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A METHOD OF INHIZBITING POLYMERIZATION OF VINYL COMPOUND AND

POLYMERIZATION INHIBITOR USED THEREIN

BACKGROUND OF THE INVENTION

S Field of the Invention

The present invention relates to a system of inhibiting

‘polymerization of a vinyl compound. More specifically, the
invention relates to a method of inhibiting polymerization of
a vinyl compound, for example, acrylic acid oxr methacrylic

10 acid, which is applicable to distillation for obtaining puri-
fied vinyl compound, and also relates to a polymerization

inhibitor used therein.

Related State of the Art

15 Vinyi compounds such as acrylic acid and methacrylic
acld are reggily polymerized by application of light or heat.
Especially in the process of distillation or concentration,
the polymerized:vinyl compounds often cause serious problems.
For example, such polymerized vinyl compounds in distillation

20 are stuck to heat transfer surface in a reboiler of a dis-
tillation column, thereby decreasing the heat transfer perfor-
mance thereof. In addition, the polymer can choke the distdil-
lation column and degrade the ebility thereof.

A method utilizing hydroquinone, p-methoxyphenol, or
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_'BACKGROUND OF THE I NVENTION Field of the Invention The present

N

I nvention relates to a systemof inhibiting polynerization of a vinyl
conmpound. More specifically, the invention relates to a method of

i nhi biting polymerization of a vinyl conpound, for exanple, acrylic acid
or nethacrylic acid, which is applicable to distillation for obtaining
puri- fied vinyl conpound, and also relates to a polynerization inhibitor
used therein. 2

copperx dimethyl dithiocarbamate is well known as a method of
inhibiting polymerization of the vinyl compounds. Several
methods have also been proposed to inhibit polymerization of
vinyl compounds. These conventional methods include: one
5 utilizing at least one compound selected from the group con-
sisting of hydroquinone, p-methoxyphenol, cresol, phenol,
“tert-butyl catechol, diphenylamine, phenothiazine, and methy-
lene blue in combination with at least one compound selected
from the group consgigting of copper dimethyl dithiocarbamate,
10 copper diethyl dithiocarbamate, copper dibutyl dithiocar
bamate, and copper salicylate (JAPANESE EXAMINED PATENT PUBLI-
CATION No. 52-34606); one utilizing a manganese salt, such as
manganese acetate, alone or in combination with hydroquinone
and/or p-methoxyphenol (JAPANESE PATENT KOKAI PUBLICATION No.
15 51-98211); and one utilizing manganese dithiocarbamate ox
thiurams (JAPANESE PATENT KOKAI PUBLICATION No. 5-51403).
Thé;e known methods of inhibiting polymerxrization are,
ﬁowever, not applicable to distillation of vinyl compounds of
relatively high concentrations under a high temperature condi-
20 tion.
Acrylic acid, one of the vinyl compounds, 1s used as a
material for watexr-absorbing gels and thus required to have
sufficiently high purity. As a high purity acrylic acid, the

total content of aldehydes, including acrolein, furfural,
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_'Related State of the Art Vi nyl conpounds such as acrylic acid and
*nmethacrylic acid are readily polynerized by application of |ight or heat.
Especially in the process of distillation or concentration, the
pol yneri'zed vinyl conpounds often cause serious problenms. For exanple,
such polynerized vinyl conpounds in distillation are stuck to heat
transfer surface in a reboiler of a dis- tillation columm, thereby
decreasi ng the heat transfer perfor-

10

15

20

3

benzaldehyde, and salicylaldehyde, contained in the acrylic
acid is required at most several ppm.

A simple and still reliable method of aldehyde elimina-
tion is distillation of the crude or distilled acrylic acid in
the presence of an aldehyde treatment agent. The aldehyde

treatment agentse include, for example, hydrazine hydrate,

‘phenylhydrazine, and m-phenylenediamine. This method, howev-

exr, accelerates polymerization of the vinyl compounds, espe-
cially acrylic acid.

The known polymerization inhibitors are not applicable
to distillation of the vinyl compounds in the presence of the

aldehyde treatment agent.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a
method of iqﬁibiting polymerization of vinyl compounds, which
is applicable to distillation of the vinyl compounds of rela-
tively high concentrations under a high temperature condition
or in the presence of an aldehyde treatment agent.

Another object of the present invention is to provide a
polymerization inhibitor, which is preferably applied to
distillation of the vinyl compounds of relatively high concen-
trations under a high temperature condition or in the presence

of the aldehyde treatment agent.
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_mance thereof. In addition, the polynmer can choke the distil- lation
* colum and degrade the ability thereof. A nmethod utilizing
hydr oqui none, p-nethoxyphenol, or

10
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4
These and other objects will become apparent from the
following description.
The present inventors made a study on developing a
novel method of inhibiting polymerization and a novel poly-
merization inhibitor applicable to distillation of vinyl

compounds, and found that the above objects can be achieved by

"combining a specific metal or metal compound with a copper

dithiocarbamate compound and a2 compound like phenothiazine,
hydroquinone, or p-methoxyphenol.

The present invention provides a method of inhibiting
polymerization of a vinyl compound during distillation, which.
comprises distilling the vinyl compound in the presence of the
following components: '

(1) phenothiazine, hydroquinone, p-methoxyphenol, cresol,
phenol, tert-butyl catechol, diphenylamine, or methylene blue;
(2) a c?pper dithiocarbamate compound; and
_ (3) a m':etal, an alloy containing at least.90% by weight of
tpe metal, an acetate of the metal, or an oxide of the metal,
wherein the metal is selected from the group consisting of
chromium, magnesium, titanium, oxr cobalt.

The present invention also provides a polymerization
inhibitor for the inhibition of polymerization during distil-
lation of a vinyl compound, which comprises the above compo-

nents (1), (2) and (3). ——
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.copper dinmethyl dithiocarbamate is well known as a nethod of inhibiting
pol yneri zati on of the vinyl conmpounds. Several nethods have al so been
proposed to inhibit polymnerization of vinyl conpounds. These conventi onal
met hods i nclude; one wutilizing at |east one conpound selected fromthe
group con- sisting of hydroqui none, p-nethoxyphenol, cresol, phenol,
tert-butyl catechol, diphenylam ne, phenothi azi ne, and nethy- | ene blue in
conbi nation with at |east one conpound sel ect ThlSSheetHasBeenR'i"

ect ed
: A
The present invention is hereinafter described in

DETAILED DESCRIPTION OF THE INVENTION

detail.
Examples of the vinyl compounds in the present inven-
5 tion include acrylic acid, methacrylic acid, acrylic acid
esters, methacrylic acid esters, acrylonitrile, and styrene.
"Preferred acrylic acid esters or methacrylic acid esters are
C,-C, alkyl esters of acxylic acid or C,~-C, alkyl esters of
methacrylic acid.
10 Copper dithiocarbamate compound is, for example,
represented by the general formula

Cuf[R*(R?)NCSS], ,

in which R' and R? may be the same or different, and each

represent alkyl, preferably of 1 to 6 carbon atoms, or Rl and

15 R2 together represent an alkylene group, preferably of 2 to 6
carbon agoms attached to the nitrogen étom, one of the carbon
atoms optionally being replaced by oxygen such as
oxydiethylene group, which has the structure of
-{CH,;),-0-(CH,),-.

20 Specific examples of the copper dithiocarbamate com-
pounds include copper dialkyl dithiocarbamates such as copper
dimethyl dithiocarbamate, copper diethyl dithiocarbamate,
copper dipropyl dithiocarbamate and copper dibutyl

dithiocarbamate; copper cyclic alkylene dithiocarbamates such



" fromthe group consisting of copper dinmethyl dithiocarbamate, copper
di et hyl dithiocarbamate, copper dibutyl dithiocar banmate, and copper
sal i cyl ate (JAPANESE EXAM NED PATENT PUBLI- CATI ON No. 52-34606); one
utilizing a manganese salt, such as nmanganese acetate, alone or in
conmbi nation wth hydroqui none and/or p-nethoxyphenol (JAPANESE PATENT
KOKAI PUBLI CATI ON No. 51-98211); and qne utilizing manganese

di t hi ocarbamate or thiuramns (JAPANESESPATENT KOKAI  PUBLI CATI ON No.

5-51403)¢ copper etAPEafRe BOMRTRMRANNYE T RN 19 AR L8 on are,

dithiocarbonate, copper tetramethylene dithiocarbamate, copper
pentamethylene dithiocarbamate and copper hexamethylene
éithiocarbamate; and copper cyclic oxydialkylene

5 dithiocarbamates such as copper oxydiethylene dithiocarbamate.

The content of the at least one compound selected from

-the group consisting of phenothiazine, hydroquinone,
p-methoxyphenol, cresol, phenol, fert—butyl catechol, diphe-
nylamine, and methylene blue depends upon the type of vinyl

10 compound to be distilled, the temperature, and the like, but
is generally about 10 to 10,000 ppm by weight, preferably
about 20 to 5,000 ppm by weight of the vinyl compound. The
content of less than 10 ppm by weight may result in insuffi-
cient effects of polymerization inhibition. In the present

15 invention, 'at least one compound selected from the group

'consisting of phenothiazine, hydroquinone, p-methoxyphenol,
cresol, phenol, tert-butyl catechol, diphenylamine, and methy-
lene blue' may hereinafter be referred to simply as the
;component (1)'.

20 The content of the copper dithiocarbamate compound also
depends upon the type of vinyl compound to be distilled, the
temperature, and the like, but is generally about 1 to 500 ppm
by weight, preferably about 5 to 100 ppm by weight of the

vinyl compound. Sufficient inhibition of polymerization may
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.however, not applicable to distillation of vinyl conpounds of relatively
hi gh concentrations under a high tenperature condi- tion. Acrylic
acid, one of the vinyl conpounds, is used as a mterial for

wat er - absorbing gels and thus required to have sufficiently high purity.
As a high purity acrylic acid, the total content of al dehydes, including
acrolein, furfural, ”

not be achieved by the content of less than 1 ppm by weight.
aAlthough the greater content of the copper dithiocarbamate
compound exerts the better effects, an excessive amount of the
copper dithiocarbamate compound is not preferable because of
5 its corrosibility.
The metal which is chromium, magnesium, fitanium or
- cobalt may be added as a elementary metal, an alloy containing
the metal({at least 90% by weight), an acetate of the metal, or
an oxide of the metal. In the present invention, ‘'a metal, an
10 alloy containing at least 90% by weight of the metal, an acetate
of the metal, or an oxide of the metal, wherein the metal is
chromium, magnesium, titanium, or cobalt' may hereinafter be
referred to simply as the ‘'metal or metal compou?d'. Among
the metals, chromium, titanium and cobalt are preferred,-and
15 titanium is more preferred. Any alloys contain;ng chromium,
magnesium, titanium, or cobalt &3t least 90% by weight) can be
utilized as’the alloy in the present invention. Examples of
the acetate of the metal include chromium acetate, magnesium
écetate, titanium acetate, and cobalt acetate whereas those of
20 the oxide of the metal include chromium oxide, magnesium
oxide, titanium oxide, and cobalt oxide. Among the metals or
metal compounds, titanium metal and titanium oxide are pre-
ferred for thelr efficacy.

Both the copper dithiocarbamate compound and the
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" benzal dehyde, and salicyl al dehyde, contained in the acrylic acid is
“required at nost several ppm A sinple and still reliable nethod
of aldehyde elimna- tion is distillation of the crude or distilled
acrylic acid in the presence of an al dehyde treatnent agent The al dehyde

8

component (1) may be added directly to the vinyl compound in

the form of solid or powder, or alternatively their solution

dissolved in an appropriate organic solvent.

The content of the metal or metal compbund added in the

5 form of powder or granules depends upon the type of vinyl

compound to be distilled, the temperature, and the like, but

-is generally about 0.001 to 500 ppm by weight, preferably

about 0.005 to 100 ppm by weight of the vinyl compound. The

content less than 0.001 ppm by weight may result in insuffi-

10 cient inhibition of polymerization. The metal or metal com-
pound, the copper dithiocarbamate compound and component (1)
may be added to the vinyl pompound separately or after being
mixed together. ’

The powdery or granular metal or metal compound, copper
i5 dithiocarbamate compound and the compconent (1) may be added to
the vinyl coypound at any timing. For example, these compo-
qents may ba added to a solution of vinyl compound to be
distilled or to a refluxed solution in the process of distil-
iation-

20 Although it is generally assumed that granular Or pow-
dery form is preferable for the metal or metal compound,
pieces or plates of the metal or metal compound have the same
effects as the powdery or granular metal or metal compound in

the present invention. According to one embodiment of the
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" treat ment agents include, for exanple, hydrazine hydrate, phenyl hydrazine,
and m phenyl enedi am ne. This nethod, howev- er, accel erates polynerization

of the vinyl conpounds, espe- <cially acrylic acid. The known
pol ynmeri zation inhibitors are not applicable to distillation of the vinyl
conpounds in the presence of the aldehyde treatnent agent. SUMVARY OF

THE | NVENTI ON
' 9

presént invention, the metal or metal compound may be formed
as an element of the distillation apparatﬁs, which is con-
tacted with the vinyl compound to be distilled. According to
another embodiment of the present invention, an element of the
5 distillation apparatus contacted with the vinyl compound to be
distilled may be filled with the metal or metal compound of
-various shapes and forms, for example, net-shape, ring-shape,
and porous bodies. .Sgch embodiments described above are also
aspects of the addition of the metal or metal compound in the
10 present invention. To use the metal or metal compound as the
element or the filler of the distillation apparxatus is espe-
cially preferred in the industrial level. The surface area
and the quantity of the metal or metal compound uged as the
element or the filler of the distillation apparatus are so
15 determined as to preferably keep the content of the metal or
metal compoung in the wvinyl compound to be distilled not less
than 0.001 ébm by weight of the vinyl compound after consid-
eration of the type of vinyl compound to be distilled, the
témperature of distillation, and the like. Titanium metal is
20 especially preferred for the element or the filler of the
distillation apparatus.
another polymerization inhibitor, for example, a manga-
nese salt or thiuram, may be used toyether wilh the polymer-

ization inhibitor of the present invention.
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"One object of the present invention is to provide a nethod of inhibiting
*pol yneri zation of vinyl conpounds, which is applicable to distillation of
the vinyl conpounds of rela- tively high concentrations under a high
tenperature condition or in the presence of an al dehyde treatnent agent.
Anot her object of the present invention is to provide a polynerization

i nhibitor, which is preferably applied to distillation of the vinyl
compounds of relatively high concen- tlBat i ons under a high tenperature

condition or in the presence
The conditions applied to distillation of a vinyl com-

pound, such as the heating temperature, the pressure, and the
residence time, are selected appropriately accoxrding to the
type and quantity of vinyl compound to be distilled, the
5 distillation apparatus, and the like. The distillation is
carried out in the atmosphere of, for example, molecular
- oxygen or nitreogen.
Examples of the aldehyde treatment agents used for
distillation of acrylic acid for higher purity include
10 hydrazine compounds, such as hydrazine hydrate, phenylhydra-
zine, hydrazine sulfate and hydrazine hydrochloride,
phenylenediamines, such as m-phenylenediamine, and their mix-
ture of at least two kind. v
The conditions applied to distillation of acrylic acid
15 are also selected appropriately according to the distillation
apparatus, the quantity of acrylic acid to be distilled, and
the like, bﬁ% the heatiﬁg temperature of not more than 100°C
is preferred.
| According to the present invention, polymerization of
20 vinyl compound during distillation can effectively be inhibit-
ed even under readily polymerizable conditions.
When a vinyl compound, especially in the case of
acrylic acid, is distilled for higher purity thexeof in the

presence of an aldehvde treatment agent, the total amount of
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:of t he al dehyde treat nent agent. These and ot her
objects will becone apparent fromthe follow ng description.

10

15

20

11

polymers produced can significantly be reduced according to
the present invention. For the above advantage, long time
operation of the distillation, such as continuous distilla-
tion, can be carried out, and the ratio of distillate to the
raw vinyl compound can be increased, thereby the raw material
can effectively be utilized.

The present invention is hereinafter described in more
detail by way of Examples. However, the present invention is
not restricted to these Examples.

In the Examples and Comparative Examples below, ppm and
% mean ppm by weight and % by weight respectively.

Examples 1 to 5

In each of examples 1 to 5, 100 ppm of piyethoxyphenol,
200 ppm of phenothiazine, and 10 to 30 ppm of copper dibutyl
dithiocarbamate, and a metal or metal compound specified in
Table 1 were added to 20 kg of a distilled acrylic acid solu-
tion contaiﬁing 200 ppm of furfural and 100 ppm of benzalde-
hyde, and 0.1 percent by weight of 60% hydrazine hydrate was
£hen added to the acrylic acid solution to make a mixture.

The mixture was subjected to vacuum distillation using a

rotary evaporator under the air supply condition to get higher
purity acrylic acid as a distillate, at a temperature of 83 to
85°C, at a pressure of 35 mmHg, and for 10 hours. The distil-

lation was stopped when the concentrate in the flask reached
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The present inventors made a study on devel oping a novel nmethod of

I nhi biting polynerization and a novel poly- nerization inhibitor
applicable to distillation of vinyl conpounds, and found that the above
obj ects can be achieved by conbining a specific netal or netal conpound

wi th a copper dithiocarbamate conpound and a conpound |i ke phenot hi azi ne,
hydr oqui none, or p-nethoxyphenol . The present invention provides a

met hod of inhibiting polynerization o{za.V|nyI conmpound duri ng
.distillation, which

approximately 130 g (concentration ratio of the mixture is ap-
proximately 150), and the total amount of polymers depositing

in the flask was measured. The results are shown in Table 1.

5 Table 1

Examples Amount Type of Amount Total amount
No. of cu™? Metal of Metal of polymers
added added produced
10
Example 1 10 ppm Titanium 0.1 g 0.1 g
powder
Example 2 10 ppm Magnesium 10 ppm lg
ribbon
15 Example 3 10 ppm Magnesium 25 ppm 1 g
Acetate ’
powderxr
Example 4 30 ppm Titanium 2 pileces 0.01 g
Metal
20 piece™
Example 5 30 ppm Titanium 30 ppm 0.01 g
Oxide
powder
25 *1: Copper dibutyl dithiocarbamate
*2: Each piece having a surface area of 20cm? was placed in gas
phase and liquid phase.
Examples 6 to 8: Comparative Examples 1 and 2
30 A 300 ml flask having a packed portion of 30mm diame-
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“conprises distilling the vinyl conpound in the presence of the follow ng

* conponents: (1) phenot hi azi ne, hydroqui none, p-nmethoxyphenol, cresol,
phenol, tert-butyl catechol, diphenylam ne, or nethyl ene bl ue; (2) a
copper dithiocarbamate conpound; and (3) a netal, an alloy containing
at least 90% by weight of the netal, an acetate of the netal, or an oxide
of the nmetal, wherein the netal is selected fromthe group consisting of
chrom um nmagnesium titanium or cobalB.

ter{d) x 300:mnhgight(H)(filled with metal nets of SUS316L
previously washed with hot water) was used as a distillation
column. An acrylic acid solution containing 100 ppm of
p-methoxyphenol, 50 ppm of phenothiazine, and 10 ppm of copper
5 dibutyl dithiocarbamate (and 10 ppm of manganese dibutyl
dithiocarbamate in Comparative Example 2) was supplied to the
.- distillation systém at a rate of 150 g/hr. Acrylic acid was
continuously distilled and collected from the top of the
distillation column while the metal or metal compound was
10 added to the acrylic acid solution and the air flow was sup-
plied at a rate of 10 ml/min.. The conditions of distillation
were 250 torr in pressure, the Iinterior and column top temper-
ature at approximately 110°C and the temperature, of the bath
at 120 to 130°C. The operation of the distillation was
15 stopped after three hours, and the total amount of polymers in
the packed portion and in the residual solution in the flask

.-

was measured. The results are shown in Table 2.

i \‘iii\?ﬂfi i



: The.present I nvention al so provides a polynerization inhibitor for the
i nhi bition of polynerization during distil- lation of a vinyl conpound,
whi ch conprises the above conmpo- nents (1), (2) and (3).

14
Table 2
Amount Type of Amount Total amount
of CuU™ Metal of Metal of polymers
5 added added produced
Example 6 0 Titanium Metal 2 pieces 0.4 g
piece™
. Example 7 0 Chromium 0.02 g 0.2 g
10 powder
Example 8 0 Cobalt 0.02 g 0.2 g
powder
Comparxa. 0 None 3] 4 g
15 Exp.1l
Compara. 10 ppm None 0 4 g
Exp.2

*3: Manganese dibutyl dithiocarbamate

20 *4: Each piece having a surface area of 20cm’ was placed in gas
phase and liquid phase.
Example 9: Comparative Examples 3 and 4

A mixture was prepared by adding 210 ppm of

25 hydrogquinone, 1 ppm of phenothiazine, and 120 ppm of
p-methoxyphenol to a solution containing 50% of methacrylic
acid, 27% of methyl methacrylate, 10% of water, and 13% of a
solvent. The mixture was supplied to the distillation system

used in Example 6 at the rate of 150 g/hr. Methacrylic acid
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5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is
hereinafter described in detail. Exanpl es of the vinyl conpounds
in the present inven- tion include acrylic acid, nethacrylic acid, acrylic
acid esters, nethacrylic acid esters, acrylonitrile, and styrene.
Preferred acrylic acid esters or nethacrylic acid esters are (err] alkyl
esters of acrylic acid or (Jerr] al kyl esters of

15

solution was continuously distilled and collected while the
aly flow was supplied at the rate of 10 ml/min.. The bath was
heated to gradually increase the temperature from the initial
value of 110°C to 135°C. After the three-hour operation at a
5 pressure of 200 mmHg and the interior and column top tempera-
ture of approximately 120°C, the total amount of polymers
-found in the packed portion and in the residual solution was

measured. The results are shown in Table 3.

10 Table 3

Amount Type of Amount Total amount
of cu™ Metal of Metal of polymers
added added sproduced
15
Example 9 50 ppm  Titanium Metal®® 2 pieces 0.001 ¢
plece
Compara. ~;.0 ppm Titanium Metal 1 piece
20 Exp.3 . plece 0.01 g
Titanium Metal 0.2 g
sponge"’
Compara. 10 ppm None 0 0.01 g
25 Exp.4

*1: Copper dibutyl dithiocaxbamate
*5: Each piece having a surface area of 20cm® was placed in gas

phase and ligquid phase.
This Sheet Has Been RTI
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*met hacrylic acid.
-represented by the general
CufR[err] (R err])NCSS][err]
di fferent,
R1 and R2 together
carbon atons attached to the nitrogen atom one of the carbon

Copper dithi ocarbamate conpound is,
formul a

in which R err]
and each represent alkyl,
represent an al kyl ene group, preferably of 2 to 6

at ons

optionally being replaced by oxygen su as

10

15

20

25

*6: The piece having a surface area of 20cm® was placed in gas
phase.

*7: The sponge was placed in liquid phase.

Examples 10 and 11: Comparative Example 5

The distillation of acrylic acid containing the poly-

‘merization inhibitor described in Table 4 was carried out

under the same conditions and distillation system as in Exam-
ple 6. Pieces of titanium metal were used as the metal oxr

metal compound. The results are shown in Table 4.

preferably of 1 to 6 carbon atons,

TABLE 4
4
MP*® PT™® CU"® Titanium Amount of Amount of
Metal polymers polymers
piece produced produced
portion™! in packed . in liquid
; Phase
Example 200 50 10 Used 0.4 g None
10
Example 200 50 50 Used 6.2 g None
11
Compara. 200 50. 10 Not 3.5 g Slightly
Exp.5 used found
*8: p-methoxyphenol
This Sheet Has B
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oxydi et hyl ene group, which has the structure of -(CHerr])[err]-O

(CH err])[err]- Speci fic exanples of the copper dithiocarbanate
com pounds include copper dialkyl dithiocarbanmates such as copper

di et hyl dithi ocarbamate, copper diethyl dithiocarbamate, copper dipropyl
di t hi ocarbamat e and copper di butyl dithiocarbarmate; copper cyclic

al kyl ene dit hi ocar bamat es such

17
*g - Phenothiazine

*10) - : -
10: Copper dibutyl dithiocarbamate

*¥11l: E i
ach piece having a surface area of 20cm? was placed in

gas phase and liquid phase.
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6 as copper ethyl ene dithiocarbamate, copper trinmethylene dithiocarbonate,
copper tetranethyl ene dithiocarbamate, copper pentanethyl ene

di t hi ocarbamat e and copper hexamnet hyl ene dithi ocarbamate; and copper
cyclic oxydial kyl ene dithiocarbamates such as copper oxydi ethyl ene

di t hi ocar bamat e. The content of the at |east one conpound sel ected
from R

18

cuazms R DO

i. A me#hod of inhibiting polymerization of a vinyl
compound during distillation, which comprises distilling the vinyl compound
5 in the presence of the following components:
(1) phenothiazine, hydroguinone, p-methoxyphenol, cresol,
- phenol, tert-butyl catechol, diphenylamine, or methylene blue;
(2) a copper dithilocarbamate compound; and

(3) a metal, an alloy containing at least 90% by weight of the
10 metal, an acetate of the mecal,-or an ox1de of the metal, wherein the metal

is chrtnuxmu nagnesxum, tltanlum, or cobalt.

2. A method according to Claim 1, wherein component (3)
is a powder, 'granules, a metal net, a block, or,a moulded
shape.

15 3. A method according to Claim 1, wherein component (3)
comprises part of the distillation apparatus in contact with
the wvinyl ébmpound to be distilled.

4. A method according to Claim 1, 2 or 3, wherein
éomponent {3) is titanium metal.

20 . 5. A method according to any one of Claims 1 to 4,
wherein the vinyl compound comprises acrylic acid, methacrylic
acid, acrylic acid ester, methacrylic acid ester, acryloni-
trile, or styrene.

6. A method according to Claim 5, wherein the wvinyl
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the group consi sting of phenothi azi ne, hydrogui none, p-nethoxyphenol,
‘cresol, phenol, tert-butyl catechol, diphe- nyl-am re;—and-—-+et hyl ene bl ue
depends upon t he type of vinyl conpound to be distilled the t enper at ure
and the like, but "is generally about 10 to 10, EIH IHU L

preferably about 20 to 5,000 ppm by wei ght of A*hd. The
content of less than 10 ppm by wei ght jgay result in |nsuFf|- cient effects
of polynerization inhibition. In the present invention, 'at |east one

COMPOURGmiRh L ¥brig i Bdd&F PP acid, methacrylic acid, C,-C, alkyl

ester of acrylic acid, or C,~-C, alkyl ester of methacrylic
acid.
7. A method according to any one of Claims 1 to 4,
5 wherein the vinyl compound is acrylic acid or acrylic acid
ester, and distillation of acrylic acid or acrylic acid ester
is carried out in the presence of an aldehyde treatment agent.
8. A method according to Claim 7, wherein the aldehyde
tresatment agent is a hydrazine compound.

10 5. A polymerization inhibitor for the inhibition of
polymerization during distillation of a wvinyl compound, which
comprises:

(1) phenothiazine, hydroquinone, p-methoxyphgnol, cresol,
phenol, tert-butyl catechol, diphenylamine, or methylene blue;

15 {2) a copper dithiocarbamate; and

(3) a metal, an alloy containing at least 90% by weight

of the metal, ah acetate of the metal, or an oxide of-the metal,
wherein the metal is chromium, magnesium, titanium, or cobalt.
10. A polymerization inhibitor according to Claim 9,
20 wherein component (3) 1is titanium metal.

11. A method according to Claim 1 substantially as

hereinbefore described in any one of Examples 1 to 11.

12. A polymerization inhibitor according to Claim 9
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consi sting of phenothi azi ne, hydroqui none, p-nethoxyphenol, cresol,
“phenol”, tert-butyl catechol, diphenylanne, and nmethy-. _|lene blue' may
herei nafter be referred to sinply as the 'conponent (1) '. "The
content of the copper dithiocarbamate conmpound al st,mmmm he type
of vinyl conpound to be distilled, the tenperatur ""ﬂtm!'bUt i's
general |y about 1 to 500 ppm by melghzo preferably *abbut: 5% 0s108 ppm by

vvel ght of the vinyl compound. Sufficient inhibition of polynerization may
substantially as hereinbefore described in any of Examples 1

to 1li.
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"7 "not be achieved by the content of less than 1 ppmby weight. Al though
'the greater content of the copper dithiocarbamate conpound exerts the
better effects, an excessive anount of the

21
ABSTRACT
The present invention provides a method of inhibiting
polymerization of a vinyl compound during distillation, which
comprises adding to the vinyl compound to be distilled:
5 (1) phenothiazine, hydroquinone, p-methoxyphenol, cresol,
phenol, tert-butyl catechol, diphenylamine, or methylene blue;
(2} a copper dithiocarbamate compound; and
(3) a metal, an alloy containing the metal {at least 90% by
weight), an acetate of the metal, or an oxide of the meta., -
10 wherein the metal is chromium, magnesium, titanium, and co-

balt. The present invention also provides a polymerization

inhibitor comprising components (1)}, (2) and (3).

4
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A METRHOD OF INHITRITING POLYMERIZATION OF VINYL COMPOUND AND

POLYMERIZATION INHIBITOR USED THEREIN [
REPLACEMENT SHEET

30 OCT 1994
BACKGROUND OF THE INVENTION

Field of the Invention

o o SRS

The present invention relates to a system of inhibiting

‘polymerization of a vinyl compound. More specifically, the

invention relates to a method of inhibiting polymerization of
a vinyl compound, for example, acrylic acid or methacrylic
acid, which is applicable to distillation for obtaining puri-
fied vinyl compound, and also relates to a polymerization

inhibitof used therein.

Related Sfate of the Art

Vinyl compounds such as acrylic acid and methacrylic
acid are readily polymerized by application of light or heat.
Especially in the process of distillation or concentration,
the polymerized!vinyl compounds often cause serious problems.
For example, such polymerized vinyl compounds in distillation
are stuck to heat transfer surf;ce in a reboiler of a dis-
tillation column, thereby decreasing the heat transfer perfor-
mance %hereof. In addition, the polymer_ can choke the distil-
lation colu:n‘m. Cnd degrade the ability thereof.

A method utilizing hydroguinone, p-methoxyphenol, or

i
. e
EUTEE e

o W

Wi
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referred to sinply as the 'netal or netal conpound'. Anong the netals,

chrom um

preferred.

(at | east

i nventi on.

titanium and cobalt are preferred, re
Any al |l oys contai ni ng chrom um ?L@Q§“$ Pgﬁ m| or cobalt

90% by weight)can be utilized as theljalloy in the gregsent
Exanpl es of the acetate of the netjal} i 3Q QCF P01 ym acet at e,

magnesi um acetate, titanium acetate~ and cobgl t] acet ate wher¢ag t hose of

t he oxi de

oxi de, and cobalt oxide. Anong the netals

el titanium

of the nmetal include chrom um oxi de,

copper dimethyl dithiocarbamate is well known as a method of
inhibiting polymerization of the vinyl compounds. Several
methods have also been proposed to inhibit polymerization of
vinyl compounds. These conventional methods include; one
utilizing at least one compound selected from the group con-

sisting of hydroguinone, p-methoxyphenol, cresol, phenol,

‘tert-butyl catechol, diphenylamine, phencthiazine, and methy-

lene blue in combination with at least one compound selected
from the group consisting of copper dimethyl dithiocarbamate,
copper diethyl dithiocarbamate, copper dibutyl dithiocar
bamate, and copper salicylate (JAPANESE EXAMINED PATENT PUBLI-
CATION No. 52-34606); one utilizing a manganese salt, such as
manganese acetate, alone or in combination with hydrogquinone
and/or p-methoxyphenocl (JAPANESE PATENT KOKAI PUBLICATION No.
51-98211); and one utilizing manganese aithiocarbamate or
thiurams (JAPANESE PATENT KOKAYX PUBLICATION No. 5-51403).

These known methods of inhibiting polymerization are,
however, not applicable to distillation of vinyl compounds of
relatively high concentrations under a high temperature condi-
tion.

Acrylic acid, one of the vinyl compounds, 1s used as a
material for water-absorbing gels aend thﬁé required to have
sufficiently high purity. As a high purity acrylic acid, the

total content of aldehydes, including acrolein, furfural,
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metal compounds, titanium netal and titaniumoxide are pre- ferred for

.their efficacy. Both the copper dithi b ound and t he
conponent (1) nay be added directly to the vi nylcﬁ%’ g@ﬁmﬂﬁ%gﬂ

3

benzaldehyde, and salicylaldehyde, contained in the acrvlic
acid is required at most several ppm.

A simple and still reliable method of aldehyde elimina-
tion is distillation of the crude or distilled acrylic acid in
the presence of an aldehyde treatment agent. The aldehyde
treatment agents include, for example, hydrazine hydrate,
‘phenylhydrazine, and m-phenylenediamine. This method,.howev-
exr, accelerates polymerization of the vinyl compounds, espe-
cilally acrylic acid.

The known polymerization inhibitors are not applicable
to distillation of the vinyl compounds in the presence of the

aldehyde treatment agent.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a
method of inhibiting polymerization of vinyl compounds, which
is applicable to distillation of the vinyl compounds of rela-
tively high concentrations under a high temperature condition
or in the presence of an aldehyde treatment agent.

Another object of the present invention is to provide a
polymerization inhibitor, which is preferably applied to
distillation of the vinyl compounds of relatively high concen-
trations under a high temperature condition or in the presence

of the aldehyde treatment agent.
This Sheet Has Been Reraced
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the formof solid or powder, or alternatively their solution dissolved in

vi nyl
general ly about 0.001 to 500 ppm by wei ght, prgf
ppm by wei ght of the vinyl conpound. -The contgn

an appropriate organi c solvent. The cont prgg 18HpET dr net al
conpound added in the form of powder or granuje  tthe type of
conpound to be distilled, the tenperatufef and the likdg, jbut is

r &) PCTaB96t [0.[005 to 100
| ess _than 0.J031 ppm by

wei ght may result in insufficient inhibiaion_of pol ymeri zati on.} The net al

or

These and other objects will become apparent from the
following description.

The present inventors made a study on developing a
novel method of inhibiting polymerization and a novel poly-
merization inhibitor applicable to distillation of vinyl

compounds, and found that the above objects can be achieved by

‘combining a specific metal or metal compound with a copper

dithiocarbamate compound and a compound like phencthiazine,
hydroquinone, or p-methoxyphenol.

The present invention provides a method of inhibiting
polymerization of a vinyl compound during distillation, which
comprises distilling the vinyl compound in the presence of the
following components:

(1) phenothiazine, hydroquinone, p-methoxyphenol, cresol,
phenol, tert-butyl catechol, diphenylamine, or methylene blue;
(2) a copper dithiocarbamate compound; and
(3) a metal, an alloy containing at least.90% by weight of
the metal, an acetate of the metal, or an oxide of the metal,
wherein the metal is selected from the group consisting of
chromium, magnesium, titanium, or cobalt.

The present invention alsé provides a polymerization
inhibitor for the inhibition of polymerization during distil-
lation of a vinyl compound, which comprises the above compo-

nents (1), (2) and (3). ' .
ThfSSheetHas
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nmet al compound, the copper dithiocarbamate conpound and conponent (1) may
‘be added to the vinyl conpound separately or after being m xed together.
The powdery or granul ar netal or netal corrpound, rarhanat e
conpound and the conponent (1) may be added to thm& dTat any
timng. For exanple, these conponents may be addeq to a sol ut|6"r}| $f vi nyl

conpound to be distilled or to a re#luxed sol utijor} i HOtOET PP eSS of
distillation. S ;

DETAILED DESCRIPTION OF THE INVENTION

The present invention is hereinafter described in
detail. | |

Examples of the vinyl compounds in the present inven-
tion include acrylic acid, methacrylic acid, acrylic acid
esters, methacrylic acid esters, acrylonitrile, and styrene.
"Preferred acrylic acid esters or methacrylic acid esters are
C,-C, alkyl esters of acrylic acid or C,-C, alkyl esters of
methacrylic acid.

Copper dithiocarbamate compound is, for example,
represented by the general formula

Cu[R*(R?*)NCSS],
in which R* and R? may be the same or different, and each
represent alkyl, preferably of 1 to 6 carbon atoms, or Rl and
R2 together represent an alkylene group, preferably of 2 to 6
carbon atoms attached to the nitrogen étom, one of the carbon
atoms optionally being replaced by oxygen such as
oxydiethylene group, which has the structure of
-{CH,;),-0-(CH,},-

Specific examples of the copper dithiocarbamate com-
pounds include copper dialkyl dithiocarbamates such as copper
dimethvl dithiocarbamate, copper diethyl dithiocarbamate,
copper dipropyl dithiocarbamate and copper dibutyl

dithiocaxbamate; copper cyclic alkylene dithiocarbamatgs_suqh
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Al though it is generally assuned that granul §r REPLAGEMENE SHEES fn i s

preferable for the netal or netal conmpound, }pifeces or pratey of the netal

or netal compound have the sane effects as tjhg 8% ¥ 1966 9 apul ar net al
hbnponen 0?? [

or nmetal conpound in the present invention. |C beneral ly a
powder, granules, a netal net, a block, or f According to
one enbodi nent of the - 6

o7

as copper ethylene dlthiocarbamate, copper trimethvlene
dithiocarbonate, copper tetramethylene dithiocarbamate, copper
pentamethylene dithiocarbamate and copper hexamethylene
dithiocarbamate; and copper cyclic oxydialkylene
dithiocarbamates such as copper oxydiethylene dithiocarbamate.

The content of the at least one compound selected from

-the group consisting of phenothiazine, hydroquinone,
p-methoxyphenol, cresocl, phenol, tért—butyl catechol, diphe-
nylamine, and methylene blue depends upon the type-of vinyl
compound.to be distilled, the temperature, and the like, but
is generally about 10 to 10,000 ppm by weight, preferably -
about 20 to 5,000 ppm by weight of the vinyl compound. The
content of less than 10 ppm by weight may result in insuffi-
cilent effects of polymerization inhibition. In the present
invention, 'at least one compound selected from the group

'consisting of phenothiaziné, hydroquinone, p-methoxyphenol,
cresol, phenol, texrt-butyl catechol, diphenylamine, and methy-
lene blue' may hereinafter be referred to simply as the
'component (1)°.

The content of the copper dithiocarbamate compound also
depends upon the type of vinyl compound to be distilled, the
temperature, and the like, but is generally about 1 to 500 ppm
by weight, preferably about 5 to 100 ppm by weight of the

vinyl compound. Sufficient inhibition of polymerization may
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9 present invention, the netal or netal conpound may be forned as an
el enment of the distillation apparatus, whichli M th the
vi nyl conpound to be distilled. According to ﬁEﬂ%@EMENT%ﬂ&%@nﬁnt of the
present invention, an el enent of the distiljl 3tion ﬁgFaratus cont act ed
with the vinyl conpound to be 0

L.

7

not be achieved by the content of less than 1 ppm by weight.
Although the greater content of the copper dithiocarbamate
compound exerts the better effects, an excessive amount of the
copper dithiocarbamate compound is not preferable because of
its corrosibility.
The metal which is chromium, magnesium, titanium or

- cobalt may be added as a elementary metal, an alloy containing
the metal({at least 90% by weight), an acetate of the metal, or
an oxide of the metal. In the present invention, ‘'‘a metal, an
alloy containing at least 96% by weight of the metal, an acetate
of the metal, or an oxide of the metal, wherein the metal is
chromium, magnesium,'titanium, or cobalt' may hereinafter be
referred to simply as the 'metal or metal compound'. Among
the metals, chromium, titanium and cobalt are preferred,.and
titanium 1s more preferred. Any alloys containing chromium,
magnesium, titanium, or cobalt Gt least 90% by weight) can be
utilized as the alloy in the present invention. Examples of
the acetate of the metal include chromium acetate, magnesium
acetate, titanium acetate, and cobalt acetate whereas those of
the oxide of the metal include chromium oxide, magnesium
oxide, titanium oxide, and cobalt oxide. Among the metals or
metal compounds, titanium metal and tlitanium oxide sxre pre-

ferred for their efficacy.

Both the copper dithiocarbamate compound and the
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distilled may be filled wth the netal or net

ri ous shapes

and forns, for exanple, net-shape, ring-shapg, ﬁNEMBUSHEEﬁM es. Such

“enbodi nents described above are also aspectg df the aogdrti
conpound as the elenment or the filler of the q
I

gquantity of the netal or netal conpound Bsedlas the elenent o
of the distillation

f the netal
r netal
apparatus is
afea and the
the filler

conmpound in the present invention. {Tq uysp ?ef
IstirlTati

cially preferred in the industrial |eyel*

component (f?pgggt 8 aﬁgeﬁodirectly to the vinyl coméound in
the form of solid or powder, or alternatively their solution
dissolved in an appropriate organic solvent.

The content of the metal or metal compound added in the
form of powder or granules depends upon the type of vinyl
compound to be distilled, the temperature, and the like, but
-1s generally about 0.001 to 500 ppm by weight, preferably
about 0.005 to 100 ppm by weight of the vinyl compound. The
content less than 0.001 ppm by weight may result in insuffi-
cient inhiblition of polymerization. The metal or metal com-
pound, the copper dithiocarbamate compound and component (1)
may be added to the vinyl gompound separately oxr after being
mixed together.

The powdery oOr granular metal or metal compound, copper
dithiocarbamate compound and the component (1) may be added to
the vinyl compound at any timing. For example, these compo-
nents may be added to a sclution of vinyl compound to be
distilled or to a refluxed sdlutiOn in the process of distil-
lation.

Although it is geherally assumed that granular or pow-
dery form is preferable for the metal or metal compound,
pieces or plates of the metal or metal compound have the same
effects as the powdery or granular metal or metal compound in

the present invention. According to one embodiment of the
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TR



determ ned as to preferably keep the content of_the petal or netal
conmpound in the vinyl conmpound to be distilled rqu;_hgwgwt ISHEEO 001 ppm by
wei ght of the vinyl conpound after consid- erhtjeofr~ef—the-type {of vinyl
conpound to be distilled, the tenperature of Hi t|IIat|on d |t he |i ke.
Titaniummetal is especially preferred for thg oﬁbbh fiiller of
the distillation apparatus. - Anot her po vnerlzatlon ynqlbitor, for
exanpl e, a manga- nese salt or thiLweug may pe used together mith the
pol yner - '

present invention, the metal or metal compound may be formed
as an element of the distillation apparatﬁs, which is con-
tacted with the vinyl compound to be distilled. According to
another embodiment of the present invention, an element of the
distillation apparatus contacted with the vinyl compound to be

distilled may be f£filled with the metal or metal compound of

--various shapes and forms, for example, net-shape, ring-shape,

and porous bodies. Such embodiments described above are also
agpects of the addition of the metal or metal compound in the
present invention. To use the metal or metal compound as the
element or the filler of the distillation apparatus is espe-
cially preferred in the industrial level. The surface area
and the quantity of the metal or metal compound used as the
element oxr the fillexr of the distillation apparatus are so
determined as to preferably keep the content of the metal or
metal compound in the wvinyl compound to be distilled not less
than 0.001 ppm by weight of the vinyl compound after consid-
eration of the type of vinyl compound to be distilled, the
temperature of distillastion, and the like. Titanium metal is
especially preferred for the element or the filler of the
distillation apparatus.

Another polymerization inhibitor, for'example, a manga-
nese salt or thiuram, may be used togelhier wilh the polymer-

——

ization inhibitor of the present invention.
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I zation inhibitor of the present invention.

- 10 - The conditions applied to distill REPLACEMENT SHERN |conpound,
such as the heating tenperature, the pressurd, BERITHETEsTOgnde
30 OCT 1996
T 10

The conditions applied to distillation of a vinyl com-
pound, such as the heating temperature, the pressure, and the
resldence time, are selected appropriately according to the
type and quantity of wvinyl compound to be distilled, the
digstillation apparatus, and the like. The distillation is
carried out in the atmosphere of, for example, molecular
* oxygen or nitrogen.

Examples of the aldehyde treatment agents used for
distillation of acrylic acid for higher purity include
hydrazine compounds, such as hydrazine hydrate, phenylhydra-
zine, hydrazine sulfate and hydrazine hydrochloride,
phenylenediamines, such as m-phenylenediamine, and their mix-
ture of at least two kind.

The conditions applied to distillation of acxrylic acid
are also selected appropriately according to the distillation
apparatus, the quantity of acrylic acid to be distilled, and
the like, but the heatiﬁg temperature of not more than 100°C
is preferred.

According to the present invention, polymerization of
vinyl compound during distillatioﬁ.;an effectively be inhibit-
€d even under readily polymerizable conditions.

When a vinyl compound, especially in the case of
acrylic acid, i1s distilled for higher purity thereof in the

presence of an aldehyde treatment agent, the total amount of

Sheet Has Been Reilaced
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time, are selected appropriately according to

vinyl conpound to be distilled, the distillatijporREPk EEInd the |ike.
" The distillation is carried out in the atnosghegre of, ToOr amil e,
nol ecul ar oxygen or nitrogen. I n one enttodi ifnyenti on the

vinyl conmpound is acrylic acid or acrylic acild{e

acrylic
al dehyde
used for

8 01 96
acid or acrylic acid ester-is carried '

treat ment agent. Exanpleslgf t He al dehyde treat

gnt agents

polymers produced can significantly be reduced according to

"the present invention. For the above advantage, long time

operation of the distillation, such as continuous distilla-
tion, can be carried out, and the ratio of distillate to the
raw vinyl compound can be increased, thereby the raw material
can effectively be utilized.

The present invention is hereinafter described in more
detail by way of Examples. However, the present invention is
not restricted to these Examples.

In the Examples and Comparative Examples below, ppm anc
¥ mean ppm by weight and % by weight respectively.

Examples 1 to 5

In each of examples 1 to 5, 100 ppm'of p~methoxyphenol,
200 ppm of phenéthiazine, and 10 to 30 ppm of copper dibutyl
dithiocarbamate, snd a metal or metal compound specified in
Table 1 were added to 20 kg of a distilled acrylic acid solu-
tion containing 200 ppm of furfural and 100 ppm of benzalde-
hyde, and 0.1 percent by weight of 60% hydrazine hydrate was
then added to the acrylic acid solution to make a mixture.

The mixture was subjected to vacuum distillation using a

rotary evaporator under the air supply condition to get higher
purity acrylic acid as a distillate, at a temperxature of 83 to
85°C, at a pressure of. 35 mmHg, and for 10 hours. The distil-

lation was stopped when the concentrate in the flask reached

This Sheet Has Been Reilaced
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e .
e sulfate

distillation of acrylic acid for higher purit
.conpounds, such as hydrazine hydrate, phenyl hyd \
and hydrazi ne hydrochl ori de, phenyl enedi am ne pherfyl enedi ane,
and their mxture of at |east two kind. t s lagpl'ied to

distillation of acrylic acid are also selectkd a8§99@” §ﬁ§ ccordlng to.
the distillation apparatus, the quantity of o-b¢g dlstllled X
and the |I|ike, but the heating tenperature offnot nore than 1OC[err]C |s
preferred.

approximately 130 g (concentration ratio of the mixture is ap-

proximately 150), and the total amount of polymers depositing

in the flask was measured. The results are shown in Table 1.

Table 1
Examples amount Type of Amount Total amount
No. of cu™ Metal of Metal of polymers
added added produced
Example 1 10 ppm Titanium 0.1 ¢ 0.1 g
powder
Example 2 10 ppm Magnesium 10 ppm 1 g
ribbon
Example 3 10 ppm Magnesium 25 ppm lg
Acetate
powder
Example 4 30 ppm Titaniuom 2 pileces 0.01 g
Metal
piece™
Example 5 30 ppm Titanium 30 ppm 0.01 g
Oxide
powder

*1: Copper dibutyl dithiocarbamate

*2: Each piece having a suxrface area of 20cm? was placed in gas

phase and liguid phase.

Examples 6 to 8: Comparative Examples 1 and 2

A 300 ml flask having a packed portion of 30mm q&ime~
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According to the present invention, polynerization of vinyl conpound
.during distillation can effectively be inhibited even wunder readily

" pol yneri zabl e conditi ons. When a vinyl conpound, especially in the
case of acrylic acid, is distilled for higher purity thereof in the
presence of an al dehyde treatnent agent, the total amount of

-

13

ter{d) x 3001mnh§ight(H)(filled with metal nets of SUS316L
previously washed with hot water) was used as a distillation
column. An acrylic acid solution containing 100 ppm of
p-methoxyphenol, 50 ppm of phenothiazine, and 10 ppm of copper
dibutyl dithiocarbamate {and 10 ppm of manganese dibutyl
dithiocarbamate in Comparative Example 2) was supplied to the
- distillation system at a rate of 150 g/hr. Acrylic acid was
continuously distilled and collected from the top of the
distillation column while the metal or metal compound was
added to the acrylic acid solution and the air flow was sup-
plied at a rate of 10 ml/min.. The conditions of distillation
were 250 torr in pressure, the interior and column top temper-
ature at approximately 110°C and the temperature of the bath
at 120 to 130°C. The operation of the distillation was
stopped after three hours, and the total amount of polymers in
the packed portion and in the residual solution in the flask

was measured. The results are shown in Table 2.

REPLACEMENT SHEET |
B
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pol ymers produced can significantly be reduced according to the present

i nventi on.

For the above advantage, long tinme oper gon-af the

distillation, such as continuous distilla- tion, c HHA@&MENPQ%E%T and

the ratio of distillate to the raw vinyl conpound gafte-rnectease
thereby the raw material can effectively be utilizgd

] 30
- 14 OCT 1996
Table 2
Amount Type of Amount Total aﬁount
of cu™ Metal of Metal of polymers
added added produced
Exémple 6 0 Titanium Metal 2 pieces 0.4 g
piece™
. Example 7 0 Chromium 0.02 g 0.2 g
powder
Example 8 0 Cobalt 0.02 g 0.2 ¢
powder
Compara. 0 None 0 4 g
Exp.1l
Compara. 10 ppm None 0 4 g
Exp.2

*3: Manganese dibutyl dithiocarbamate
*4: Each piece having a surface area of 20cm? was placed in gas

phase and ligquid phase.

Example 9: Comparative Examples 3 and 4

A mixture wa; prepared by adding 210 ppm of
hydroguinone, 1 ppm of phenothiazine, and 120 ppm of
p~methoxyphenocl to a solution containing 50% of methacrylic
acid, 27% of methyl methacrylate, 10% of water, and 13% of a
solvent. The mixture was supplied to the distillation system

used in Example 6 at the rate of 150 g/hr. Methacrylic acid
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The present invention is hereinafter described i nREBLA’CEMElHt 8HLFETb) way of
"Exanpl es. In the Exanpl es and Conpar atfi oW, ppm and
% mean ppm by wei ght and * by wei ght respectivelly. tto {5
phenot hi azine, and 10 to 30 ppm of ceppenrgdi butyl - dithiocarbamaie, and a
metal or netal conpound specified in

Exanpl es. However, the present invention is n -tot jese
© SHiAETcRee”,
In each of exanples 1 to 5, 100 ppm of p-mnethoxyp mj of
solution was continuously distilled and collected while the

air flow was supplied at the rate of 10 ml/min.. The bath was
heated to gradually increase the temperature from the initial
value of 110°C to 135°C. After the three-hour operation at a
pressure of 200 mmHg and the interior and column top tempera-
ture of approximately 120°C, the total amount of polymers
-found in the packed portion and in the residual solution was

measured. The results are shown in Table 3.

Table 3

Amount Type of Amount Total amount
of cu™ . Metal of Metal of polymers
added added produced

Example ¢ 50 ppm  Titanium Metal®® 2 pieces 0.001 g

piece

Compara. 0 ppm Titanium Metal 1 piece

Exp.3 plece 0.01 g
Titanium Metal 0.2 g
sponge”?

Compara. 10 ppm None ' 0 0.01 g

Exp.4

*1: Copper dibutyl dithilocarbamate
*5: Each piece having a surface area of 20cm® was placed in gas

phase and liquid phase.
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Table 1 were added to 20 kg of a distilled acrylif REPLACEMENE SHEET on

eontai ni ng 200 ppm of furfural and 100 ppm of bengafa0e- nyde;—and 0. 1
percent by wei ght of 60% hydrazi ne hydrate was hen @@ﬂ'%@ t He facrylic
acid solution to make a m xture. The m xture ubjected é acuum

distillation using a rotary evaporator under t diftion to
get hi gher purity acrylic acid as a-dilstillate,} at a tenperature tof 83 to
85[err]C, _at a pressure of 35 mmHg, and for 10 houTs rre=drstit+

| ation wa§65tEbpeﬁlmenhtzﬁéngOﬁcenrface presheff RQsk’reashpdaced .in gas

phase.

*7: The sponge was placed in liquid phase.

Examples 10 and 11i: Comparative Example S

The distillation of acrylic acid containing the poly-
‘merization inhibitor described in Table 4 was carried out
under the same conditions and distillation system as in Exam-
ple 6. Pieces of titanium metal were used as the metal or
The results are shown in Table 4.

metal compound.

TABLE 4

MP*™® PT™ CU™® Titanium  Amount of Amount of
Metal polymers polymers
piece produced produced
portion™! in packed . in liquid
Phase
Exanmple 200 50 10 Used 0.4 g None
10
Example 200 50 50 Used 0.2 g None
11
Compara. 200 50 10 Not 3.5 g Slightly
Exp.5 used found
*¥B: p-methoxyphenol
T



12 approximately 130 g (concentration ratio of the mxture is ap-
proxi mately 150) , and the total anobunt of polyners depositing in the
flask was neasured. The results are shown in Table 1.

17
*9

s

Phenothiazine

*10: Copper dibutyl dithiocarbamate

*13 - i '

1ll: Each piece having a surface area of 20cm? was placed in

gas phase and liquid phase.
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Table 1 Exanpl es Anmount Type of Anmount Total anmount No.
of CUerr] Met al of Met al of polynmers added
added pr oduced Exanmple 1 10 ppm Titanium 0.1g

0.1 g powder Exanple 2 10 ppm  Magnesium 10 ppm
149 REPLACEMENT /SHEBDn| Exanple 3 10 ppm Magnesium 25 ppm
lg . .

| 18
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1. A method of inhibiting polymerization of a vinyl

compound during distillation, which comprises distilling the vinyl compound

in the presence of the following components:

(1) phenothiazine, hydroquinone, p~methoxyphenol, cresol,

- phenol, tert-butyl catechol, diphenylamine, or methylene blue:;

(2) a copper dithiocarbamate compound; and

(3) a metal, an alloy containing at least 90% by weight of the
metal, an acetate ot thermEtai,"or'an‘pxide of the metal, wherein the metal
is chranﬁxn,nagﬁesium; tit;niumw or cobalt.

2. A'uethod according to Claim 1, wherein component (3)
is a powder, granules, a metal net, a block, or a moulded
shape.

3. A method accordipg to Claim 1, wherein component (3)
comprises part of the distillation apparatus in contact with
the vinyl compound to be distilled.

4. A method according to Claim 1, 2 or 3, wherein
component (3) is titanium metal.

5. A method according to any one of Claims 1 to 4,
wherein the vinyl compound comprises acrylic acid, methacrylic
acid, acrylic acid ester, methacrylic acid ester, acryloni-
trile, or styrene.

6. A method according to Claim S5, wherein the wvinyl

This Sheet Has Been Replaced

RN WA




Acet at e Example 4 30 ppm Titanium 2
pi eces 3 @ﬁfBQQEMENT SH'EE'}Wdie Met al

" piece[err] Exapple 5 30 ppm Tltanlun1 30 ppm———0:01¢g

Oxi de 30 erl *1: Copper d| but di t hi amat e
*2: Each piece haling a OcsTu?quaaces rea of 20cni err]“mm/ l “lmﬂm phase
and |iquid phas |

D

compound comprises acrylic acid, methacrylic acid, C,~-C, alkyl
ester of acrylic acid, or C,-C, alkyl ester of methacrylic

acid.

7. A method according to any one of Claims 1 to 4,
wherein the vinyl compound is acrylic acid or acrylic acid
ester, and distillation of acrylic acid or acrylic acid ester

"is carried out in the presence of an aldehyde treatment agent.

8. A method ‘according to Claim 7, wherein the aldehyde
treatment agent is a hydrazine compound.

9. A polymerization inhibitor for the inhibition of
polymerization during distillation of a vinyl compound, whiéh
comprises:

(1) phenothiazine, hydroquinone, p-methoxyphenol, cresol,
phenol, tert-butyl catechol, diphenylamine, or methylene blue;
(2) a copper dithiocarbamate; and
(3) a metal, an alloy containing at least 90% by weight
of tne metal, an acetate of the metal, or an oxide of-the metal,
wherein the metal is chromium, magnesium, titahium, or cobalt.

10. A polymerization inhibitor according to Claim 9,
wherein caomponent (3) is titanium metal.

11. A method according to Claim 1 substantially as
hereinbefore described in any one of Examples 1 to 1l1l.

12. A polymerization inhibitor according to Claim 9

BﬁquTmﬂi

T



Exarrpl es 6 to 8 Conparative Exanples 1 and 2 A 300 M flask
having a packed portion of 30nm di ane-

- NP T 0

substantially as hereinbefore described in any of Examples 1

to 11.

REPLACEMENT SHEET |
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N

“ter([err]) x 300 nmrheight(H) (filled with netal nets of SUS316L previously

washed with hot water) was used as a distillation colum. An acrylic acid

* solution containing 100 ppm of p-net hoxyphenol, 50 ppm of phenot hi azi ne,

and 10 ppm of copper dibutyl dithiocarbamate (and 10 ppm of manganese
di butyl dithiocarbamate in Conparative Exanple 2) was supplied to the
distillation systemat a rate of 15& g/hr Acrylic acid was continuously

distilled and coll ected f E distillation colum while the
met al or meh AETH 5uiHL EJNG POLYME IZATION OF VINYL COMPOUND AND

POLYMERIZATION INHIBITOR USED THEREIN

ABSTRACT
The present invention provides a method of inhibiting

polymerization of a vinyl compound during distillation, which
comprises adding to the vinyl compound to be distilled:

(1) phenothiazine, hydroguinone, p-~methoxyphenol, cresol,
phenol, texrt-butyl catechol, diphenylamine, or methylene blue;

{2) a copper dithiocarbamate compound; and

(3) a metal, an alloy containing ihe metal (at least 90% by
weight), an acetate §f the metal, or an oxide of the metal,
wherein the metal is chromium, magnesium, titanium, and co-
balt. The present invention also provides a polymerization

inhibitor comprising components (1), (2) and (3).

- REPLACEMENT SHEET

30 OCT 1996
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added to the acrylic acid solution and the ai rom;wa’ d Jpﬂﬂed atGa’
“rate of 10 m/mn.. The conditions of dIStI||BI$ﬁﬂ TWEr-€e 250 {drroipged a7,
pressure, the interior and col um top tenper- | Mtureat appraxiemat elay.g .
110[err] C and the tenperature of the bath at 120 t0!t30[err}C... Thqtn i
operation of the distillation was stopped aft &% /threa houﬁsﬁlaﬂ@J&h§%i9£a|

anount of polyners in the packed portion andjin the residual solution in
the flask was nmeasured. The results ara shown pariabl:enZeprot . atinjey

--------

A METHOD OF INHIZITING POLYMERIZATION OF VINYL COMPOUND AND

POLYMERIZATION INHIBITOR USED THEREIN

REPLAGEMENT SHEET

24 NOV 997
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a system of inhibiting
‘polymerization of a vinyl compound. More specifically, the
invention relates to a method of inhibiting polymerization of
a vinyl compound, for example, acrylic acid or methacrylic
acid, which is applicable to distillation for obtaining puri-
fied vinyl compound, and also relates to a polymerization

inhibitor used therein.

Related Sfate of the Art

Vinyl compounds such as acrylic acid and methacrylic
aclid are readily polymerized by application of light oi heat.
Especially in the process of distillation or concentration,
the polymerized:vinyl compounds often cause serious problems.
For example, such polymerized vinyl compounds in distillation
are stuck to heat transfer surfdce in a reboller of a dis-
tillation column, thereby decreasing the heat transfer perfor-
mance thereof. In addition, the polymer can choke the distil-
lation column and degrade the ability thereof.

A method utilizing hydrogquinone, p-methoxyphenol, or



14" Table 2 Anpunt Type of ATTOTOTITE Fot-atq anount
- of CUerr] Met al of Metal of poly mB@LAﬁEMENT SHEEH el
added pr oduced ' 1
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copper dimethyl dithiocarbamate i3 well known as a method of
inhibiting polymerization of the vinyl compounds. Several
methods have also been proposed to inhibit polymerization of
vinyl compounds. These conventional methods include; one
utilizing at least one compound selected from the group con-

sisting of hydroguinone, p~methoxyphenol, cresol, phenol,

“tert-butyl catecheol, diphenylamine, phenothiazine, and methy-

lene blue in combination with at least one compound selected
from the group consisting of copper dimethyl dithiocarbamate,
copper Qiethyl dithiocarbamate, copper dibutyl dithiocar
bamate, and copper salicylate (JAPANESE EXAMINED PATENT PUBLI-
CATION No. 52-34606); one utilizing a manganese salt, such as
manganese acetate, alone or in combination with hydroquinone
and/or p-methoxyphenol (JAPANESE PATENT KOKAI PUBLICATION No.
51-88211); and one utilizing manganese dithiocarbamate ox
thiurams (JAPANESE PATENT KOKAI PUBLICATION No. 5-51403).

These known methods of inhibiting polymexization are,
however, not applicable to distillation of vinyl compounds of
relatively high concentrations under a high temperature condi-
tion.

Acrylic acid, one of the vinyl compounds, is used as a
material for water-absorbing gels and thdé required to have

sufficiently high purity. As a high purity acxrylic acid, the

total content of aldehydes, including acrolein, furfural,



Exdnpl e 6 0 Ti t ani um Met al 2 pieces . -

-piece[err] .Exanple 7 0 Chrom um 0. O?MEM.EMO%FFJ
powder Exanple 8 0 Cobal t 0.02 g 0.2 g i
powder  Conpar a. 0 None 0 24 NOVA19§7 Bxp 4l
Conpar a 10 ppm None 0 4 g Exp 2 '

3

benzaldehyde, and salicylaldehyde, contained in the acrylic
acid is requ;red at most several ppm.

A simple and still reliable method of aldehyde elimina-
tion is distillation of the crude or distilled acrylic acid in
thg presence of an aldehyde treatment agent.

The aldehyde

treatment agents include, for example, hydrazine hydrate,

‘phenylhydrazine, and m-phenylenediamine. This method, howev-

er, accelerates polymerization of the vinyl compounds, espe-
cially acrylic acid.

The known polymerization inhibitors are not applicable
to distillation of the vinyl compounds in the presence of the

aldehyde treatment agent.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a
method of inhibiting polymerization of vinyl compounds, which
is applicable to distillation of the vinyl compounds of rela-
tively high concentrations under a high temperature condition
or in the presence of an aldehyde treatment agent.

Another object of the present invention i1s to provide a
polymerization inhibitor, which is preferably applied to
distillation of the vinyl compounds of relaetively high concen-
trations under a high temperature condition or in the presence

of the aldehyde treatment agent.



*37 Manganese di butyl dithiocarbamate *4: Each pi » CREPOLACEMENTA SHEEY dce ar ea
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- of 20cnferr] was placed in gas phase and liquid p . 9
Conpar ati ve Exanples 3. and 4 A m xture rggﬁﬁ@ﬁ E%7adding 210
crylic_ acidl) 47% of

ppm of  hydroqui none, 1 ppm of phenothi azine, and {12

p- met hoxyphenol to a sol ution containing 50% of

nmet hyl nmet hacrylate, 10% of water, and 13% of a
4

These and other objects will becoms apparent from the
following description.

The present inventors made a study on developing a
novel method of inhibiting polymerization and a novel poly-

- merization inhibitor applicable to distillation of vinyl
compounds, and found that the above objects can be achieved by
"combining a specific metal or metal compound with a copper
dithiocarbamate compound and a compound like phenothiazine,
hydroquinone, or p-methoxyphenol.

- The present inventilon provides a method of inhibiting
polymerization of a vinyl compound during distillation, which-
comprises distilling the vinyl compound in the presence of the
following components:

(1) phenothiazine, hydroquinone, p-methoxyphenol, cresol,
phenol, tert-butyl catechol, diphenylamine, or methylene blue;

(2) a copper dithiocarbamate compound; and

(3) a metal, an alloy containing at least.90% by weight of
the metal, an acetate of the metal, or an oxide of the metal,
wherein the metal is selected from the group consisting of
chromium, magnesium, titanium, or cobalt.

The present invention also provides a polymerization

inhibitor for the inhibition of polymerization during distil-
lation of a vinyl compound, which comprises the above compo-

nents (1), (2) and (3}.



sol vent. The mixture was supplied to the distillation system used in
Exanple 6 at the rate of 150 g/hr Methacrylic acid sol ution

was continuously distilled and coll ected while the pplied
at the rate of 10 m/mn.. The bath was ﬁkh&dEWNWEﬁ

5 | 24 NOV 997

DETAILED DESCRIPTION OF THE INVENTION

The present invention is hereinafter described in
detail. | |

Examples of the vinyl compounds in the present inven-
tion include acrylic acid, methacrylic acld, acrylic acid
esters, methacrylic acld esters, acrylonitrile, and styrene.
"Preferred acrylic acid esters or methacrylic acid esters are
C,~C, alkyl esters of acrylic acid or C,-C, alkyl esters of
methacrylic acid.

Copper dithiocarbamate conipound is, for example,
represented by the general formula

Cu[R*(R?)NCSS],

in which R* and R? may be the same or different, and each
represent alkyl, preferably of 1 to 6 carbon atoms, or Rl and
R2 together represent an alkylene group, preferably of 2 to 6
carbon atoms attached to the nitrogen étom, one of the carbon
atoms optionally beilng replaced by oxygen such as
oxydiethylene group, which has the structure of
-(CH,),-0-(CH,);-.

Specific examples of the copper dithioccarbamate comr-
pounds include copper dialkyl dithiocarbamates such as copper
dimethyl dithiocarbamate, copper diethyl dithiocarbamate,

copper dipropyl dithiocarbamate and coppexr dibutyl

dithiocarbamate: copper cyclic alkylene dithiocarbamates such



heat'ed to gradually increase the tenperature fr mHEBbAOEMHNITaSHEE\TaI ue of
r

110[err]C to 135[err]C. After the three-hour opgr
200 mmHg and the interior and colum top tenpergd-

romat a  pr

sgur e of
xijmat el y
tijon and in

t ke @g r
120[err]C, the total anount of polyners found iln{th dg egggor
the residual solution was measured. Thesresult '

Tabl e 3

Faqle 3

as copper ethvlene dithiocarbamate, copper trimethyle;e
dithiocarbonate, copper tetramethylene dithiocarbamate, copper
pentamethylene dithiocarbamate and copper hexamethylene
dithiocarbamate; and copper cyclic oxydialkylene
dithiocarbamates such as copper oxydiethylene dithiocarbamate.

The content ¢f the at least one compound selected from

-the group consisting of phenothiazine, hydrogquinone,

p-methoxyphenol, cresol, phenol, tert-butyl catechol, diphe-~
nylamine, and methylene blue depends upon the type.of vinyl
compound.to be distilled, the temperature, and the like, but
is generally about 10 to 10,000 ppm by weight, preferably
about 20 to 5,000 ppm by weight of the vinyl compound. The
content of less than 10 ppm by weight may result in insuffi-
cient effects of polymerization inhibition. In the present

invention, 'at least one compound selected from the group

_consisting of phencothiazine, hydroguinone, p-methoxyphenol,

cresol, phenol, texrt-butyl catechol, diphenylamine, and methy-
lene blue' may hereinafter be referred to simply as the
'component (1)°.

The content of the copper dithiocarbamate compound also
depends upon the type of vinyl compound to be distilled, the
temperature, and the like, but is generally about 1 to 500 ppm
by weight, preferably about 5 to 100 ppm by weight of the

vinyl compound. Sufficient inhibition of polymerization may



Type of Anmount Total anpunt of CU err]

Anmount

Met al of Metal of polyners '

added pr oduced Exampl e 9 50 ppm Ti aﬂﬁ.ﬂg‘é Eghﬁfﬁ}' 2 pieces
0.001 g pi ece Compar a. 0 %Pn1 Ti t anj um Met al

1 piece Exp.3 pi ece 24 NOV 990 1 g

Ti t ani um Met al 0.2 ¢ spongel err|] Conpaf a. 10 ppm
None 0 0.01 g 7

not be achieved by the content of less than 1 ppm by weight.
Although the greater content of the copper dithiocarbamate
compound exerts the better effects, an excessive amount of the
copper dithiocarbamate compound is not preferable because of
its corrosibility.

The metal which is chromium, magnesium, titanium or

- cobalt may be added as a elementary metal, an alloy containing

the metal(at least 90% by weight), an acetate of the metal, or
an oxide of the metal. In the present invention, 'a metal, an
alloy containing at least 96% by weight of the metal, an acetate
of the metal, or an oxide of the metal, wherein the metal is
chromium, magnesium,'titanium, or cobalt' may hereinafter be
referred to simply as the ‘'metal or metal compound'. Among
the metals, chromium, titanium and cobalt axe preferred,.and
titanium is more preferred. Any alloys contain;ng chromium,
magnesium, titanium, or cobalt {at least 90% by weight) can be
utilized as the alloy in the present invention. Examples of
the acetate of the metal include chromium acetate, magnesium
acetate, titanium acetate, and cobalt acetate whereas those of
the oxide of the metal include chromium oxide, magnesium
oxide, titanium oxide, and cobalt oxide. Among the metals or
metal compounds, titanium metal and titaenium oxide sre pre-

ferred for their efficacy.

Both the copper dithiocarbamate compound and the



Exp.4  *1: Copper dibutyl dithiocarbamate *5: Efkﬁﬁﬁwéﬂl %ﬂﬁﬁTn a surface
.area of 20cnferr] was placed in gas phase and]|lijqui d phase.
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component (1) may be added directly to the vinyl compound in
the form of solid or powder, or alternatively their solution
dissolved in an appropriate organic solvent.

The content of the metal or metal compound added in the
form of powder or granules depends upon the type of’vinyl
compound to be distilled, the temperature, and the like, but
is generally about 0.001 to 500 ppm by weight, preferably
about 0.005 to 100 ppm by weight of the vinyl compound. The
content less than 0.001 ppm by weight may result in
insufficient inhibition of polymerization. , The metal or
metal compound, the copper dithiocarbamafe éomﬁound‘and
component (1) may be added to the wvinyl compound separately
or after being mixed together.

The powdery or granular metal or metal compound, copper
dithiocarbamate compound and the component (1) may be added
to the vinyl compound at any timing. For example, these
components may be added to a solution of vinyl compound to be
distilled or to a refluxed solution in the process of
distillation.

Although it is generally assumed that granular or
powdery form is preferable for the metal or metal compound,
pieces or plates of the metal or metal compound have the same
effects as the powdery or granular metal or metal.compound in

the present invention. Component (3} is generally a powder,

granules, a metal net, a block, or a moulded shape.

According to one embodiment of the



16 "*6: The piece having a surface area of 20 I n gas
phase. *7: The sponge was placed in liquid p 10 and 11
Conpar ati ve Exanple 5 The distillation ont ai ni ng

the poly- merization inhibitor described in Tapl € MNQNsW9Zr r}i gd out  under
the sanme conditions and distillation systemap Ln_Exam
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present invention, the metal or metal compound may be formed
as an element of the distillation apparatﬁs, which is con-
tacted with the vinyl compound to be distilled. According to
another embodiment of the present invention, an element of the
distillation apparatus contacted with the vinyl compound to be
digtilled may be filled with the metal or metal compound of
-various shapes and forms, for example, net-shape, ring-shape,
and porous bodies. Such embodiments described above are also
agpects of the addition of the metal or metal compound in the
present invention. To use the metal or metal compound as the
element or the fillexr of the distillation apparatus is espe-
cially preferred in the industrial level. The surface area
and the gquantity of the metal or metal compound used as the
element or the filler of the distillation apparatus are soO
determined as to preferably keep the content of the metal oxr
metal compound in the vinyl compound to be distilled not less
than 0.001 ppm by weight of the vinyl compound after consid-
eration of the type of vinyl compound to be distilled, the
temperature of digtillstion, and the like. Titanium metal is
especially preferred for the element or the filler of the
distillation apparatus.
another polymerization inhibitor, for example, a manga-

nese salt or thiuram, may be used toyether wilh the polymer-

lzation inhibitor of the present invention.



pl € 6. Pieces of titaniumnetal were used as th¢ RERIACEMENT SHEET fonpound.
-The results are shown in Table 4. TABLE 4 NP[Eert]: PT[err]
CYUerr] Ti tanium  Ampount of Amount of 24 NOV 1997

Met al pol yners pol ynmers . pl ece

pr oduced pr oduced pottt-ottes in
packed inliquid - 10 - Phase

The conditions applied to distillation of a vinyl compound,
such as the heating temperature, the pressure, and the residence
time, are selected appropriately according to the type and
quantity of wvinyl compound to be distilled, the distillation
apparétus, and the like. The distillation is carried out in the
atmosphere of, for example, molecular oxygen or nitrogen.

In one embodiment of the invention the vinyl compound is

acrylic acid or acrylic acid ester, and distillation of acrylic

acid or acrylic acid ester is carried ocut in the presence of an

aldehyde treatment agent.

Examples of the aldehyde treatment agents used for
distillation of acrylic acid for higher purity include hydrazine
compounds, such as hydrazine hydrate, phenylhydrazine, hydrazine
sulfate and hydrazine hydrochloride, phenylenediamines, such as
m-phenylenediame, and their mixture of at least two kind.

The conditions applied to distillatiomn of acrylic acid are
also selected appropriately according to the distillation
apparatus, the quantity of acrylic acid to be distilled, and the
like, but the heating temperature of not more than 100°C is
preferred.

According to the present invention, polymerization of vinyl
compound during distillation can effectively be inhibited even
under readily polymerizable conditions.

When a vinyl compound, especially in the case of acrylic
acid, is distilled for higher purity thereof in the presence of

an aldehyde treatment agent, the total amount of



Exampl e 200 50 10

200 50 50 Used
10 Not 3.5 ¢
f ound *8: p-net hoxyphenol

Used 0.4
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Slightly Exp. 5
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Exanpl e
200 50
used

polymers produced can significantly be reduced according to

+he present invention.

For the;ébove advantage, long time

operation of the distillation, such as continuous distilla-

tion, can be carried out,

and the ratio of distillate to the

raw vinyl compound can be increased, thereby the raw material

can effectively be utilized.

The present invention is hereinafter described in more

detail by way of Examples.

not restricted to these Examples.

However, the present invention is

In the Examples and Comparative Examples below, ppm ancd

¥ mean ppm by weight and % by weight respectively.

Examples 1 to §

In each of examples 1 to 5, 100 ppm of p-methoxyphenol,

200 ppm of phenothiazine, and 10 to 30 ppm of copper dibutyl

dithiocarbamate, and a metal or metal compound specified in

Table 1 were added to 20 kg of a distilled acrylic acid solu-

tion containing 200 ppm of furfural and 100 ppm of benzalde-

hyde, and 0.1 percent by weight of 60% hydrazine hydrate was

then added to the acrylic acid solution to make a mixture.

The mixture was subjected to vacuum distillation using a

rotary evaporator under the air supply condition to get higher

purity acrylic acid as a distillate,

85°C, at a pressure of. 35 mmHg,

at a temperature of 83 to

and for 10 hours.

The distil-

lation was stopped when the concentrate in the flask reached
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approximately 130 g (concentration ratio of the mixture is ap-
proximately 150), and the total amount of polymers depositing

in the flask was measured. The results are shown in Table 1.

Table 1
Examples Amount Type of Amount Total amount
No. of cu™ Metal of Metal of polymers
added added produced
Example 1 10 ppm Titanium 0.1 g 0.1 g
powder
Example 2 10 ppm Magnesium 10 ppm 1g
ribbon
Example 3 10 ppm Magnesium 25 ppm lg
Acetate
_ powder
Example 4 30 ppm Titanium 2 pieces 0.01 ¢
Metal
piece™
Example 5 30 ppm Titanium 30 ppm 0.01 g
Oxide
powder

*1: Copper dibutyl dithiocarbamate

*2: Each piece having a surface area of 20cm? was placed in gas

phase and ligquid phase.

Examples 6 to 8: Comparative Examples 1 and 2

A 300 ml flask having a packed portion of 30mm disme-
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ter{¢) x 3001mnh§ight(H)(filled with metal nets of SUS316L
previously washed with hot water) was used as a distillation
column. An acrylic acid solution containing 100 ppm of
p-methoxyphenol, 50 ppm of phenothiazine, and 10 ppm of copper
dibutyl dithiocarbamate (and 10 ppm of manganese dibutyl
dithiocarbamate in Comparative Example 2) was supplied to the
- distillation system at a rate of 150 g/hr. Acrylic acid was
continuously distilled and collected from the top of the
distillation column while the metal or metal compound was
added to the acrylic acid solution and the air flow was sup-
plied at a2 rate of 10 ml/min.. The conditions of distillation
were 250 torxr in pressure, the interior and column top temper-
ature at approximately 110°C and the tempefature of the bath
at 120 to 130°C. The operation of the distillation was
stopped after three hours, and the total amount of polymers in
the packed portion and in the residual solution in the flask

was measured. The results are shown in Table 2.



(1) phenot hi azi ne, hydroqui none, p-nethoxyphenol,
. tert-butyl catechol, diphenylam ne, or

cresol,
nmet hyl ene pl ue:

phenol ,

(2) a copper

di t hi ocar bamat e conpound; and

| east 90% by wei ght of the netal, an acetate of t

(3) a nmetal, an pepLARFMENY SHEENY at
e

0Xji de of

the netal, wherein the nmetal 1is chrom um nagnesju tit’niu r cobal t.
2. A nethod according to Claim1l, whereinconponent (Qﬂ-"%& ﬁg%o qr,
granules, a netal net, a block, or a noulded sha
Table 2
Amount Type of Amount Total amount
of cu™ Metal of Metal of polymers
added added produced
Example 6 0 Titanium Metal 2 pieces 0.4 ¢
piece™
.Example 7 0 Chromium 0.02 g 6.2 g
powder
Example 8 0 Cobalt 0.02 g 0.2 g
powder
Compara. 0 None 0 4 g
Exp.1
Compara. 10 ppm None o 4 g
Exp.2

*3: Manganese dibutyl dithiocarbamate

*4: Each pilece having a surface area of 20cm® was placed in gas

phase and liquid phase.

Example 9: Comparative Examples 3 and 4
A mixture was prepared by adding 210 ppm of

hydroquinone, 1 ppm of phencthiazine, and 120 ppm of

p-methoxyphenocl to a solution containing 50% of methacrylic

acid, 27% of methyl methacrylate, 10% of water, and 13% of a

solvent. The mixture was supplied to the distillation system

used in Example 6 at the rate of 150 g/hr. Methacrylic scid



3. A nmethod according to Caim1, wherein conpofegE kses part of
the distillation apparatus in contact with the vQ %££M§ggﬁﬁ{tﬁo be
distilled. 4. A method according to Claimil, 2 or 3, whefein
component (3) is titaniumnetal. 5. A feth@4 NOOM8Igi{td any one
of Claims 1 to 4, wherein the vinyl conpound cqnyrises acrylicjatid,
nmethacrylic acid, acrylic acid ester, netbacryllic acrd ester, actyloni-

trile, or st{rene.
solution was continuously distilled and collected while the

air flow was supplied at the rate of 10 ml/min.. The bath was
heated to gradually increase the temperature from the initial
value of 110°C to 135°C. After the three-hour operation at a
pressure of 200 mmHg and the interior and column top tempera-
ture of approximately 120°C, the total amount of polymers
-found in the packed portion and in the residual solution was

measured. The results are shown in Table 3.

Table 3

Amount Type of Amount Total amount
of cu* Metal of Metal of polymers
added added produced

Example 9 50 ppm Titanium Metal®® 2 pieces 0.001 g

plece

Compara. 0 ppm Titanium Metal 1 piece

Exp.3 plece 0.01 ¢
Titanium Metal 0.2 g
sponge"?

Compara. 10 ppm None 0 0.01 g

Exp. 4

*1: Copper dibutyl dithiocarbamate
*5: Fach piece having a surface area of 20cm’ was placed in gss

phase and liquild phase.



6. A nethod according to Claim5, wherein the vinyIREPLAGEMENT SHEE
19 conpound conprises acrylic acid, nethacryli '

. Kl
ester of acrylic acid, or CJerr] al kyl ester of thaﬁﬁykbﬁ'w97
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*6: The piece having a surface area of 20cm® was placed in gas

phase.

*7: The sponge was placed in liguid phase.

Examples 10 and 1l1: Comparative Example S

The distillation of acrylic acid containing the poly-~
‘merization inhibitor described in Table 4 was carried out
under the same conditions and distillation system as in Exam-
ple 6. Pieces of titanium metal were used as the metal or

matal compound. The results are shown in Table 4.

TABLE 4
Mp*® PT? CU™®  Titanium  Amount of Amount of
Metal polymers polymers
piece produced produced
portion™* i1in packed . in liquid
Phase
Example 200 50 10 Used 0.4 g None
i0
Example 200 50 50 Used 6.2 g None
11
Compara. 200 50 10 Not 3.5 g Slightly
Exp.S used found

*8: p-methoxyphenol



aci d. 7 A nethod according to any one of Clains 1 to 4,

wherein the vinyl conmpound is acrylic acid or acrylic acid ester, and
distillation of acrylic acid or acrylic acid ester is carried out in the
presence of an al dehyde treatnent agent. 8. A nmethod according to
Claim?7, wherein the al dehyde treatnment agent is a hydrazi ne conpound

9. A polynerization inhibitor for the inhibition of polynerization during

distillation of a vinyl conpound, which REPLACEMENT SHEET
17

*3: Phenothiazine 24 Nov 997

*10: Copper dibutyl dithiocarbamate

*11: Each piece having a surface area of 20cm? was placed in

gas phase and liguid phase.



conpri ses: (1) phenot hi azi ne, hydroqui none, p-nethoxyphenol, cresol,
phenol, tert-butyl catechol, diphenylam ne, or nethylene bl ue; (2) a
copper dithiocarbamate; and (3) a nmetal, an alloy containing at | east
90% by weight o et at e of the metal, or an oxide of the
metal . wherein §hBERIACEMENE SHEEBN] um magnesi um ti tanium or cobalt.

10. A polynerizafi Fcardl nglgo Caim9, V\/nerel n corrponent

(3) is titanium
S \\\l\ll\ R A

1. A method of inhibiting polymerization of a vinyl

ala 4 NOV 997

compound during distillation, which camprises distilling the vinyl compound
in the presence of the following components:
{1) phenothiazine, hydroquinone, p-methoxyphenol, cresol,
- phenol, tert-butyl catechol, diphenylamine, or methylene blue;
(2) a copper dithiocarbamate compound; and
(3) a metal, an alloy containing at least 90% by weight of the
metal, an acetate ot the metai,-or an oxide of the metal, wherein the metal
is ch:cniunu magﬁesium; tit;nium, or cobalt.

2. A method according to Claim 1, wherein component (3)
is a powder, 'granules, a metal net, a block, or a moulded
shape.

3. A method according to Claim 1, wherein component (3)
comprises part of the distillation apparatus in contact with
the vinyl compound to be distilled.

4. A method according to Claim 1, 2 or 3, wherein
component (3) is titanium metal.

5. A method according to any one of Claims 1 to 4,
wherein the vinyl compound comprises acrylic acld, methacrylic
acid, acrylic acid ester, methacrylic acid ester, acxryloni-
trile, or styrene.

6. A method according to Claim 5, wherein the wvinyl
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11.© A net hod accordif aﬂw : Hegogtantially as  hereinbefore descri bed
.in any one of ExarrplagR éiﬁﬁﬂ? 5 12. A polynerization inhibitor
according to Claim9 I '

L]

compound comprises acrylic acid, methacrylic acid, C,-C; alkyl

24 NOV 997
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ester of acrylic acid, or C,-C, alkyl ester of methacrylic

acid.

7. A method according to any one of Claims 1 to 4,
wherein the vinyl compound is acxrylic acid or acrylic acid
ester, and distillation of acrylic acid or acrylic acid ester

"is carried out in the presence of an aldehyde treatment agent.

8. A method 'according to Claim 7, wherein the aldehyde
treatment agent is a hydrazine compound.

9. A polymerization inhibitor for the inhibition of
polymerization during distillation of a vinyl compound, which
comprises:

(1) phenothiazine, hydroguinone, p-methoxyphenol, cresol,
phenol, tert-butyl catechol, diphenylamine, or methylene blue:
{2) a copper dithiocarbamate; and

(3) a metal, an alloy containing at least 90% by weight

of tne metal, an acetate of the metal, or an oxide of .the metal,

wherein the metal is chromium, magnesium, titanium, or cobalt.
10. A polymerization inhibitor according to Claim 9,
wherein component (3) is titanium metal.

11. A method according to Claim 1 substantially as

hereinbefore described in any one of Examples 1 to 1l.

12. A polymerization inhibitor according to Claim 9



s_ubsfantially as hereinbefore described in any of Exanples 1 to 11.
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substantially as hereinbefore described in any of Examples 1

to 11.

REPLACEMENT SHEET |

T .
\

24 NOV 1997




21

A METHOD OF INHIBITING POLYMERIZATION OF VINYL COMPOUND AND
POLYMERIZATION INHIBITOR USED THEREIN

ABSTRACT
The present invention provides a method of inhibiting

polymerization of a vinyl compound during distillation, which
comprises adding to the vinyl compound to be distilled:

(1) phenothiazine, hydroquinone, p-methoxyphenocl, cresol,
phenol, tert-butyl catechol, diphenylamine, or methylene blue;

(2) a copper dithiocarbamate compound; and

(3) a metal, an alloy containing the metal (at least 90% by
weight), an acetate of the metal, or an oxide of the metal,
wherein the metal is chromium, magnesium, titanium, and co-
balt. The present invention also provides a polymerization

inhibitor comprising components (1), (2) and (3).
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