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PébDUCTYCN OF ACRYLI C ACI D AND | NHI BI TI ON OF

PCOLYMERI ZATI ON THEREOF Field of the Invention 5 - The
present invention relates to a nethod fO{ produci ng ~acrylic acid in
whi ch propyl ene and/or acrolein is catalytically oxidized in gas
phase and a nethod for i nhi biting polynerization of acrylic acid.

10 Background of the Invention Currently, acrylic acid is
ndustri @ty produceoBijerron dETHAGLIC ABLSMARPOPKEIBETAMY Yr 20T Ol €1 N
is catalytically oxi di zed 1 n gas pha I'ng a nnlecr ar 4 there
oxygen-contai nin as. Fo ng acrylic aci

argg 15 widely uged net%ods |n?ﬂ% ﬂ%ﬁ?%%ﬁ@%t?gﬁﬂ#égctlon pr oduct ~gas
containing acrylic acid is cool ed and/ or absorbed by water ~to obtain
an aqueous acrylic acid solution, thereafter, first, ~acrylic acid is
extracted usyRgian oXWWHRFidARAIESL OF an acrylic acid is dehydrated

by distillation using an 20 azeotroplc agent which boils with water for

separatign to PRbq e errt ‘igx%e?llctlr Eei‘ﬁ'tgg t} > ac eit.ﬂg&\tf'o(}nﬁﬁggﬁ'ﬁn | ow

boi ling point are separated by atlon an I ONS i gh

boi 111 POl NhcRyssomusal ath Wh b prbgyiaReaBld /or Jf&‘féif%a% ghe purified

acrylic acid is obtained nomn acrylic
acid has Sucéatalytlcally oxidized in gas phase and a method for

inhibiting polymerization of acrylic acid.

10 ‘Background.of the Invention
Currently, acfylic acid is industrially produced by

a method in which propylene and/or acrolein is catalytically
oxidized in gas phase by using a molecular oxygen-containing
gas. For purifying the resulting acrylic acid, there are

15 widely used methods in which an oxidationlreaction product
gas containing acrylic acid is cooled and/or absorbed by water
tobbtainanaqueousacrylicacidsolution,thereafter,first,
acrylic acid is extracted . using an extraction agent of an
acrfiic acid is dehydrated by distillation using an

20 azeotropic agent which boils with water for separation to
obtaiﬁ a crude acrylic acid, then, fractions having low
boiling point are separated by distillation and fractions
having high boiling point are separated by distillation and,
finally, the purified acrylic acid is obtained.

25 However, it is known that acrylic acid has such
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2 property that it causes polynerization thereof easily and

i ntensi vel ybyheat, |'i ght, peroxi deandt hel i ke. Therefore, ~  when acrylic
acid is purified by distillation, an ability of a distillation colum
decreases due to generation of a large 25 anount of the pol yner(s) and
heat transferring ability of a reboiler of a distillation colum
decreases due to adhesion of the polyner(s) on a heat transferring

S e o N omarsy BABCl, Wil WbAOD: s EE08N RE0SSH S L
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PAUStr T2l 0UREh acerite scid TABRRTed B ATDLELLLBGcHheoROLNTRS g0 or
been convent| Qgiok SHARERL £ i U ML b 4 gener S HRLEE Targe
Dol Y | 224 OIS L' SR AR e ra e UL RIURERS ey o o
prenoUh 221 ne 20 L DU Ee 11 AL SRRt e i B4 8NP Tecen on
compounds and el kootmer (53" o8- il JABARERECERL L ARELIE B Uhe

di t i ocar bamat@ydier, 4389135 aAdRRYEY | RS Ping NBbELERT 14N efissti 11 ati on

and

distillation column by the polymer(s). These phenomena are
10 extremely large obstructions in a process for producing
acrylic acid, and it is extremely important to suppress the
poljmerization in the point of industrialization.
Therefore, for inhibiting the polymerization of
acrylic acid during purification thereof, a lot of methods
15 have been conventionally suggested and conducted in which
so-called polymerization inhibitors are used. Typical
'examplescﬁfthepolymerizationinhibitorincludephenblssuch
as hydroquinone, p-methoxyphenol and 2,6-di-t-butylphenol,
dibéﬁzo—p—thiazinessuchaspmenothiazineandnmthyleneblue,
20 copper salts such as cobper dibutyldithiocarbamates, nitfb
compodnds, nitroso compounds, N-oxyl compounds and the like.
For example, Japénese Patent Application Publication (JP-
B) No. 49-3514 discloses coéper dibutyl dithiocarbamate is
used as a polymerization inhibitor in distillation and

25 concentration step in production of unsaturated carboxylic



25 concentration step in production of unsaturated carboxylic

acids or esters thereof. In distillation of an acrylic acid, the
above-descri bed polynerization inhibitors are generally used in
conbi nation of. two or nore, or together @ith a nmol ecul ar
oxygen-containing gas if necessary. For exanple, . 5 there are known
conbi nations of at | east one noiety sel ected from hydr oqui none,

SAi't such as oRpREs oF estelY tharpof B Harhigt iRE ohen pREYITsACLS,
io-85010) ,  10CRR ARV TeRGE Shenrenbrtef RRnyaRes Sha 1P EoRRoarp HRA AL LY
O = Tt o R G R N
pur 1 cai 1 on GO ReryHAE okBlel:Fnrainign proate Jorarsaticed By S empLE,
P11 1180 FOREFS 3R wpcuen SR s (TRE SUE GESSRFRED Ll oRd,
R
g&{;f}i giié?ﬁgﬁ%g-5%%?%gé§P%h9n€@éaffkénglgSPSer sa1TELRQY, T é§§§%¥f”9
dimethyl dithiocarbamate and the like, and molecular oxygen
(JapanesePaténtApplicationI@id—open(JPaA)No.49—85016),
10 combinations of phenols, manganese salts and hindered phenols
(JP-A No. 5-140027), combinations of a N-qul compound with
at least one compound of phenothiazine, aromatic amines and
phenols (JP-A No. 5-320217), and the like.
However, polymerization in purification of acrylic
15 acid is significantly influenced by purification processes,
distillation temperature, residence time and the like,. and
the above conventional methods are not satisfactory for
improving purification ability. Therefore, more efficient
metﬁbds for inhibiting the polymerization are currently
20 required. )

i Objects of the present invention are to provide a
method for producing acrylic acid, a polymerization
inhibiting method and a purifying method which are more
efficient mainly in pﬁrifying by distillation of acrylic acid,

25 especially in purifying acrylic acid.by'distillation from an



i nhi biting nethod and a purifying method which are nore efficient
mainly in purifying by distillation of acrylic acid, 25 especially in
purifying acrylic acid by distillation from an

4 aqueous crude solution obtained4by catalytic oxidation in a _
gas phase of propylene and/or acrolein. In particular, the object is
to provide a polynerization inhibiting nmethod in a process adopting

not extractiongblige §e8fﬁ89'§o?§@¥gﬁa%bQQlwﬁ§ &9rc£€QY¥£Qg #2685+ i on in.a

In a nethod for pro uci ng acrylic aci aqueous acry

f
g?ggyfgkgtggglor agﬁﬁﬁalniygéﬁghﬁ gﬁéfngr%ﬁsb%%nc%%gggnlngﬁggg’ighe
dehydrated by ghsit! obi 08 Yeopgaana ﬁ&g@%@f l%rfi%mmfi@ AdSfethad in

purification of acrylic aci ucted by séparati

havi ng | ow boij Hi%;%§h&o€tlng H%t%f%%%%?&bﬁ%@@%}?&éj@f@%fégaélﬁ%}égns

havi ng hi gh boi ation

ol yneri zagi o r Cld i s higher as conpared with that in a
get%od forB 12ﬂ9%r%%ﬂ%Yﬁgga¥%§%52 acid in which acrylic acid is extracted

from the aqueousy 50} L&héeﬂogh%ﬁogr%%id&@ %@%ns 'Qelég?iﬂt w%.rll%l\lvan

then purification is conducted by separati ng havi

bol 11ng poi Nt Saiedlds arlyald O8c2A%SEPALSh di {41764 Lons tal(yaT.F.'@\q(no Al 20,

boiling points by distillation, and even If con T on W

pol ymeri zati orid nilidid QPiva$e! b SropyleRBCARLNLIZ 1RG0 1P Hy CH W Mcular

di t hi ocar bamat e, hydr oqui none,
oxygen-containing gas is dehydrated by distillation using an

10 azeotropic agent and then purification of acrylic acid is
conducted by separating fractions having low boiling points
-by distillation and separating fractions having high boiling
points by distillation, the degree of polymerization of
acrylic acid is higher as compared with that in a method for

15 producing acrylic acid inwhich acrylic acid is extracted from
the aqueous solution thereof ﬁsing an extraction agent. and
theén purification is conducted by separating fractions havi_ng
low boiling pointé by aistillation and separating fractions
havihg high boiling points by distillation, and even if

20 conventionally known pqumerization inhibitors such as
phenoéhiazine,copperdibutyldithiocarbamate,hydroquinone,
p-methoxyphenol and the ]:ike are used alone or in combination,
a satisfactory polymerization inhibiting effect in former

method using an azeotropic agent can not be expected as

25 compared with that in a latter method in which a purification



p- met hoxyphenol and the |like are used alone or in conbination, a

sati sfactory polynerization inhibiting effect in forner nmet hod usi ng
an azeotropi c agent can not be expected as 25 conpared with that in a

| atter nethod in which a purification

5 process of an aqueous acrylic acid solution is conducted by

using an extraction agent. SUWARY OF THE INVENTION 5 ~ The
present inven ve i ptensiyel ) @ . fi . A, vi gdi ng
an excel | ent é%gégpgnéFigélgi%gg%%i%#fg%ég églde%?%%?lggeﬁg?%gggugEgd g& '
purification Sg.,0f 1.C._ac] containing a step in which
dehydrati on igégg d%gtgg%%%gtIO&iﬁék??Tation using an azeotropic agent. As
aresult, the 10 present inventors have found that acrylic acid can be

purified at approxi mately the sane degree of polynerization inhibiting
effect as in guRGURRES a@ﬁﬁi raction step using an extraction
agent in the %?eseﬁgeagf a ﬁgﬁﬁﬂ%% yirer i zation I nhi bitor such as

descri bed gabove, evep, )i A fUC 85 entd SOHRLES] fite A0: 9299140 fo dSHYEE AR 0N

step, when a specific ance 1s a n an agueous

acryl e a0 02 met R WA Jh R SR 8£E8818hi! OF SOINALALL 001 RN HANEL L RYS

conpl eted the present "I nven presen

is?\e/g“g} On proykfeseaePBhNIA LpdA s A AIGH NGr86LEL 6 FAPTAS Y 2
containing a step in which dehydration is conducted by
distillation using an azeotropic agent. As a result, the

10 present inventors have found that acrylic acid can be purified
at approximately the same degree of polymerization inhibiting
effect as in a process adopting an extraction step using an
extraction agent in the presence of a known polymerization
inhibitor such as describéd above, even in a process

15 comprising an azeotropic dehydration step, when a specific
substance is allbwed to exist in an aqueous acrylic acid
solution in a process of the dehydrétion, and have thus
completed.the present invention.

‘ Accordingly, £he present invention provides a method

20 for producing acrylic acid comprising a step of B
catalfstically oxidizing propylene and/or acrolein in gas
phase by using a molecu%af oxygen-containing gas to obtain
an aqueous crude acrylic acid solution, and a step of

dehydrating the solution by distillation in the presence of

25 (i) at least onemoiety selected from ammonia, ammonium salts,



catal ystically oxidizing propyl ene and/or acrolein in gas phase by
usi ng a nol ecul ar oxygen-containing gas to obtain an aqueous crude
acrylic acid solution, and a step of dehydrating the solution by
distillation in the presence of 25 (i)6at |east one npiety selected from
amoni a, ammoni um salts, _ 6 _ _

al i phatic primary nonoam nes, aliphatic primary di am nes, aliphatic

primary pol yang ﬁgﬁx(atai;é);?ﬂ. at 'HgﬁXaﬂtTn% aﬂ&’}a ic p?ﬁp%%yaalamlnes,

al kanol am nes "a one noi e

di benzo-p-thi gzi;nes, And 9‘9.9!%?’ 10k g_gr l%ang}:ga tic rlm rifdd'ely
E’ 8 {% PRAFB ThHe polf Fi ?gﬂ

present |nvent|0 provi des a

of acrylic aciyiqx gﬁ?cﬁﬁéﬁolaﬁunﬁg éﬁ“é‘ ing)g%tnfégg)f &?é e %q: ﬁ%’fegted

anmoni a, ammnl um s nonoam nes,

primary diam ri* dlbd-?é 'Eé'i an. HEVX QOl %’B(é}esdl 06@3 aRE %%I ety

am nes, am no ano am nes an eas one
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allowed to exist in a crude acr C acid Or an agque |on

whi ch di st111 3T aRn et ctﬂfﬁ‘fﬁ% %%?ééé%%ﬁ%ﬁ?%" 2848038, i hide
The present | aeontiay CReny oo rsR b arb R 21, t%ﬁ*ﬂ*’ﬁ%@%by s
and/ or acrol e i bh a3l I P ik YmOb dhifils!,Naliphatic primary diamines,
aliphatic primary polyami.nes, aromatic primary amines, amino
10 acids and alkanolamines and (ii) at least one moiety selected
from dibenzo—p—thiaéines and copper dithiocarbamates are
allowed to exist in a crude acrylié acid or an agqueous solution
thereof, and also pro_vid.es amethod for purifying acrylic acid

in which distillation is conducted in the presence of the

15 above-described (i) and (ii) substances.

Detailed Description of the Invention
The present im-rention mainly relates to a method in
which propylene and/or acrolein is catalytically oxidized in
20 a gas phase dsing a molecular oxygen-containing gas to obtain
an aqﬁeous crude acrylic acid solution and in which the
resultirig aqueous crude acrylic acid solution is dehydrated
by distillation. The aqueous crude acrylic acid solution can
be obtained by cooling and/or absorption into water of a gas

25 containing crude acrylic acid. The gas can be obtained by



20 a gas phase using a nol ecul ar oxygen-containing gas to obtain an

aqueous crude acrylic acid solution and in which the resul ti ng agueous
crude acrylic acid solution is dehydrated by distillation. The aqueous
crude acrylic acid solution can be Dbt ai ned by cool i ng and/ or
absorption into water of a gas 25 containing crude acrylic acid. The gas
can be obtai ned by 7 a
one- st ep oxi dabhalsHRph ek iati P VhefRod Y Fapk¥PyIledie, by #*tWalseapnet hod
of propyl ene via acrolein, by a nethod in ich a part of an exhaust

gas froman ggiyhits oRCindtHOIOH iidpylené Of LdMadBol&ENG| B¢ homakhed dation
reaction or by a nethod 5 in which'this exhaust gas i's made harmnl ess and

recycl ed by whichPapdrtdokhd®esthaalste¥aaUsiofiatn RUrRiIING a@&_&rélbﬁérﬁtion
In the present invention, an azeotropic agent which boils with water

i s general |l ycysafini msdeabg@_feid)&ob)én oxidlisidh | 2édopieh 8P BgUAOMELAbWdE
acrylic acid solution. 1 The main conposition of the aqueous

crude acmylignaghfich thisOkihia@dtdiddLlis RN NG sRdak¥eycusadpyn a
gas- phase catal ytic oxidation and the reaction conditions thereof, and

general ly coppgksagy anadugtdl%rd cemléﬂg%obuaa&hl'% {¥htus. about 20%
to about 50% of water, and about 4% to about 10% 15 of acetic acid.

Further, this aqueops &RkUpreBefRYindentd®dn, an alAajvessicuagens which
f or mal dehyde, acet al dehyde, arol ein, furfural and benzal dehyde,

organi ¢ aci dsosUshwashpiveietiis gener&llyatidedelial dedBidkatoisn obier
various by-products. Renoval
distillation of an aqueous crude acrylic acid solution.
10 The main composition of the aqueous crude acrylic acid
solution differs depending on a catalyst used in a gas-phase
‘catalytic oxidation and the reaction conditions thereof, and
generally comprises about 40% to about 70% of acrylic acid,
about 20% to about 50% of water, and about 4% to about 10%
15 of acetic acid. Further, this aqueous solution may include
aldehydes such as formaldehyde, acetaldehyde, arolein,
fuffural and benzaldehyde, organic acids such as propionic
acid and meléic acid, and other various by-products. Removal
of water from the aqueous crude acrylic acid solution can be
20 conducted in the presence 6f the specific substances by a
conveﬁtionally known method, and for example, it can be
conducted by effecting azeotropic dehydration in vacuum of
about 10 kPa to about 30 kPa using an azeotropic agent such

" as toluene, methyl isobutyl ketone, xylene, ethylbenzene,

25 heptane and a mixture thereof. 1In such a dehydration method



of water fromthe aqueous crude acrylic acid solution can be 20 conducted

In the presence of the specific substances by a conventional |y known
nmet hod, and for exanple, it can be conducted by effecting azeotropic
dehydration i n vacuum of about 10 K&Pa to about. 30 kPa using an
‘azeotropi c agent such as toluene, nethyl isobutyl ketone, xylene,

et hyl benzene, 25 heptane and a m xture thereof. In such a dehydration
met hod b .q%stlfwh ?ﬁ'lggg 8Bnckht LANCHE S ALY ePflﬁaEﬁE i il
bottom uid 1s usua ppmor |l ess. Fromthe top of

azeotropi ¢ defi %ﬁt&q %&911 y'2p8b. P%‘Enefo'xﬁ 1’4, ¥rom thé‘z'l?t%rQP' &n

agent, and conp ents aV|ng m/b0| points 5 anong by-products are

usual Iy renovg%eta%ﬂs té'éé‘ﬂ*&i‘?tian colu&dﬂ S WRyAr e bop; BehBed  bwn

distillation oweve a par certai’n conponenis is not renoved

sufficiently g J@%fgea nt'naﬁ&ecm%sﬁahkgqaa%n hb BB@.l@.‘i‘l’q)%?ﬁrH%

are dlssolved I n tef phase and are renpved iogether w

using 10 g w?%gf§}JB¥$EEE% are usua%lgAﬁéMBb%da &yyﬁiﬂﬁﬁkf?}

wat
azeotroplc dehy nmet hod, h an aqueols crude acr c aC|d

solution is tmsda@xx%aaaecﬂmyn@ﬁ{da hat uq%éﬂmsz hdpd o, | a%ﬂtw

t hen separation by distillation at” | ower boiling points and
separation by o@iri{dild &dnPordénts HE ndOI téMOveQi 8h8£2ESent 1y %&@&@m&ns
tends to have hi gher polynerization property as conparéd with that .of

acrylic acid Qb @heeHol¥t o 194Gt Wdlle the components are dissolved in
the water phase and are removed together with water using
10 extraction methods.
| Acrylic acid obtained.by an azeotropic dehydration
' method, in which an aqueous crude acrylic acid solution is
dehydraﬁ_ed by distillation to obtain a bottom liquid and then
separation by distillation at lower boiling points and
15 separation by distillation at higher boiling points are
conducted,'tends to have higher polyme;ization property as
compared with that of acrylic acid obtained by an extraction
method in which an aqueous crude acrylic acid solution is
extfécted using a mixed solvent of xylene and methyl ethyl
20 ketone, and the like and then separation by distillation at
lower iaoiling points and separation by distillation at higher
boiling points are conducted.
However, even acrylic acid having a higher
polymerization property obtained by an azeotropic

25 dehydration method can be significantly inhibited in



met hod in which an aqueous crude acrylic acid solution is extract ed
using a m xed sol vent of xylene and nethyl ethyl 20 ketone, and the |ike

and then separation by distillation at | ower boiling points and
separation by distillation at higher 9 boiling points are conduct ed.
However, even acrylic acid having a higher pol ynmeri zati on property

obt ai ned by an azeotropic 25 dehydration nethod can be significantly
inhibited in polymerization, in the presence of 9 specifiR¥lamERézation
in the presence of a specific am ne, particularly in the presence of.
a specific anip&ramduaaﬁmﬁiﬁkﬁepreseﬁ@ékﬂ?é@%ﬁdf!ﬁéaﬁwwééﬁdh%ﬁﬁéﬁfic
The reason for this is not definite sufficiently, however, it is

estimated thatpalymbritacdonmdwhibiftdy HEgeiiesfs) e GFe £86n PEorepRY8d kN
an extraction step of an extraction nethod remains in an

azeotropi c dehydtadiédinieehsdfEicdiheds, / eitwaV e, bt is est DhQEHQt LALtag!
as substance(s) pronoting the pol ynerization, and by addition of the

speci fic al netrabesamsuhit afc Hysproddudieps) WRibACLER PHMrds)iNhigh
do not pronote the pol ymeri zati on. Conpound(s) estimted as these-

substance(s) aextdatedobadskept @ gk fdceiehYReEhold remaidfy iMatiye(s)
by 2, 4-dinitrophenyl hydrazine in |liquid chromat ogr aphy, and the
remai ni ng behaazeotrbpieotichgidieitdem mdthadtindhehest wRiifnihPasyls)
detected together with f or mal dehyde, acrolein and the like 1nliquid
chronat ogr aphyproduct (s) act as substance(s) promoting the polymerization,
and by addition of fhe specific amine, these substance(s)
10 react to become substance(s) which do not promote the
polymerization. Compound(s) estimated as these
substance(s) are detected_by conducting an analysis of
derivative(s) by 2,4-dinitrophenylhydrazine in liquid
chromatography,andthexémainingbehaviorthereofcoincides
15 with that of specific peak(s) detected together with
formaldehyde, acrolein and the like in liquid chromatography.
Namély, acrylic acid obtained by an extraction method does
not exhibit the sbecific peak(s), while acrylic acid obtained
by an azeotropic dehydration method'éxhibit the specific
20 peak(s) and the peak(s) disappear by treatment with the
amines. |
Examples of the amines.used in the present invention
include ammonia, ammonium salts such as ammonium acetate and

ammonium acrylate, aliphatic primary monoamines such as

25 methylamine, ethylamine, propylamine, isopropylamine, n-



Nanely, acrylic acid obtained by an extraction nethod does not exhi bit
the specific peak (s) , while acrylic acid obtained by an azeotropic
dehydration nethod exhibit the specific 20 peak(s) and the peak(s)

di sappear by treatnment with the amil fes. Exanpl es of the
am nes used in the present invention I ncl ude ammoni a, ammoni um salts
such as ammoni um acet ate and ammoni um acryl ate, aliphatic primry
nonoam nes SUgLBFl ambndplded 5k £91aRi Al 20e AL -bALINEMENd)en~-hexylamine,

I sopropyl am ne, n- 10 but yl am ne,
sec- butyl am neyyd ®sRe Ryl dhafie)en-Bohgldmdfidi@and 2-ethgLRBRYLaiings,

n-octyl am ne and 2-ethyl hexylamne, =~  aliphatic primry diam nes such as
et hyl enedi am ngLiphatié ! pAehayieaedmimiese sublt-4k ot hpbehade aaite, 5
hexanet hyl enedi am ne, aliphatic prinary polyam nes having at - | east one
primary am ne tof ik 19y 1éhed eamink chedi-cdlariifidbti®ane antiher eof such as

di ethyl enetriam ne, triethyl enetetram ne, t et raet hyl enepent am ne,

3- (et hyl api Nyt Byl 8fed iamindi, 1l )94 0¥ Ip¥limery polyamines having at
N-net hyl - 3, 3" -i mi nobi s(propyl anmine) 10 and pent aet hyl enehexani ne, aromatic
primary am nes&at oife primady bimifie Hebupdatethanesd e hedin b Frahu band
phenyl enedi am ne, am no acids such as gl ycine, alanine and nmet hi oni ne,
and al kanol arineresficduéh aBndebiiaplleadvitiamine, dteibenglleet@tramine,

| sopr opanol am ne, 3-am no-1l-propanol and 15 N-(2-am noethyl)ethanol am ne.
These ami nes rRtiHetiSglenepentamine, 3-(methylamino)propylamine,
diaminopropylamine, N—methyl-3,3'-iminobis(propylaminé)
10 and pentaethylenehexamine, aromatic primary amines such as
aniline, toluidine, anisidine, aminophenol and
phenylenediamine, amino acids such as glycine, alanine and
methionine, and alkanol amines such as monoethanolamine,
diethanolamine, isopropanolamine, 3-amino-l-propanol and
.15 N-(2-aminoethyl)ethanolamine. These amines may be used
alone or in combination of two or more, simultaneocusly.
Effect of addition of amines can also be confirmed in
a bottom liquid of an azeotropic dehydration column, a bottom
1iqdid and extrécted liquid of a column for separating
20 components having lowboiling point, in purification process.
It is estimated that the above-described substance(s)
promoting polymerization of acrylic acid are already produced
in an aqueous solution in the step of oxidation reaction and

can not be separated sufficiently from acrylic acid by

26 distillation operation. From the stand point of reduction



al one or in conbination of two or nore, simultaneously. : Ef f ect
of addition of am nes can also be confirmed in a bottomliquid of an
azeotropi ¢ dehydration colum, a bottom liquid and extracted |iquid of
a colum for separating 20 conponentsliaving |ow boiling point, in
purification process. It is estimated that the above-descri bed

subst ance(s) pronoting polynerization of acrylic acid are al ready

Can not be sefth RAYEITI Ry By Rhsib an v RbT8 S4- PELEGEAER pERREREY FEC
ion. F he. . i f ' . .
fi’i’e;at | °”glf oo, R A, BBl B SRRHE A dind s BeBPEEL LoV piee:
im0 a feed ndUlY 6 PCE BobPRRIRRd et F TS O 1 dRuid, gf BT Y
col um, and tr&%éd%ﬁFP%CSd?hyﬁgag‘ggec%ﬁ&&ﬂ{ o%n%g¥ﬂg igkgq added may be an.

anount whi ch rea ove-describe ymerizati on pronoting

e B ot S B GnEiesho e 3408 Rl BThy appya? Wil
ot 0,005 | S Ybodh Zh0Y AEVITNAUAL pIfymBR UL Lghionoting
Dy 22t S o) L A (Blitbd 5o LOBED 4 dnde RSLALS
~ polymeri zati Orhr{c{'hig’iﬁgﬁaiﬂyt E‘Eom about 0.001 to about 0.5% by weight,

| preferably from about 0.005 to about 0.2% by weight based on
10 acrylic acid.

Since it is not estimated that the amine alone acts
directly as a polymerization inhibitor, the amine is used
together with a specific polymerization inhibitor in the
present invention. .As the polymerization inhibitor in the

15 present invention, a public-known inhibitor can be used which
is usually used in purification of crude acrylic acid.or
agueous solution thereof. Examples thereof include
dibenzo-p-thiazines such as phenothiazine and methylene blue,
and.éopper dithiocarbamates such as copper dimethyl

20 dithiocarbamate, copper diethyl dithiocarbamate, copper_
diproﬁyldithiocarbamateandcopperdibutyldithiocarbamate.
These may be used alonei or in combination of two or more,
or may be used together with other polymerization inhibitors

usually used for inhibiting polymerization of acrylic acid.

25 For example, it is preferred to use phenols such as phenol,



15 present invention, a public-known inhibitor can be used which S

usual ly used in purification of crude acrylic acid or aqueous sol ution
t her eof . Exanpl es thereof include di benzo- p-thiazi nes such as
phenot hi azi ne and net hyl ene bl ue, ardl copper dithiocarbamates such as
copper dinmethyl 20 dithiocarbamate, copper diethyl dithiocarbamate,
copper di propyl dithiocarbamate and copper dibutyl dithiocarbamate.
These may be hg@goguinene]l p-mexlidkyshendlof bewouifive, 1,2-0r nmay be
used together with other polynerization inhibitors usual |y used for

i nhi bi ting pohsphRthoguiimonef, anfeddl, acatechdd, Bos-w¥argple, it is
preferred to use phenols such as phenol,

12 hydrbquymhyaro@wmdmymml-benaeyupmml 1,82-t-butyl-m~

napht hoqui none, cresol, catechol, 5-di-t- butylhydrqu|none

2, 6-di -t -but ytpbeoal,, 266t-rd:i.lsl-tty-lbd&yl—p c£eesdl,, 42+6bdityildutedhdt presal,
4-t-butyl catechol, 2, 4- 5 di net hyl - 6-t - but yl phenol, 2-t-butyl hydr oqui none

and 2-t- 5 dbméyhy/;.-mﬂﬂ:@(wwnolpgzt-bebuwyuhydifwm@é handi peg-
and/ or copper dithiocarbanmates. Further, an oxygen- cont ai ni ng gas
such as air naytpz-dsmethexsidiainol, toéﬁeﬁérabhth dideansd-pichiazines
di benzo-p-thiazine and at | east one 10 copper dithiocarbanmate are used

t oget her, andandyerprepeeabldithiocaribamatss.onrusther, pahy wayigeat+ on
i nhi bitor such as phenol is al so used together mnth
di benzo- p-t hieenheinang gaspeuch aschihlmagrbeHBSGQ.£Bg£ﬁhﬁmun of such
pol yneri zati on
Preferably, at least one dibenzo-p-thiazine and at least one
10 copper dithiocarbamate are used together, and more preferably,
at least one other polymerization inhibitor such as phenol
is also used together with dibenzo-p-thiazines and copper
dithiocarbamates. The amount of such polymerization
inhibitors to be used other than the amines is not particularly
15 restricted, and is usually from about.0.000l to about 0.5%
by weight, preferabli.r from about 0.001 to about 0.2% by weight
based on acrylic acid. ‘The addition time of these
polymerization inhibitors is not particularly restricted
pro&iding that these inhibitors are contained in a crude
20 acrylic acid or an aqueous solution thereof which is used for
purification operation, and for example, they are added via
reflux lines of a distillation column and the like, in which
acrylic acid is present, such as a dehydration distillation

column, a column for separating components having lower

25 boiling point and a column for producing products.



inhibitors to be used other than the amnes is not particularly 15
restricted, and is usually from about 0.0001 to about 0.5% by wei ght,
preferably fromabout 0.001 to about 0.2% by wei ght based on acrylic
acid. The addition tine of these péPyneri zation inhibitors is not
particularly restricted providing that these inhibitors are contained
in acrude 20 acrylic acid or an aqueous sol ution thereof which is used

for purificati opnsoesetiBad aBthrd Phcesddily tbhae presaddethwestion,
ref lux lines of-a distillation colum and the |1 ke, in which acrylic

acid is presenk iWgbapinléebydesteetidelly |duig¥bs polgméiilBatdohOlofm
for separating conponents having lower 25 boiling point and a columm for

produci ng prodegy8ic acid in purification by an azeotropgSc dehydration As
descri bed above, "according to the present invention, it is possible to

ef fectively suighess WPl yIEswIAg eneofsgecifia:cranliirce agndl thepypetigdld on by
an azeotropi c dehydration net hod by all ow ng the specific am ne and

the speci f5C polyRRInAERit Z& iiThiBiidY ke ekQs€xévén Eel $Ma Bl HOUn BRI
and, therefore, the industrial utility of the present invention

s extremely kdeg®fore, the indigs€erialeudisitgsofethe phesdapanaventaicaant
Appl i cation No. 10-163875 filed on June 11, 1998 and the Japanese

Patent 10 Applsi @adtraimdy 1&rg@2872 filed on August 6, 1998, both
i ndicating specification, clains and sunmary, are i ncor porated herein
by reference in thehe entireldisclosure of the Japanese Patent Application
No. 10-163875 filed on June 11, 1998 and the Japanese Patent
10 Application No. 10-222872 filed on August 6, 1998, both

indicating specification, claims and summary, are

incdrpofated herein by reference in their entirety.

EXAMPLE
15 The present invention is described in more detail by
following Examples, which should not be construed as a

limitation upon the scope of the present invention.
In the Examples, Comparative examples and Reference
Examble, the polymerization test was conducted as follows.
20 Polymerization test : -
’ Five(5) g of a test sample in which concentrations of
a polymerization inhibitor and amines have been adjusted to
specific values was charged into a test tube equipped with

a 1lid and having an internal volume of 20 ml. A nitrogen gas

25 containing 100 ppm oxygen was bubbled into the test sample



EXAMPLE 15 The present invention is described in nore detail by

foll ow ng Exanpl es, which should not be construed as a limtation upon
t he scope of the present invention. In the Exanpl es,
Conpar ati ve exanpl es and Reference ®kanpl e, the pol ynerization test
was conducted as follows. 20 Polynerization test: Five(5) g of
a test sanple in which concentrations of a polynerization inhibitor
and am nes have been adjusted to specific values was charged into a

test tube equified Wingtes inga nigregembathg and thectret Yebaieasisemled .
A nitrogen gas 25 containing 100 ppm oxygen was bubbled into the test

sanpl e and immersed in an oil bath controlled to 108 ®o rbeteated a
nitrogen box, and the test, tube was seal ed and i nmersed in an oi

bath control | §P% & ERFEHIC tdine ansin ddien, taken qutRnd Geokede Afiter

t hen, taken out and cool ed. After this test sanple was diluted with
water, the prddticedess saBple wagdidyuted with watsrvh ?&ﬁocgﬁﬁﬁ# é’qt/)hgﬂer
allowed to_react with . , a.quaternary anmoniumsalt, and the turbidity
of the sanpl e ©f acryliqnacdd da EQPn’@eﬁXs%%@Pﬂ-Bp‘ﬁ%?o?ki‘éve@ot%lﬁ;ﬁﬁ%yﬂlth
pol yacrylic acid. An increase in polyacrylic acid concentration per
uni t tife UEHRIRATYE JTMRRAIN SR ¥t &nd the aBAdEtnQf the sample

ted based on the amount of the polyacrylic acid.
cal cul a Sis measured us:l.Jng a spectrgph%tom%ter to quantify polyacrylic

. acid. An increase in polyacrylic acid concentration per unit
time, namely, a production rate of polyacrylic acid was

10 calculated based on the amount of the polyacrylic acid.

Example 1
About 55% by weight of aqueous solution of acrylic acid
obtained by a two-stage gas phase catalytic oxidation of
15 propylene was dehydrated by distillation using toluene as an
azeotropic agent, and then, was subjected to separation by
distillation at lower boiling points and distillation at
higher boiling points, to obtain acrylic acid (containing
pher{othiazine of 200 ppm and p-methoxyphenol of 50 ppm). - Into
20 the obtained acrylic acid, were added a 25% ammonia water and
coppei: dibutyl dithiocarbamate to prepare a sample so that
concentrations of ammon}a'water and copper dibutyl
dithiocarbamate in the sample were 224 ppm (56 ppm in terms
of ammonia) and 25 ppm, respectively. Using this sample, the

25 polymerization test was conducted according to the above-



Exanmple 1 About 55% by wei ght of aqueous solution of acrylic
aci d obt ai ned by a two-stage gas phase catal ytic oxidation of 15
propyl ene was dehydrated by distillation using toluene as an

azeotropi c agent, and then, was subjectelPto separation by

distillation at | ower boiling points and distillation at hi gher
boiling points, to obtain acrylic acid (containing phenot hi azi ne of

200 ppm and b SELDRYKRRCHAICl SOmRAMedut 20 LNERDLA! Radiaory] T o

acid, were ad waft e

dlthlocarbanat€ &§?85?3?53E§a§gﬁ3#q_50 t hat concentratlons of ammoni a

wat er and copper i'ocar banmate in the sanple were 224 ppm

(56 ppmin terns TRL s%ﬂg)ﬁka:eﬁ'[ﬂ‘ezgf MZFSSB%&' ch%eﬁgd?gt?%éz 1{;3{%%9851

sanple, the 25 polynerization test was conduc or

15 descrége? nﬁkgﬁgleTﬁeﬁH@ﬁ#éﬁh&géééh9$n b@alﬂbg%f&llctﬁ%&ﬁc

Conpar ati ve Exa r6cedure-of an fa7eo I

; L9 t I C
acid 5 con{«?l?ﬁ.tﬁgnsﬁé phAnetiTEadat, %Sz%rﬁﬁ@ 8 i inRvfiegp1os
50 ppm) . Usi n%éfggﬁgéa'wﬁn?a%ﬁé'&b@gjﬁﬁe&s F2B! €c33 bk a samPdd akNPe

pol yneri zation t s carr out resu are"s
Conpar ative Exgapl ecRe polymerization test was carried out. The results

are shown in Table 1.
Comparative Example 2
10 The same procedure of an azeotropic dehydration method
as in Example 1 was conducted to obtain acrylic acid
(containing phenothiazine of 200 ppm and p-methoxyphenol of
50 ppm). Into the obtained acrylic acid, was added copper
dibutyl dithiocarbamate to prepare a sample so that the
15 concentration of copper dibutyl dithi.ocarbamate in the sample
was 25 ppm. Using this sample, the polymerization test. was
carried out. The results are shown in Table 1.
Reference Example
From an about 55% by weight of aqueous solution of
20 acrylic acid obtained by two-stage gas phase catalytic -
oxidaéion of propylene, was separated acrylic acid by
extraction using a mixeq solvent of methyl ethyl ketone and
xylene to obtain an acrylic acid solution. Using this

solution, separation by distillation of the extraction

25 solvents and separatlon by dlstlllatlon at high boiling



10

Exanple 1 was conducted to obtain acrylic acid

phenot hi azi ne of 200 ppm and p- net hoxyphenol
obtai ned acrylic acid, was added copper 16

prepare a sanple so that the
di t hi ocarbamate in the sanple

#’pﬁﬁf‘és WWere °°nﬁﬁ‘=%%92r?%2£°§um‘éb?%i;m"a‘m

o%gﬁhgﬁa

chd sx¥=\' Samd

separa I on by

pol ymeri zati o
Ref er ence Exa

sol uti on of
oxi dati on of

~a m xed sol ve
aci d solution

extraction
16

phenothlaz ne ;3

was carried
Pol yneri zat i

10

15

of

é’ﬂi&z Mibda %btzﬁ'ong%n{%&

ropy ene,

’i}sul‘sﬁ% ’@%{%b@éf%é ‘ﬁ&??iﬁ”
o R R VAt L ot

tain acrylic ac
at 50 ppm.

&p{n and p- net hoxyphenol
obt ai ned acryllc acld as a sanple as it was,

was separat acry

to o

t he

di but yl
15 concentration of copper dibutyl
was 25 ppm Using this sanple,

gighQWondh Pl 1-

The sane procedure of an azeotropic dehydration nethod

(cont ai ni
50 ppm.

as in
ng
Into the

di t hi ocarbamate to

of

R

fﬁ%ege ﬂ@s
(contar ni ng

§€ afals3) Wi

extractl

t he
aqueous

n uéing

|on of %%IC
boy & 1 down

Usi ng t he

pol yneri zati on test

out. The results are shown 5 in Table 1. Table 1
on 25% Pol yacrylic -
Table 1 '
Polymerization 25% Polyacrylic
inhibitor (ppm) ammonia acid production
Sample water rate
cBsc Pz MQ (ppm/h)
(ppm)
Azeotropic
Example 1 dehydration 25 200 50 224 272
method(*1) :
s Azeotropic
g;gﬁaiztive dehydration 0 200 50 0 4,436
P method(*1)
X Azeotropic
g;gﬂaiztéve dehydration 25 200 50 0 1,493
P method(*1)
Reference Extraction
Example method(*2) 0 200 50 0 217

(*1) Acrylic acid obtained by azeotropic dehydration method

was used.

(*2) Acrylic acid obtained by extraction method was used.

CBSC: copper dibutyi dithiocarbamate

Pz:

bhenothiazine

MQ: p-methoxyphenol

Example 2

About 55% by welght of agqueous solution of acrylic acid

obtained by two-stage gas phase catalytic oxidation of

proleene was dehydrated by distillation using toluene as an



inhibitor(ppn) amoni a acid production Sanpl e

wat er rate CBSC Pz MQ (ppn h)
(ppm Azeot ropic - Example 1 dehydrati on 25 200 50
224 272 met hod(* 1Y Conpar ati ve dehydration 0
200 50 0 4,436 exanple 1 met hod(*1) Conparative
dehydrati on 25 200 50 0 1,493 exanpl e 2 nethod(*1)
Ref erence Extra 0 2 . .

et hod( * 2) g‘)‘l ORHS| 7Yk, £3.8B8R A %3]?%5°z‘°e°6'% l%eﬂf/gég??égnﬁet hod

%"é%cu:?gppﬁr acaie aiﬁyh#ofﬁ?%ﬁ by we28n3) @ﬁqfﬁ%’%%f’%%.”??%“@’%mq
ot on” of - agRREIAAENE | 82 0500, pem,p-piRE B (6L OT5 00 prfi e
Oxi dat i on of - ¢op0dyf GRKLEYT AN SR ARaY s Hoobbhhal fﬂtasewos@atm% as

an eotroplc agent

obtain a bgtt raby Jdi'h ﬁtﬁlcj\f&ntﬁég'a{%ﬁn& ﬁS%%nﬁ(&h?a%&Pﬁ:oéggfng%ﬁweé S}J} &e of

t ol uene of " 17 wei razi

150 ppmand_ oo tﬁ%peaed%w&ghtﬁggag%g/0a” b8y B0 PRI reparngig ¥38) o

obt ai ned 5 Bbottoml was a moni a wa
224 ppm. Using this sample, the polymerization test was

conducted according to the above-described method. The
results are shown in Table 2.
10 Comparative Example'3
The same procedure for an azeotropic dehydration
method as in Example 2 was conducted to obtain an azeotropic
dehydration bottom liquid.(containing containing acrylic
acid of 80% by weight, toluene of 17% by weight, phenothiazine
15 of 500 ppm, p-methoxyphenol of 150 ppm and copper dibutyl
dithiocarbamate of 80 ppm). Using the obtained bottom liquid
as a sample as it was, the polymerization~test was carried

out. The results are shown in Table 2.

20 Table 2

Polymeriéation 25% ammonia | Polyacrylic
inhibitor (ppm) water acid production
rate
CBSC Pz MQ (ppm) (ppm/h)
| Example 2 80 500 150 224 204
Comparative
Example 3 80 500 150 0 947




so that the concentration of ammonia water in the sanple was 224 ppm
Using this sanple, the polynerization test was conduct ed according to
t he above-descri bed net hod. The results are shown in Table 2. 10
Conpar ati ve Exanple 3 The sakf® procedure for an azeotropic
dehydrati on met hod as in Exanple 2 was conducted to obtain an
azeotropic dehydration bottom|liquid (containing containing acrylic

acid of 80% ight . tol yene of 17% hy wei.ght henot hi azi ne 15 of 500
ppm p- net hz%ﬁh%O%?eﬁSglgbﬁVinélg%‘&S&a%ﬁ?§$ di t hi ocar bamat e of

80 ppm) . Usi the obtal ned.bottom|iquid as a sanple as it was, the
pol yneri zatig%‘t e%erfeﬁégﬂﬁgﬁggd out. The results are shown in Table 2.

20 Table 2 . ' | ynerization 25% anmoni a Pol yacrylic

i nhi bi t or ( ppfj2’ %‘P%'?h°x3’%%$§° r oduct i on

rate CBSC Pz M (ppm - (ppni h) Exanpl e 2
80 500 150 224 204 Conparative 80 500 150 0
947 anmpl.e 18 CBSC.
copper d%u?@xadﬁsq]fﬁ%c%r‘ﬁ?mﬁ?e Pz: .phenot hi azi ne M .

p- met hoxyphenol The same procedures for an azeotropic dehydration

method and a polymerization test as in Example '2 were conducted,

except that aliphatic monoamine_s shown in Table 3 were added

at the concentrations thereof shown in Table 3, respectively,
10 instead of adding the ammonia water o.f Example 2. The results

are shown in Table 3.

Table 3
amines Polyacrylic
acid
Aliphatic monoamine ggggggt- production
. rate
. (Ppm) (ppm/h)
Example 3 Ammonium acetate 250 243 .
Example 4 Methylamine (40%) 250 375
Example 5 Ethylamine (70%) 210 140
Example 6 n-Propylamine 200 172
Example 7 n-Butylamine 240 152
Example 8 tert-Butylamine 240 164
Example 9 sec~-Butylamine 240 147
Example 10 n-Hexylamine 330 174
Example 11 Cyclohexylamine 325 139 -
Example 12 n-Octylamine 420 149
Example 13 2-Ethylhexylamine 420 138

15 Examples 14 to 17
The same proce.dures for an azeotropic dehydration

method and a polymerization test as in Example 2 were conducted,



5 Exanples 3 to 13 The sane procedures for an azeotropic
dehydrati on nmet hod and a pol ynerization test as in Exanple 2 were
conduct ed, except that aliphatic nonoam nes shown in Table 3 were
added at the concentrations thereof!$hown in Table 3, respectively,
10 instead of adding the amoni a water of Exanple 2. The results are
shown in Table 3. Table 3

am nes PO'Q&%%@@ 'that aliphatic primarymdliglﬂﬁtnle% g?xg%g%%%ablég 'é&[}e

production

ool e 4 B fae epé ERRLEMASEURNS) tnereos sngdY in Telxoéﬁéf’@l 5

hyl i 0 . \ . - :
Co @M 1 (Wbectingty, driofead of pgebifl sne BASRLE fucel 7 BRAISS,
Exanpl e 8 . 2t.er;.l.‘h§utr3élsqf7ftns§ﬁ)re shown }ﬁéaableaél. 164 Exanpl e 9

sec- Butyl am ne anple 10 n- Hexyl am ne

330 174 Exanmpl e 11 Cycl ohexyl am ne 325 139
Exanpl e 1§ n- Cctyl am ne 420 149 Exanpl e 13
2- Et hyl hexyl @‘Qgﬁee 4 420 138 15 Exanples 14 to 17
The sanme procedures for an azeotropi c dehydration net hod and a
pol yneri zatijon test as ip Exanple 2 were conduct gd,apines Polyacrylic
19 except that al i phaaltpipst ierps idiaayi nes |shemeent-TabPEId were
added at the concentrati¢ns €barEnd shown in Tablle ®ation D e
: (ppm) (ppm/h)
Example 14 | Ethylenediamin : 200 192
Example 15 Trimethylenediamine 250 142
Example 16 l1,4-Diaminocbutane 290 188
Example 17 Hexamethylenediamine 380 93

Examples 18 to 24
The same procedures for an azeotropic dehydration
10 method and a polymerization test as in Example 2 were conducted,
except that aliphatic primary polyamines shown in Table 5 were
added at the concentrations thereof shown in Table 5,-
respectively, instead of adding the ammonia water of Example

2. The results are shown in Table 5.°




res.pect.i vely, instead of adding the ammoni a water of Exanple 2. The-

results are shown in Table 4. Tabl e 4

am nes Pol yacrylic Al iphatic primry concent -
aci d di am ne 20 ration producti on

(ppm rate Exanpl e 14 Et hyl enedi am n 200 192
Exanpl e 15 Tri met hyl enedi am ne 250 142 Exanpl e 16

1, 4- Di am nobut ane 290 188 Exanpl e 17

Hexanet hyl enedF & fe> 380 93 Exanples 18 to 24

The same procfdures 1or pn azeotroprc dehydration 10 nefNod an®odByacrylic
pol ynerization test as in BExaiijaed Wekemappduct ed, con | ehdd

al i phatic prijmry pol yan] nespslyaiinen Tabl e 5 were ratisted at i_’t; g“"tmn
concentrations thereof shown in Table 5, respect i vepPem) i n$t €3d @l n)
addi ng the anpl G VP 0RT | BletiBletriaming: _1NE resUl TS gfg Shown igfabre
5. Example 19 |Triethylenetetramingl . Tabjgg 5 78

am nes Pol wepild 20 | Tetraethylenepentafiih@hatic primgsy . 82
concent - acj fikample 21 | 3-MethylamiR@p¥apyDN8mine 290 nationa2
production Example 22 |3,3'-Diaminodipropyelamine 430 (ppm 171
(ppn h) Fel &30 rimytleyiety,izam ne 340 161
Exanpl e 19 Trj et hyl enet ef tmimasteis (propylamine$80 78 Exanpl e 20
Tet r aet hyl ene nplien€4 | PentaethydZehexamine 82 Exangd e 21 44

3- Met hyl am nopr opyl am ne 290 122 Exanple Z

3, 3' - Di am nodi propyel am ne 430 171 Exanpl e 23

N net hyl - 3, 3" - 480 71

Examples 25 to 29

The same procedures for an azeotropic dehydration

5 method and a polymerization test as in Example 2 were conducted,
except that aromatic primary amines shown in Table 6 were added
at the concentrations thereof shown in Table 6, respectively,
instead of adding the ammonia water of Example 2. The results
are shown in Table 6.

10
Table 6
amines zgigacrylic
Aromatic primaty amine ggggggt- production
rate
(ppm) (ppm/h)
Example 25 |Aniline 300 404
Example 26 | Toluidine 350 326
Example 27 |Anisidine 430 - 384
Example 28 { Aminophenol 360 291
Example 29 |Phenylenediamine 350 107

Examples 30 to 32



in{nobis(propylanine) Exanpl e 24 Pent aet hyl enehexam ne 760
44 Exanples 25 to 29 The sane procedures for an
azeotropi c dehydration 5 nethod and azgolynerization test as in Exanple 2

wer e conduct ed, except that aromati

wer e added
respectively,

1 primary anines shown in Table 6
at the concentrations thereof shown in Table 6,
I nstead of adding the ammonia water of Exanple 2. The

results are Shor@hénslﬁgl%ﬁ%&%gﬁ%$%ﬂﬁ%%?€ﬁeageotro ic dehydration

am nes Pol
producti on
rate

Exanpl e 25 Ani
Tol ui di ne

yacryl ant ne oncen
. . . [

thod and a polymerization test as in Exam eai 8% co cted

me polymerd g0 Eopanaycteds

l:itggpt that aminoBgé:ids showrig‘%%l5 Tablixéfr&gére'e 2§d%8n3 .et?ig

I SI dl ne

430 3840 ncepEs AR L HINAP RGn in Table, 7, respectffely,
DGePR& _ ?58

291 Exanpl

e nylenedi amne

Exanpl es 3G t o, . : he
J.ﬁ%tead of addtln(gp}:léec?exﬁr)\/%r}né? water of Ex?%%]ée azn.d é['he resultl

sane procedures

or an azeotr I on ne

polynerizationa#gg%ggﬁniqn & £ were conducted,- except that am no

aci ds shown in

were added at the

Table 7
o aminee. | mid o
Amino acid ration production
(ppm) e n/h)
Exaﬁtple 30 | Glycine 250 275
Example 31 |Alanine 290 241
Example 32 | Methionine 490 282
10 Example 33
The same procedures for an azeotropic dehydration
method and a polymerization test as in Example 1 were conducted,
except that monoethanolanine was added so that the
concentration thereof was 200 ppm, instead of adding ammonia
15 watéf. Polyacrylic acid production rate was 163 ppm/h.
Example 34 )
| : The same procedures for an azeotropic dehydration
method and a polymeri'zati_on test as in Example 2 were conducted,
except that monoethanolanine was added so that the
20 concentration thereof was 200 ppm, instead of adding ammonia

water. Polyacrylic acid production rate was 73 ppm/h.



concentrations thereof shown in Table 7, respectively, 5 instead of

addi ng the ammoni a water of Exanple 2. The results are shown in Table
7. Table 7 am nes

Pol yacrylic A4 no acid concent - aci d
ration producti on rate

(ppm (ppn h) Exanpl e 30 d yci ne _ 250

275 Exanpl e 31 Al ani ne 290 241 Exanpl e
32 Met hi oni fgamples 35 to 38 4gp 282 10 Exanple 33

The sane procedures, for an azeotropic dehydration .met hod and a

pol ymeri zati on t estPgs SARSEREAGSSUE 8% (k0% iRiudERAtropic debydratigan

nonoet hanol ani pe was_ added so t hat . the concentration thereof was 200

ppm i nst ealiSEPOLRADG RATERT S 2251 QRS PEIYERGIPLeLYET BarRAG s at e
was 163 ppné rocedures for an

h. Exa e 34 The e
azeot ropi ¢ Q8RTBEEPEH gPLanﬂﬁ?ﬂéBeﬁnﬁhawBo+§ﬁﬁi&y%ﬁfﬂﬁrﬁe§9d8§ 2B BH@npl e
2 were ndyct . excent th noet hangol ani ne was added so that the
20 concgﬁpr§%Pg%mﬁﬁggiﬂéﬁ&i?%ﬁﬁﬁ%u#ﬁBVﬂsfﬁaﬁag eagdiﬁﬁsaﬁﬁﬁﬁ%$1Yr wat er
gg' Y?Cr yl 'Egéﬁn%:tgsaﬁgggtég& QY LRL MBS 1S PR e Example 2. The results
are shown in Table 8.

 Table 8
amines Polyacrylic
acid
Alkanolamine g:giﬁgt_ - production
(ppm) rate
(ppm/h)
Example 35 | Diethanolamine 345 59
Example 36 | Isopropanolamine 437 78
Example 37 | 3-Amino-l-propanol 246 108
Example 38 | N-(2-aminoethyl)ethanolamine 342 : 111




The saﬁe procedures for an azeotropi c dehydration met hod and a

pol yneri zation test as in Exanple 2 were conducted, except that

al kanol am nes shown in Table 8 were added at the 5 concentrations thereof
shown in Table 8, respectively, i nstd¥hd of adding the ammoni a water of
Exanple 2. The results are shown in Table 8. Tabl e 8

am nes Polyacrylic ' Al kanol am ne concent -
producti on . : . ration rate
(ppn) (ppnt hv)‘ha.# lEXCJ'aF‘Lg‘e?S 5i’et hanol ani ne 345

Exanpl e 36 |sop{ Op%g{é{ﬂ&? fozr groduc;nio%élig’;ltx cT.d %%nprlaﬂgp!ae

37 3- Am no- 1- pr opanol
N- (2- am noet hY;H@]_Bf@f‘%'a%@l%lcalwoxldlzlrggll-:ropgolfx}e and/or acrolein in

23 VWhat 1s clained 1S A" et produci ng acrylic
aci d conpri si ngadphase E&%ﬂ{g Q%@i&éﬁf&k'd&ﬁ%r@l&HGaEﬁQH ﬁ{@t%”%@éin
acrolein in gas phase by Uusing a nol ecul’ar oxygen-cont Ing gas to

obtain 55 a“aﬁ‘%'?&ééuﬁrEéﬁdécra)ér‘ﬂﬂc'éjc:?&' ¥51@81i080d a%cﬁta?rg@ép £
dehydrating the sofution by distillation in the presence o ?

| east one noi eaaw&fse&a@ themeiaRnba. bﬁ@l’é‘{:ﬂﬂﬁﬂhbﬁ in the%fegahb‘é of

primary nonoam nes, aliphatic primary diam nes, al i phatic prinmary
pol yani nes, arpﬂ}ifaltclé’as%ﬂéﬁﬁh@% 5 8T 80ed ¥t orR Biit® AR, é%lﬁéﬁ@lhﬁ{%é‘fés,
and (ii) at |east one noiety selec ed from di benzo- p t hi azi nes and

copper dit hi ocgr bhgnat es. primary monoamines, aliphatic primary diamines,
aliphatic primary polyamines, aromatic primary amines, amino
10 acids and alkanolamines, and (ii) at least one moiety selected

from dibenéo—p—thiaéines and cbpper.dithiocarbamates.

2. A method according to Claim 1, wherein said step
of dehydrating said aqueous crude acrylic acid solution by
distillation is conducted in the presence of at least one

15 rmoiety selected from phenol, hydroquinone, p-methoxyphenol,
benzoquinone, 1,2-naphthoquinone, cresol, catechol, 2,5-
diét-butylhydroquinone, 2,6-di-t-butylphenol, 6-t-butyl-
m—cregol, 2,6-~di-t-butyl-p-cresol, 4-t-butylcatechol,
2,4-Himethyl—s—t-butylphenol, 2—t-butylhydroquinone and

20 2-t-butyl-4-methoxyphenol.

" 3. A method according to Claim 1 or 2, wherein said
step of dehydrating said.aquebué crude acrylic acid solution
by.distillation is conducted in the presence of both of a£

least one dibenzo-p-thiazine and at least one copper .

25 dithiocarbamate.

e ———

—

\\II\ll\ N



2. A net hod according to Claim1l, wherein said step of dehydrating

sai d aqueous crude acrylic acid solution by distillation is conducted
in the presence of at |east one 15 noiety selected from phenol,

hydr oqui none, p-nethoxyphenol , benéﬂéuinone, 1, 2- napht hoqui none,
cresol, catechol, 2,5- di -t-butyl hydroqui none, 2,6-di-t-butyl phenol,
6-t-butyl - mcresol, 2,6-di-t-butyl-p-cresol, 4-t-butylcatechol
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al kanol am nes pirg rRRUEMI nRRL %miﬁowci\ﬁisgé'ﬁd 10 18 aifi PR DYs W 00@9ad

on acrylic acrd. . nmet hod according to any one of aims 1
to 4, whekeisilghtsald! &Pt 0f . §8M¥9r aklilhts Hdbaflwuscryyde aenyl.ic
10 acid solution by distillation, at |east one noiety sel ected

5. A method according to any one of Claims 1 to 4,

wherein in said step of dehydrating said aqueous crude acrylic
10 acid solution by disﬁillation, at least one moiety selected

from ammonia, ammonium salt, 'al'iphatic primary mon_oamiﬁes,

aliphatic primary diamines, aliphatic primary polyamines,

aromatic primary amines, amino acids and alkanolamines is

added to a feeding liquid or a bottom liquid of an azeotropic
15 dehydration column.

6. A method for inhibiting the polymerization of
acrylic acid which comprises providing a mixture or solution
of acrylic acid that additionally contains (i) at least one
moie]:y selected from ammonia, ammonium salfs, aliphatic

20 primary monoamines, aliphatic primary diamines, aliphatic
primafy'polyamines, aromatic primary amines, amino acids and
alkanolamines, and (ii) at least one moiety selected from
dibenzo-p-thiazines and copper dithiocarbamates.

7. A method for purifying acrylic acid in which

25 distillation of acrylic acid is conducted in the presence of
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from anmoni a, ammoni um salt, aliphatic primary nonoam nes, al i phatic

prinmary diamnes, aliphatic primry polyam nes, aronmatic prinmary

am nes, am no acids and al kanol am nes is added to a feedi ng liquid or
a bottomliquid of an azeotropic 15 delRration col um. 6. A
met hod for inhibiting the polynerization of acrylic acid which
conprises providing a m xt ure or sol ution of acrylic acid that

addi t i onal | y GONLAIadit bt cted SR hinBRLRC! Sihndf SRR 2

ammoni um sal t's,”.al |ip§at| C &rary nonoam nes atirc pri nmary

di am nes, - al 'acmm&u mmr 8&@@%&68,5@{%18 pﬂmﬁ& Taﬂ@ﬁ%e@m no

aci ds and kano nes | east” oné no ety Sel e rom

di benzo- p- th'aazl igﬁhﬁ%@'é)agﬁb tic fneé‘ 'Hé'ﬁ

for purifying acryllc aC|d di st atlo |c at

conducted in éd]?dé’hﬁﬁeé‘fl@az%lamén?s and (ii) at least one mcrlety sel?&ted
(i) at least one noiety selecte rOm ammoni‘a, ammoni Um sa

al i phat i c5prigyRiy SDHORELIESthahRRARY Gl 'él%%af“ LRESca bam%%,eg'at' c
primary polyam nes, aromatic prinmary am ne acrds can

al kanol am nes, and (ii) at |east one noiety selected 5 from

di benzo- p-t hi azi nes and copper dithiocarbanates.
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