PROCESS FOR PREVENTI NG POLYMERI ZATI ON OF VI NYL COVPOUND TECHNI CAL FI ELD
The present invention relates to a process for preventing the

pol ynmeri zation of a vinyl conpound. More particularly, it pertains to a
process for preventing the polynerization of a vinyl conpound which
process is capable of effectively inhibiting the polynerization of acrylic
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t he productlon process for the above-nentioned acid, as we
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of the production process for the above-mentioned acid, etc.
as well as the corrosion of the equipment and machinery to be
used therein and at the same time, enables long-term stable
continuous operation of the equipment and machinery.

BACKGROUND ART

It has heretofore been known that a vinyl compound such
as styrene, acrylic acid, methacrylic acid, an acrylic ester,
a methacrylic ester and acrylonitrile has the property of
liability to polymerization by light, heat or the like. In
the production process of the above-mentioned vinyl compound,
various distillation operations are put into practice for the
purpose of separating, recovering, concentrating or purifying
the objective vinyl compound. However, the aforesaid vinyl
compound is apt to bring about an unfavorable situation such
as various troubles in the distillation step which finally
make it impossible to proceed with a long-term stable
continuous operation, since as mentioned above, the compound
is liable to polymerization by light, heat or the like to

form a polymer-like substance.



In order to avoid such a situation, there has heretofore been adopted a
process in which the distillation operations are put into practice in the
presence of a polynerization inhibitor, which is exenplified by

hydr oqui none, net hoqui none (p-nethoxyphenol), p-tert-butyl catechol, .tert-
but yl hydr oqui none and phenot hi azi ne. Neverthel ess, the actual situation is
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like because of their extreme liability to polymerization.

Aside from the foregoing, it is known that cupric
dibutyldithiocarbamate is a substance which is capable of
extremely effectively preventing the polymerization in liquid
phase of acrylic acid, methacrylic acid, etc., but it has
been difficult to employ the substance in an industrial
manufacturing plant because of its fatal disadvantage that it
corrodes an equipment made of, for example, SUS 316.

On the other hand, there is proposed a method in which a
manganate is employed as a corrosion inhibitor in combination
with a metallic salt of dithiocarbamic acid. (Refer to
Japanese Patent Application Laid-Open No. 51403/1993).
However, the aforesaid method is not satisfactory because of

its insufficient corrosion inhibition effect.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide,
under such circumstances, a process for preventing the
polymerization of a vinyl compound which process is capable

of efficiently inhibiting the polymerization of a vinyl



of efficiently inhibiting the polynerization of a vinyl

-2- conpound, especially acrylic acid, nethacrylic acid or the
like in the distillation system etc. of the production process for the
above-nentioned acid, as well as the corrosion of the equipnent and
machi nery to be used therein, and at the sane tine, enables |long-term
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conpound e preSent invention further provides a process for
above—mentloned object, it has been found that the object can

be attained by paying attention to the excellent corrosion
inhibition effect of a metallic salt of dithiocarbamic acid
typified by cupric dibutyldithiocarbamate and making use
thereof in combination with a specific corrosion inhibitive
substance typified by water. The present invention has been
accomplished by the foregoing finding and information.

Specifically, the present invention provides a process
for preventing the polymerization of a vinyl compound which
comprises allowing water in an amount of 0.05 to 5 % by
weight based on the vinyl compound to coexist with a metallic
salt of dithiocarbamic acid, in preventing the polymerization
of the vinyl compound with the metallic salt of
dithiocarbamic acid in the production process of the vinyl
compound .

The present invention further provides a process for
preventing the polymerization of a vinyl compound which
comprises allowing at least one corrosion inhibitive
substance selected from the group consisting of (a) an

alcohol, (b) an inorganic acid or a salt thereof, (c) an



preventing the polynerization of a vinyl conpound which conprises allow ng
at | east one corrosion inhibitive substance selected fromthe group
consisting of (a) an alcohol, (b) an inorganic acid or a salt thereof, (c)
an - 3- aromati c carboxylic
acid or a salt thereof and (d) a zinc- containing salt to coexist with a
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present invention is applicable, mention may be made of, for
example, styrene, acrylic acid, methacrylic acid, an acrylic
ester, a methacrylic ester and acrylonitrile, of which
acrylic acid and methacrylic acid are particularly
preferable.

There is used in the process according to the present
invention, a metallic salt of dithiocarbamic acid as a
polymerization inhibitor for the above-mentioned wvinyl
compound. As the metallic salt of dithiocarbamic acid usable
therein, mention may be made of the compound having the

structure repersented by the general formula (I)

N

N-C-S—M s (1)
/
R? n

wherein R1 and R2 may be the same as or different from each

other and are each a phenyl group or an alkyl group which has



[err] wherein R err] and Rlerr] may be the sane as or different
fromeach other and are each a phenyl group or an al kyl group which has

- 4- 1 to 8 carbon atons, may be straight-chain or branched and
are specifically exenplified by nethyl group, ethyl group, propyl group,
butyl group, pentyl group and hexyl group; M stands for a nmetal such as
ni ckel , ziln&o GopEAbon reatoned May thansttabghtethaitMir Beanehed) andnd n i s
the val ency of the netal M Exanpl es of the netallic salt of
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di et hyl di t hi ocar bamat e, cupric diethyl dithiocarbamate cupric
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metal M.

Examples of the metallic salt of dithiocarbamic acid
represented by the general formula (I) include cupric
dimethyldithiocarbamate, cupric diethyldithiocarbamate,
cupric dipropyldithiocarbamate, cupric
dibutyldithiocarbamate, cupric dipentyldithiocarbamate,
cupric dihexyldithiocarbamate, cupric
diphenyldithiocarbamate, cupric methylethyldithiocarbamate,
cupric methylpropyldithiocarbamate, cupric
methylbutyldithiocarbamate, cupric
methylpentyldithiocarbamate, cupric
methylhexyldithiocarbamate, cupric
methylphenyldithiocarbamate, cupric
ethylpropyldithiocarbamate, cupric ethylbutyldithiocarbamate,
cupric ethylpentyldithiocarbamate, cupric
ethylhexyldithiocarbamate, cupric ethylphenyldithiocarbamate,
cupric propylbutyldithiocarbamate, cupric
propylpentyldithiocarbamate, cupric
propylhexyldithiocarbamate, cupric
propylphenyldithiocarbamate, cupric
butylpentyldithiocarbamate, cupric butylhexyldithiocarbamate,
cupric butylphenyldithiocarbamate, cupric

pentylhexyldithiocarbamate, cupric



met hyl hexyl di t hi ocar bamat e, cupric nethyl phenyl dithi ocarbamate, cupric
et hyl propyl di t hi ocarbamate, cupric ethyl butyl dithiocarbamate, cupric

et hyl pentyl di t hi ocarbamate, cupric ethyl hexyl dithiocarbamate, cupric

et hyl phenyl di t hi ocarbamate, cupric propyl butyl dithi ocarbamate, cuprie
propyl pentyl di t hi ocar bamate, cupric propyl hexyl dithi ocarbamate, cupric
propyl phengedtyyhpreaybasthe ocawpiaing tdhuicdpgrad yl di t hi ocarbamate, cupric
but yl hexyl di t hi ocar bamate, cupric butyl phenyl dit hi ocarbamate, cupric
pent yl hexyhdkyhpheayhddahd pcanipamate and a nickel salt, a zinc salt, ah-
pent yl phenyl di t hi ocar bamate, cupric hexyl phenyl dithiocarbanmate and a

ni ckel sal tron sgadt eal g, tzansitdoersaletain saltt digit i retal ) saach( M, Co,
etc.) each corresponding to the cupric salt exenplified above. O the
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The aforesaid metallic salt of dithiocarbamic acid as a

polymerization inhibitor may be used alone or in combination
with at least one other metallic salt. The amount thereof to
be added to the vinyl compound is usually selected in the
range of 0.01 to 1, preferable 0.05 to 0.5% by weight based
on the vinyl compound. An amount thereof less than 0.01% by
weight can not sufficiently exhibit the polymerization
inhibition effect, whereas that more than 1% by weight can
not enhance the effect in proportion to the amount of the
inhibitor added, thus causing disadvantage from the
economical point of view. |

In order to inhibit the corrosion of the equipment and
machinery in the process according to the present invention
water may be allowed to coexist with the above-mentioned
metallic salt of dithiocarbamic acid. It is necessary in
this case to regulate the amount of the coexisting water to
the range of 0.05 to 5% by weight based on the vinyl
compound. The amount of water less than 0.05% by weight can
not sufficiently exhibit the corrosion inhibition effect,
whereas that more than 5% by weight requires excessively

large amount of energy to separate water, thereby causing



on the vinyl conpound. An anount thereof |ess than 0.01% by weight can not
sufficiently exhibit the polynerization inhibition effect, whereas that
nore than 1% by wei ght can not enhance the effect in proportion to the
amount of the inhibitor added, thus causing disadvantage fromthe

econom cal point of view In order to inhibit the corrosion of the
equi prent ddisgdveadtisigee rfram tthe guasesicalk @ridihef ovidw. praseamounteafi on
water may be allowed to coexist with the above-nmentioned netallic salt of
di t hi ocar WaheE REafenable framedally the iRwprelnks (of reRffestonhe anount
of the coexisting water_to the range of 0.05 to, 5% by, wej ght based on the

vinyl co A 521} ghd \egaroRieal ¢ PLRRRE biS W g cERANIR ot
sufficiently exhjhit orrosjan i,nhi bition, .effect wher eas .t hat nore

t han 5% b)?%@lgﬁt Oecﬁﬂrﬁ%eg’ye% V3PS et MY b CRMRPEY %t 0 separat e
wat er , therebyygygéygk in orde to.inhi?it.the i?rrosion'gf ta%ter

di sadvantage fromthe econom cal point of view. An anpunt O

pref er abl %qfdigméap& i) Gndd IBMROHP n OfnE BBFOSEOE adbdBLBLhg OBoeLhect and
econom cal efficiency is in the range of 0.07 to 0.5% by wei ght based on
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equi pnent and machinery in the process according to the present invention,

t here may subdtsatte Eanpnss g | ahi beds v eons uhehlaer esebaptedi figoat theast one
menber selected fromthe group consisting of (a) an al cohol, (b) an
i nor gani ¢ ggiup awonsisting of (a) an alcohol, (b) an inorganic acid or
a salt thereof, (c) an aromatic carboxylic acid or a salt
thereof and (d) a zinc-containing salt.

As the alcohol to be used as the component (a) in the
corrosion inhibitive substance, mention may be made of, for
example, a primary alcohol having 1 to 10 carbon atoms such
as methyl alcohol, ethyl alcohol, n-propyl alcohol, n-butyl
alcohol, isobutyl alcohol, n-octyl alcohol and 2-ethylhexyl
alcohol, a polyhydric alcohol such as ethylene glycol;
propylene glycol; 1,4-butane diol; and 1,6-hexane diol, and
an aromatic alcohol such as phenol, cresol, xylenol, benzyl
alcohol and phenethyl alcohol. O0f these a polyhydric alcohol
is preferable. Examples of the preferable inorganic acid to
be used as the component (b) include an oxoacid, which is
specifically exemplified by boric acid, phosphoric acid,
nitric acid and sulfuric acid. Of these phosphoric acid is
particularly preferable. Examples of the salt of the
inorganic acid include a nickel salt, a zinc salt, a copper
salt, an iron salt and a salt of any of various transition

metals (Mn, Co, etc.)



a salt thereof, (c) an aromatic carboxylic acid or a salt thereof and (d)
a zinc-containing salt. As the al cohol to be used as the conponent
(a) inthe corrosion inhibitive substance, nention rmay be made of, for
exanple, a primary al cohol having 1 to 10 carbon atons such as nethyl.

al cohol , ethyl alcohol, n-propyl alcohol, n-butyl alcohol, isobutyl

al cohol , n-octylgnakad e elromdery| cafbeRPoic dcpal ¥BYHEi asakicalol

such as ethyl ene glycol; propylene glycol; 1,4-butane diol; and 1, 6- hexane
diol, and the aocnprirental @hand ushsabt phikadeof cinsbldexpbanolic beaay!

al cohol and phenethyl al cohol. O these a polyhydric al cohol is
pr ef er abl e naphebinalenadartbmxypk ot caabd g sabigphic acid, t p-hpdrosgtheazotilkee
conmponent (b) include an oxoacid, which is specifically exenplified by
bori ¢ aci dagidosgiramaphidiqic atidi candid ahdkell salte ackdncOsalltese
phosphoric acid is particularly preferable. Exanples of the salt of the
i norgani c &RPShE3de 2hitker Salt aadzpR¥ Q4| varjougppEpnsddien an iron
salt and a saIH_of any of various transition netals, (M, Co, etc.)
-7- metals (MBr 1R eLYF- { HR2GR Rt FReCAfBERFPLE ZEPHtG e used as
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and zinc dithiocarbamate.

The above-exemplified corrosion inhibitive substances
may be use alone or in combination. The amount thereof to be
used is preferably in the range of 0.001 to 5% by weight
based on the vinyl compound. An amount thereof less than
0.001% by weight can not sufficiently exhibit the corrosion
inhibition effect, whereas that more than 5% by weight can
not enhance the effect in proportion to the amount of the
inhibitor added, causing a fear of other disadvantage. In
order to effectively carry out corrosion inhibition without
causing any other disadvantage, the amount of the corrosion
inhibitive substance to be used is preferably in the range of
0.01 to 3% by weight, particularly preferably 0.1 to 1% by
weight based on the vinyl compound.

In the case where an oxcacid, especially phosphoric acid
among the inorganic acid is used as a corrosion inhibitive
substance, the amount of phosphoric acid is preferably at
least 0.1 (weight ratio) based on the aforesaid metallic salt

of dithiocarbamic acid, especially cupric dithiocarbamate.

In the process according to the present invention, the



metals (M, Co, etc.) each of the aforesaid aromatic carboxylic acid.
Exanpl es of the zinc-containing salt to be wused as the conponent (d)
include zinc formate, zinc acetate and zinc dithiocarbanmate. The
above-exenplified corrosion inhibitive substances may be use alone or in
conbi nation. The anount thereof to be wused is preferably in the range of

0.001 to YpdPesibidiBolaset: HRdheinhil t68NRAYNEe Mcatporbteer e@f | ess
than 0.001% by wei ght can not sufficiently exhibit the corrosion
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inhibition without causing any other disadvantage, the anount of the
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process a orcﬁng to

the prGSE”Hb'JQ@%EAEané&em%t 1lic salt of. dithiocarbamic acid and
af oresai d polynerization i nhibrtor nmay be incorporated, as

water, or the metallic salt of dithiocarbamic acid and the
corrosion inhibitive substance varies depending upon the type
of the vinyl compound, but in the case of acrylic acid or
methacrylic acid, it is usually in the range of 50 to 130°C.
The polymerization inhibition effect and corrosion inhibition
effect are sufficiently exhibited when the treatment
temperature is within the aforesaid range.

In the following, the present invention will be
described in more detail with reference to the working
examples, which however shall not be construed to limit the
invention thereto.

Comparétive Example 1

A 500 mL (milliliter) separable flask equipped with a
reflux tube was charged with a SUS 316-made test piece (40 X
15 X 3 mm) which had been subjected to oxidation film
treatment and 200 mL of acrylic acid, and the content in the
flask was brought into a reflux state, while the flask inside
temperature was kept at 110°C under reduced pressure. Into
the flask was continuously fed a solution of cupric

dibutylthiocarbamate as polymerization inhibitor in acrylic



desired, with an other known pol ynerization inhibitor such as

hydr oqui none, net hoqui none, p-tert-butyl catechol, tert- butyl hydroqui none
and phenot hiazine to the extent that the object of the present invention
I's not inpaired thereby. In the process according to the present

i nvention, the treatnment tenperature of the vinyl conpound containing the
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except that phenothiazine was used as a polymerization
inhibitor in place of cupric dibutyldithiocarbamate. As a
result, any weight loss of a test piece due to corrosion
during a period of 10 days was not recognized. It is
understood by the comparison between Comparative Examples 1
and 2 that cupric dibutyldithiocarbamate is corrosive.

Comparative Example 3

The procedure in Comparative Example 1 was repeated to
carry out the experiment 6n polymerization and corrosion.
except that into the flask was fed a solution of mangéneée
acetate at a concentration of 3,630 ppm by weight based on
acrylic acid along with the cupric dibutyldithiocarbamate at
a concentration same as in Comparative Example 1 in acrylic
acid having a water content of 240 ppm by weight. As a
result, the weight loss of the test piece due to corrosion
during a period of 10 days was 0.080g.

Examples 1 and 2

The procedure in Comparative Example 1 was repeated to

carry out the experiment on polymerization and corrosion

- lo..



acid having a water content of 210 ppm by weight, said solution having a
concentration of 3500 ppm by wei ght based on the acrylic acid at a rate of
40 L/ hour, while the solution in the flask was continuously w thdrawn at
the sane rate. As a result, the weight |oss of the test piece due to.
corrosion during a period of 10 days was 0.334g. Conparative Exanple 2

The procedgieept ©PBRARME WA @ Bitchtam raRead@ty 1 £&31d Ywadt séheat
experiment on polynerization and corrosion except that phenothi azi ne was
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di butyl di t hi ocarbamate. As a result, any weight | oss of a test piece due
to corrosi 0BExadiplien@ )a gaeH dchsid dh daysy WS dwid f ecagna zeesult, | 8she

under stood by the conpari son between Conparative Exanples 1 and 2 that
cupri c di buweygliitt Riossadfartdie iest @iese viue Conpexreesien Eanphge 8

The procedure in Conparative Exanple 1 was repeated to carry out the
exper i ment PeFip6 Wil savsh %R&Q%iw % epEt 1 PefO0l®t o the fl ask was
fed a solution of manganese acetate at a concentration of 3,630 ppm by
wei ght basE8SERCtdS ¥ c acid along with the cupric dibutyldithiocarbamate
at a concent gnatlieorg3 same as in Conparative Exanple 1 in acrylic acid

havi ng a watefBsEatent of 240 ppm by weight. As a result, the weight |oss

R s L b R D R Tt

to carry el AXREHd Bife Lot YORT HSHhOPi 28€i6RT AAG! 88rrosion
except that into the flask was fed a solution of zinc
dibutyldithiocarbamate at a concentration of 3,500 ppm by
weight based on acrylic acid along with the cupric
dibutyldithiocarbamate at a concentration same as in
Comparative Example 1 in acrylic acid having a water content
of 970 ppm by weight. As a result, the weight loss of the
test piece due to corrosion during a period of 10 days was
0.001g.
Example 4

The procedure in Comparative Example 1 was repeated to

carry out the experiment on polymerization and corrosion
except that into the flask was fed a solution of ethylene
glycol at a concentration of 10,000 ppm by weight based on
acrylic acid along with the cupric dibutyldithiocarbamate at
a concentration same as in Comparative Example 1 in acrylic
acid having a water content of 120 ppm by weight. As a
result, the weight loss of the test piece due to corrosion

during a period of 10 days was 0.003g.

Example 5

- 11 -



- 10 - except that the water content in the acrylic acid was set
at 910 ppm by wei ght (Exanple 1) and 1,740 ppm by wei ght (Exanple 2) each
based on acrylic acid. As a result, the weight |oss of the test piece due
to corrosion during a period of 10 days was 0.005g and at nost 0.001g,
respectively. Exanple 3 The procedure in Conparative Exanple 1 was

repeated to cae/ gitcddifrExelcoRphrL0ivel EBhpIat Lokagneepidtesd &b
except that into the flask was fed a solution of zinc

di but yl di idairagardistraiie adxperiieett ont pobynér3za8Qoppamidy cosmiagiiorbased on
acrylic acid along with the cupric dibutyldithiocarbanmate at a

concent r atexoeptartthats imto Compaf baskew&safipiealsphauddoyl iof adirgt havi ng a
wat er content of 970 ppm by weight. As a result, the weight |oss of the
test pi ecPhpFPhare @t &iPNeRMPIAYtEOPePfod . FP010PHaPy Wedghk: degpd on

carry out AT SEEATHLALGHE Pt SHFTe AERBAL and LUy S M L SRR ¥ nt o
D oo At LR e o8 ! E35pekeSh, Hherid ooy 4 £
0 DUty O L6 SRS € g COOBEEREALODDRIBER DT Y DO © 1
result, the weight loss of the test piece due to corrositon
during a period of 10 days was 0.009g.
Example 6
The procedure in Comparative Example 1 was repeated to
carry out the experiment on polymerization and corrosion
except that into the flask was fed a solution of phosphoric
acid at a concentration of 8,500 ppm by weight based on
acrylic acid along with the cupric dibutyldithiocarbamate at
a concentration same as in Comparative Example 1 in acrylic
acid having a water content of 322 ppm by weight. As a
result, the weight loss of the test piece due to corrosion
during a period of 10 days was 0.001l1g.
Examglé 7
The procedure in Comparative Example 1 was repeated to
carry out the experiment on polymerization and corrosion
except that into the flask was fed a soclution of boric acid
at a concentration of 3,300 ppm by weight based on acrylic
acid along with the cupric dibutyldithiocarbamate at a
concentration same as in Comparative Example 1 in acrylic

acid having a water content of 200 ppm by weight. As a

result, the weight loss of the test piece due to corrosion

- 12 -



result, the weight |loss of the test piece due to corrosion during a period
of 10 days was 0.003g. Exanple 5 The procedure in
Conparative Exanple 1 was repeated to carry out the experinment on

pol yneri zation and corrosion except that into the flask was fed a sol ution
of zinc phosphate at a concentration of 1,700 ppm by wei ght based on

acrylic a@udalPnd pdtibd ee auprdLy4lifad vo dbdg ocarbamate at  a .
concentration sane as in Conparative Exanple 1 in acrylic acid having a
wat er contEqdmpdfe 1810 ppm by weight. As a result, the weight |oss of the
test piece due to corrositon during a period of 10 days was 0.009g.

Exanpl e 6 Thigh ep praxbuaite eln rCaupgea bit ve eEEmppe el 1waas reppediedd tioo
carry out the experinment on polynerization and corrosion ' except that into
the flask GRErY ety Ehe \@XRRT BrephRpHRel Ynertzataenaapdncerregdiosn of
8,500 ppm by wei ght based on acrylic acid along with the cupric

di but yl di tHHRREY bk eLlrko the ohtast 4@ s ofed afeSasuthoroRfaPerzPd cEosi e 1
i | i d havi . wat t of 322 b ight. As a_, It
the vl ght= do TR Bt 6 L0 B0 B0 P oePERNCURARRY EPparrad st 10
days was Oacg{)%galoﬁxav'}ﬂﬁ »Zh%ec%%riTé‘.ed%ﬁ%g?Hri%pELch%EBﬁE—a%%' Le Bxanmple 1

was repeate Tt Yy out Tt peri ment dn pol yreri zation and corrosion

choet  odObfoiith lnanse B, CoighL0eCRARIS 194 ishac

acid having a water content of 135 ppm by weight. As a
result, the weight loss of the test piece due to corrosion
during a period of 10 days was 0.002g.

The results of the above-mentioned comparative examples
and examples are collectively given in Table 1.

No polymerirzation of acrylic acid was recognized in any
of the Examples 1 to 8 and Comparative Example 1 and 3.

However, a sign of polymerization of acrylic acid was

recognized in Comparative Example 2.

- 13 -



acid along wwth the cupric dibutyldithiocarbanmate at a concentration sane
as in Conparative Exanple 1 in acrylic acid having a water content of 200
ppm by weight. As a result, the weight |oss of the test piece due to
corrosi on - 12 - during a
period of 10 days was 0.001g. Exanple 8 The procedure in Conparative
Exanple 1 was repeated to carry out the experinent on pol ynerization and
corrosion except that into the fl a%kblmd-1ed Gondehtyt ippm bf weghdi ¢ aci d

at a concentration of 10,000 ppm by wei ght badedednomarorlyil €c andidd al ong
with the cupric dibutyldithiocarbamate at a concentration sane as in
Conparative Exanple 1 in acrylic acid having a water content of 135 ppm by
weight. As a result, the weight |loss of the test piece due to corrosion
during a period of 10 days was 0.0oﬁgmpafatheTh%ggééfﬂftleeof Mpparative
above- ment i oned conparative exanpl e§XaBH® dxanplbEadmpte Zol | EX3MPALYS gi ven

in Table TI. No polynmeritzatiron of acryli1c acrd was recogni zed I n any

of the Exanples ;Lctl.‘gr ca&;‘%‘a parative nple 1 and 3. Howevg( si gn of

pol yner i 24 tﬁ%g?ﬂ GIRIPEADIBAYE s  retoNi zed i n Conparati ve §Pr§| e 2.
(ppm) Phenothiazine — 3, 500 -

Water 210 90 240
Zinc dibutyldithiocarbamate — — —
Ethylene glycol — — —
Zinc phosphate —_ — —
Phosphoric acid — — —
Boric acid — - —

Benzoic acid — — —

Manganese acetate — — 3,630
Weight loss of SUS 316-test
piece for 10 days (g) 0. 334 <0.001 0. 080

- 14 -



- 13 - Table 1-1 Content, ppm

by wei ght based on acrylic
acid Conparative Conparative

Conpar ati ve Example 1 Exampl e 2
Exampl e 3 Cupric dibutyl- Corrosion di t hi ocar bamat e

3, 500 3, 500 inhibitor C( not hi azi ne

- 3, 500 - \Water Table 1-2 ontent ppm y weight 21p

90 240 Zinc dibutyl dithiocar barrat e based on acrylic acid
- Ethylene glycol -
Zi nc phosphate - -

Phosphori c acid - -
Boric acid Example 1  Example 2 ~ Example 3 Example 4

Benzoic acid Cupric dibutyl- )

Manga at - 306
\i\ébght1 hqggfg é%éhég%aﬂbglsn?t%l ece fo:ri' 5100 days (g)500 3, 500 0. 3%2%

1 (ppm) PhenEBRiazine — _
Water 910 1, 740 970 120

Zinc dibutyldithiocarbamate — - 3, 500 —
Ethylene glycol — — — 10, 000
Zinc phosphate — — — —
Phosphoric acid — - — -
Boric acid — — — —
Benzoic acid - — — — —

Manganese acetate — — —

Weight loss of SUS 316-test
piece for 10 days (g) 0. 005 < 0. 001 0. 001 0. 003

- 15 =



- 14 -

Tabl e 1-2 Cont ent ,

ppm by wei ght based on
acrylic acid Exanple 1 Exanpl e 2
Exanpl e 3 Exanpl e 4 Cupric di butyl- Corrosion -

di t hi ocar bamat e 3, 500 3, 500 3, 500 3, 500

i nhi bitor  (ppm Phenot hi azine Table 1-3  Content, ppm by weight -
- vater o 0 based orlatdflic acid 970
120 Zinc dibutyl dithiocarbanate - - 3, 500

- Ethylene glycol - - -

10,000 Zi nc phosphate - - -

- Phosphoric acid Example 5 - Example 6 Example 7 ExampleéBdric
acid = = —Benzorc—actd

- Manganese

Wi ghtor g 00

< 0. obnhibitor
(ppm)

dcmatie dibutyl-

0.001 . . 0. 003
Phenothiazine —

Water
Zinc dibu
Ethylene
Zinc phos
Phosphori
Boric aci
Benzoic a

Manganese

140
tyldithiocarbamate -
glycol -
phate 1,700
c acid —

d —
cid . -

acetate -

f| Eubigesrhagete pi ece féwd0D ;:Iays 3 §Po

322

3, 500

200

0. 30

135

10, 000

Weight loss of SUS 316-test
piece for 10 days (g) 0. 009

0. 001

0. 001

0. 002

- 16 -



- 15 - Table 1-3 Cont ent ,

ppm by wei ght based on

acrylic acid Exanpl e 5 Exanpl e 6

Exampl e 7 Exampl e 8 Cupric dibutyl- Corrosion .

di t hi ocar bamat e 3, 500 3, 500 3, 500 3, 500

I nhi bitor Phenot hi azi ne - -
Ex—a"(‘@v@t 140 322

200 1§ﬁez BBC@HQ%EYH%!H@dﬂ&?&%ﬁ@@‘ﬁxampla 1 was repeated to

- yl ene gl ycol

- carry oZthth%%ﬁﬁ&&ﬁent on polymerization éh&“&brr051on -
- - Phosphoric acid 8, 500

- exceptBehat a®itd the flask was fed a solution of phosphoric
3, 300 - Benzoic acid -

acig, a®0avVeogaerde sdadematef 50 ppm by weight based on acrylic-

- - Weight |loss of SUS 316-test piece for 10 days (Q)

0. 009 acidpagong with thge gupric dibyrydghithiocarbamate at a
concentration of 500 ppm by weight based on the same in
acrylic acid and that the flask inside temperature was kept
at 130°C instead of 110°C. As a result, the weight loss of
the test piece due to corrosion during a period of 10 days

was 0.001g.

Example 10

The procedure in Comparative Example 1 was repeated to
carry out the experiment on polymerization and corrosion
except that into the flask was fed a solution of phosphoric
acid at a concentration of 4,000 ppm by weight based on
acrylic acid along with the cupric dibutyldithiocarbamate at
a concentration of 15,000 ppm by weight based on the same in
acrylic acid and that the flask inside temperature was kept
at 130°C instead of 110°C. As a result, the weight loss of
the test piece due to corrosion during a period of 10 days
was 0.022g.

Examples 11 to 21

The procedure in Comparative Example 1 was repeated to
carry out the experiment on polymerization and corrosion
except that into the flask was fed a solution of phosphoric
acid at a concentration shown in Table 2 along with the

cupric dibutyldithiocarbamate at a concentration also shown

- 17 -



- 16 - Exanpl e 9 The procedure in Conparative Exanple 1 was
repeated to carry out the experinent on polynerization and corrosion
except that into the flask was fed a solution of phosphoric acid at a
concentration of 50 ppm by wei ght based on acrylic acid along with the
cupric dibutyldithiocarbanate at a concentration of 500 ppm by wei ght
based on jer W@ 3 Nin agéYyi fcagbdaandakhat rble il ashd Radihd erges adgir e
was kept ~at 130[err]C instead of 1i0[err]C As a'result, the wei ght |oss
of the tasd tE£EpIBEet QuUEOEH08bLROBEBNNALRiDG laoci>e1fm?d) ¢iBys0 d@ss 0. 001g.
Exanpl e 10 The procedure in Conparative Exanple 1 was repeated to

carry outwdde) sphy i fienteachpofyrhei eabimpldeand corrosi on except that into
the flask was fed a solution of phosphoric

Table 2

Content of cupric Content of phosphoric

dibutyldithiocarbamate acid

(ppm by weight) based (ppm by weight) based

on acrylic acid on acrylic acid
Example 11 300 100
Example 12 300 400
Example 13 5 600
Example 14. 3500 100
Example 15 3500 400
Example 16 3500 900
Example 17 3500 4000
Example 18 3500 8500
Example 19 7000 8500
Example 20 10000 1300
Bxample 21 15000 20000

-~ 18 -



acid at a concentration of 4,000 ppm by wei ght based on acrylic acid al ong
with the cupric dibutyldithiocarbamate at a concentration of 15,000 ppm by
wei ght based on the sane in acrylic acid and that the flask inside
tenperature was kept at 130C instead of 110[err]C. As a result, the weight
|l oss of the test piece due to corrosion during a period of 10 days was
0.022g9. ExwppsesiAl AppR2icaBirrrTyhe procedure in Conparative Exanple 1 was
repeated to carry out the experinent on polynerization and corrosion
except that intdstf@esérabkdnwneréedbeferkyt aercoaidipigomhaie predshat a
concentration shown in Table 2 along with the cupric

di but yl di t mmeentbanat taisamadacpossibilen tal ef feladvirvely inhibit the

- 17 - in Table 2 in acrylic acid. As a result, the weight |oss of
the test ppetemguizedienrepfshenydiri agid, paetbecsty LG dgigl amstive 0bdlgef or
each of the exanples Table 2

Cont ent of ieuﬁpgcdisiillatégﬁt §Hﬁt8f“rpﬁ6'-§ph6’|fi &the production process

di butyl di t hi ocay banat e aci.d , m by wei ght) based
(ppm -%y wef Bﬁt ?LBaggave—mengloned acid, e&?'a&%lqe((:ﬂgcﬁ%ythe gor)‘osbﬂn
E)i;?/rijig igbg tﬁéagahfpﬁlént gngomachinery ?l:oo b% used tﬁ?]iﬁirﬁxaarrlr% Iae'c :éhg 0
i 88 same time, to asggrg lgﬁﬁmle?cml%table continuo@s 50199ration of

the equipment and machinery.
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INDUSTRIAL‘APPEFCABILITY As descri bed herei nbefore, according to the

present invention, it is made possible to effectively inhibit the
pol ymeri zation of acrylic acid, nethacrylic acid or the like in the
distillatian syat piocelss for pgrevrmdigj ithe [poloasscifatidieof a vinyl

above-nentioned acid, etc. as well as the corrosion of the equi pnent and
machi nery tompeunsewhtilody eiomparicsesst dllowisgnevdter,in arasswwnt onf-0 edmn
stabl e continuous operation of the equipnent and machi nery.
to 5% by weight based on the wvinyl compound to coexist with a
metallic salt of dithiocarbamic acid, in preventing the
polymerization of the vinyl compound with the metallic salt
of dithiocarbamic acid in the production process of the vinyl

compound.

2. A process for preventing the polymerization of a vinyl
compound which comprises allowing at least one corrosion
inhibitive substance selected from the group consisting of
(a) an alcohol, (b) an inorganic acid or a salt thereof, (c)
an aromatic carboxylic acid or a salt thereof and (d) a zinc-
containing salt to coexist with a metallic salt of
dithiocarbamic acid, in preventing the polymerization of the
vinyl compound with the metallic salt of dithiocarbamic acid

in the production process of the vinyl compound.

3. The process according to Claim 2 wherein the amount of
said corrosion inhibitive substance to be used is 0.001 to 5%

by weight based on the vinyl compound.

4. The process according to Claim 2 wherein the alcohol is

a polyhydric alcohol.

5. The process according to Claim 2 wherein the inorganic

This Sheet Has Been Replaced
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- 19 - CLAI M5 1. A process for preventing the “‘H i
of a vinyl conpound which conprises allowing water in an aﬁﬂ nm““ﬂﬂuﬂrﬂl“‘
to 5% by wei ght based on the vinyl compound to coexist with a* ¢ *“ " * *

acid is an oxoacid.

6. The process according to Claim 2 wherein the inorganic
acid is boric acid, phosphoric acid, nitric acid or sulfuric

acid.

7. The process according to Claim 2 wherein the inorganic

acid is phosphoric acid.

8. The process according to Claim 1 or 2 wherein the vinyl

compound is acrylic acid or methacrylic acid.

9. The process according to Claim 1 or 2 wherein the
metallic salt of dithiocarbamic acid is cupric

dibutyldithiocarbamate.

10. The process according to Claim 2 wherein the metallic
salt of dithiocarbamic acid is cupric dibutyldithiocarbamate

and the inorganic acid is phosphoric acid.
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metallic salt of dithiocarbamc acid, in preventing the polynerization of
the vinyl conmpound with the netallic salt of dithiocarbamc acid in the
production process of the vinyl conpound. 2. A process for preventing
t he polynerization of a vinyl conpound which conprises allow ng at | east
one corrosion inhibitive substance selected fromthe group consisting of
(a) an al ABSTIRACH)ORNTHROPHAAL@SHUBEdD or a salt thereof, (c) an aromatic
carboxylic acid or a salt thereof and (d) a zinc- containing salt to
coexi st with a Teexe|ie direleseddpt RFrocasBafrE Reyenting ting the
pol yneri zation of the vinél conpound with the netallic salt of

di t hi ocar RtE"eriFrtion: At B ¥L0¥Li GAMpPYREs ¥hdCh GOmMATAReS AbtRIFtNG 3.
Th di to Claim.2 i h f i d i

i bi 41 verafiR Hnca, 78En A8 Pe08, 581 sio B PR B b b YHEYL
vinyl Corrp@é’rﬁkgouﬁxd 8r a 48 rB%gﬁﬁsinﬂg'ﬁg@iﬁg sl ?sé(’)frkgf@é@ Ep%a?% )

al cohol is a polyhydric alco process acc Ing to

wher ei n tg@lé&ﬁ%ﬂ?néﬁ inorgaxﬁhsaégﬁ brHagsP ﬂi???dﬂ§¥5mati acid is

e
an oxoaci d. e proCess according to al wherein fﬁe i norganic
carboxylic acid or its salt and a zinc-containing salt in an

amount of preferably 0.01 to 5% by weight based on the same,
to coexist with a metallic salt of dithiocarbamic acid, in
preventing the polymerization of the vinyl compound with the
metallic salt of dithiocarbamic acid. The above process
makes it possible to effectively inhibit the polymerization
of acrylic acid, methacrylic acid, etc. in the distillation
system, etc. of the production process for the above acids as
well as the corrosion of the equipment and machinery to be
used therein and also to assure long-term stable continuous

operation of the equipment and machinery.



acid is boric acid, phosphoric acid, fu
The process accordl ng to Caim?2 mhere‘lﬂ‘“ﬁmﬁ lﬂu m b“ﬁﬂﬂpﬁ §BEFJH C
aci d. 8. The process according to

a1 mil —
conmpound is acrylic acid or methacrylic acid. : 3{ M@@\KEW % T

to Caiml or 2 wherein the netallic salt of dlthlocarba c acid is’ cup r|c

di but yl di té%&fﬁ%barmte. 10. The process according to {dagi m&w\ﬁélﬁ%n t he
metallic f dithiocarbam c acid is cupric dibutyldjthiocarbanmate jand
the inorganic acid i s phosphoric acid. {
- 21 - !

1.

A process for preventing the polymerization of a vinyl
compound which comprises allowing water in an amount of Q.0S
to 5% by weight based on the vinyl compound to coexist with a
metallic salt of dithiocarbamic acid, in preventing the
polymerization of the vinyl compound with the metallic salt

of dithiocarbamic acid in the production process of the vinyl

compound.

2. A process for preventing the polymerization of a vinyl

compound which comprises allowing at least one corrosion
inhibitive substance selected from the group consisting of

(2) an inorganic acid or a nickel salt, a zinc salt, a copper salt or an iron salt thereof, (b)

an aromatic carboxylic acid or a salt thereof and (¢) a zinc-
containing salt to coexist with a metallic salt of

dithiocarbamic acid, in preventing the polymerization of the
vinyl compound with the metallic salt of dithiocarbamic acid

in the production process of the vinyl compound.

3. The process according to Claim 2 wherein the amount of
said corrosion inhibitive substance to be used is 0.001 to 5%

by weight based on the vinyl compound.

4. The process according to Claim 2 wherein the alcohol is

a polyhydric alcohol.

S. The process according to Claim 2 wherein the 1norganic-
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