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&D FOR | NHI BI TI NG POLYMERI ZATI ON OF A VI NYL COVPOUND BACKGRPUND oF
THE INVENTION 1. Field of the Invention The present invention
srelates to a method for inhibiting polynerization of a vinyl conpound. ’
More particularly, the present invention relates to a nethod for
effectively inhibiting the polynerization of (nmeth)acrylic acid or esters
of (meth)acrylic acid during these stor ge transportati on and producti on.
2. Description of the Prior Art T Vinyl conpounds such as
(meth)acrylic acid (i.e., acrylic acid or nethacrylic acid), esters of
(nmeth)acrylic acid, and acrylonitrile are prone to be naturally
pol ynmeri zed METHODhFORr INEEBITING t POLYMERI ZA/T I 010 NQF t A &YT Nty ecCOMABIENIR or e,

t here have been proposed to use various polynerization inhibitors in order
to inhibit polynerization of (nmeth)acrylic acid or esters of (neth)acrylic
acid during their storage, transportation or production process. As
an exanpl SBAGRERAUNROHJBE Y FITIPNuse of net hoqui none. Japanese Exam ned
Patent Publication No. 4- 14121 discloses a nethod for inhibiting
polynerlzébloﬁ18id 9¢n§hec6ﬁﬁﬁﬂﬁa§nu3|ng an N-oxyl conpound such as bis-

(2,2,6,6- tetran%%2y5¥%ggn eTﬂ%&% io yE%la%%%C%% a method for
inhibiting polymerization of a vinyl compound. More
particularly, the present in&ention relates to a method for
effectively inhibiting the polymerization of (meth)acrylic
acid or esters of (meth)acrylic acid during these storage,
transportation and production.

2. Description of the Prior Art

Vinyl compounds such as (meth)acrylic acid (i.e.,
acrylic acid or methacrylic acid), esters of (meth)acrylic
acid, and acrylonitrile are prone to be naturally
polymerized by light or heat due to the vinyl bond they have.
Therefore, there have been proposed to use various
polymerization inhibitors in order to inhibit polymerization
of (meth)acrylic acid or esters of (meth)acrylic acid during
their storage, transportation or production process.

As an example, there h;s been proposed use of
methoquinone. Japanese Examined Patent Publication No. 4-
14121 discloses a method for inhibiting polymerization of
vinyl compounds using an N-oxyl compound such as bis-
(2,2,6,6-tetramethyl-4-piperidino oxyl) sebacate.

However, the inventors of the present application have
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HewWdwer , the inventors of the present application have

-2- studied the stability of a vinyl conpound during storage or
transportation after addition of the above-nentioned N-oxyl conpound, and
found that the concentration of the N-oxyl conmpound gradually decreases in
contact with the vinyl conpound, and it Is difficult to prevent

pol yneri zati on of vinyl conpounds for prol onged tine. In the
production process of vinyl conpounds, ~ 6art|cularly in the processes of
recovery, purification and synthesis of vinyl conpounds, polynerization of
vinyl conpounds proceeds. Therefore, there have been proposed to use

vari ous polsymelriiedattihen sitribiiliittgr ©fi @ oidgdl tompolind durting pdoypeee oat i on
of (meth)acrylic acid or esters of (meth)acrylic acid during these
processes. transport@tionmiiter additdoa BfatheedbRatecmenkibniedaMN-oxyNo.

45- 1054 discloses a nethod for inhibiting polynerization of acrylic acid
usi ng an N§8wﬂou@§np@@ﬂdf§@@ﬂ &datte thieacpngenyiration ofi gaealidoxyl

4- hydr oxy- 2, 6-tetranethyl - 4-pi peridino oxyl alaone, gives better

pol yner i zaFPB‘r?qui% grEdng 1dfr decr e@ﬁ&ﬁ flRa COBIEaACHKe Widhy & Uﬁé‘lﬂ y known
hydr oqui none henot hi azi ne, an il c. chloride etc panese
Exani ned P&P P@gtFﬁnlﬁo% %ﬁ § tgi preysad QO&EFEJ&ZPSFOPnHﬁbltlng

the p0|yWEQ&£§1 %%ﬂﬁ%d%%s for a prolonged time.

In the production process of vinyl compounds,
particularly in the processes of recovery, purification and
synthesis of vinyl compounds, polymerization of vinyl
compounds proceeds. Therefore, there have been proposed to
use various polymerization inhibitors in order to inhibit
the polymerization of (meth)acrylic acid or esters of
(meth)acrylic acid during these processes.

For example, Japanese Examined Patent Publication No.
45-1054 discloses a method for inhibiting polymerization of
acrylic acid using an N-oxyl compound such as tertiary-butyl
nitroxide and 4-hydroxy-2,2,6,6-tetramethyl-4-piperidino
oxyl alone, gives better polymerization inhibiting effect
than that of the conventionally known hydroquinone,
phenothiazine, and cupric chloride etc.

Japanese Examined Patent Publication No. 54-3853
discloses a method for inhibiting the polymerization using

'4—hydroxy—2,2,6,6—tetramethylpiperidino oxyl or 2,2,6,6-
tetramethylpiperidino oxyl in the production process of

methacrylic acid from methacrolein using a gas containing



4- hydr oxy- 2, 2, 6, 6-t etranet hyl pi peri di no oxyl or 2,2,6, 6-
tetranet hyl pi peridino oxyl in the production process of nethacrylic acid
from met hacrol ein using a gas containing

- 3- oxygen in an organic sol vent. Japanese Exam ned Pat ent
Publication No. 58-46496 discloses a nmethod for inhibiting polynerization
of (meth)acrylic acid or esters of (neth)acrylic acid, using 3-
0X0-2,2,5,5-tetramet hyl pyrolidino oxyl or~ 4-acetoxy-
2,2,6,6-tetranmet hyl pi peridi no oxyl. Chi nese Patent CN 1052847A

di scl oses a nethod - for inhibiting polynerization of acrylic acid and
esters of oaggehi ¢naendpryanng dehydnbxy-2, 2, 6, 6-tetranet hyl pi peri di no
oxyl alone or used in conbination with hydroqui none, which is shown to be
hi gher than t he éapanesef ExambneddPatentbf Pubbppaticnbnoy! si8+hésgar boxyl at e
and hydr oqui none. Japanese Unexam ned Patent Publication No.

6- 345681 diseleses a methed fer inhibiting polymerization of acrylic acid

and esters ofﬁscr lic.acid, using N-oxyl conmpounds such as )
2,2, 6, 6-t el PGRBY AGE B pEr REEACOEXGFLERRdOE, fmehh)aerglic acid, using 3-

2,2,6,6-tetra hyl pi peri di no, oxyl hosphite in conbination with phenol
gonpounds gﬁEﬁggé'ﬁygFgﬁgFﬂBﬁﬁyygﬁﬂ;rg%éﬂg?ﬂi%EYﬁeOEOﬁpﬁﬁﬂHQXY— g
Japanese exapi pe ent. Publication No. 9-316026 discloses a nethod for
inﬁibitingypgrgkéFg%g?%%EEBYEB&P?F%€1n° Exy?-

Chinese Patent CN 1052847A discloses a method for
inhibiting polymerization of acrylic acid and esters of
acrylic acid, using 4-hydroxy-2,2,6,6-tetramethylpiperidino
oxyl alone or used in combination with hydroquinone, which
is shown to be higher than the effect of combined use of
copper dibutyldithiocarboxylate and hydroquinone.

Japanese Unexamined Patent Publication No. 6-345681
discloses a method for inhibiting polymerization of acrylic
acid and esters of acrylic acid, using N-oxyl compounds such
as 2,2,6,6-tetramethylpiperidino oxyl, and 4,4’ ,4”-tris-
(2,2,6,6-tetramethylpiperidino oxyl) phosphite in
combination with phenol compounds such as hydroquinone, and
phenothiazine compound.

Japanese Unexamined Patent Pﬁblication No. 9-316026
discloses a method for inhibiting polymerization of acrylic
acid and esters of acrylic acid during its production,
particularly during distillation process, using an N-oxyl
compound in combination with phosphorus compound.

In the use of N-oxyl compounds according to the



acid and esters of acrylic acid during its production, particularly during
distillation process, using an N-oxyl conpound in conbination with
phosphor us conpound. In the use of N-oxyl conpounds according to the
-4- conventional polynerization inhibiting technology in the production
process, for exanple, to prevent polynerization during distillation of
crude acrylic acid, an N-oxyl conpound is dissolved in acrylic acid and

the solution is transferred to a distrlﬁiﬁg colum by a punp. The
i nventors found that the transfer of the solution, in which the N oxyl
conpound is dissolved in acrylic acid, to the distilling tower in the .

recovery, ponventibnai podymeyitrheioa phhdbitinh tethinogedggound tae
menti oned above does not sufficiently inhibit the polynerization of vinyl
conpound. ProguntiARY OEOTHES| NYENTE®RmMple, tol prievean pbjlemerdzathienpr esent
invention to provide a_ nmethod for inhibiting polynerization of a vinyl
compound @HFdRIhddsEiddesient b probeepsrydsicdarnddi,nanhd-priydr art .
It is another object of the present invention to provide a nethod for
st abi | i zi nGORRAUPANIE Sigg§olysdy kBr peayilés aridi apd &bepsedusisuchsas
met h) acrylic_acid
( ) y%rans%erred to a distilling column by a pump.
The inventors found that the transfer of the solution,

in which the N-oxyl compound is dissolved in acrylic acid,

to the distilling tower in the recovery, purification and

synthesis process of vinyl compound as mentioned above does

not sufficiently inhibit the polymerization of vinyl

compound.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
method for inhibiting polymerization of a vinyl compound
which has overcome the problems residing in the pfior art.

It is another object of the present invention to
provide a method for stabilizing and inhibiting
polymerization of vinyl compounds such as (meth)acrylic acid
and ester of (meth)acrylic acid which can reliably assure
stabilization and inhibition of polymerization of such vinyl
compounds during storage, transportation and production of
them, in the presence of an N-oxyl compound and a specific

amount of water.

According to an aspect of the present invention, a



and ester of (nmeth)acrylic acid which can reliably assure stabilization
and inhibition of polynerization of such vinyl conpounds during storage,
transportation and production of them in the presence of an N oxyl
compound and a specific anount of water. According to an aspect of
the present invention, a - 5-

-met hod for inhibiting polynerization of g vi nyl conpound uses an N oxyl
conmpound and a specific anbunt of watefr. - The presence of the N oxyl
conpound can inhibit polynerization of the vinyl conpound nore
effectively. Accordi ng to anot her aspect of the present invention

an N-oxyl eepedddrs itihsdbied ipolyaiestizatiphoddfca ¥inydl compounadnd t he
solution is added to a vinyl compound in a process of recovering,

purifyi ng, usessyan esixylngdipoundand eospesidic amouns: wdy waperywmeTheat i on
of the vinyl conpound can be effectively inhibited. The vi nyl
conpound haseseanasy lofhdie Wricedyli sompating can dahddifoppdymerdiziadionAl so,
the N-oxyl conpound includes any water sol uble N-oxyl conpounds.

DETAI LED DRICRINET VMY CPME oRREF BRRED sEfRAbILVENYS OF THE | NVENTI ON

The present invention is directed to inhibitiaon of
According to another aspect of the present invention,

an N-oxyl compound is dissolved in water to produce a
solution, and thelsolution is added to a vinyl compound in a
process of recovering, purifying, or synthesizing the vinyl
compound. In this way, polymerization of the vinyl compound
can be effectively inhibited.

The vinyl compound has a vinyl bond which is liable to
cause polymerization. Also, the N-oxyl compound includes

any water soluble N-oxyl compounds.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE
INVENTION

The present invention is directed to inhibition of
polymerization of (meth)acrylic acid and esters of
(meth)acrylic acid.

Acrylic esters include methyl acryléte, ethyl acrylate,
butyl acrylate, 2-ethylhexyl acrylate, 2-hydroxyethyl
acrylate, 2-hydroxypropyl acrylate and the like. Also,
methacrylic esters include methyl methacrylate, propyl
methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl

methacrylate and the like.



pol'ymeri zation of (nmeth)acrylic acid and esters of (neth)acrylic acid.
Acrylic esters include nethyl acrylate, ethyl acrylate, butyl acrylate,
2- et hyl hexyl acrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate
and the like. Also, nethacrylic esters include nmethyl methacrylate, propyl
met hacryl ate, 2-hydroxyethyl nethacryl ate, 2-hydroxypropyl nethacrylate
and the |ike. 6 - - 6- Accordi ng
to the present invention, any water soluble N oxyl conpounds is useable.
It is preferable to use 2,2,6,6-tetranethyl pi peridino oxyls represented by
the follow ng general fornmula (1); [err]
wherein R err] régcesding CaOEheCeECEsent] Oavettibher ah@HwatelOspluble
CHOCH err]OH, CHOCH err]CH err]OH, CHCOOH or C=O, R[err] represents H or
CH[ er r] OH. N-oxyl cpmpospeise-isensieande -2, 216, &s tpreferable pipeansei no  oxyl s
I ncl ude 4- hydroxy 2,2,6, 6- tetranethylplperldlno oxyl,
+2,6,6-tetramethylpiperidino oxyls represented by the

following general formula (1);

R? R!
o

wherein R' represents CHOH, CHCH,0H, CHCH,CH,0H, CHOCH,OH,
CHOCH,CH,0H, CHCOOH or C=0, R’ represents H or CH,OH.

The above-mentioned 2,2,6,6—tetramethylpiperidino
oxyls include 4-hydroxy-2,2,6,6-tetramethylpiperidino oxyl,
4-0x0-2,2,6,6~tetramethylpiperidino oxyl, 4-carboxy-2,2,6,6-
tetramethylpiperidino oxyl, and the like. Among these,
preferably used are 4-hydroxy-2,2,6,6-tetramethylpiperidino
oxyl, 4-oxo-2,2,6,6-tetramethylpiperidino oxyl, and the like,
and particularly preferably used is 4-hydroxy-2,2,6,6-
tetramethylpiperidino oxyl. These N-oxyl compounds may be
used singly or at least two of these compounds may be used
in combination. 1In this case, the mixing ratio may be
appropriately decided.

More specifically, an N-oxyl compound may be



4- ox0- 2, 2, 6, 6-tetranet hyl pi peri di no oxyl, 4-carboxy-2, 2,6, 6-
tetranet hyl pi peridino oxyl, and the |ike. Anmong these, preferably used are
-4- hydroxy-2, 2, 6, 6-tetranet hyl pi peridino oxyl,

4- oxo0- 2, 2,6, 6-tetranet hyl pi peridino oxyl, and the like, and particularly
preferably used is 4-hydroxy-2,2,6,6- tetranethylpiperidino oxyl. These
-N-oxyl conpounds may be wused singly or -4t |least two of these conpounds nay
be used in conbination. In this case, the mxing ratio may be

appropriatel y_ decgi ded. ., More specificglly,..an N-oxyl conpound nay be
O or eIRr A RFRIdI RIS 4 FRoROBT: ¢ToC0 IR PRI W SREE Hor e,
nore preferably 0.001 t It _Qr I 0 b ight of a
vi nyl cor‘rﬂ‘(‘)%%ed i or eIPeai{eorSagr?‘L ure'cws.iu |r(g|ge)r?& s"%egghq;l zoe]f'ltoi?t(oorﬁr%éf ]}Eg‘(’:‘ﬁg@hm t he
ot her han g ; N Q1€ d A% MR LU 3@ nNing in a
pr oduced dpa%%%ji%s} g.'%ll g tAgf:for di néﬂyy, the amount may be preferably to set

an upper |duyffidiedio dtabibaria ivh W tts MU dHee il hal,t addd-td@mpart s
by wei ght. The addi ng anount of water may be adjusted in accordance

with the sof ui INtoxbl ddigsurid tdte mudly lcaimE wihiningTdy ke prduuaeer ,

preferable to dissolve 0.01 parts by weight or nore of water to 100 parts

by wei ght adryliec daind. domqpmdichglnnr &hepraafoamebima yO H@2 ppeerfies-aiod ywekicg Iste tor

nore, nore preferably 0.05 parts by weight or nore. To assure the

i nhi bi ti nprefypsar Iomit up to 0.1 parts by weight, more preferably up to
0.03 parts by weight.

The adding amount of water may be adjusted in accordance
with the solubility of water in the vinyl compound. It may be,
however, preferable to dissolve 0.0l parts by weight or more
of water to 100 parts by weight of the vinyl compound, more
preferably 0.02 parts by weight or more, more preferably 0.05
parts by weight or more. To assure the inhibiting effect, on
the other hand, it may be preferable to set the'&pper limit
amount of water at 20 parts by weight, preferably 5 parts by
weight, more preferably 2 parts by weight. If the adding amount
of water is less than 0.01 parts by weight, it is difficult to
regulate the concentration of the N-oxyl compound to a
specified value, resulting in decomposition of the N-oxyl
compound and consequently insufficient inhibition effect. While
too much water will lower the stabilization effect thereof, as
water promotes the polymerization of the vinyl compound,

therefore the amount of water added shall be up to 20 parts by

weight.



the other hand, it may be preferable to set the upper Iimt anount of

wat er at 20 parts by weight, preferably 5 parts by weight, nore preferably
2 parts by weight. If the adding amount of water is |ess than 0.01 parts
by weight, it is difficult to regulate the concentration of the N oxyl
conpound to a specified value, resulting in deconposition of the N oxyl
ctonpound and consequently insufficient inhibition effect. Wile too nuch
water will lower the stabilization effe&t thereof, as water pronotes the

i i i n herefore the anpunt of ter added
gﬁ;¥F9L223;|?2 g %Qgégigiénag %bégl éoé%ghné an&lwater to a #%%yl

- 8- The additjon of. N-Qx conpound and water t vinyl. ¢ oun
is not |infeed ‘ﬁbgalé iljl;%% lsle%%eé/ncefjo %tﬁrﬁa bsee%%eéhcgee'd%l‘ﬁ:eﬂaf%ﬁey.c%ﬁeﬂfgr,
it may be |, e QBHHQQ:. [ Ve i S ed in water
and then t eﬁ%s%ﬁi n% V%ﬁ'y:\hggyé ou]%d) aqueoudsbslséolﬁﬁéor?r?sﬁzo ed to a

vinyl conpestibundV 59, £i#stTBY DesdSadd! & i tadd A Ny lefomaund iy o a

m xture of a vinyl conmpound ‘and water. In this way, there coexist three
conponent sN-oxl , cdEayhd Coggesing, solivtiore M dEd al avatiglyl cdnfpdimid d be

presuned that this coexistence of the three conponents exerts the
pol yneri zaalswm, iithinmy iy pddsiddle to add Hre Npreesdntcompoanid dmuwaya be
applicable to vinyl conpounds which contain inmpurities as by-product in
t he mixture of a vinyl compound and water. In this way, there
coexist three components, i.e., N-oxyl compound, vinyl compound
and water. It could be presumed thét this coexistence of the
three components exerts the polymerization inhibiting effect.
The present invention may be applicable to vinyl
compounds which contain impurities as by-product in the
production process, or impurities contained in the starting
raw materials of a vinyl compound. For acrylic acid containing
various impurities, e.g., organic acids such as‘écetic acid,
aldehydes such as acrolein, for example, the inhibiting effect
can be attainable.
Further, it may be possible to use conventional
polymerization inhibitors such as phenothiazine, methoquinone,
copper dialkyldithiocarbamate, manganese acetate, and p-
phenylenediamine, in addition to the inventive polymerization
inhibitor.
Owing to the coexistence of an N-oxyl compound and a

specific amount of water in a vinyl compound, the decrease



pr-oducti on process, or inpurities contained in the starting raw materials
of a vinyl conmpound. For acrylic acid containing various inpurities, e.g.,
.organi ¢ acids such as acetic acid, aldehydes such as acrolein, for

- exanple, the inhibiting effect can be attainable. Further, it may
be possible to use conventional polynerization inhibitors such as
-phenot hi azi ne, net hoqui none, copper dial kyl dithi ocarbamate, manganese
acetate, and p- phenyl enedi an ne, in~addition to the inventive

pol ymeri zation inhibitor. Owi ng to the coexistence of an N oxyl
conpound and a specific anmount of water in a vinyl conpound, the decrease
-9- in tihe e edait et in 0 died Ndo8ameasipbuga d3 beuppressed for a
-prolonged time. The coexi stence of an N oxyl conpound and a specific
amount of sagiparessed fomyd prdpeyed] tdedeays The toerifvencai 6fadnhng-

pol ynmeri zation nore than the conventional inhibitors, thus inhibiting

pol yner i zatiydn asmpounididnd anprewific tdreuwttordyevadrer timards pamydt i on nore

effectively. Further, a method for inhibiting the polymerization
accor di ng aarpndrdslais ivthehime fan Had tialring ps: iizgt iogf MELE ny|
conpound wi Il be explained in detail. A vinyl conpound in a process

of recoverghan the conventional inhibitors, thus inhibiting
polymerization of a vinyl compound in the storage or
transportation more effectively.

Further, a method for inhibiting the polymerization,
according to the present inventive method, during production
of a vinyl compound will be explained in detail.

A vinyl compound in a process of recovery,
purification and synthesis is kept from polymerizing by
dissolving an N-oxyl compound in water, and adding the
solution into the vinyl compound.

Conventionally, acrylic acid is produced from a
reaction gas obtained by two stage catalytic oxidation
reaction of propylene by the processes of: (1) collecting an
acrylic acid in the form of an aqueous solution by making a
reaction mixture gas containing acrylic acid in contact with
water; (2) distilling the acrylic acid aqueous solution-in
the presence of an azeotropic solvent and recovering crude
acrylic acid; and (3) purifying the crude acrylic acid. The
purifying process (3) includes distillation of separating
substances having low boiling points such as acetic acid,

distillation of separating substances having low boiling



purification and synthesis is kept from polynerizing by dissolving an

N- oxyl conpound in water, and adding the solution into the vinyl conpound.
.Conventionally, acrylic acid is produced froma reaction gas obtai ned by
two stage catalytic oxidation reaction of propylene by the processes of:
(1) collecting an acrylic acid in the formof an aqueous sol ution by
-making a reaction mxture gas containing acrylic acid in contact with
water; (2) distilling the acrylic aci d%dqueous solution in the presence of
an azeotropic solvent and recovering crude acrylic acid; and (3) purifying
the crude acrylic acid. The purifying process (3) includes distillation of

separating substances havi ng | ow boili oi.nt,s such, as, gcet.i ¢ .acid,
distillation of REHESUTHY s s‘i%ﬁ?&te}?g%‘ﬁrgo%w}'bcﬁr}q r?é‘sa“e“actmn of

- 10 - | hts.,such as react ed.acrolei.n,. an istillation of
separat i ngsespuabrs"’fﬂ:?t{rjln ss$bas\L/{—ianng&§1iLHggn‘g%}%tl i r?gi hoibr?tlsr,i.m%J %oqn%‘ﬁie pr esent
invention i s apphy i bl b i f | rd i finsacryl i ¢ acid
in any of the a%@%ﬁ%%ﬁﬁ%ﬁ’d&%ﬁ;&sﬁ,apf@gc%’éfi(ilei) Zf?:c%)]# Iq'g]ggibnlgﬁgﬂocogss, (2)

recoveri o NseSsat @ dB)adWflify i PHRCRSS of the ab¥vAHdNtiGhH an

~aqueous sol ution of an N-oxyl conmpound is not limted to a particular
‘manner, burdmysdss calrd d QU cdllertder) bdEEy)er(2)Faecv@ning, the

aqueous sol ution of N
process, and (3) purifying process.

The addition of an aqueous solution of an N-oxyl compound
is not limited to a particular manner, but may be carried out
in a desired manner. For example, the agqueous solution of N-
oxyl compound may be directly introduced into a vinyl compound
in each process. In the case of purifying process, also, it may
be introduced into in a supply line or a refluxing line.

An agqueous solution of an N—oxyl compound may be added
only in the collecting process (1), or in each Of the processes
of collecting process (1), recovering process (2) and purifying
process (3) (including various distillations). It may be
preferable to add the aqueous solution in each process or each
distillation stage.

In the case of adding the aqueous solution in each
process, it may be preferable to set the lower limit of adding
amount of N-oxyl compound at 0.0005 parts by weight, more
preferably 0.001 parts by weight, more preferably 0.002 parts
by weight to 100 parts by weight of a vinyl

compound in each process. The upper limit may be preferable



oxyl compound may be directly introduced into a vinyl conpound in each
process. In the case of purifying process, also, it nmay be introduced into
in a supply line or a refluxing line. An aqueous sol ution of an
N-oxyl conpound may be added only in the collecting process (1), or in
each of the processes of collecting process (1), recovering process (2)
-and purifying process (3) (including viiious distillations). It may be
preferable to add the aqueous solution in €ach process or each

distillation stage. In the case of adding the aqueous. solution in
each process, it may be preferable to set the lower Iimt of adding

amount of tboxgt avnpounpasts ObPORSiglat | smiye wergherabby €0 . 3 epartdl hy 0. 001
-parts by weight, nore preferably 0.002 parts by weight to 100 parts by
wei ght oveight, monglprebepaibhy 0 n02apdrps doeseeidgie tepkO | parts iy be

preferable . toset at 0.1 parts by weight, nore preferably 0.03
parts by weight,K ofiovényt e¢empouydoinlepah tBroges@ ght to 100 parts by
wei ght of vinyl conpound in each process. I f the addi ng anount of

N-oxyl conmpound F§ thesaddgbpg anewet ¢hr¥<orsd \REEPRUNG hES nkRES skl
pol ymeri zation _inhibiting effect cannot be attained. Ip particular, if the
oper ati on 9eﬂBQ§aPﬁFEsiEYnﬂ?égFﬁantﬁﬁo%?c?ﬁ%a¥ﬂhP%}YWﬁﬁlz£?+%Et noti ceably
owers. Chiﬁﬁfbf%?ﬁ& Q?fgétiéagﬂo€+8éy£ttained. In particular, if the
operation temperature is more than 100°C, the inhibiting
effect noticeably lowers. On the other hand, if an N;oxyl
compound is added more than 0.1 parts by weight, the product
of acrylic acid is liable to be stained.

The amount of water in which an N-oxyl compound is
dissolved may be changed in accordance with the kind and the
amount of an N-oxyl compound used as well as the kind of
process. However, it may be preferable to set the lower
limit at 0.0005 parts by weight, more preferably 0.001 parts
by weight, more preferably 0.002 parts by weight to 100
parts by weight of a vinyl compound in each process. If the
amount of water is more than 10 parts by weight, on the
other hand, the purity of the product of acrylic acid
undesirably lowers. Accordingly, the upper limit for water
may be set at 10 parts by weight, preferably 1 part by
weight,.more preferably 0.2 part by weight.

The concentration of an N-oxyl compound in an N-oxyl

compound aqueous solution may be regulated in accordance

with the kind of N-oxyl compound or the allowable amount of



conpound i s added nore than 0.1 parts by weight, the product of acrylic
acid is liable to be stained. The amount of water in which an N-oxyl
compound is dissolved may be changed in accordance with the kind and the
anount of an N-oxyl conpound used as well as the kind of process.

However, it may be preferable to set the lower |limt at 0.0005 parts by
wei ght, nore preferably 0.001 parts by rﬁight, nore preferably 0.002 parts
by weight to 100 parts by weight of a~vffiyT conpound in each process. If
the anount of water is nore than 10 parts by weight, on the other hand,
the purity of the product of acrylic acid undesirably |owers. Accordingly,
the upper Iydqidrfor noRkoer, My haysbe pref8rablbstbyseei ghe, upperelahliy 1
part by weight, nore preferably 0.2 part by weight. The

concent r at iz afowrrd MO Xyéroampaufhicdhien sebd¥addn scoinpoiinictyaguieduse 964 ut i on
may be regul ated in accordance wth the kind of N-oxyl conpound or the

al | owabl e aomyhtcaripound in water at a normal temperature -tdpreveniat er.

However, it may be preferable to set the upper Iimt at around 80 percent
of the sat prec¢ipitation of ythe NtexWN cepgundrigbimhdank iering Eeor nal

tenperature to prevent precipitation of, the N—ox¥%hconpound in a_ tank
storing t haV—a¥¥bk yFORRAHRA MAYRRIED 1RO LH AR on Onothen o there Nagdad thene

lower limt. of the concentration of a N oxyl conpound
lower limit of the concentratioR’oé:énﬁ—oxyl compound

depends on the amount of the N-oxyl compound to be added or
the characteristic performance of an adding apparatus.
However, it may be preferable to set the lower limit at
around 0.1 weight percent.

The effect of inhibiting polymerization of a vinyl
compound in the production process according to the present
invention is not obtained simply because water coexists with
the N-oxyl compound in each process or in each .distillation
stage. According to the present invention, regardless of
the presence of water in the production process, the use of
water as a solvent for N-oxyl compound, which means the N-
oxyl compound is dissolved in water first and the aqueous
solution is then added to the above-described process, is
significantncondition to exert the effect of inhibiting
polymerization of a vinyl compound in the production process.

For example, in the collecting process (1), water is
introduced to collect an acrylic acid. In the recovering
process (2), the acrylic acid aqueous solution is introduced

and distilled. Accordingly, water exists in each process



depends on the anpunt of the N-oxyl conpound to be added or the
characteristic performance of an addi ng apparatus. However, it nay be
preferable to set the lower limt at around 0.1 weight percent. The
effect of inhibiting polynerization of a vinyl conpound in the production
process according to the present invention is not obtained sinply because
wat er coexists with the N oxyl conpounq%£n each process or in each
distillation stage. According to the present invention, regardl ess of the
presence of water in the production process, the use of water as a sol vent
for N-oxyl conpound, which nmeans the N oxyl conpound is dissolved in

wat er firstlowatiide aagquesssr. solowéever | sihhehe addelletbinpepnboeesdédsi bed
process, is significant condition to exert the effect of inhibiting

pol yner i zattihen aafsea in mictompoiioxyd tdeapousdudis @ddadcas$he form ofpr
exanple, in the collecting process (1), water is introduced to collect an
acrylic aciah aquats rsedoiteidm ginhidudess polymentizatdaty|qfc agdyd s Redis
solution is introduced and distilled. Accordingly, water exists in each
process more effectively than the case in whigdl the NyOFY 1o F WP r

However, in the_collecting process (1), the case in i,ch an N-oxyl
conpound i st @fded iin g mhof éﬂ%’ ARIIIE &3¢t sy rb?(tssee

o ool ¥'ad CFdral VS Bldiid Y 1 R38LREnGRY7 10 ¥BLER he
be seen that the addition of an N—oxyl compound in the form
of an aqueous solution, which is in accordance with a method
of the present invention, enhances the polymerization
inhibiting effect of N-oxyl compound.

As mentioned above, in the collecting process (1) and
the recovering process (2), there exists water. However,
water is separated in each process. Accordingly, even if
water exists in relatively large amount in these processes,
there is no problem. On the contrary, in the distillation
stage of the purifying process (3), the amount of water
should be kept in the specifiéd range to prevent the purity
of the product from lowering.

For example, in the collecting process (1) and the
recovering process (2), the amount of water may be 1 - 1000
times by weight that of an N-oxyl compound, and in the
purifying process (3), the amount of water may be 1 - 200
times by weight that of an N-oxyl compound in a

distillation stage for separating substances having a low

boiling point, and it is 1 - 50 times by weight in a



Is added in the formof an acrylic acid solution (see Exanple 5 and
Conparative Exanple 2). Accordingly, it could be seen that the addition of
an N-oxyl conpound in the form of an aqueous solution, which is in
accordance with a nmethod of the present invention, enhances the

pol ynerization inhibiting effect of Noxyl conpound. As nentioned
above, in the collecting process (1) an the recovering process (2), there
exi sts water. However, water is separated’in each process. Accordingly,
even if water exists in relatively |arge anount in these processes, there
IS no problem On the contrary, in the distillation stage of the purifying

process (3jisthalammunt sehgeairer separhdihg kepstancebehapéngf aetiighnge to
prevent the purity of the product from| owering. For exanple, in

t he col | ecbbagipgopednt(.l) and the recovering process (2), the anount of
water may be 1 - 1000 tinmes by weight that of an N—oxXI cgnpoggd, and in
the purifying pRocesdifg) tot hbeapvesentf investinay BeleculagooxygrEs by
wei ght that of an N-oxyl conmpound in a distillation stage for_ separating
subst ances maavbey ugedowonsyiririeny Lyoi fhershy enhpacing the ipbdbagf 1@ ght in
a _ . . . - 14 - distillation s%age for
separ at i ngofuPedyAeEd zaioRg o Bi JHYBoPPPREUBESHt . AS means o

supplying molecular oxygen, it may be possible to adopt

bubbling, or alternatively dissolve molecular oxygen in a

solvent, and add the solution in a vinyl compound. For

example, in the purifying process (3), molecular oxygen may

be supplied from the bottom of a stripper tower or reboiler

in the form of gas. It may be preferable to supply

molecular oxygen in an amount of 0.1 percent by volume or

more with respect to the amount of evaporated vinyl compound.

This is because of the fact that if it is less than 0.1

percent by volume, remarkable effect cannot be attainable.

The upper limit of molecular oxygen to be supplied may be

determined based thé operation performance of distilling

equipment. However, a large amount of supply requires

reconstruction of the equipment. Accordingly, it may be

preferable to suppiy molecular oxygen in not more than 1.0

percent by volume.

In addition to acrylic acid, the present invention may
be applicable to other vinyl compounds.

The term "production", "recovering", "purifying", and

"synthesizing"” means the reaction process of a vinyl



‘According to the present invention, nolecular oxygen nmay be used
concurrently, thereby enhancing the inhibition of polynerization of a

vi nyl conpounds. As neans of supplying nol ecul ar oxygen, it nay be
possible to adopt bubbling, or alternatively dissolve nol ecul ar oxygen in
a solvent, and add the solution in a vinyl conpound. For exanple, in the
purifying process (3), nolecular oxygig may be supplied fromthe bottom of
a stripper tower or reboiler in the rmof gas. It may be preferable to
supply nol ecul ar oxygen in an anount of 0.1 percent by volune or nore

Wi th respect to the amount of evaporated vinyl conpound. This is because
of the featpoimad,idndtths dlessetheamt Dofded pereeessdy yb) ure(3)yemar kabl e

ef fect cannot be attainable. The upper Iimt of nolecular oxygen to be
suppl i edFweyhee, skeckrheres beckude he npdificaniperéHropacabatedi stilling
equi pment. However, a |arge anmount of supply requires reconstruction of

t he eqw‘b%%ﬁt—on%cﬁ%‘—?@ﬂ; yandtamya%ltmmﬁrmmlblmmmcm efer ar
oxygen in not npre than 1.0 percent by vol une, In addition to
acrylic %%P%ira’fh%gp?e%‘ébﬁtam%rha‘bhnm SE)%CJa%bW c%sbﬂel% pRHRE andy|
conpoun 59 K The term "production", "recovering", "purifying", and
synthes ?nbl ftans the reaction process of a vinyl

- 15 - In the case of acrylic acid, these terms respectively

correspond to an oxidation process of propylene, recovering,
purifying and synthesizing processes of acrylic acid. In
the case of methacrylic acid, these terms respectively
correspond to processes of separating, collecting, refining
methacrylic acid from a reaction gas containing methacrylic
acid obtained by catalytic gas phase oxidation of
isobutylene. 1In the case of (meth)acrylic ester, these
terms respectively correspond to processes of esterifying
and purifying in addition to the above-mentioned processes
of (meth)acrylic acid.

The present invention will be further described with
reference to the following Examples. All the ppm is based

on weight.

Example 1

A solution in which water in an amount of 2.0 parts by
weight to 100 parts by weight of acrylic acid to be treated,
and 4-hydroxy-2,2,6,6-tetramethylpiperidino oxyl

(hereinafter abbreviated as 4H-TEMPO) in an amount of 0.03



- conpound, and the above-nentioned processes (1) - (3). Further, such terns

i nclude a nodification of the above- nentioned process and any additi onal

distilling process for separating a substance having a specified boiling
"point and the I|ike. In the case of acrylic acid, these terns

respectively correspond to an oxidation process of propyl ene, recovering,

-purifying and synthesi zing processes % acrylic acid. In the case of

met hacrylic acid, these terns respectlvé1y correspond to processes of
separati ng, collectlng, refining nmethacrylic acid froma reaction gas
containing nmethacrylic acid obtained by catal ytic gas phase oxi dation of

i sobut ypermts by twkdghastoofl00nphakkacbyl weighteof thesacrYéiuBacédpectiver
correspond to processes of esterifying and purifying in addition to the
above- nwereodégsplyedsdosacoylinean)dcwabi stared. at the rgam present
invention will be further described with reference to the follow ng
Exanpl e$SMpRIAtIKE PRI sappdedbobhleengdt the cprgapteation of AHsol ution

in which water, in an anount of 2.0 parts by weight to 100 _parts by wei ght
of acrylE¥PQcig FBebécFYé&Feécldawas4mﬁ9ﬁP6§9 30omgnygtedy r AnBPHYFpI peri di no

oxyl (Dgee1 BhEghs?R2EEY 2he%a38sSTulEORY 'Fh& T Y ird 2

follows. No decrease in the concentration of 4H-TEMPO was
observed even after 10 hours.

Initial amount: 300 ppm

After 30 minutes: 300 ppm

After 2 hours: 300 ppm

After 10 hours: 300 ppm

Example 2

The concentration of 4H-TEMPO in acrylic acid was
measured in a process similar to that of Example 1, except
that the amount of water added was 0.03 parts by weight to
100 parts by weight of the acrylic acid. The results are as
follows: About 60% of the initial concentration of 4H-TEMPO
still remained after 2 hours and about 34% of the initial
concentration of 4H-TEMPd.still remained after 10 hours.
Initial amount: 300 ppm
After 30 minutes: 204 ppm
After 2 hours: 174 ppm

After 10 hours: 103 ppm



-- 16 - parts by weight to 100 parts by weight of the acrylic acid were
dissolved in acrylic acid was stored at the room tenperature in a sanple
.bottle and the concentration of 4H TEMPO in the acrylic acid was neasured
30 mnutes, 2 hours and 10 hours after the dissolution. The results were
as follows. No decrease in the concentration of 4H TEMPO was observed
~even after 10 hours. Initial anount:, 300 ppm After 30 m nutes: 300 ppm
After 2 hours: 300 ppm After 10 hours: 300 ppm Exanpl e 2 The
concentration of 4HTEMPO in acrylic acid was neasured in a process
simlar to that of Exanple 1, except that the anmount of water added was

0. 03 paExampjenwdi ght to 100 parts by weight of the acrylic acid. The
results are as follows: About 60% of the initial concentration of 4H TEMPO
still remai ne@hgf cepcenkyatdcanaiapBuTENRY, 40 aREYLAFt pGRd WeRcentration of
4H TEMPO still remained after 10 hours. Initial anount: 300 ppm After
30 mi nueesuzFed ghmd BrOSess Felddar torvhag,pf ExgBPleolmofX§ePt103 ppm

that the amount of water added was 0.1 parts by weight to
100 parts by weight of the acrylic acid. The results are as
follows: About 80% of the initial concentration of 4H-TEMPO
still remained after 2 hours and About 60% of the initial
concentration of 4H-TEMPO still remained after 10 hours.
Initial amount: 300 ppm

After 30 minutes: 275 ppm

After 2 hours: 243 ppm

After 10 hours: 180 ppm

Comparative Example 1

The concentration of 4H-TEMPO in acrylic acid was
measured in a process similar to that of Example 1, except
that the amount of water added was 0.005 parts by weight to
100 parts of the acrylic acid. The results are as follows:
The concentration of 4H-TEMPO reduced to one third of the
initial concentration after 2 hours and about 3% of the
initial concentration of 4H-TEMPO remained after 10 hours.
Initial amount: 300 ppm
After 30 minutes: 152 ppm
After 2 hours: 98 ppm

After 10 hours: 10 ppm



- 17 - Exampl e 3 The concentration of 4H TEMPO in acrylic acid was
measured in a process simlar to that of Exanple 1, except that the anmpunt
of water added was 0.1 parts by weight to 100 parts by weight-of "the
acrylic acid. The results are as follows: About 80%of the initial eplaced
concentration of 44 TEMPO still remained after 2 hours anssShésohd
the initial concentration of 4I—|—TEI\/Pm? still remained afte ﬁ _
Initial anount: 300 ppm After 30~ TRufes: 275 ppm Afte 43
ppm After 10 hours: 180 ppm Conpar ative Exanple 1 The
concentration . of 4HTEMPO in acrylic acid was neasured in a process
simlar to that of Exanple 1, except that the anount of water added was
0.005 parts by weight to 100 parts of the acrylic acid. The results are as
foll ows: The Epometheatbdmpanisdid FENE: ricamelbes ol one3 twithl blfiet he
initial concentration after 2 hours and about 3% of the initial
concent r@omparativel EEMeplechai hbdiaf ckearothatirwhen| aj spacidadunt : 300
ppm After 30 m nutes: 152 ppm After 2 hours: 98M£8n1tﬁ£ter 10 hours:

’

10 ppm amount of water is added together with 4H-TE
reduction in the concentration of 4H-TEMPO with time can be

controlled and the acrylic acid can be stably maintained.

Example 4

5 ml of a solution comprising acrylic acid, water in
such an amount that is given in Table 1 and 4H-TEMPO in an
amount of 0.0001 parts by weight to 100 parts by weight of
acrylic acid was added to a test tube and immersed in an oil
bath which was kept at 80°C and the time required until the
viscosity starts to increase was measured as the time for

initiating polymerization. The results are given in Table 1.

Table 1
Sample Amount of water Time for initiating
No. added polymerization
(parts by weight) (hour)
1 2 ) 50
2 5 36
3 10 30
4 15 27
5 25 19
6 43 15
7 67 8
8 100 7
9 150 4

REPLACED

THIS SHEET HAS BEEN |




"Fromthe conparison of the Exanples 1 - 3 with the Conparative Exanple 1,
it is clear that when a specific anmount of water is added together with
.4H TEMPO, the reduction in the concentration of 4H TEMPO with time can be
‘controlled and the acrylic acid can be stably naintained.

Exampl e 5 The effect of inhibiting polynerization in the
~collecting process (1) was confirned.jq . Propyl ene was subjected to
gas phase oxidation using a

Note: The amount of water added is based on weight to 100

parts by weight of the acrylic acid

As seen from Table 1, in Samples in which the amount
of water added is up to 20 parts by weight to 100 parts by
weight of acrylic acid, i.e., Sample Nos. 1 - 4, the time
for initiating polymerization was 25 hours or more, however,
when more than 20 parts by weight of water were added (No. 5
— No. 9), the time for initiating polymerization was less
than 20 hours. In Samples in which water of up to 5 parts
by weight weré added, i.e., Sample Nos. 1 and 2, the time
for initiating polymerization was at least 35 hours or more,
showing that the range is more preferable for inhibiting the
polymerization of acrylic acid more effectively at an
elevated temperature.

By employing the polymerization inhibiting method of
the present invention, the induction time can be extended
longer than before, and polymerization can.be more

effectively inhibited.

Example 5
The effect of inhibiting polymerization in the
collecting process (1) was confirmed.

Propylene was subjected to gas phase oxidation using a



- 19 - Not e: The anount of water added is based on weight to 100 parts
by weight of the acrylic acid As seen from Table 1, in Sanples in
whi ch the anobunt of water added is up to 20 parts by weight to 100 parts
by weight of acrylic acid, i.e., Sanple Nos. 1 - 4, the tine for
initiating polynerization was 25 hours or nore, however, when nore than 20
parts by weight of water were added ( 5 - No. 9), the time for
initiating polynerization was |ess t Kah 20 hours. In Sanpl es i n which
water of up to 5 parts by weight were added, i.e., Sanple Nos. 1 and 2,
the time for initiating polynerization was at |east 35 hours or nore,

showi ng OUR&t coR&aianygg moleondapr ekygebl &nf bhej phiebencegofhan

pol ymerization of acrylic acid nore effectively at an elevated

t enper at @¥édizing capalysf| &9i gdvena perghbdenzBLKEATENERBI €PRPrieingd of

the pres i nvention, the_induction tinme can be extended | onger than
befoPe, §n8 pBB%HErPfa?FEMléﬁnaﬁédwnpeozeFHéBFlQél9C?ﬁthﬁFé§ and Exanple 5

Th ffegt  of I t the collecting process (1) was
coﬁf?rngg 45 kg ?EI % Wgﬁgo ynEr%é?%éé%héékﬁtﬁﬁ?{ﬁmﬁ%ﬁd&? ation using a

introduced to a gas collecting tower in which a cascade mini
ring (inner diameter of 14 mm) was packed by a height of
6000 mm, a gas blow-off tube was provided at the top of the
tower, a reaction mixture gas supply pipe at the lower part
of the tower, and a tower bottom ligquid extract pipe at the
bottom of the tower, and the collection operation of the
reaction mikxture gas &as carried out using water as an
absorbing liquid.

During the collection process, 4-hydroxy-2,2,6,6-
tetramethylpiperidino oxyl aqueous solution was used as a
polymerization inhibitor and an aqueous solution thereof was
introduced at 0.02 kg/hr from the top of the tower. The
amount of the polymerization inhibitor used was 0.003 parts
by weight to 100 parts by weight of the acrylic acid and the
amount of water used was 2.9 parts by weight to 100 parts by
weight of the acrylic acid. ~

The operation was carried out at the tower top
temperature of 63°C, tower bottom temperature of 67°C and
acrylic acid aqueous solution of 0.6 kg/hr was obtained
through the bottom of the tower in the stationary state.

The polymerization inhibition effect was confirmed by the



- 20 - gas contai ni ng nol ecul ar oxygen in the presence of an oxidizing
catalyst to give a reaction m xture gas conprising 0.68 kg/hr of acrylic
acid, 0.02 kg/hr of acetic acid and 0.45 kg/hr of water. The reaction

m xture gas was introduced to a gas collecting tower in which a cascade
mni ring (inner dianmeter of 14 nm was packed by a height of 6000 nm a
gas bl owoff tube was provided at the 4op. of the tower, a reaction mxture
gas supply pipe at the |lower part of the tower, and a tower bottomliquid
extract pipe at the bottomof the tower, and the collection operation of
the reaction mxture gas was carried out using water as an absorbing

liquid. viscosimy jofg thee ldeuisk ttiadenp oyde $hronghy dhexportomg of. the
t et ranet hyl pi peri di no oxyl aqueous solution was used as a polynerization
i nhi bi t ortoxier @ndaddeo @Xaggingtiion ofetdsr avgshaudedoFQ¥&F -at 0. 02 kg/ hr
fromthe top of the tower. The amount of the l.yneri zation inhibitor used
was 0. 003 part FhepPRRERGHCET FafoFagzies W%PS‘%‘P%G‘P“F@@ éléllr&ﬁri &BEeid and
the anount of water used 2.9 ts weight, t I y wei ght
of the a Vl'ec'“%ﬁﬂtol.onede Comr%%ﬁewd"pée)% 52’% szgaﬂaiygd]ag% %21‘";3341% t ower top
tenperatur,e.aof 63[er.r].C t r ts t r at fo 1-C rylic
aci d aqué%i?sbqseolctﬁr}({)]hé]t%n d?a\é\ﬁl?gb/q%rl%\%as agxb'%)gl!onqu n%t .rtolué{]?{fglea t?g{i S(gln%igf t he
tower in aJaLge £ehiild PN 1\ Hen thE' @AY Adt WY Riddnihes fect was
confirme y e

after the operation was stopped.

Comparative Example 2

The collection operation was carried out in the same
way as that used in Example 4 except that 4-hydroxy-2,2,6,6-
tetramethylpiperidino oxyl was used as a polymerization
inhibitor which was dissolved in acrylic acid and added.

7 days after the start of the operation the_viscosity
of the liquid taken out through the bottom of the tower was
observed to increase. The operation was stopped and the
tower was overhauled and the generation of the polymer was

observed in the tower.

Example 6

The polymerization inhibiting effect in the recovering
process (2) was confirmed. Acrylic acid aqueous solution
was distilled using a packed tower having an outlet pipe, a
refluxing liquid supply pipe and a polymerization inhibitor

solution supply pipe at the top of the tower, a raw material



~ 21 - viscosity of the liquid taken out through the bottom of the

tower and the exam nation of the overhaul ed tower. The operation was
carried out continuously under the above-nentioned conditions for about 20
days and al ways stable condition was obtained and no generation of a

pol ymer was found at all when the collecting tower was exam ned after the
operation was stopped. Conparati ve Exanple 2 The coll ection
operation was carried out in the sanme”"way as that used in Exanple 4 except
t hat 4-hydroxy-2,2,6,6- tetranethylpiperidino oxyl was used as a

pol yneri zation inhibitor which was dissolved in acrylic acid and added.

7 days abtpplyhpipeamt thet méddperafi bhet hewerscandt § kettd@e fiquid taken
out through the bottomof the tower was observed to increase. The
oper at i ohowes besppadlagyidhextradér PhRS évérﬁEuP§Mg§ﬁdsﬂﬁﬁlﬁeBéP8t|on of
the pol yner was observed in the tower. nple 6 The

pol yneri 8kt tBe PRkEBM: PhgtBef Eevern t?k?r%ﬁ%ﬂ%#qr@F1$r%ﬁ%%%u§2) was

confirmed. Acrylic acid a uegus sol.yti on was distllled u g a pgsged
t ower ha§PﬁBtéﬂnoUFFe?in gylic acid aqueous solution containing

by weight of water which was obtained by contacting water
with a reaction mixture gas obtained by catalytic gas phase
oxidation of propylene. The acrylic acid aqueous solution
was supplied to the above-mentioned packed tower at 100
ml/hr. Distillation was carried out using toluene as a
refluxing liquid, under such conditions that tower top
pressure of 190 mmHg, tower top temperatPre of 50°C, and
tower bottom temperature of 100°C.

A polymerization inhibitor of a given amount was added
to and dissolved in a solvent as shown in Table 2, .then the
obtained polymerization inhibiting solution was added from
the top of the tower into the packed tower and oxygen gas of
0.3% by volume based on the amount of the evaporated acrylic
acid vapor was supplied to the bottom of the tower. The
amount of the polymerization inhibitor added was based on
the amount of the acrylic acid supplied to thé packed tower.
The composition of the liquid taken out from the bottom of
the tower in the steady state comprised 97% by weight of
acrylic acid, 0.02% by weight of water and 2.98% by weight
of others. As the refluxing liquid, the distilled oil phase

was recycled and used. After operating for 8 hours, inside



refluxing liquid supply pipe and a polynerization inhibitor solution
supply pipe at the top of the tower, a raw nateri al

- 22 - supply pipe at the mddle of the tower, and a kettle, a tower
"bottom liquid extract pipe and an oxygen supply pipe at the bottom of the
tower. The acrylic acid aqueous solution was an acrylic acid aqueous
-solution containing 30% by weight of,jnater which was obtained by
contacting water wth a reaction nlxture gas obtained by catal ytic gas
phase oxidation of propylene. The acrylic acid aqueous solution was
supplied to the above-nentioned packed tower at 100 m/hr. Distillation
was car pife¢heutowsimyasodydied by aspishltirgnyithgai gacymdepuspch conditi ons
that tower top pressure of 190 mmHg, tower top tenperature of 50[err]C,
and toRevipst f"dmm@ﬂ‘p@lr@ﬁtﬁlué’eopfléoreﬂp] CTorr fromaths %?é’ieirz@talrc‘}n

i nhi bitor of a given anount was added to and dissolved in a solvent as
shown i R T&Bﬁbt?wthéﬁItﬁé h@HF§|ﬁédapEPQWEFPPEFFéﬁuFﬁhlBP@Iﬁ&eSolutlon was

added fronl&%ge he t ower 0 the d t ower and ox n_gas of
0 5o by “eati i dbs” bR 1Te" ﬁﬁaﬁffa 4 4B & P&’Fédwéér RS §5 apor

I b [
FEE R S
tpe packed %qwg&.lﬁT@%bﬁ%ngq5|tlon of the liquid taken out fromthe bottom
0



"the tower in the steady state conprised 97% by wei ght of acrylic acid,
0.02% by wei ght of water and 2.98% by weight of others. As the refl uxing
liquid, the distilled oil phase was recycled and used. After operating for
"8 hours, inside - 23 - of the tower
was dried by aspirating with a vacuum punp having m ni mum pressure of 5 X
-10[err] Torr fromthe | ower part of ?e tower for 15 hours at a room
tenperature, and the weight of the polynmer generated in the tower was
nmeasured to evaluate the polynerization inhibiting effect. The results

are given in Table 2. - 24 -
Tabl e 2 Sanpl e PonnerizationTable 2Sol vent used for Anount of No.
i nhi bi t%ran?}‘%l e 1) (ﬂrléﬁ?ﬂa‘ﬂ i The [ sPdiCessed for | AmoufitNds
ﬁgﬁhr)]ittorn ° yrrerllzn ,Ablr}:or (No é/rip)r dissolving the plE li)g 1
4H TEMPO 100 Kind at Bpount | polymemizabion i;arr@oaéfm%ove
50 Viat er 1. { ppnd Sanmgnhd baltore 100 (9)Refl yxi ng
liquid 3l 8 (Note 2) (t¢|uene) 4 Sane
as aboye ;10 JTT ¢ acigo L2r 0- T%N@U 100
Wat er 9 g b qne agoabov g& Reflu i ng Li gUId
4.0 ame as above tol UBKEF 7. n& s abdve
100 Acry] Samgcpg above | g 100 Refluxing liquid
- (toluene)
4 Same as above 100 Acrylic acid 5.8
5 4-0x0-TEMPO 100 Water 0.8
6 Same as above 100 Refluxing liquid 4.0
(toluene)
7 Same as above 100 Acrylic acid 6.1

(Note 1) The amount of polymerization inhibiting agent was
based on weight to 100 parts by weight of acrylic acid.
(Note 2) Each solvent was supplied in an amount of 0.82
parts by weight to 100 parts by weight of acryliclacid in

the raw material.

The abbreviations used in Table 2 represent the
following compounds. The same abbreviations are made in
Tables 3, 4, and 5. h
4H-TEMPO: 4-hydroxy-2,2,6,6-tetramethylpiperidino oxyl
4-0x0-TEMPO: 4-0x0-2,2,6,6-tetramethylpiperidino oxyl.

As it is clear from Table 2, 4H-TEMPO dissolved in
water and added (Sample Nos. 1, 2 and 5) inhibits the

polymerization of acrylic acid effectively as a smaller



"(Note 1) The anpunt of polynerization inhibiting agent was based on wei ght
.to 100 parts by weight of acrylic acid. (Note 2) Each solvent was supplied
-in an-amount of 0.82 parts by weight to 100 parts by weight of acrylic
acid in the raw nmaterial. The abbrevi ations used in Table 2
represent the follow ng conpounds. The sanme abbreviations are made in
"Tables 3, 4, and 5. 4H TEMPO 4- hydrexy-2, 2, 6, 6-t etranet hyl pi peri di no oxyl
4- Oxo- TEMPO  4- oxo0- 2, 2, 6, 6-t etranet hyl pi peri di no oxyl . As it is
clear from Table 2, 4H TEMPO di ssolved in water and added (Sanple Nos. 1

2 and 5) inhibits the polynerization of acrylic acid effectively as a
smal | eramount of a polymer” is generated compared to thgpgafeofing pol ymer is

generated, conpared to. the 8ase in which the agent is dissolyed in tol uene
or acr yWP&CQSEHeaﬁ&en‘édaéd. 1ssogygpra ¥oluene of; apry¥{afi 8F18f 2B/ acrylic
acid aquggu solution was <carried out in the process simlar to that used
in ExanB €g- except that nethyl isobutyl ketone was used as the refluxing
liquid. The results are given in Table 3.

Example 7

Distillation of an acrylic acid aqueous solution was
carried out in the process similar to that used in Example 6
except that methyl isobutyl ketone was used as the refluxing

liquid. The results are given in Table 3.
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- 26 - Tabl e 3 Sanpl e Pol ynmeri zati on
~ Sol vent used for Amount of No. I nhi bitor (Note 1) di ssol vi ng
.the pr oduced Ki nd Anmount pol ymeri zati on
pol ynmer (ppmM I nhi bitor (9)
(Note 2) 1 4H TEMPO 100 Wat er 1.2 2
- Same as above 50 Waterog - 2.6 3 Sane as above
100 Ref l uxing liquid 5.4
(et hyl isobutyl ket one) 4 Sane
as above 100 Acrylic acid ' 8.9 5 4- Oxo- TEMPO
100 Wat er 1. 3rable 3 Sane as above 100
RefLU Bﬁ%ﬂﬂéﬂ“‘j Polynferization Solvent used for Amoﬁﬁ%t3f| o
100 | MO« pchyysihibipor (lote 4 ﬁ%ﬁso}gﬁ?ﬁﬁu { ppodtily 89 ahove
ghe ?Gﬁﬂopo LOOPﬁéYW§rby wei ght

of acfylic acjd. (Note 2) Bachppsi)vert wasimhipitia® in an ambgnt of |0. 82
parts|by meight to 100 parts| by weight] of a¢mgkiec2acid inh the raw
mat er i al . Hp t+EmpSs Clar ffigeom Fabl e 3,y 4, TEMPO dissol yed in |water
and added (sanple Nos. kﬁ and %% I nhi bits g} ol yner zatlgn of agrylic
acid ffe%tlve 9m§sag a8l Fey unt a eherat 88 conpgred to
t he c% In WARPR BRc2RE¥RL| i soIvBGfFHXRESh}FqPég butyl Refone dr
acrylic acid jand added. E%anple 8 | (methyl isobutyl
ketone)
4 Same as above 100 Acrylic acid 8.9
5 4 -0xo0~TEMPO 100 Water 1.3
6 Same as above 100 Refluxing liquid 6.7
(methyl isobutyl
ketone)
7 Same as above 100 Acrylic acid 9.5

(Note 1) The amount of polymerization inhibiting agent was
based on weight to 100 parts by weight of acrylic acid.
(Note 2) Each solvent was supplied in an amount of 0.82
parts by weight to 100 parts by weight of acrylic acid in
the raw material.

As it is clear from Table 3, 4H-TEMPO dissolved in
water and added (sample Nos. 1, 2 and 5) inhibits the
polymerization of acrylic acid effectively as a smaller
amount of a polymer is generated compared to the case in
which the agent is dissolved in methyl isobutyl ketone or

acrylic acid and added.

Example 8



c- 27 - Distillation of an acrylic acid aqueous sol ution was
-carried out in the process simlar to that used in Exanple 6 except that a
“m xed solvent of nethyl isobutyl ketone and toluene (m xed at 65:35 by

“weight) was used as the refluxing liquid. The results are given in Table
. Tabl e 4 Sanpl e Pol yneri zati on

- Sol vent used for Amount of No. f nhi bitor (Note 1) di ssol vi ng

t he pr oduced Ki nd Amount pol ymeri zati on

pol ymer (ppmM i nhi bitor (9)

(Note 2) 1 4H TEMPO 100 Wat er 0.3 2
Sane as aboveDistiZ@ation of anWateylic acid aqu@o@s s8lutiSanwaas above
100 Refl uxing liquid 2.4 (et hyl
i sobut ylcarried out in the process 51m11ar ket that+useludnefExample 6Sanme as
above 100 Acrylic acid 7 5 4- Oxo- TEMPO 100
Water except thag 3 miged SSAN@n§SO§b@@§hyl }gebutleésﬁlte;apngnril qui d

2.9 (me i sobuty
ketone Folyependpixed at §§n§5a§YaU8&§ht) Yéé used aﬁcFyﬁlEeééPﬁlng

Not e 1) nerlzatl nhi biti ng agent was based on
melght ﬁ&qfég %Pg Bﬁsﬂgﬁﬁh?r %??I+% %%?H? E(hbte 2) Each sol vent was
supplied in an anDunt of 0.82 parts by weight to 100 parts by wei ght of
acrylic acid in the raw material . As it is clear from Table 4,
4H TEMPO di ssolved in water and agdgdgdo.(No. 1, No. 2 and No. 5) inhibits
t he

Sample Polymerization Solvent used for | Amount of
No. inhibitor (Note 1) dissolving the produced
Kind Amount polymerization polymer

(ppm) inhibitor (9)

(Note 2)

1 4H-TEMPO 100 Water 0.3

2 Same as above 50 Water 0.9

3 Same as above 100 Refluxing liquid 2.4

(methyl isobutyl
ketone + toluene)

4 Same as above 100 Acrylic acid 3.7
5 4-0x0~TEMPO 100 Water 0.3
6 Same as above 100 Refluxing liquid 2.9
(methyl isobutyl
ketone + toluene)
7 Same as above 100 Acrylic acid 4.1

(Note 1) The amount of polymerization inhibiting agent was
based on weight to 100 parts by weight of acrylic acid.
(Note 2) Each solvent was supplied in an amount of 0.82
parts by weight to 100 parts by weight of acrylic acid in
the raw material.

As it is clear from Table 4, 4H-TEMPO dissolved in

water and added (No. 1, No. 2 and No. 5) inhibits the



- 28 - pol yneri zation of acrylic acid effectively as a smaller anount of
-a polynmer is generated conpared to the case in which the agent is
‘dissolved in the m xed solvent of methyl isobutyl ketone and tol uene or
“acrylic acid and added. Exanpl e 9 Distillation of an acrylic acid
aqueous solution was carried out in the process simlar to that used in
-Exanple 6 except that a m xed sol venjgof nmethyl nethacrylate and toluene

(m xed at 35:65 by weight) was used as the refluxing liquid. The result is
given in Table 5. Table 5 Sanple .

Pol yneri zati on Sol vent used for Amount of No. I nhi bitor (Note

1) padiysesl idatgamhe £ aqmydd@c@@ld effectivelyKiasd a Smallﬁfount

pol ymeri zati on pol yme % i nhi bitor

(9) amount of a polymer is generated cqmggy@d@ﬁo the case 4H—TENPO

100 Sane as above
Water Which the (?Went is dls§z§’r4é’e<§)s %&P@ mixgsy solvegds Iq;xﬂ?&hiyllqw d

ﬁé%hacrﬁﬁﬁhgtyl ketone and toluene or acryfﬁc aé&d aqﬂﬂqﬂgﬁg. 4 Sane
as above 100 Acrylic acid 3.5 5 4- Oxo- TEMPO

100 - Water 0.3 6 Sanme as above 100

Ref | uxi Y g 2.8 (et hyl
met hacry atéﬁ' t ol uene) 7 Sane

as above 19 sti11atADnY 0C afClalrylic acid Aqueous solution was
carried out in the process similar to that used in Example-s
except that a mixed solvent of methyl methacrylate and
toluene (mixed at 35:65 by weight) was used as the refluxing

liquid. The result is given in Table 5.

Table 5
Sample Polymerization Solvent used for Amount of
No. inhibitoxr (Note 1) dissolving the | produced
Kind Anmount polymerization polymer
(ppm) inhibitor (9)
(Note 2)
1 4H-TEMPO 100 Water 0.2
2 Same as above 50 Water 0.7
3 Same as above 100 Refluxing liquid 2.1
(methyl
methacrylate +
toluene)
4 Same as above 100 Acrylic acid 3.5
5 4-0x0-TEMPO 100 Water 0.3
6 Same as above 100 Refluxing ligquid 2.8
(methyl
methacrylate +
toluene)
7 Same as above 100 Acrylic acid 4.5




- 29 - (Note 1) The anount of polynerization inhibiting agent was based
on weight to 100 parts by weight of acrylic acid. (Note 2) Each sol vent
was supplied in an anmount of 0.82 parts by weight to 100 parts by weight
of acrylic acid in the raw material. As it is clear from Table 5,

4H TEMPO di ssol ved in water and aﬂde? (No. 1, No. 2 and No. 5) inhibits
the polynerization of acrylic acid e ?ectively as a smaller anount of a
polymer is generated conpared to the case in which the agent is dissolved
inthe m SO v g e a i j d
and addediote eRhaBfE, dpd BE SRR LT Bt I GLLRIS Men ol 1B G
wat er i NogURBight B88DLO0 phatsiSyghybdht nod addeybiangcddt TEMPO i n an anount
of 0.001 parts by weight to 100 parts by weight of acrylic acid was added
to a testNet®eZ hrkp¢hmadIseant wagn sgppPlpgthinhpehameant kebt0 2 gy ¥ and

0 a | c2 kP GIMASISERN ¥adn S : ' n
as tho VEFREC 6t 1P (PREFhg Dipol GERF 2t oRCTYHES Gt s iy cCBF var

Tabl e 6. paterial. Table 6 Sample Amount of water
Time for initiating No. added pol ymeri zati on
(hour) As it(paricdeay MwioghTpble 51 4H-TEMPO dissoliesl in water

614 2 . ... .435 3 , .15
307 4 and added (No.3 , No. 2 and No. 5) 1nh1b1§§8 the polymerization

of acrylic acid effectively as a smaller amount of a polymer is
generated compared to the case in which the agent is dissolved
in the mixed solvent of methyl methacrylate and toluene or

acrylic acid and added.

Example 10

5 ml of a solution comprising acrylic acid, water in such
an amount that is given in Table 6 and 4H-TEMPO in an amount of
0.001 parts by weight to 100 parts by weight of acrylic acid
was added to a test tube and immersed in an oil bath which was
kept at 80°C and the time required until the viscosity starts
to increase was measured as the time for initiating

polymerization. The results are given in Table 6.

Table 6
Sample Amount of water Time for initiating
No. added polymerization (hour)
{parts by weight)

1 1.5 614

2 4 435

3 15 307

4 30 148

5 100 65
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- 30 -
by wei ght

100 65

Not e: The anmount of water added is based on weight to 100 parts

of the acrylic acid As seen from Table 6, in Sanpl es

whi ch the anobunt of water added is up to 20 parts by weight to 100 par

by wei ght

of acrylic acid, i.e.- Sample Nos. 1 .3, the tine for

initiating pol yneri zati on was 300 hour s or nore, however,
nore than 20 parts by weight of water were added (No. 4 and No.

: e A . : . _ h h _
sarl es 1 HORRT B Y of vHPBE AR AR e wBadh Y e 108 o
Nos. 1 apnd,.ge ﬁgewéi « T OF %ﬁété@{%ﬂgcpg%yaerization was at |east 400

S

e Is nore preferable for inhibiting

Sanpl es

hours or re, ¢ _ _
t he polynerlzatm@nsg%naggmhlgagyéds

ow ng ft hat e ran

iR S&hPBLS | el Wh Adh ahé&! SvalRd of

t enperat ure. By enploying the pol ymeri zation i nhibiting method

t he presematénvaddedns tupe to@UCctpaat st byeweaghhetexleodpdrt s opgereidhwan

bef ore,

and pol ymeri zati on can be nore effectively inhibited.

n
ts

when
5),

of

The presednf iaceniion esddbeicerri Sdmple i Nogarilouds dtheer ftokms wifdwut
departing fromthe spirit _and main features thereof. Ther ef or e,

above~meninéhdat ERgnpl e®olymerizgndoser edags i BPOst ragnye onty i mexeyy

t he

aspect and cannot b under st ood tgolinit the present invention. The scope

of the

however, when more than parts by weight of water were
added (No. 4 and No. 5), the time for initiating
polymerization was less than 150 hours. In Samples in which
water of up to 5 parts by weight were added. i.e., Sample Nos.
1l and 2, the time for initiating polymerization was at least
400 hours or more, showing that the range is more preferable
for inhibiting the polymerization of acrylic acid more
effectively at an elevated temperature.

By employing the polymerization inhibiting method of
the present invention, the induction time can be extended
longer than before, and polymerization can be more
effectively inhibited.

The present invention can be carried out in various
other forms without departing from the spirit and main features
thereof. Therefore, the above~mentiond Examples are
considered as illustrative only in every aspect and cannot be
understood to limit the present invention. The scope of the
present invention is shown by the claims and the text of the
specification does not restrict it in any way. All the
modifications and equivalents may be regarded as falling
within the scope of the invention in the appended claims and

their equivalents.



present invention is shown by the clains and the text of the specification
does not restrict it in any way. All the nodifications and equivalents
may be regarded as falling wthin the scope of the invention in the
appended clainms and their equivalents. L '

31 WHAT | S CLAIMED I S: 1. A nethod for inhibiting polynerization
of a vinyl conpound during its storage and/or its transpﬁMiﬂ&&H&Ekmuhmhwd

characterized by the co-existing of:- i) the vinyl X
ii) a-water soluble N oxyl conpound; andl - i1i)0.01 w ’m"
i

wei ght of water with respect to 100 parts by weigh

conpound. 2. A nmethod according to claim1, wherein the N oxyl
conmpound aqueous sol ution which is prepared by dissolving the water sol uble
N oxyl cuHpdIuiI$ CLAIME®r ISs added to the vinyl conpound. 3. A

met hod according to claim1l, wherein the water is added to a nixture-of t he
wat er sol ubl e N-oxyl conmpound and the vinyl conpound.

1. A method for inhibiting polymerization of a wvinyl
compound comprising permitting a water soluble N-oxyl
compound and 0.01 - 20 parts by weight of water to coexist

in 100 parts by wéight of the vinyl compound.

2. A method according to claim 1, wherein the water
soluble N-oxyl compound and the water are added to the vinyl

compound .

3. A method according to claim 1, wherein the water is
added to a mixture of the water soluble N-oxyl compound and

the vinyl compound.

4. A method according to claim 1, wherein the water
soluble N-oxyl compound is added to a mixture of the water

and the vinyl compound.

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

wherein the vinyl compound is a (meth)acrylic acid.

6. A method according to any one of claims 1 to 5,

wherein the water soluble N-oxyl compound is added in 0.0005

) 0 A T ey
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4. A nethod according to claim1l, wherein the water sol uble N oxyl
conpound is added to a m xture of the water and the vinyl conpound.
5. A nethod according to any one of clains 1 to 4, mhereln the vi-ayt~
conpound is a (nmeth)acrylic acid. e

- 32 - 6. A nmethod according to any eetmﬁBeen ms 1to
5, wherein the water soluble N oxyl conpound is adde 1 parts
by weight to 100 parts by weight of the vinyl corrpound \“m
met hod according to any one of claimszgd to 6, wherein t Xy conpound
s one or nore kinds selected fromthe groups consisting of N-oxyl
conpounds represented by the foll ow ng general fornula:

[err] wherein R err] represents CHOH, CHCH err] OH,
CHCH[ er r }+ CBi. ér phEHs ByiOZefight] €bl, 100 parts by weight of the vinyl

compound.

7. A method according to any one of claims 1 to 6,
wherein the N-oxyl compound is one or more kinds selected
from the groups consisting of N-oxyl compounds represented

by the following general formula;

2
R Rl
CHg CH,q
O .

wherein R' represents CHOH, CHCH,0H, CHCH,CH,0H, CHOCH,OH,

CHOCH,CH,0H, CHCOOH or C=0, R’ represents H or CH,OH.

8. A method according to any one of claims 1 to 7,
wherein the addition of the water soluble N-oxyl compound
and water is made to a vinyi compound in the process of

storage and/or transportation.

9. A method for inhibiting polymerization of a vinyl

compound comprising the steps of:

dissolving an N-oxyl compound in water; and

[T [
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CHOCH err]CH err] OH, CHCOOH or C=O, R err] represents Hor C Herr]OH

8. A met hod for inhibiting polynerization of a vinyl conpound conpri sing
.the steps of: A) di ssolving an N-oxyl conpound i-n.water, the
- anount of VWater to be added being 1 to 1000 th%s by melght t hat of
an N- oxyl conpound; eet Has Been Replaced
B) addi tion of an N-oxyl conpound to vvate Wﬂ'
mater to be added being 0.0005 to 10-pagts by melght t rts by
wei ght of the vinyl conpound:; (@) i ng of an N-oxy conpoun
in 0.0005 to 0.1 parts by wei ght to 100 parts by wei ght of the vinyl
conpound; and D) adding the N-oxyl conpound agueous solution to
a vinyl conmpound in a process of recovering, purifying, and/or

synt hesi zi ng @ddimg \theylsodupiomsndo a vinyl compoumd st kogrogessrding to
claim 8, wherein the vinyl conpound is a (neth)acrylic acid.
of recovering, purifying, and/or synthesizing of the vinyl

compound.

10. A method according to claim 9, wherein the vinyl

compound is a (meth)acrylic acid.

11. A method according to claims 9 or 10, wherein the
N-oxyl compound is one or more kinds selected from the
groups consisting of N-oxyl compounds represented by the

following general formula;

2
R R!
Clis CHg
Oc

wherein R' represents CHOH, CHCH,0H, CHCH,CH,0H, CHOCH,OH,
CHOCH,CH,0H, CHCOOH or C=0,

R’ represents H or CH,OH.

12. A method according to any one of claims 9 to 11,
wherein the N-oxyl compound is added in 0.0005 - 0.1 parts

by weight to 100 parts by weight of the vinyl compound.

R i
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10. A method according to clains 8 or 9, wherein the N-oxyl conpound is one
or nore kinds selected fromthe groups conS|st|ng of N-oxyl conpounds
represented by the followi ng general formula;

- [err] wherein Rerr] represents CHOH, er elmxd
CHCH err]CH err] OH, CHOCH] er r ] OH, CHCCH[err]CH[er

Rl err] represents Hor C Herr]OH Iﬁﬁ

- 34 - 11. A nethod according to any one o 10,
wherein the solution is added in a gpllecting stage, a dIStI||Ing st age
and/or a purifying stage of the process of recovering, purifying, and/or
synt hesi zi ng of the vinyl conpound.

13. A method according to any one of claims 9 to 12,
wherein the N-oxyl compound is dissolved in water, the water
being added in 0.0005 - 10 parts by weight to 100 parts by

weight of the vinyl compound.

14. A method according to any one of claims 9 to 13,
wheréin the solution is added in a collecting stage, a
distilling stage and/or a purifying stage of the process of
recovering, purifying, and/or synthesizing of the vinyl |

compound.
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