tank is preferred
25 to be in the range of 20 - 50°C.
The polyacrylic acid (salt) production process 120 is
capable of producing polyacrylic acid (salt) by sequentially
introducing the acrylic acid mentioned above to a
neutralization process 121, a polymerization process 122,
30 adrying process 123, and a cooling process 124 and subjecting

it to the relevant treatments therein. When acrylic acid is

not neutralized, polyacrylic acid is obtained. The



stripping polymerization, and photosensitized 10 pol ynerization. In
pol ymeri zati on process, acrylic acid may be neutralized as 5%%85?3%bg?
demands and then subjected in the formof an aqueous solution of acrylic
acid (salt) of a concentration preferably of not less than 10 wt. % nore

preferably nofeyt§ss han A0 Vﬁ%%%@%dmféﬁféﬁ%y gbopat mure Jel‘l}ftol}ﬂl@d% W

% nore preferably not, nore is rnvention OWS vari ous
condi ti ons s@@hh&@aﬂﬂa kEhdaﬁrkayaeidzayﬁungunenuﬁtneaamdntbdapmﬂdlt|ons

f I t. to b bi t ct ed. ti [ known
adi ¢ ved such deRht o P Gk S8t RebESerbioner. ChRgSeldnting

wat er - sol ubl prebeiss magnpeehdadeionaan§ pbydoeRBYEl darTael 8F0kheew-athe
substance nmay be added. For the polynerlzatlon process, reactors and

devi ces sl ePPeYMeZABRLAGH Py¥Oof&¥Sbe used. Any of the polynerization
devices in Com@h\és%eﬁﬁ%fali‘iz‘é%% 5t fromsf"‘%s %téfﬂiﬁaffsééh‘iﬂ%' 25

The polyacrylic acid (salt) resultin zation I's generally
a pol yner ofpraeefssrmidr athlQﬂ.egei metlamrﬂwhmh r:eimprre,s essmixuxmdnecryhbq: ect ed

to a drying process for .the pur ose r enov, The nethod for this
dryi ng doesgngfl WeldPFIIBESH R I ANy chlag§‘fir %?ig “ﬁlteh 60P§ﬁ§?rﬂ]a§7830 be
dried with aayoahttde Kpowied’ prnggdevusasoBuecivRoMat basit Sib&fance

fIU|d|zed bed drier,, drumdrier, and Nauter, type drier at a proper drylng
t enper atfr e PREFRE SHitedn ThésrBRgRod.dags @qmyozbemaﬁm@larmo :

As the heat ]@QtymzﬁedB@ﬁwﬁéE%bgrqugéfuer&effg@ﬁ;pe%w&

di scharged in the process for t production o ic acl partlcularly
t he heat of Phbgt hentrakiizasdofr mople@soaltaaﬁ ybeeccgaSlpdawtmgrdlczrertcmay be

U1 ee D IR PR o TRISLAE IV e PELNT nih BNl g
may be att alme@poflgmeeiaﬁmllen,ttyr az(pesmga pbeymbydtagebnt méd&ﬂe&émg
surface_ of such co ductl heat transfer drier as a drumdrier or a
paddl e & IerlQM“ £ nhQrm o a gel), or both before and after the
polymerization. Though the diagram depicts a process which
performs polymerization after neutralization, the
neutralization may be performed, when necessary, after the
polymerization. Inthiscase, theconfigurationof equipment
20 andthesequenceof component processesmay be properlyaltered
to suit the occasion. A polymerization device and a
neutralization device may be identical or different.
The basic substance to be used for neutralizing acrylic
acid may be properly selected among the known basic substances
25 such as, for example, (hydrogen) carbonates, hydroxides of
alkali metals, ammonia, and organic amines. The radio of
neutralizationof acrylicaciddoes notneedtobeparticularly
restricted but may be properly selected in the range of 30
-100mol% andpreferably50-80mol%. Whentheheatofreaction
30 which is generated during the neutralization is required to

be removed, it suffices to introduce the product emitting

the heat of reaction into a proper cooling means such as,



10 been heated with steam Fromthe viewpoint of decreasing tsge r.eg'(gual.
mononer content and exalting the drying efficiency, the hot dff4¥ ¢1 fer
dryi ng whi ch expose the hydrogel directly to the steam proves particularly
preferable. Preferably, the hydrogel is dried with a steam containing gas
such as, for 15 exanple, a hot ai.r having a dew point prefer abljb_\é of not

| ower - than 50C, e¥¥Relor éf @@ablyg A6V ICOWEPPERARNEBE Riha R EIALPY S not
hi gher than 90C, %%ey%&ﬂ@b%é‘i&o%aﬁitgh@élﬁ@ﬁ@n8g€su@c'%(.1n@anf&n athe

t enper ature preferabl not ['ower than 100C, and nore preferably not

| ower than 1heGtaadipaéfienabl yhent Recddsgey, t hh 200Codusiaes pdater aBl y not
hi gher thanl180C because. this drying, promtes.the r f.t i dual
nononer conP@ ﬁ’mﬁﬁ&zt”‘ﬁéoﬁ%ﬁqcft i%gn OfS netegc%q%Epgggglre%?%%ﬁqf)&#gtgﬁé t he

pol yacryld c pebdebsakibds hOEi et ald e Phetdwiatdrdly afes tdriyitegi.i sWwheneral |y
in the range of one mnute to three hours, 25 grsfer blé five.mgutes to
one hour. Th&hBoPPAyPpriiEakird PELCS) thhitsr i3 bREATACIPAFYBFTLABYLGPYi ng
process is still. at.t [ i I ¥ hkhendiMi netdedsce.
Preferably, Ph!érképgﬁ)g,’ %%n?%};c%%%cf%&nﬁn%&c o%?lr% pr o_cess_n124 at a suitable
t enper at ur e bifi pdigymeaniga t3®w$uchan $enpep ana e yne3t 23t inisf @ a8kyonro to

800C. The nethod for cooling this L yacrylic id (s : eed to
be parti cul aFP’§1P8§'P9i ct ed90?¥mﬁﬁ§lz%gléé§bl ed, ?§§ exan%bé%oggﬁ%&??geganuary
2007 by (pei pg1phewizutibncol th 8he porl ymwr hitcieth paboesk¢ acerydasl angd
device as a refrigerator._ The polyacrylic acid {(1 alté \Mﬁf’ach haﬁ.begn cool ed
to a prescrPMB¥dPEeRpBEERLEECRARSS RCEPRTLPD demands; fld harR 7 RRICSTPdr m

Optionally, &f fRY P&rhubEhek &ogs | o Pu RIS/ CHE DEEr p2peadsd bysalt)
granul ation or, pulverization and then made to incorporate therein various

addi ti ves such asonedutiragiagarreferallpomgohgeers taea bP der Ssdh@ket o

Bg: ; atc?& Pgrggisagegfgg}?fr%é GO AL RIS, LNYERL PR S FY S BB Ldhd £
15 than 80 wt. %, more preferably not more than 70 wt. %.

This invention allows various conditions such as the
kind of polymerization initiator and the conditions for
polymerization to be arbitrarily selected. Optionally,
various known additives such as cross-linking agent, other
20 monomer, and even water-soluble chain transfer agent, and
hydrophilic macromolecular substance may be added. For the
polymerization process, reactors and devices selected
arbitrarily may be used. Any of the polymerization devices
in common use may be used without any particular restriction.
25 The polyacrylic acid (salt) resulting from the
polymerization is generally a polymer of the formof a hydrogel
and, therefore, is further subjected to a drying process for
the purpose of removing water. The method for this drying
does not need to be particularly restricted. The polymer may
30 be dried with any of the known drying devices such as hot
air drier, fluidized bed drier, drum drier, and Nauter type

drier at a proper drying temperature preferably in the range



to be cool ed. When the hydrogel is finely divided to apart iCSL]E Si §  n
the approxi mate range of one - several mmand dried, the drr Y? %ryl iC
acid (salt) is in the formof dry particles neasuring about one - several
mm Cenerally, the 15 dried particles assune the form of an aggl onerate.

Thus, the dried polyacrylic acid (salt) _may be optionall | verized or
further cl as@f-ﬂ%g ?gOSS%fai hs a‘-’-hpﬁ)lhy(?é?f'r‘i“%db‘é‘%cfc( §§F§‘;‘PB€%\ﬁ%rt%uﬁ; 3%13311%

wel gt aver age,RaLLi ¢h8 dkABELAbOIN dideranae ofn ik -prffd trox pries er abl y

100 - 800 t en thrs powder "and 20 various nodifying agents such as,
for exanpl e, prodaqtiéonf sorylicmaifd,apsutigqabartpddia hagt rd BRRAELON

pel l etizing binder and_deodorant .are ad t 4 app jon of a
cool i ng pro%%gtﬁﬂﬁfr?&gh? ﬁgggfaL %&Fe%%%pgfg gSuq%glgc%l:%]{ Iln%l)g%aend S Jgﬁépdens t he
particl e sdi anet er pHE $yidriodd19m anel githevwsy d i poi pmer 25 fipall Yad rigl Egent s
to be uniformy added to the powder. Thu$, ,%}Pe coolin LRrocess LN this
case can exa®fl{arSahis) gRysnesmally sheted & thr 2t P Y S YRS BF 5SS esi n
such as, forpgxa be 2@RSAnR, O Jratd:anpIdel By esass midie
restraining TE%S%E#%P%I’]&%%I’]Q iangli vidual parti clmeti:l of }:g{)v\der .. B%wFor this

i nvention, ihydsogedferabhe heathegosartace bl §welki2aEPRNFHPDIRAT to any

of the disti]lati ggrz l-f%rngas af &%%qle%gg{ ﬁt Bﬁﬁdige?fiéﬂewﬁ%}h Suppl y of

the raw mat erTars anuary e"stage for supply of the ref
| ux. Panpi cub@éh heathal with e teaim.Suppbn tdie viewpolinterf detireasinbitdiea or to

the azeotropic, dehydration colum is preferred to he higher tha he
stage for suW&d‘éii{ﬂ‘}?é‘% rabEfpy 2 P%@SF;}'ngii?rfeeB&ftmg ?%flccolrfé};nocs&{ tion

and to be | oyes pbhap £ Beafbaae drsfi iR yh @xpdseetiehydumogelhbirectly
pol ymeri zation 1nhibitor in this ' case is preferred to be supgl i ed .t oget her

Wi th the acriotbe strsad pooves pang isslerlyPrsierabire Srederabdimi ARy

acryl i o aci G SReT <t ol e RSP e s e T acid
ol i gonensi s ewenpBéfiachentd ir aaviing actew point preferably of not lower
than 50°C, more preferably not lower than 60°C and preferably
not higher than 90°C, more preferably not higher than 80°C
and having a temperature preferably of not lower than 100°¢c,
and more preferably not lower than 150°C and preferably not
20 higher than200°C, morepreferably not higher thanl80°C because
this drying promotes the decrease of the residual monomer
content and the exaltation of the water-absorption ratio of
the polyacrylic acid (salt). Incidentally, the duration of
drying is generally in the range of one minute to three hours,
25 preferably five minutes to one hour.

The polyacrylic acid (salt) which is obtained after the
drying process is still hot at the time of its release from
the drying device. Preferably, therefore, it is cooled in
a cooling process 124 at a suitable temperature in the range

30 of roomtemperature to 90°C, preferably 40 to 80°C. Themethod
for cooling this polyacrylic acid (salt) does not need to

be particularly restricted. It may be cooled, for example,



aci d-contai ning solution. Exanples 15 Now, this invention w JI be
specifically described below with reference to working exarrp# @gvarﬁgg% el
Acrylic acid was produced by followi ng the process flow illustrated in

Fig. 1. First, by subjecting propylene to 20 catalytic gas phase oxidation

wi th a nol ecul ar oxygen in the presence of an oxidizjng catal yst, a m xed
gas cont ai ni Ry bPeinglowngathield pdrLy dntgogugsd 106 SUch-@1G°HAY, and

14.7 vol . % Qfoyyater é/vaaslxggﬂgr%%@ arate of 388 NnB/m .n. This gas was
i ntroduced inteo an a%sor ption co urmr 25 (cascade mniring 3P 10m to

obtain a bottom | ithe gpcdtyasnydtie asfid5@lky/ WhiTh dhasbdbeen icorles dn was

operated with the top thereof kept under_1.100 hPa_ abs, .at.KB 62C..Through
Che top of - hE BaFEaReAuEPEPCEBE AT Rt By Sl G Chye o iondad te e

pol yneri zmt i @rmhi bptebnasepar ot ethy\dlee Fu@therr nogded om B@razeatibed C
dehydration colum, and waste _water generated from a vacuum generating
device in a &hSPa Pt PYn IXGNUAR ARG OLoRUAVSTAG 2T 18 ANdtEEIL BAGS EOaci d
and 5.4 wt. ¢ i = : r 3 I &h YRSt SRR ¢ a
absor bi ng vvatioéﬁrafoﬁ%grart %t%h%@lz%gé"}ggﬁ %.a)a%tg%tzfeofg?ﬁ% exhaustilléggg%%ﬁati ng
t hrough t he tfdpvofrinige ageindnm angadigidesulsn ez tio apubki Bhei pnrpeset £ and
t he remai nder her%cifo was rel eased as the waste gas fromthe system The 5
bottom | i qui gP8r R at?s‘orpti on colum was further distilled to obtain an
aqueous pErylic aghdssidwdntoiorcppedensnhe/dr Wd pYl yabrgdiiylacidg¢sdlty. 4 wt .
% of acetic acid, and 0. % of .maleic acjd.. The aﬂécelous acrylic acid

3 w. .
sol ution t hu§°HR eeed nad'hen Bheh¥dEqaehr S E GOV LAGIdAR RRY ﬁhi?ed to

a tank interpgesedip bcq{é/vg%@,rb%matawah%erbﬁqim S&¢et e @Y 8Qld aRied,
dehydration colum to bé cooled to 40C and the cool ed agueous sol ution

was suppl i edthegdrtied walyasawlist adid | (galt) aist e ttde oform of dry
particles measuring about one - several mm. Generally, the
15 dried particles assume the formof an agglomerate. Thus, the
dried polyacrylic acid (salt) may be optionally pulverized
or further classified toobtain a polyacric acid (salt) powder
having a weight average particle diameter in the range of
10 - 1000 um, preferably 100 - 800 um. When this powder and
20 various modifying agents such as, for example, an aqueous
solution of a surfacecross-linking agent, pelletizingbinder,
and deodorant are added together, the applicationof a cooling
process enhances theefficiency of pulverization and sharpens
the particle diameter distribution and allows the various
25 modifying agents to be uniformly added to the powder. Thus,
the cooling process in this case can exalt various physical
properties of the water-absorbent resin such as, for example,
a water-absorption ratio under pressure while restraining
dispersion among individual particles of powder.
30 For this invention, it is preferable to introduce a
polymerization inhibitor to any of the distillation columns

at a stage other than the stage for supply of the raw material



a nmal .eic acid separation colum to the m ddle stage of the %5 azeo%gpi . C
dehydrating col um provided with 50 sieve trays. The azeot r gpieBuary
dehydration col unmm was operated under the conditions of 1.90 hPa abs. in
colum top pressure and 1.0 in reflux ratio (total. nunber of noles of the

reflux per wunit time/total nunber_ of noles of_ the di stlllate E unlt 20
time) to effadf ReosFeprciQEpmrRlBPWithe taifiehe. FRETAGPLAFLYui BREF the

separation C%hlﬂgﬂ 8S g%gggkh%haw ﬁgégﬁér1%§‘l@nv‘@_t @i it O e\:ostgﬁ@

ej ector which™was a vac enerati ng vice to a storage tank and
separated t hazepruropuo dehydganien qolasm asdorefierneed flhake hishearhehan

pol yneri zati t r for he, col um

di . but yl . di | PPgcareamitr &H&’Pr‘rygf’%dﬁ?ﬁo’haew NSt h A ke g i Eerent

di ssol veds i njhh€okigds iiohhemd the be esuklirathafli Kharetaws fioit sagptgdofnt o

t he col umm toget her  with the reflux, And hydroqui none, dissolved in, water
were inject® eb%je%lﬂéyl nene rﬁ%lYlﬁ%r%@Ehﬂntb@E%héFow iR bt ©5%0iFhe top

liquid of a flafr 5epﬁéat gegﬁglaamtsga%ﬁéw ngithhetRer yhdsypgkd
recover ed by t her rra ecorrp05| n omer froma stage intervening
bet ween t he ad;:agecbntasnppg)solutz@n by Xdrauusg 08 at@fmmngqu@m@f:a@myl ic

acid solution and t sta I f gation

of the acryllfl%aﬁﬁi‘d oaflf %rar %éﬁ%f‘\é 30?8%2%%% §§9F%—ﬁ§?§ We bottom
of the gol unﬂhemﬁowdcha Wigiéh Ws. r¥cobefbd Wptthemmailqyi decdmpdreing! urm
was passed through a cool er _annexed to a tank | nterposed bet ween this
colum and a0 HRFELENESIAIPLAGPHRE 18 WREL ST TEiF ish agnbne RFEEEDI i ed

to the heavya@fglscgggaglqiﬂgnsgithgﬁd with 45 sieve trays through the
internediary stage thereof. This colum was 10 operated under the

conditions of 45 hPa abs. in tower top pressure and 1. 4 in ref lux ratio.
Thr ough the% %m the colum, acrylic acid was obtained at a rate of 5120
kg/'h. The bot T O T |quid of this columm which contained 31 wt. % of acrylic
aci d ol isgonmer angbow, Wwhis¥inbenalioriwildcbd mase speplifédaldyalescribed

below with reference to working examples.
Example 1
Acrylic acid was produced by following the process flow
illustrated in Fig. 1. First, by subjecting propylene to
20 catalytic gas phase oxidation with a molecular oxygen in the
presence of an oxidizing catalyst, a mixed gas containing
7.1 vol. % of acrylic acid, 0.3 vol. % of acetic acid, and
14.7 vol. % of water was obtained at a rate of 388 Nm’/min.
This gas was introduced into an absorption column
25 (cascade miniring 3P 10m) to obtain a bottom liquid at a rate
of 8050 kg/h. This absorption column was operated with the
top thereof kept under 1100 hPa abs. at 62°C. Through the
top of the column, water obtained by mixing hydroquinone as
a polymerization inhibitor, separated water occurring in an
30 azeotropic dehydrationcolumn, and waste water generated from
a vacuum generating device in a distillation column and

containing 1.5 wt. % of acrylic acid and 5.4 wt. % of acetic



1.5 maleic acid separation colum provided with five sieve t(réa])és %\?pﬁ.}]gh
the bottomthereof. The colum was provided in the bottomther BF W a
thin filmevaporator and a thermal deconposition tank and operated under
the conditions of. 45 hPa abs. in pressure and 20 0.5 in reflux ratio to
obtain acrylic acid containing 0.5 . % of maleic acid at a rate %Wa400
kg/ h t hr oughachd wa9 sugplijed é%l%ﬁhsoménacw%% axch Fatsuet oht2l ked

used as thepr ' Y H PERPYR LR X HRCEYD 0F % Bo1the

hi gh-purity ac?&l%ggél%ha&c ?%eﬁremr usegi(‘?or t%g production 25 8

pol yacrylic aeisdcifepdrdtd o tame dmidzdmcm quéaciodr taed thenrempinder
evapor at or i ntroduced jnto deconp SI ti,qn ta nd j ected
therein to tﬁgFﬁﬁPf Hag es"i‘ste?cg %&’@r Wfaﬁgecgﬁﬁl %st%o% Si’%%é% THe

t enper at iy e paREoMOL NQLH & JfNt hetiHd gt idieolbant wad flure Heot Hu‘)m:llﬂdmdd 30
formed in the tank was circulated to the thin_ filmevaporator._ To th

heavy- ends c&P QtakhaBRANGBISAFEY & 1§AUS EBARELPBIFOTHA Mg 20 é’%ﬁ'ufl on of
copper di b“%k 9&:}.219835 ARLL AR . 3 83 aced RBURE Y 20£~7d dkRquisngpe
nononet hyl rh acrylic’ acid was ° niroduced  as a polymerization

i nhi bitor bymspeagi agitlo a condenser. The waste oil containing 5.5 wt. %
of acrylic acid a 39 wt. % of lic aci i go C di mer
and trimer) 5 ms@ngé‘QPaSBsf PSW?Hgytaﬁ:elrcﬁa Odl ecog]npr%gf ?(?)k?lé/ iﬁﬁ %’ga rate
of 170 kg h. pdbsenl @itowsts asé@@Dﬁﬂgaiéﬁc@b@lﬂexﬁeldr’ee armlahﬂts:mtenpbseded
operation and then opened to test the interior. The t ‘gaf& d to detect
any sign of PPBBEEmtheabpesprien g luyfpp I@Pﬁgtlé‘?(éﬁﬁpgom atiPhve
experi ment a5 sV M dbolall golaotd ablihelcobilbdr £8h6865! Solheisase of
injecting the polynerization inhibitor containing solution to stages

ot her than twassswpel fed mgﬂﬁfselofwm;fr Parracsrilke linuid pE theagerfof
supply of the refl ux ase Q ]ﬁégp r

recovered by tlﬁa%ﬁ:l élﬁ%cs rs‘—’\::tnlgO Jeo t%l ggﬁe#&?gi{%hék%ggggg‘%
dehydr atgison, aéed)tiolbil@ déiﬁy&im&ftlng column provided with 50 sieve trays.

The azeotropic dehydration column was operated under

the conditions of 190 hPa abs. in column top pressure and
1.0 in reflux ratio (total number of moles of the reflux per
unit time/total number of moles of the distillate per unit
20 time) to effect azeotropic separation with toluene. The top
liquid of the separation column was led together with the
waste water from a steam ejector which was a vacuum generating
device to a storage tank and separated therein into an organic
phase and a water phase. As the polymerization inhibitor for
25 the column, copper dibutyldithiocarbamate and hygroduinone
monomethyl ether were dissolved in the reflux, then the
resultant mixture was introduced into the column together
with the reflux. And hydroquinone dissolved in water were
injected by spraying into the column together with part of
30 the top liquid of a maleic acid separation column containing
the acrylic acid recovered by thermally decomposing the

oligomer froma stage intervening between the stage for supply



suppl ying the polynerization inhibitor containing solution togethe i th
an acrylic acid-containing solution with an atom zing injecéﬂgﬂwﬂﬁéﬂ ., and
(iv) the case of adjusting the concentration of maleic acid contained in
the acrylic 20 acid solution recovered by thermally deconposing the
oligomer <contained in the high boi ] i ng substance-containing solution to

bel ow 5 wt. 9 arhadqspRBS| 2GrY LhF i $oddtdan apdithasitsde Tt SHRP X nbol -
represents t 5¥§¥3 f APPL - LRL S OB £ tHEXAEPY i ad2dAVY iRt | On
was carried‘%ﬁ?ﬂgy gﬁ?ﬁmjﬁgkﬁﬁglprocédure of Exanp ell whi | e suppl yi ng
hydr oqui none( atispbi @ exdtiich dvategr antlogeihner ) win Hhen bagliosuse  dehrs Iaccl uml d

sol ution as Vg)art of t{]e ol%(me ization inhibitor to the azeotropic
dehydrati on Y& TPt Y? He® sf k- f bt supply of the aqueous sol ution. The 30

pressuresl oss in 4ke BFEEd OPigu e hyreié aro Dakvinva s hovsekd atmiogiofa ri se
i n about one week's continued operation. Wien _the plant.was opened and
SR A,

tested aftercQMRE ANSHAshitRsa tanl Jnterpafed y%@‘?n EBHE| : tion,
the deposit laogﬁgtfgfaep%ym c‘é@ﬁ’mﬁcnoﬁgq:le_ eeoieg & gvec iy €h &h glrwpltiw the

stage for sup aqueous acrylic acid solution. Exanple 3 5 An
oper ati on was pard dremyBnds|dwwicnlunre procetizd r1tdf BxERFvEe LAY e

suppl yi ng hydrogui.none as_part qf _the ol yneri i onqt.ahi hit di tly to
t he azeot roﬁiqbroqheghy QD e’é‘&?ﬁﬁ%% Fﬁ%g l%e%%t he Fgggl i(bla&?lgmofwra%cnal eic
aci d separ atdpuy ddihddn tHe dayd 1ol drowioy 4shenrst artds .ofinl Govdee: djogr at i on,

t he azeotropic dehydration colunn showed a ign of an increase i.n_the
REPREJAREF

pressure | ofEesSEie ane Lphad raadux ga&Aed t%ﬁ-‘E 2g 6F ol B o f

after about Qn& IMNLRYY wEOYHHIIGRLRE Ala@R: of e U Rgi/ﬁi.t ath®Botfcoimhe
pol yneri zation” i nhibitor occurred in the nei ghborhood of the stage fora 15

i nt roduct i orl isfuitche fpdihiredodatminowiiei slandaingd lheteofud agAd ltlfe hol es
in the traysiff %lfipglfarllndert %n%e 50L2CK896f maleic acid was supplied to a

15 maleic acid separation column provided with five sieve trays
through the bottom thereof.

The column was provided in the bottom thereof with a
thin film evaporator and a thermal decomposition tank and
operated under the conditions of 45 hPa abs. in pressure and

20 0.5 in reflux ratio to obtain acrylic acid containing 0.5
wt. % of maleic acid at a rate of 400 kg/h through the top
of the column. The acrylic acid thus obtained was used as
the rawmaterial for ester and high-purity acrylic acid. The
high-purity acrylic acid was further used for the production

25 of polyacrylic acid. Separately, the bottom liquid of the
thin film evaporator was introduced into a thermal
decomposition tank and subjected therein to thermal
decomposition under the conditions of 150°C in temperature
and 40 hours in retention time. Part of the bottom liquid

30 formed in the tank was circulated to the thin film evaporator.
To the heavy-ends cut column and the maleic acid separation

column, a solution of copper dibutyl dithiocarbamate and



Exanpl e 4 An operation was perforned by foll ow ng the procedyr of npl e
1 while supplying the polymerization inhibitor 20 directly #ﬁ?‘l‘f‘éy@mm
wi t hout using the cool er annexed to the tank. As a result, the
concentration of the acrylic acid oligonmer (acrylic acid dinmer and triner)

in the waste oil fromthe thernal decor}‘position tank.i ncreas%d to 43 w. %
and the amouhydEPIUHBOREIRRNNGLRREL GticTell dF WY i50RC kY /RS 38 THRENCEre

pl ant was st gppgd 8§§ﬁér§99ﬁ&ohh&ﬁﬁigqestbycggkhgﬁﬁg £B8PAr abhaenkert.est
the interior thereof; no sign of trouble was detectéd. Conparative Exanple
1 An oper at i @hewassper bolnednbyihdngo®i- Agwthetppbcaduréic3ecafd ErdmpPe 1
with the excegtioon of the follqw modi f

N icatiqQns, ., JFl LSt . inone
as one of th¥ Co{’rrﬁgﬁaecrﬁy St aFh Olplgi%|(%gﬁ{%:ﬁgi%r%lidofigg%?saunp%%?ggg?& t he
azeotropix wad5diScdad@rsrsi®dhe dabyfnat decompbsimivastails sl wedatr wat er
and supplied together with the aqueous acrylic acid solution to the, step
for supply otf’ft]h'.gO é’-éMBousTg%IH}tqrﬁnWaTr%tm%/%ﬁyfFreﬁtﬁ%o‘b? ttL“r’&éae W@ﬁ&ls- ends
cut colum wag,dihael! ¥pavRRibRJaha thent BhBnkh! 8b5t8¥8PERAL PhtaRdothe
acrylic acid recovered Promthe evaporator™ was circulated to the

heavy- ends clhecoesintaifiad er dethics apyostss alaprobles-| yThei Feenlts the
ol 0o0) " ERraaRE YAl Bmet 94 D 1 PARRERs VACEEUSL ublE peBenlle,

mal ei ¢ acid 2 e acrylicraci covere romt
fil m evapor agarrawise ahoutn Gradle %, ( Thuspridsenst thecmrentt anjetchéng

concentration of such hjgh , boiling substances as mal .ei ¢ acid ip_the
acrylic aci dth@ereelHnehbfatHam 4 St SRR NS SRpE 1D %’ﬂesgﬁ%‘ﬁﬁt of
the waste obinhuRStRAfR Kﬂéhs@@getheroéﬁgpn?ro§0@0@@wr@&t@ﬁian 4he dhewaste
oil, was 43 wt. % The azeotropi.c dehydration colum began to show a

di scer ni bl e stageofor isupply Medha aedd ughe (idaythel Faernglt HEPBLRIRIof t he

operati on. T@Rgggcggﬁigp%%Ta(¥Ecovered by thermally decomposing the

15 oligomer to the process of dehydration, (iii) the case of

supplying the polymerization inhibitor containing solution

together with an acrylic acid-containing solution with an

atomizing injection means, and (iv) the case of adjusting

the concentration of maleic acid contained in the acrylic

20 acidsolution recoveredby thermally decomposing the oligomer

contained in the high boiling substance-containing solution

tobelow5wt. $. The symbol O represents actual application

and the symbol - represents the absence of actual application.
Example 2

25 An operation was carried out by following the procedure

of Example 1 while supplying hydroquinone dissolved in water

together with an aqueous acrylic acid solution as part of

the polymerization inhibitor to the azeotropic dehydration

column at the stage for supply of the aqueous solution. The

30 pressure loss in the azeotropic dehydration column showed

a sign of rise in about one week’s continued operation. When

the plant was opened and tested after about two months’



could be continued for about one nonth, it had to be stopped_ own @\@the
rise of the pressure during the refining process. 20 \Wen théjﬁpﬁﬁgz s
opened to test the interior thereof, the azeotropic dehydration colunm was
found to have a discernible sign of precipitation of the polymer and the
polymer inhibitor. . In the neighborhood of the heavy-ends cut col ugm and
the thin fitentinpedaeperapier; prhatderProitiemad @ QEﬂMmFﬁf‘é??ego‘f% 25 be
formed by the_t S f Qﬁﬁ; if i i n h VOB re
confirmed. 8 %@%cge%ﬁ%ﬁ 0 ofrplt%ﬁe&gct;}%irfg% a‘g‘glgél:gglé i ggﬁegu%gﬁyﬁ?ctﬂfci d

di mer and trageedusnathelbot bomoboflh&éianeot ropic dehydrati on col um was 6
w. % 30 Exanple.5 An operation was perfornmed by follow ng the procedure
of . Cbnparat?% E%ﬁnﬁle 1 while introducing hydroquinone as - 46 -, 5
January 2007 theppobysesi Zéth vl ipdtfyrinedd b9 Ebelawreayr ope omadedines i on
colum at a stage between the stage for supply of the raw materjal. and
the stage foefshpprpleflt aidef SyPPLYHE I MY O AN ORGe Réd Ha&tté%’% kUi
interior the : cont:i pelAt i Thauah-d anount
of the pol yné‘?ﬂ’%%;gégggﬁonggggﬁ?:ért hgtlgz%ggg' opf%((:)adetﬁ{/édr ation coIlk%rm was
smal | as conpahgdrat i bn Coipamra v it cEamsliagltheheop prieniigi pAta aRlsFiq he

pol yneri zation, inhi bitor.was found b curred_ i roxi m f.4 he

site for inj %‘Eﬁ!lo%e%‘?r?‘ffeorid:%]g‘f%'er%?at%?’gnd?XhF%:ﬂ%%Qﬁgﬁd%% orgct%%%ée) A so was

found iRgt hechdobgsrapidhp thayszedbeopet ohbioydwotioi d¢diruneahowniisa cut

colum and the thin fi]l mevaporator was not notably iffeerent omthat in
f

f
Conpar at i ve Ekasifean insgeaie g 1Be AT SHRra L68Snwas el FEEnRE2BY 35 | owi ng
the pr ocedurcg.%]erg dmﬁé?ki Vige BYAEY &L tWRi-ES £CA £ bt Ao bhe syt 1€ aci d

recovered fr e thin filmevaporator to the azeotropi.c dehydration
col um. Wiencotei medbpesatdpencthe pregdpithgion of the polymerization

inhibitor occurred in the neighborhood of the stage for
15 introduction of the polymerization inhibitor into the column
and the holes in the trays were found to be blockage.
Example 4
An operation was performed by following the procedure
of Example 1 while supplying the polymerization inhibitor
20 directly to the column without using the cooler annexed to
the tank. As a result, the concentration of the acrylic acid
oligomer (acrylic acid dimer and trimer) in the waste oil
from the thermal decomposition tank increased to 43 wt. 3
and the amount of the waste oil was increased to 200 kg/h.
25 Whentheplantwasstoppedafteraboutthreemonths'continued
operation to test the interior thereof, no sign of trouble

was detected.

Comparative Example 1
An operation was performed by following the procedure

30 ofExample1withtheexceptionofthefollowingmodifications.
First, hydroquinone as one of the components of the

polymerization inhibitor supplied to the azeotropic
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The maleic acid concentration in the acrylic acid
recovered from the thin film evaporator was about 6 wt. %.
Thus, the water content and the concentration of such high
boiling substances as maleic acid in the acrylic acid were
higher than those obtained in Example 1. The amount of the
waste 0il was 210 kg/h and the oligomer concentration in the
waste 0il was 43 wt. $. The azeotropic dehydration column
began to show a discernible sign of rise of pressure on the
day followingthestartof theoperation. Thoughtheoperation
could be continued for about one month, it had to be stopped
owing to the rise of the pressure during the refining process.
When the plant was opened to test the interior thereof, the
azeotropic dehydration column was found to have a discernible
signof precipitationof the polymer and thepolymer inhibitor.
In the neighborhood of the heavy-ends cut column and the thin
film evaporator, precipitation of fumaric acid inferred to
be formed by the transfer of heat of the maleic acid and the
polymer were confirmed.

The concentration of the acrylic acid oligomer (acrylic
acid dimer and trimer) in the bottom of the azeotropic
dehydration column was 6 wt. %.

Example 5
An operation was performed by following the procedure

of Comparative Example 1 while introducing hydroquinone as

t he
any
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was opened to test the interior thereof after one month’s
5 continued operation. Though the amount of the polymer
suffered to occur in the azeotropic dehydration column was
small as compared with Comparative Example 1, the
precipitation of the polymerization inhibitor was found be
occurred in the proximity of the site for injection of the
10 polymerization inhibitor and blockage also was found in the
holes in the trays. The neighborhood of the heavy-ends cut
column and the thin film evaporator was not notably different

from that in Comparative Example 1.

Example 6
15 An operation was performed by following the procedure

of Comparative Example 1 while circulating the acrylic acid
recovered from the thin film evaporator to the azeotropic
dehydration column. When the plant was opened to test the
interior thereof after one month’s continued operation, the

20 results of test were not notably different from those of
Comparative Example 1. The water content of the produced
acrylic acid, however, was decreased.

Example 7
An operation was performed by following the procedure

25 of Comparative Example 1 while introducing hydroquinone as
the polymerization inhibitor to the azeotropic dehydration
column by spraying together with part of the acrylic acid
obtained through the top of the heavy-ends cut column at the
stageinterveningbetweenthestageforsupplyofrawnmterial

30 and the stage for supply of the reflux. The plant was opened
onemonth’s continued operation to test the interior thereof.

Though the azeotropic dehydration column showed no sign of
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Example 6

month
One month

Polymer and
precipitate

Polymer
(fumaric acid)

210 kg/h

Decline of water

content

Table 1 (continued)

Example 5

month

Not less than 1 |Not less than 1 |Not less %
About 1 month

Precipitate
near stage for
inhibitor

polymerization

Polymer
(fumaric acid)

210 kg/h
Rise of water
content and high

boiling

substance
concentration

Construction
(1)
(ii)
(iii)

(iv)
Cooling Treatment

Time for Test

Duration of operation

[Results of Test]
column

Azeotropic dehydration | introduction of

Heavy-ends cut column -

thin film evaporator
Amount of waste oil

Product
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(iti) a step for supplying a polynmerization inhibitor 30 containin
sol ution together with an acrylic acid containing solution ?ﬁﬂ“%m9007
atom zing injecting nmeans, (iv) a step for thermally deconposing the

ol i gomer con¢ﬂined'in sai d high boiling substance-containing solution

t hereby | ower g THe concentration of maleic - 51 5 January 2007 acid
contained in thginecoyaegthodC fpr &hac ipdosRictttiion difo acayilévelacald netidn gher
than 5 wt. % (3) A nethod according to claim1l1, which further conprises;
5 (f) a step $IrPEST®¥ifying the acrylic acid obtained in said step (e)

thereby producing)an, agtybi Gc&St 8bta®hin§Qarp 8ELP1IOT Ui hemtRUHiIg Ng
the acrylic acid obtained in said step (&) thereby obtaining acrylic acid
of high péritgas oy (Btalyeihahagorst mridtelanm 3, wherein a tank

and/ or a cooler s installed_:bet j.d steps = .the ..

subsequent step(Fi c%rfﬁ%a oag%tngggﬁﬁghgg(g) Aéég%ﬁgﬁ %%P%?ﬁggpggégbtion
of a pol yacrydortaiihg (s&bigtichariagt eabzedbbygpr odaci agrgaid pakyderylic
acid 15 (saJt%Rb . using the acrylic acid of hi purity obtained at the
step (g) set FOMYHIFPEIH IS B AWMLY @GP Ko HDHdi ng to claim

5, wherein a tank) agd/ eted C@oler obsainshal | edubet waerysakd step (@) and a
step for producing the polyacrylic acid (salt). 20 - 52
10 dehydration and/or removing low boiling substance from
said aqueous acrylic acid-containing solution,

(d) a step for obtaining acrylic acid and a high
boiling substance-containing solution by removing the
high boiling substance from said crude acrylic acid, and

15 (e) a step for recovering acrylic acid by thermally
decomposing an acrylic acid oligomer contained in said
high boiling substance-containing solution,

which method is characterized by performing at least
either of (i) a step for introducing a polymerization

20 inhibitor to a stage other than the stage for supplying
a raw material and the stage for supplying a reflux of a
distilling column or (ii) a step for supplying the
acrylic acid recovered by thermally decomposing said
oligomer to said step for obtaining crude acrylic acid

25 by dehydration.

(2) A method according to claim 1, which further
comprises performing the following step (iii) and/or
(iv) ;

(iii) a step for supplying a polymerization inhibitor

30 containing solution together with an acrylic acid
containing solution with an atomizing injecting means,

(iv) a step for thermally decomposing the oligomer
contained in said high boiling substance-containing

solution thereby lowering the concentration of maleic

— 51 —
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acid contained in the recovered acrylic acid solution to
a level of not higher than 5 wt. %.

(3) A method according to c¢laim 1, which further
comprises;

(£) a step for esterifying the acrylic acid obtained
in said step (e) thereby producing an acrylic ester, or

(g) a step for further purifying the acrylic acid
obtained in said step (e) thereby obtaining acrylic acid
of high purity.

(4) A method according to claim 3, wherein a tank
and/or a cooler is installed between said steps (b) -
(g) and the subsequent step is carried out therewith.

(5) A method for the production of a polyacrylic acid
(salt), characterized by producing said polyacrylic acid
(salt) by using the acrylic acid of high purity obtained
at the step (g) set forth in claim 3 or claim 4.

(6) A method according to claim 5, wherein a tank
and/or a cooler is installed between said step (g) and a

step for producing the polyacrylic acid (salt).



