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polymerlzat on

rodu water, an organic olvents and, once formed in a

column, |t becomes a seed for polymerlzatlon and gradually accumulates. Finally, the column inside is

clogged by it and a continuous operation of the production device becomes impossibls. Besides, it is very
difficult to remove these accumulated polymerization products.

Conventionally, a method of carrying out distillation in the presence of a polymerization inhibitor has

45 been adopted as a measure for preventing polymerization of (meth) acrylic acid in a distillation process

when producing (meth) acrylic acid. As polymerization inhibitors of this kind, is hitherto known a polymeriza-

tion inhibitor (A) composed of the following ingredients: at least one kind of compound selected from the

group consisting of hydroguinone, methoguinone (p-methoxyphenol), cresol, phenol, tertiary-butylcatechol,

diphenylamine, phenothiazine, and methylene blue, at least one kind of copper dithiocarbamate selected

so from the group consisting of copper dimsthyldithiocarbamate, copper disthyldithiocarbamats, and copper

dibutyldithiocarbamate, and molecular oxygen (for acrylic acid, refer to Japanese Official Patent Provisional

Publication, showa 49-85016 (FR-A-2211440); for methacrylic acid, refer to Japanese Official Patent

Gazette, showa 57-61015). Hitherto-known polymerization inhibitors of (meth)acrylic acid other than the

above are a polymerization inhibitor (B-1) composed of a manganese salt such as manganese acetate, a

56 polymerization inhibitor (B-2) composed of a manganese salt such as manganess acetate with hydroquin-

none and/or methoquinone, a polymerization inhibitor (B-3) composed of a manganese salt such as

manganese acetate with molecular oxygen, and a polymerization inhibitor (B-4) composed of a manganese

salt such as manganese acetate, hydroquinone and/or methoquinone, and molecular oxygen (for all of
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Hurinb the forenentioned distillation course and this fact is a main factor
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such as nanganes etat® with noiecul ar oxyg gnd a pol ynerization

i nhi bitor (B-&*Conposed of a manganese salt suc® as manganese acetate,
hydr oqui none and/ or mnet hoqui none, and nol ecul ar oxygen (for all of 3 EP
0 48% 169 Bl these, refer to Japanese O fi-cial Patent Provisional

\EU bl i catd (5tﬁ usesqqmiygign ril)bltor for a norbornylene group-containing vinyl compound. However, DE-
A-2030573 does not disclose use of the thiuram disulfide in combination with other conventional poly-

merization inhibitors. The use of the thiuram disulfide alone has only an insufficient polymerization-inhibiting
effect in practice under conditions where a vinyl compound readily polymerizes, for example, in distillation.

40 EP-A-0155898 discloses a composition comprising a vinyl aromatic compound and an effective amount
of at least one of zinc dithiocarbamate and nickel dithiocarbamate and discloses a polymerization-inhibiting
method for a vinyl aromatic compound which comprises adding to the vinyl aromatic compound an effective
amount of at least one of zinc dithiocarbamate and nickel dithiocarbamate as polymerization inhibitors.
However, in practice, the zinc dithiocarbamate and nicke! dithiocarbamate have only a poor polymerization-

45 inhibiting effect on a vinyl compound. in addition, the nickel dithiocarbamate, similarly to the aforementioned
copper salts, has the disadvantage of having a corrosive character.

Under these circumstances, an object of the present invention is to provide a polymerization inhibitor
and a polymerization-inhibiting method both of which make continuous operation of a device for producing
vinyl compounds in a long period of time possible and make corrosion of the device quite small, and also,

60 are superior in polymerisation inhibition in case of transferring and storing the vinyl compound products and
in other cases. .

To solve the forementioned object, the present inventors carried out extensive studies. As a result, the
inventors' experiments led to a finding that, if a dithiocarbamic acid manganese salt or a thiuram compound
which is explained later in detail is used as an effective ingredient being involved in the polymerization

55 inhibitor, the polymerization-inhibiting effects greatly increase when compared with the forementioned
conventional polymerization inhibitors, so that continuous operation of a production device in a long period
of time becomes possible, and also, corrosion of the dewce becomes quite small. Thus, the present
invention was completed.




"-I‘-lowev“er, it was found by a subsequent exami nation that the forenentioned
pol yneri zation inhibitors of (A) and from (B-1) to (B-4) known in public
have the followi ng problenms. ThatER@48& 189 Bbl ymeri zati on i nhi bitor (A)

di sclosed in the Japanese O‘fi ci aI Pat ent Provi sional Publi cat | on showa
49- 85016 (FR- A—2211440 e Ofi c a Patent Gazet

57- 61015, Té"" iy 'fa"P t'° ﬁ°’9‘°’ % e
where po P '|‘ °€3 975'8 (2@ P ni ng

ogper,
carborn raups 0 in or each ot er di eren S see from
Qﬁéﬁtrppngg“?ﬁ @:} R cdeily g g@@;ﬂaﬁg eﬁeﬁe@m;l

(et h) ac reﬂt ﬂﬁe a&tptgf.g Py fte % n ataseoa.

acid is pr C £ Holyhieridatioridmibilg! nfettda Jor §|€‘coﬂi$é Ha bRy ﬁ%%éseﬂ vakten indonbdre

low 10 i Iattsé%ftmerwyﬁ.fet.aﬁ&mmrtbh@rroemmﬁg TelrBhdnBohedl Midhganddb tikhidd SBSaR (h&Einddbr, &

POPCOr N A Mt isafdréd 16k aké/f.raebuymarzauoﬁtmh.bmnmﬁoaq of distillation,

cont i nBOUS THP Eiddénk Ednpoiihdd used Mthe prosentin@htich iaRiprattically exemplified bpﬁtraitwmymﬁ;ram

i ncl udi ngisalfidd] dtradthydthilran dgifideNtetiapeopiithiuramD ddide] eatrabtyithiurardi disbifidé, hieBaoctyl-

pol yner i meranodisulfidb,tétraplenylthibdemadisolfide. NS a copper salt having a corrosive

character, A mriiaﬁoreinmmﬁmblnvtrpd e vinyl lcempbusd relatingtte tha pesdntiinventinds hop limitedrtodes

duri ng athe@htverdesstibedmpes: At isnin ithe cqurbepet dheferementionsfl exténsive stadies, the in@ntarshkavert her

hand, 1 heonfimegriyreaxpeiimenp thah tifi eaposr Sittjecatbpmpte @M1 3 ymangangss-sal) aigijejetlyaisediad & t he

JapaneseP@'ﬁ‘?’Eﬂ'al‘ inpififosss the ot &ar yeradt e aepRes sithiosprbamgimging higly gopresive RIeRsTtYi ns
2 rrangané§\e°°s‘89“f‘°dnaa'9 CofEpsian pidk Reosiustion pevice by he seRpeY dithigearhemate i dopreased. no

probl em abo P’e@f?r $e5erdyn acPP'VY“PFEa‘t?f‘H‘ibF'F%F‘P%?F PhE 1id. °°'T‘H‘é‘“ (5?' H%H the, pre,

i nhi bi éo "ﬁ'h "!"E“l °°‘Pf;z!;l(ég'thé° ?ﬁ"@e gv pa of ?’Y'T'?ﬁmt'ﬂ;?tl ng
-ef f ect? P8y

pol yrrer i J9E" "' %ﬁ ﬁm ?ﬁ‘f g ﬁ%’tfﬁ'? o 'f' o $ﬁf3°ﬂgpexor tQ *aﬁzaﬁase of
the’ pol ytﬁﬁ eﬁe @ it Leorisas 3 o ﬁ{aﬁon bttt tae i

(et h) acyop latos gggﬁg.mat@%ﬁe.t %o@ﬁ I s.bna,dam S0 s SGoabek émmppl um
of an ,qy I%Q,S‘%o Q%M o Galft @h asﬂ dﬁ heSd! shlf‘ %thr g@ihes® NitkécAbamate

when ( ”ERH%)eﬁaGﬁeY thi& isBfrpH rbidrrdd 1 8GRty mangerdss a\(tt')'aﬁtrﬂ%'élyﬂ Bafon GhkibRi s A8,

react i onyn b Ysse, el RpotRSpolymRfiRikinaihditng bfectdichdbeldRfbdt | On of a popcorn

pol ymer anchréteratid edsivplsids HaRkheEkvdinighi@sdidafi vhibh B if (eBsssdif) DbddIinihe SrsOfvRimdfidatidh- | N a

| ong per inblitief miethode oDthe rg36r@ daiditiod nal B8l EferDEgEEr| GG | dalte and?they are wdk SO,

t her e sne Bepeily limiters Hewaver, as thé refekablel cbganinBalisi atnehed isaturbth oromsatestéd @a@hnese

pol ymer i zabaxpiates hiningi the resrbem durist \wird r to 82 buch rasi mdmgdvietd fognate triepganess agatatel, Ny |

conpound matgdangse t detanaté; natihen ) raanganksec calorxyjatesDBUCA- B0 @81gaMsel ingptittosates. dnd Hes uttham

di sul fi derefemtew?raamesaueam@mdrpgtawmeahannwnu| a: [err] 35 and its use as a

pol ymer i zatArelerahinexamplesyef afraanganesecreals whigh is eeddn the ecershrolymatizetiondnhibiing ssthpdund.

Howevef | opfhe 9—‘\932@}3'0‘5??‘5’"&%@%6?99%“!(!%% Howevepior eamplg; grp aﬁ‘F?‘H e MangaRese n
\.gonbi nat F'EH'P"WP‘E“PF"’S?H‘H‘G E'B?f\f'e"ﬁ?qn&’ﬁéﬁ"s meﬁ%"?‘%at i on inhibitors. The use of

the thiur arﬁl ugtal Innenzatlon-mhlbnmg method of the

pol yneri ?’3?7" H"ﬁ 2’ ??‘?t 98?' %ﬁ jthiggarb ol a3 |

fd iocarbamate, coppe
Comowdd?b% F;Xa pp r dsph T%t rg’:;‘ﬁ %? le t@yﬁgg satunl')ated or un:;u-

rated copper carboxylates having the carbon number of 1 to 8 such as copper acetate, copper octanate.

The forementioned salts of manganese and copper are used alone or jointly used in a plural kind.

“In the first and second polymerization-inhibiting methods, in case of necessity, if benzene derivatives
such as hydroquinone etc. or molecular oxygen are jointly used in addition to the forementioned

45 polymerization inhibitors which are individually or jointly used, because of synergistic effect of these
polymerization inhibitors, the polymerization-inhibiting effects greatly increase when compared with the
forementioned conventional polymerization-inhibiting methods, and continuous operation of a production
device for a long period of time becomes possible. As the forementioned benzene derivatives, besides
hydroquinone,are cited methoquinone (p-methoxyphenol), cresol, phenol , tertiary-butylcatechol,

s0 diphenylamine, phenothiazine, methylene blue. It is specially preferable to use hydroquinine and/or
methoquinone among said benzene derivatives.

The vinyl compound to which the polymerization inhibitor and the polymetization-inhibiting method of
this invention are applicable is not especially limited. But, for example, an acrylic acid ester, methacrylic
acid ester, acrylonitrile, styrene are cited besides the (meth) acrylic acid.

55 An application range of the polymerization inhibitor and the polymerization-inhibiting method of this
invention is not especially limited. For example, a reaction vessel, distilling column, condensation column, a
storage tank of a purified vinyl compound, etc. are applied. Practically, if the case producing {meth)acrylic
acid by a catalytic gas phase oxidation reaction is explained, an effective application is coexisting of the
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35 manganese dithiocarbamate in case of the first polymerization-inhibiting method) or copper salt (B) and the
k.«‘ benzene derivatives such as hydroquinone, methoquinone. (C) are jointly used in addition to the manganese
dithiocarbamate (A), it is preferred that a total adding amount of these compounds (A + B + C) is adjusted
at from 20 to 500 ppm (weight standard) against a boiling up amount of a vinyl compound. Also, in a case
where a polymerization-inhibiting method of the present invention is carried out, if the method is carried out

40 in the presence of molecular oxygen, the effecis lasts. Therefore, it is preferable to pour molecular oxygen
in amount of from about 0.05 to 0.5 % by volume against a boiling up amount of a vinyl compound.

An amount for use of the copper dithiocarbamates and manganese salts used in the second poly-
merization-inhibiting method and the benzene derivative such as hydroquinone, methoquinone and molecu-
lar oxygen used in case of necessity varies depending upon the kind of using polymerization inhibitors and

45 operation conditions, and it is not especially limited. However, for example, it is preferred that a total adding
amount (1 + x2 + xs) of the copper dithiocarbamate (x1), manganese salt (x2), and benzene derivative (xs)
is adjusted at 200 to 500 ppm (weight standard) against a boiling up amount of a vinyl compound and an
amount of pouring molecular oxygen is adjusted at 0.05 to 0.5 % by volume against a boiling up amount of
vinyl compound. Besides, in the second polymerization-inhibiting method the ratio of the manganese salt to

s0 the copper dithiocarbamate is so adjusted that the weight ratio (Mn/Cu) of the manganese atom in the
manganese salt to the copper atom in the copper dithiocarbamate is in a range of from 1 to 10, preferably
in a range of from 2 to 4. In a case where the Mn/Cu ratio is less than 1, a problem of the device's
corrosion takes place and, in a case where the ratio excéeds 10, according to operating conditions, the
polymerization-inhibiting effect is not sufficient.

65 If formulated so as to contain a manganese dithiocarbamate or a thiuram compound jointly with the
aforementioned other polymerization-inhibitors as an effective ingredient, the polymerization-inhibiting
effects are much elevated when compared with those of conventional polymerization inhibitors and, because
polymerization of a vinyl compound is sufficiently prevented even under a condition that the vinyl
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adding amount of polymerization-inhibitors, the heating temperature, and addition of a polymerization
initiator (AIBN: azoisobutyronitrile) are varied as shown in the following Tables 1.1 to 1.8, whereby the

45 polymerization-initiating time of vinyl compounds was measured and the results are shown in the Tables 1.1
1o 1.8.

Besides, in the following Tables 1.1 to 1.8, the "none” in the column' "joint use of molecular oxygen",
as in the example 1.1, means that an effect of molecular oxygen upon the polymerization-inhibiting effect is
removed by bubbling of a nitrogen gas into a solution of a vinyl compound for 1 minute with a stream of 30

50 mbminute, and the "yes" in the same column means that the molecular oxygen was together used as a
polymerization inhibitor by bubbling of air instead of a nitrogen gas into the solution for 1 minute with a
stream of 30 ml/minute.
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‘the Kind, may be directly added in formof a solid, a powder or may be
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meri zation-inhibiting nethod and the benzene derivative such as

hydr oqui none, net hoqui none and nol ecu- | ar oxygen used in case of necessity
vari es dependi ng upon the kind BP OA85189 Bdl yneri zati on i nhibitors and 45
operation conditions, and it is not especially |imted. However, for
exanple, it is preferred that a total adding anmount (err) of the copper
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Even in the case where manganese di butyl dithi ocarbamate is used al one,

EP 0 485169 Bl 1. (b)

a

sufficient polymeriza- tion-inhi ER0A486 8Bttt is observed. 1.(c) If either

one of hydroqui none or

nol ecul ar oxygen is in a joint use with nmanganese

di butyl di t hi ocar- bamate, the polynerization-inhibiting effect further
i ncreases. 5 1.(d) If both of hydroqui none and nol ecul ar oxygen are in a
joint use with mangangse gli butyl di hi ggar} bamatle, the
pol ymeri zati on-i nhi b|11|n Eff t b cor@s [ he begt. Exanple 1.17 10 A
continygous operation %1‘- tro i c ssephar aﬁ on of%Nan faqueous acrylic acid
selution was carried istgllation gol qf a inner dianeter
105 mm whi ch was |nte L%g nls edewith a stdinless|steel- nade sieve
tray having 50 steps 1t é.step intgrval of 147 nfm and 4qqui pped with a
distillate tube at th§ Uppergpart qnd a npteriarf supprl jji ng tube at the
centrajy part. The pol ﬁEFIg%I on-inhilkbti hg &ngrledignt§ used were nanganese
di but yl di t hi ocar banat ¢, abqw none, «s pndenollecwear [oxygen.
Di but yl di t hi ocar bamat ¢ and dr oquilnorm® wer embotih i rqduced into the
colum from both posi i ons ¥ the fleed st Pp and ft he coljum top.
I ntroduction fromthe bd—ouwtJinform of addi ng fol |l owed
by di s®ol ving a defingd g_n_ﬁunt i nt 9} t he upder ment i oned [suppl yi ng materi al
and, that fromthe colfugme #@®_wgs iln fornjof addi ng folj{l owed by dissol ving
\2 defined anount into t;gé rﬂ%}en P . -
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tioned refluxing solution. A defined anount of nol ecul ar oxygen was
supplied to a bottompart of the 20 columm. The each anount of
pol ynmeri zation inhi bitors was 2EPDASDHTEIBIganese di butyl di t hi ocar bamat e
and 200 ppm of hydroqui none against a boiling up anbunt of acrylic acid.

Al so,

t he poured oxygen anount was 0.3 % by vol une against a boiling up

anmount of acrylic acid. The polynerization-inhibiting effect is confirned

by a presspre_urop of [PE‘ GO N T S{ U8, DY fTood{ g pr oy Tspecting the
col umn taken gpgrt~to p|ecgs. |25 Angacrlyl i ¢ agi d%o ai ni n$ 30 % by
wei-ght of phat @rs 8 2.5 %tg.y viei ght pf acetji c'@ci ¢, ich was ¢btained from
axatalytig g’é,a;“-’- 8se oki ditidn Racti of of prBpy ené s ™sed as a
suppl yi ng hat__.galéand "retEyI i sobut yl tdne was|usgg a refl uxing
liquid, anfd dgsti.llatioh wss darried|outa urfder the cendiltions o¢f
t enper at ur g—at—tt ot top [ferr—tenmpergture at—tte Tpotomr ot t om 97
[errlwoC, pJessupeg at the cgl um tgp L124mhg, Qnoynt Hf sdppliyi ng
sol ution 1p. 56 -Fig®we/ hr| aed rlef laixi hg watilo R D] =«D. 92 (w0l ¢ standard).
30 The qut@%ﬁ’orrposi tton |t aken pff frgmthe ¢ol um pottomjunder a
stationary|state@vas 97{0 % by weight of adrylic acid, 0 5 % by wei ght  of
acetic aci ‘:l,._a.nd_z....E_%_By_weL hi—of Dthers. i ion was used
by reeyclipg the distil}ed oilj phase| In ogeratin under these
condi tions @°sgé)Le, st at egnvas alyays off aijneq,ang per ati on was
\ st opped, t heE BeB B ESZobt ai ned |f rom i 1sp&t!ngan 5 distillation
colum did l’ﬁ)g rB%-35 any ocqurrencg o pglyerij corrosion in
a SUS 316 test giece (npde by [Ni ppon| YaXl n |Kodyo i ch was
bef orzoehand arrafiged in the coliunm i nkide \Jjas_n,m_ t he end of
operation,{and hegndd yal ue was zerp. Herd, the IS a
decr easi ng| wei t,_,"'réun ogba tesg plecg ard i@ iﬁ i¢on for the
presence,_..o[ a sgrﬁg ®f rCorfbsijon Bf f dévide. Tts inP*day) and,
acconging, fo ilts nfgnitpyde, the 40 ¢orrosijon-is { he foll ow ng
[err]stamtipr@s—Tmn DgdTvaroey T thg exargtes an exanpl es
gi ven belgpoane thgrégne),_, [&r|r] Hdd]| <, 1:amor gt hi f8t ness for
use [errl| & ndd <§ t ness |f or—use [ ermw]fndd~ 5] sorewhat—di fif g&cult for
use 45 BEfamil ¢ 1.[t8—ATpmtiTiTUTS OpETatT oo AT azeot TppitSgpar at i on of
an aqcueo“ et h8drylic pci & sqlutionfwad cgrried put Q usjng a dli'gti |l ation
colum of a gmnmgrf di anefer 55 nm wh{ ch q interjorlg&urni shedswith a
stainl ess B |skdel - madp gield tr8y hagthd [50 &t epsg® &al st p i[neerval of
147 mm and gmgpedg\j th dti l.Eat ¢ at .£he % par£ andSa materi al
suppl yi ng { (¢ gt| the cpr@Eag |par é.g ‘ = g' S
. 85 s2| § |§52| £ |2
E 2 2 3
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The 'polynerization-inhibiting ingredients used were manganese

di net hyl di t hi ocar bamat e,

hydr oqui none,

and nol ecul ar

oxygen.

Manganese

di net hyl di t hi ocar bamat e and hydr ceRiD48%#698t e both i ntroduced into the
colum from both positions of the feed step and the col unm top.
I ntroduction fromthe 55 feed step was carried out .in form of adding

foll owed by dissolving a defined anount

into the undernen- tioned supplying

material and that |frog the col um toplmas inf fopm qf addi pg fol | owed by
di ssol ving a defirled aburg intjo the undermepti @ed refluking solution. A
definite anount of nnﬁquﬁgr oxyged was §hpp| i eg tq atBotfompart of the
colimm. Each anount 455 pol lymeri zati on-ihhidi tijng T ngfedi ents was 20 16
EP 0 485169 Bl pprh of=inJanese| di met hyl dit hj ocer bgmat e ahd 200 ppm of
hydr oqui none agai ist & boi | i ng lup amount of hetacrdylic a¢id. Al so, the
pour ed oxygen anoynt wase0.3 %oy vol dnme aga) nst a|boil1ng up anount of
met hackyl i ¢ aci d. {The @Byqeri zjation-iinhidbi t] ngoef flectesi s{confirnmed by a
pressure drop of tihe cg ) insl de by fFoodf ng- 5| ofbylinspecting the
colum taken apart{ to es. An aquequs nethacrylifc acid|sol ution.
obtained froma cdtal yti€ gas phase oxi dati on react|i on of ji sobutyl ene,
whi ch contains 37 m f frethger-yt+eracto-19-685-9% by wei ght of
acetic®acid, and H0 %hgyhmeight of wafjer, was subjdgcted tp an extracting
~-Qperation by n- heptg@ g\ﬁ% #an lextsacti ogs raki aof {1. 35 The t hus-obt ai ned
\_D- hept ane phase cdnga§ml T E %y Wei ght [of o—hﬂpt ame, |21. 8 % by wei ght
of 10 methacrylic |a® §.8 ¥ 3 %By \ei §ht pf Kcet|i c Aci ¢ was used as a
suppl ying nateriall andglistillated n-{heptan was ysed as|a ref | uxi ng
sol uti®n. Distill dti-epwas—carrji-ed—oul—underthe—cgdnditions of tenperature
at the colum top 42(:§tq§%§r ure af the cpl um Rottom §22[err] C
pressure at the cdlunndg 5 mm1g and g ef] ux@ng |ratgo ¥ 1.0 (weight
standard). The lebdui d @ﬁ%%‘ti n Taken dPf frof the cBlufm bottom under a
statiogpary state.vas P97 % by Mmeight {15 of pethacnylic agid. In
conti nuously opéTdt BnJ T PT e IAX0AyS UNGEr TNege congrTions] .a stable state
was al ways obt ai ggdEaind, he epeératd onl was Stjopred, [ tHe results
obtained frominsgegtj ng i de e [t he<distil I=atli or=co di d not show
any occurrence of qglyne' T ASg, COTTPST o Im a Sup 816 test piece
(made sby Ni ppon gYgkgn| Egyo Co. | L8d. ¥, which w& Heforehar® 20 arranged in
the col umm inside,| Gkt rec -nhgig at an end 0% t he operati on and, the
ndd val ue was zerc.'i _§- ' §§_ g 282 g 3
ot = oy - - ewmd ovag
2l5| = |B5E| 3 gsg %
. is2| § |65F 5
' & 2 =
~ 2F 5F i
- - ]
o 2 2 5
— -] & 2
2 "ot oo g
"’E 2| 3 §' 7 |2
B & g
) 2
2 2
fa |39n|2s |33s)d
LN oIl SR 1 S
; ; §57 |3
From the results of the Tables 1.1 to 1.8, the below-described 1.(a) to 1.(d) were confirmed.
85 1.(@) The polymerization inhibitors used in the examples including manganese dibutyldithiocarbamate,

when compared with the polymerization inhibitors used in the comparative examples not including
manganese dibutyldithiocarbamate, showed a high polymerization-inhibiting effect for various kinds of
vinyl compounds.
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'Iéxarrp'l e 1.19 The procedure of exanple 1.17 was repeated with the sane
device and conditions to carry out 25 distillation of the aqueous acrylic
acid solution, except that mangadER048GI18&BYi di t hi ocar bamate was used as
manganese dithi ocarbamate i nstead of manganese di butyl dithi ocarbamate. In
conti nuousl s erat| n for about 14 days, a stable condition was alwa

obt ai ned et mwlémﬁmawtweﬁ dets féwmnar’%w"s%

i nspecti n tion Go show fAsSUrrence
of pol yme Fc KP{ ol men Ig':a?bl r molecui’:1 :c()i‘ﬂg;nl IP ag;gnt 8ﬁe wi rréangatggs 3;% ?car i ece
(made b y Rcﬁgt olec gen u’FD ﬁﬁ@ﬁﬁe%%%aﬁ@% diu %Qr-t he

the c ratio
ndd vaI ue vvaagasizhe?oIy EatB‘Q hanWQ%ﬁ e procedure of exanpl e 1 17 was

repeat egaphdidh.fne sane deV| ce and condit | ons to carry out distillation of
t he agquéous—acrylic acid solution, except that manganese
di phegy| di A bintriaiisdsparticn df\@@aﬂmlc&&am AR S6uethist ddfye RIdRINRInEvak Bartigcddt, Of
manganesusingla bistiitod icbilid 6fad ibvdraitrster| 105 MAWHidhnas SiteyiorlyFarhistisd Wgh & StkinlasdCitdel- 14
days, anutiabibe teayrdvitg Sstepasat alstep Vitteradd bl A7atim andl equipbédewithl 4 distiligte tubb iabthe Wa S
St opped ,upien part and alntaterialistpplying dubb vt theegpe@ parhg an i nside of the distillation
col um di dfhegolymbrizatiodhhibitiog ipgredientsevsed wee menganaser dibubiditierabamate,dlydroquiions
cor r gsi @nd inplecylacuigged] Bibutydithioprrzamete (andibikdirdgyinarie e oty dritroducechinty the@olumn frerd . )
- whi ch wiethipesitopeefdprofoe stepnagd dhei aglump dope Biragietion fram the Teadestop wes casied puy in form
\-Efc ogni Ptedding fellqwed by S'FSOl;V'H@ a atamswt A the wupdermentionod sypelyifg dnajeipl and. Ahat

| e fromAe qqlumn o, wasyin fer nghfollowed by dissplying ﬂe@@%?f’@ﬂ‘%ttmo fhg eindesmen-
ice zH dd' HPQ P‘H‘r‘f‘gn "bd?:f F"r' m‘EH'J‘f °f m%’?‘i“PT PYh a5t SuPplie déﬁﬁ ERE'FbW e acid
’é '%a“gﬁ" 0 ppm

I erating
for abo s% s°p8{) a?oﬁl{g& 'a%wfﬁ’&@ 0'[rhe
oper aji 0“ M@& au% esor%% vBe‘.‘gthftﬁalté?%ﬁd BY o 'BZWS@ | g3 QedtB 2L SUrilR wak the
di st | | 3bthiRdy ﬁ‘dﬁl yeaanﬁb ad SHaseSEkiation Macoh GHProfinG, vk ubdela¥ TRUbohA! Rdforia 48 UCT S
Al 20, CelySsdBltyl KBtoms wisRsedd alrétbkingdiqBi8 Sand QtloPMraN:aﬂﬂQ But (Ader the lEeitiBnsCe? -
Ltd.), ‘Wipehwnod tleebiome ibpad - Biempdralitg Sidhd ddiuini Botor] 7N, praSIurbast thé@Sluridiop at
al | recagnmbBg, atlourd bf £sugplyihg SoluGonODS6 Ak, and Rfluxing Rdtio r(rdo) ¥ dlop noldgtanaga. 17
. 80 The liquid composition taken off from the column bottom under a stationary state was 97.0 % by weight
of acrylic acid, 0.5 % by weight of acetic acid, and 2.5 % by weight of others. The refluxing solution was
used by recycling the distilled oil phase.
In operating for 14 days under these conditions, a stable state was always obtained and, after the
operation was stopped, the results obtained from inspecting an inside of the distillation column did not show
35 any occurrence of polymerization.
D Also, corrosion in a SUS 316 test piece (made by Nippon Yakin Kogyo Co., Ltd.), which was beforehand
' arranged in the column inside, was not recognized at the end of operation, and the mdd value was zero.
Here, the mdd value means a decreasing weight amount of a test piece and it is an indication for the
presence or absence of corrosion of a device. Its unit is mg/{(dm?®day) and, according to its magnitude, the
40 corrosion is evaluated by the following D, @, and @ standards (the mdd values in the examples and
comparative examples given below are the same).
@ mdd < 1 : more than sufficient fitness for use
@ 1 < mdd < 5 : fitness for use
@ mdd 2 5 : somewhat difficult for use

| t¥oif 8
zgarnsf a:g : Pl \%‘a ain a 0|I| uFo(?mg‘ ?jﬂCd acgdﬂgo golffﬁ °XV9°" am°u
pol yner i?’ a..&hst i ndaa

Example 1.18

A contininous operation of an azeotropic separation of an aqueous methacrylic acid solution was carried

out, using a distillation column of a inner diameter 105 mm which was interiorly fumished with a stainless
60 steel-made sieve tray having 50 steps at a step interval of 147 mm and equipped with a distillate tube at
the upper part and a material supplying tube at the central part.

The polymerization-inhibiting ingredients used were manganese dimethyldithiocarbamate,
hydroquinons, and molecular oxygen. Manganese dimethyldithiocarbamate and hydroquinone were both
infroduced into the column from both positions of the feed step and the column top. Introduction from the

55 feed step was carried out in form of adding followed by dissolving a defined amount into the undermen-
tioned supplying material and that from the column top was in form of adding followed by dissolving a
defined amount into the undermentioned refluxing solution. A definite amount of molecular oxygen was
supplied to a bottom part of the column. Each amount of used polymerization-inhibiting ingredients was 20
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EP 0 485 169 Bl Exanple 1.22 Using an evaporating vessel of an inside

di aneter 105 mm a continuous operation was carried out to distill an
acrylic acid solution. 5 The ERDWARA6FRBR1 i on-i nhi biting ingredients used
wer e manganese di butyl dit hi ocar banat e, net hoqui none, and rml ecul ar oxygen.

Manganese dlol(:)glﬁgl dit h| ocar bama%e altnd hoqu ngne wer e pot Llnt duced fl nto
h | OHIN Eq

v car ‘rﬂ R‘aﬁqeoew i Wi xx@d" mevﬂgﬁ'asiis g ot

L hgk%ﬁ Qg.mhwi?% L1 B ol o rgsiob BLh oAby ABRLIRS U1 2
r’rm&;gangse 8&?;6%8 'a&ﬁ b@ani%@df oﬁpk hﬂﬁ%@a&e pﬁﬁ@%xﬁa?lon reaction of

pol ymeri %Bdtﬂéhe ﬁtQﬁsSs?V%rb?wB fRPMbth ?Jncy acit? 98590 By Wbigh?dt aRELAE 8hd Bol % 2

boi I'ing p vfargnuatwaﬁ wa§ Stidcfed &k emré%t.ﬁ@opetéﬂ@n YO Hn® %M SR BRIEN FatidBS1 8).- 3 %
by vol unerhe risthingd RAbPtdnd Phakld RATHIAG 764 98 Gy Wrdight BC h-Hleptahb,€21.8 % by weight of -
pol ynedi adtHacriftici ddia] Sidt 1919 6 weight of deeticQidkdi waBTRSbdlie afsupiblRRgSMéteriall srdindistitatdal®e
col um i meptahe was ussd as BI¢HRdRg solitidnl Bistliaton Was Eanded Putaiper thetconditio&f Iempblature at A
crude acnhd dcolumaaopi420iC, Ponpératyre 3DthO cBludiy botemgt2e ° €, rdssurenatrtp Solhntapr105f mmHg,
hydr azi nand&fuxing eaio a5 1.6 (welghtitapdand). nat erial and it was distilled under the
condi ti ons T ligudrpaepatitiondaken off fren he Falumm totipm GRlef estatbnaly siatel waR9i7cte by yeight
pressute oBBethacrylic aclhe di stillate conposition under a stationary condition
~was 99. 9 % Inyontiaaysly opsratingfoy 14 dayd under these cepdifions @stable et diwaygyotnained andut
\_;,4 days, afer %PP@"‘@d‘f?ﬁ BtopReA, ‘%@suﬁ? M@déamansn%"wdns'da tbp dlsl'l'é“°2(9’°'b'b%1"ﬂt i on
was stopﬁé*cfm"(ﬂé’%’%gﬁ'!"? f W% i nspecting an i nS| de o

°c°°%5‘ g

distillati o8 Y"? ‘1’38#? fFBﬂﬁ
A S EoAReeEh B e Rl s %}ae%%g?fwwﬁaa B i Vel s 2B

Ltd.), whigh ﬁ& bef orehand arranged in the colum inside, was not
recognl z after an end of the operation and, the ndd val ue was

Zero. Cof%aﬂ bt o? @&% r%eg,g '6m8 defdP IR & &n.aLZ :f‘%rry out

r epeatzgd kil fhe%au%u Wn&ﬁci 'ttPJ‘ ﬁiaﬁggn&@ﬁféfﬁyl&lwoc Eaa?&a{e' fubddhs Of

t he aqueQrkagan6de)ithiscarbrnsle mRtbadlde Fhangaﬁ‘dég 8iBltyibithREartsariafee

di but y| dit hh %ﬁﬁ&b‘&&'ﬁ%ﬁer&tﬂ tf&adﬂo@fu?tﬁymr%%lée&ﬂdlﬁbnbws)ﬁvﬂyé BbtaReAl dhaBieE theas

used in 2ZPeriiohwagfbpgped, tib rediits bttgndd by anspstlhg & inshie oY thie GisRtich. colinh @Id not show

cont i NuOwWAY secarpREsds poigmdriastionpodlicts14 days, the results obtained by

| NSpecdi ng Alsb, tondsiahein @fSUS 1366 test piece (made by Nippon Yakin Kogyo Co., Lid.), which was beforehand
arranged in the column inside, was not recognized at an end of the operation and, the mdd value was zero.

Example 1.20

35 The procedure of oexample 1.17 was repeated with the same device and conditions to carry out
distillation of the aqueous acrylic acid solution, except that manganese diphenylidithiocarbamate was used
as manganese dithiocarbamate instead of manganese dibutyldithiocarbamate.

In continuously operating for about 14 days, a stable condition was always obtained and, after the
operation was stopped, the results obtained by inspecting an inside of the distillation column did not show

40 any occurrence of polymerization products.

Also, corrosion in a SUS 316 test piece (made by Nippon Yakin Kogys Co., Ltd.), which was beforshand
arranged in the column inside, was not at all recognized at an end of the operation and, the mdd value was
zero.

45 Example 1.21

The procedure of example 1.17 was repeated with the same device and conditions to carry out
distillation of the aqueous acrylic acid solution, except that copper dibutyldithiocarbamate, in an amount of
10 ppm against a boiling up amount of acrylic acid, was added as the polymerization-inhibiting ingredients

s0 as well.

In continuously operating for about 14 days, a stable condition was always obtained and, after the
operation was stopped, the results obtained by inspecting an inside of the distillation column did not show
any occurrence of polymerization products.

Also, corrosion in a SUS 316 test piece (made by Nippon Yakin Kogyo Co., Ltd.), which was beforehand

55 arranged in the column inside, was not at all recognized at an end of the operation and, the mdd value was
zero.
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distillation colum slightly showed occurrence of a popcorn polyner. Also,
corrosion in a SUS 316 test piece (nmade by N ppon Yakin Kogyo Co., Ltd.),
whi ch was beforehand arranged i FPtO#85c16B @M i nsi de, was recogni zed after an
end of the operation, and the test piece showed the ndd value of 5.0. 35
Fromthgse rezglts, when copper dithiocarbamate is used instead of

nmangan ocar bamat e, decrease of the polynerization-inhibiting effect

|s seen and cor an_ o VI C | ac [ i ve _ex 1.25
J—Qﬁ a?% QI"I gv(i AI’ l&ﬁJSS& 0'?3!1 I%SI% @afl \NaEESr Iﬁp éa?dnt nuonrJE[D on was ca % %/u?&e an d

Cond st 1 0Ngy, ﬁﬂ r.Ea\{.orPHﬁ.b. %Jidrédleﬁt& ly ie fn arfégélﬂt Ea\’damd at?ﬂétﬁl:qﬁu il 1 0“

e*’-’ept bdFhold ARG R MG Ao &t u'tyihﬁﬁ.&‘c% arﬁite o chFr?hro

was use ldn{?n tfoth BUBHTbRREHSHF theGecdind iHdGohtidnsaN iU v?’a@rcé{r idcCouf fni 16+

resul t, folfweé B biSsoling B definedl BiRounDintd s unaéhdﬁoma%umﬁ@mametaﬁte a&oﬁtams from

i ni tiat inBlBcuRf oRIE wbé Subplicdd o BétioinNpantt df AR Edlunind Thed RAGLATs! A MMdAGsHBEE dibutyl-

di f f ire Ublithiocaltuktfate dnb GnectHoGuirdhé QsbdViis polymerzaA irbibilors weve rbspeqiely 12 Ppm tahe 1265

col umm pyas agaikicabalpg lup atnound iobaadic adidl Alsbathe Pyuredf axygea tamownt @hs B3 3¢ by kalun@ol yner

was f ousgdinstra bbilieg upaimonnt of deryieradicie result, if a nmanganese salt ot her than

manganese The fpblyroeaatioaimbibiting sffegts Bdconfitmed dp s pre$sutehdrop of the column inside or by

pol yner inspatting theicoilvniptakanrpgarbtofrisess. was confirmed in distillation. COVPARATI VE

EXAMRLE 2 AlgudsCacaic aeid f purity289.01 %sby weighi reontairing) fpenme af hygiraziok) wagyused as a

1 et r abugupPlyipg thatasial @pcsit vas 6!8‘"?‘1’1@1"@' e panditions b famperatitecay f't°d=°‘FB'FI12‘9) 635C and

\pol yrrer?Pfﬁf"l'gd?'iesP‘l't'ﬁ%F‘t"Hﬁ in a p ort i on of o2 % pmto url f | ed acryl | c acid.
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After continuously operating for about 14 days, the results obtained by inspecting an inside of the
distillation column slightly showed occurrence of a popcorn polymer. Also, corrosion in a SUS 316 test
piece (made by Nippon Yakin Kogyo Co., Ltd.), which was beforehand arranged in the column inside, was
recognized after an end of the operation, and the test piece showed the mdd value of 5.0.

35 From these results, when copper dithiocarbamate is used instead of manganese dithiocarbamate,
decrease of the polymerization-inhibiting effect is seen and corrosion of the device takes place.

Comparative example 1.25

40 The procedure of example 1.17 was repeated with the same device and conditions to carry out
distillation of the aqueous acrylic acid solution, except that manganese acetate instead of manganese
dibutyldithiocarbamate was used in 20 ppm against a boiling up amount of acrylic acid.

As a result, pressure drop of the column inside was recognized after 2 days from initiation of operation,
and continuation of the operation became difficult. Thus, the operation was stopped and, for inspection, the

45 column was taken apart to pieces and thereby, formation of a sticky polymer was found in the column.

From the result, if a manganese salt other than manganese dithiccarbamate is used, decrease of the
polymerization-inhibiting effect was confirmed in distillation.

COMPARATIVE EXAMPLE 2.1a

An acrylic acid solution was prepared by adding tetrabutylthiuram disulfide (hereinafter, abbreviated to
TBTDS) as a polymerization inhibitor in a proportion of 2 ppm to purified acrylic acid. The acrylic acid
solution, 5 ml, was taken into a 20 mli test tube to dissolve oxygen in the acrylic acid solution by bubbling
air for 1 minute with a stream amount of 30 mli/minute, and then, the test tube was sealed. This test tubs

s6 was immersed in an oil bath maintained at 130 *C and a polymerization-initiating time of acrylic acid was
measured. But this time is a time of from immersing a test tube in an oil bath until getting turbidity in the
solution sealed in the test tube. Resulis are shown in the following Table 2.1
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30

Example 2.3

The polymerization-initiating time of acrylic acid was measured in a way similar o the comparative
example 2.1a except that 2 ppm of TBTDS and 1 ppm of manganese acetate were added as polymerization
85 inhibitors and that bubbling of a nitrogen gas instead of air was carried out to remove oxygen in the acrylic
o acid solution. Results obtained are shown in the following Table 2.2

Example 2.4

40 The polymerization-initiating time of acrylic acid was measured in a way similar to the comparative
example 2.1a except that 2 ppm of TBTDS, 1 ppm of manganese acstate, and 50 ppm of hydroquinone
were added as polymerization inhibitors and that bubbling of a nitrogen gas instead of air was carried out to
remove oxygen in the acrylic acid solution. Results obtained are shown in the following Table 2.2

45 Comparative examples 2.6 and 2.7

The polymerization-initiating time of acrylic acid was measured in a way similar to the example 2.3 or
2.4 except that TBTDS was not at all added as a polymerization inhibitor. Results obtained are shown in the
following Table 2.2.
50

55
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The results obtained are shown in the Tables 2.5 and 2. 6.
part and a materi al
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50 55 24 EP
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Examples 2.5 to 2.8 and comparative examples 2.8a to 2.14

The procedure of comparative eiample 2.1a was repeated except that methacrylic acid was used

instead of acrylic acid, the heating temperature was changed to 160 °C, and the kind and adding amount of
polymerization-inhibitors and the kind of a bubbling gas into the acid solution were varied as shown in the
following Tables 2.3 and 2.4, whereby the polymerization-initiating time of methacrylic acid was measured
and the results are shown in the Tables 2.3 and 2.4. '
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pi ecé was taken out at the end of operation, its corrosion was not

recogni zed at all, and the ndd val ue was zero. 55 26 EP 0 486 169 Bl
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Examples 2.9 to 2.13 and comparative examples 2.15 to 2.19
45 The procedure of comparative example 2.1a was repeated exoebt that the kind of vinyl compounds, the

kind and adding amount of polymerization-inhibitors, the kind of a bubbling gas into the vinyl compound
solution, and the heating temperature, were varied as shown in the following Tables 2.5 and 2.6, whereby
the polymerization-initiating time of vinyl compounds was measured. But, in the examples 2.11 to 2.13 and
comparative examples 2.17 to 2.19, a polymerization initiator (azoisobutyronitrile; abbreviated to AIBN in the

50 Tables 25 and 2.6) was added in amounts as shown in the Tables 2.5 and 2.6 besides of the
polymerization-inhibitors.
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55

A continuous operation of an azeotropic separation of an aqueous acrylic acid solution was carried out,
using a distillation column of a inner diameter 105 mm which was interiorly furnished with a stainless stesl-
made sieve tray having 50 steps at a step interval of 147 mm and equipped with a distillate tube at the
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9.07 % by wei ght of acetic acid, and 50 % by wei ght of water, was subjected
to an extracting operation by n-heptane with an extraction ratio of 1.3.
The thus-obtai ned n-heptane phasEP®xissdaBaBig 76.4 % by wei ght of n-heptane,
21.8 % by wei ght of net hacryl ic acid, and 1.3 % by wei ght of acetic acid
was used as a 35 suppl gI material. Distillation was carried out under the
condi ti o‘fﬁ’gercPP’tta i’ta’f ?“Sp ¥ipg ?9'1’@‘"(?6?“8 ﬁ?f‘“f"d’ﬁ’t pd f'@- Fﬂ'"gd'BTP@rﬁS@?taf'lﬁP@“%P t he
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A continuous operation for distillation of methacrylic acid was carried out, using a distillation column of
a inner diameter 105 mm which was interiorly furnished with a stainless steel-made sieve tray having 50
30 steps at a step interval of 147 mm and equipped with a distillate tube at the upper part and a material
supplying tube at the central part, and also, using TBTDS, acetate manganese, and hydroquinone as
polymerization inhibitors.
An aqueous methacrylic acid solution obtained by collecting gas products in a catalytic gas phase
oxidation reaction of isobutylene was subjected to an extracting operation by n-heptane. The thus-obtained
_ 35 n-heptane phase containing 76.4 % by weight of n-heptane, 21.8 % by weight of methacrylic acid, and 1.3
\_/ % by weight of acetic acid was used as a material supplied to the distillation column. This material was
supplied from the material supplying tube to the central step of the distillation column, and distillation was
carried out under the conditions of temperature at the column top 42°C, temperature at the column bottom
122°C, pressure at the column top 105 mmHg, and refluxing ratio = 1.0 (weight standard). During the
40 distillation, acetate manganess, TBTDS and hydroquinone were iniroduced from the column top into the
column, in form of adding and dissolving the acetate manganese into water, and adding and dissolving the
TBTDS and hydroquinone into the refluxing liquid. Also, molecular oxygen was supplied to a bottom part of
the column. The each amount of polymerization inhibitors was 18 ppm of TBTDS, 11 ppm of manganese
acetate, and 200 ppm of hydroquinone against a boiling up amount of methacrylic acid. Also, the poured
45 oxygen amount was 0.3 % by volume against a boiling up amount of methacrylic acid. The liquid
composition taken off from the column bottom under a stationary state was 99.7 % by weight of methacrylic
acid.
In operating for 14 days under these conditions, a stable state was always obtained without matters of a
pressure drop of the column inside, flooding, etc. After the operation was stopped, the results obtained from
50 inspecting an inside of the distillation column did not show any occurrence of polymerization.
Also, in this experiment, in order to examine corrosion of the device materials, a SUS 316 test piece
(made by Nippon Yakin Kogyo Co., Lid.) was beforehand arranged in the column inside. When the test
piece was taken out at the end of operation, its corrosion was not recognized at all, and the mdd value was
2ero.
85
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of manganese atomto copper atom (Mi/ Cu) in this case was 3.8. In
continuously operating for about 14 days under these conditions, a stable
state was al ways obtai ned and, aftEP0t488 186pBdati on was stopped, the results
obtained frominspecting an inside of the distillation colum did not show

any occurrence of polynerization. 10 Al so, corrosion in a SUS 316 test

pi ece (made@BBeRIHpon Yakin Kogyo Co., Ltd. ) whi ch vvas beforehand arranged,
in the colum |r15| de was not ration
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whi ch w&s bemheperhting dor 44 daysgedbr theset dopditipos. @rstablp sigledkas always oblained- withory mattessiof &t
the end ofpressee diop ofthe egitinnt insideniibddings pla.cAftpriie operation was sERpedytheresuits oltained from
\cont i nuousnapaing # 'a%'qecﬂﬁtheﬁwlﬁtqn(?ﬁ'u%@d oetrsheveany geaurrenge of pplyipedzatian| ar to t he
éxanpl e 3.1 Alkeeprosionsta BYS AtSdent Riser(madasby Niaren; Yalkdn Kegyo &p- o4 Plejehendareangedy t
the use arBiiRcolypn gt wrFIPTRS Albrechgaizedstthe 89 o gearsion. aad Hig mad Malueyss fBunt  of
acryl i c®acj d. 32 In continuously operating for about 14 days under these
condi tion E ! le state was al ways obt ai ned and after the operation was

stopped, theyreslis of Bl Saﬁfln% gl o Aol 1l B o
I d
col unn di d eagﬂg& W e afﬁr&mcs%.u@ﬁb a%afte. of RirChobOhbebld 2

SUS 316,

bef Oreha“d A’ GBAGH foﬂaﬁoﬂﬁ&@éy%ﬂddr %Eéjﬁond}ﬁ@r% Q‘%Iabléesfa‘ibgwészéiﬂa tobiaiﬂé‘d Gitfduof
oper at i on, magd d Brddtlib ¥8p bethd\EstunhShdtie, fadird MR B Whéh a l¥8NTE kesBpidee tSde by
procedur e appoR XKy Cd:, MESookddheRt #ngsh T the EunakERie WEY baMindd Gt shewed el nias
to carry Oidlue @f Sib.iFrdniithb @s3ulRf it WEEcoRNE® that M dfGheddelibe Bétbibs Shghtly Bakgacil joikthat
t he usespanizsl ot TBTDS BRNEPPE: A6otale; Coniiard Mith Joint\ds of TBTDS2Ad Mayatbsé eceftdD ppm and
t hat the wei Bhinh thexbsulls {pei wiRes) thadsligeingingingd, 0.0a) BIEld)Ceq eanfiated.m ( Mh/ Cu) was
12. As a regud)ifa rednpameselsalti eryascobpen salti isjolntyatsbdn additioo ieth@thiucam, coppame vepessehtadp
of the col utnthegenerktfommda {1)of sheprasert inventione the golymeridation-intibitingreffect nciebdes. | f t he
wei ght rat i 6.0 dithwdreqvinoeenandioemethoguinene aredoinily st in addision (ot abaye 2.(e) compposition, the
polymerization-inhibiting effect further increases.
\,’ 2.(c) In the example in which the thiuram compound represented by the general formula (1) of the
' present invention was used, compared with the comparative example in which hydroquinone or the like
was used instead of the thiuram compound the polymerization-inhibiting effect on the vinyl compounds
is high.
40 2.(d) In a case where the thiuram compound represented by the general formula (1) of the present
invention is jointly used with a manganese salt, fewer corrosion of a device is found in addition to a
superior polymerization-inhibiting effect, and a continuous operation in a long period of time of a device
for producing vinyl compounds becomes possible.

45 Example 3.1

A continuous operation of an azeotropic separation of an aqueous acrylic acid solution was carried out,
using a distiliation column of a inner diameter 105 mm which was interiorly furnished with a stainless steel-
made sieve tray having 50 steps at a step interval of 147 mm and equipped with a distillate tube at the

s50 upper part and a material supplying tube at the central part.

The polymerization inhibitors used were manganese acetate, copper dibutyldithiocarbamats,
hydroquinone, and molecular oxygen. Copper dibutyldithiocarbamate was introduced into the column from
the top in form of adding followed by dissolving the defined amount into the undermentioned refluxing
solution. Manganese acetate was introduced into the column from both positions of the feed step and the

55 column top, ifs infroduction from the feed step being carried out in form of adding followed by dissolving
the defined amount into the undermentioned supplying material and, that from the column top bsing in form
of adding followed by dissolving the defined amount into water. Hydroquinone was introduced into the
column from both positions of the feed step and the column top, its introduction from the feed step being
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high (ie exceeds 10) decrease of the pol ynerization-inhibiting effect was
confirnmed. 45 COVPARATI VE EXAMPLE 3.2 The procedure of exanple 3.1 was
repeated with the sane device anBP®Oot88i18981s to carry out distillation of

t he aqueous acrylic acid solution, except that manganese acetate was not at
al | used. After cont i nuously operating for about 14 days, the results
obt ai neocaH fﬁé’bgﬁ'ﬁ P d'&?\”f"?’f?i’ ae d'B‘f°"’t"H§‘°cﬂ°§’l°F Rmaynt ’B?? “!ﬁ)““é?ﬂ“ﬁ’ﬁﬁ"%’lsf‘ 9y
showed dB § dy dé’o?f‘l',“’f ddfﬁ°"f"?9 tﬁeg‘U Uitast
pi ece ( nec 3my "t mol oplagd e, %W’ anged

U

li& m . ﬁ I% 3rizati itol

in e h 6%\(311 ;&Qﬂh Idltw&rﬂ’% a“;%e % ydo ér:os[n i .1%? g @%oun rﬁ‘
vaLe o : o It of J;e%e 3 [1% o
conmpoun QWas ganese
decrease ofrhet mnm@éavmﬁmbﬁﬁa bﬁaef.s e& bgg pe e%odatha%amn@ﬂga&w(ogﬁih&& o5
of the dAgMhpELihdihG SoldMrA8iRn apaht to pieds Bl Conparative exanple

The piCcedus acrfl @m%ﬂh.mn@sdwwé.meawm awutzl’s %Ny WoRINE of HRMIcCRidARIflch was

condi t i CgbGainbd frér lalctalPit galphdsb bliditiorOBachién df PRPPSHECWAsUs@TAsYd dubplfifg Matsral atdl on,
except eyl Boufyetoils rad ysbdlad dvefming RARIRAN divBiRtichOlas USidd. ouAshddr tiids doRditidhd of

pr essur eerdpetaiure &t thdeluoblteps 10) BimParatua st the Cahgin boeh 8 ¢ € predsutkst shel coldiih top

i ni ti atiyf mofHgogmeausttof @ sypplaingl sahuion 1 0ESditré/Avnand frefitnivey retiodR/A) 02l ala stendard).

di f fi oul t . TheHiquid cerhpysitigneiakan o fionthe colurampipatiom anddr a tetionary sigte eas 910, % tbip aveigitl UMM
was t akedh ae'mratmdt @5 P lycwaiohh pichcetigeacidband 2507 rbsttweight o fothers.sThie eéflyxingodolptien wasas
\Jound i risehy reeychingiie distilogholl feese-esul t, i f a manganese salt other than a
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d ) SXROY B?" %iF?'H '?Jb&'i“ﬁhf?&?’étes aeotic agid dogefner;with water from an
ggleyrr\gr ;[a? g“;‘% ;’T;?%ﬂ;ﬁf utf1 daésv:éé ;esgrﬂefwécqt'ﬁa‘i!ﬂ stillati O&ganeg
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bei ng sel ect ed romt e group con |st| ng o an et hy A propyl a

butyl, ahgmgle 8Benyl group, wherein said pr opyl or but yl group may be eit her
a strai ght charn type or a branched type. 20 2. A nethod of inhibiting
pol yner i zaA icomingdus @isiiafity| opSi@iiGhOwHS Charribd b@hin EBWHY OsimiRP RPthb SRpISE1 Bkcopt that
30 acrylic acid was changed to methacrylic acid. But an aqueous methacrylic acid solution obtained from a
catalytic gas phase oxidation reaction of isobutylene, which contains 37 % by weight of methacrylic acid,
9.07 % by weight of acetic acid, and 50 % by weight of water, was subjected to an extracting operation by
n-heptane with an extraction ratio of 1.3. The thus-obtained n-heptane phase containing 76.4 % by weight of
n-heptane, 21.8 % by weight of methacrylic acid, and 1.3 % by weight of acetic acid was used as a
85 supplying material. Distillation was carried out under the conditions of temperature at the column top 42°C,
\/ temperature at the column bottom 122°C, pressure at the column top 105 mmHg, and refluxing ratio = 1.0
' (weight standard).
In continuously operating for about 14 days under these conditions, a stable state was always obtained
and, after the operation was stopped, the resulis obtained from inspecting an inside of the distillation
40 column did not show any occurrence of polymerization.
Also, corrosion in a SUS 316 test piece (made by Nippon Yakin Kogyo Co., Ltd.), which was beforehand
arranged in the column inside, was not recognized at the end of operation, and the mdd value was zero.

Example 3.3

A continuous distillation operation was carried out in a way similar to the example 3.1 except that
manganese octanate instead of manganese acetate was used as a manganese salt. But the use amount of
manganese octanate was 60 ppm against a boiling up amount of acrylic acid. Also, the weight ratio of

. manganese atom to copper atom (Mn/Cu) in this case was 3.5.

50 In continuously operating for about 14 days under these conditions, a stable state was always obtained
and, after the operation was stopped, the results obtained from inspecting an inside of the distillation
column did not show any occurrence of polymerization.

Also, corrosion in a SUS 316 test piece (made by Nippon Yakin Kogyo Co., Lid.), which was beforehand
arranged in the column inside, was not recognized at the end of operation, and the mdd value was zero.
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pol yrFeri zation inhibitor as claimed in Caim1. 3. The nethod as clained in
Caim2, which nmethod further conprises the use of at |east one kind of

pol ynmeri zation inhi bitor sel ected BFr®485 188 Bfr oup consi sting of a manganese
salt other than a man- 25 ganese dithi ocarbamate, a copper salt and a
benzene derivative. 4. A nethod of inhibiting polynerisation of a vinyl
conpound, E\#ﬁ—@-ﬂm&t hod corrpri ses the joint use of a copper dithiocarbamate
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30 In continuously operating for about 14 days under these conditions, a stable state was always obtained
and, after the operation was stopped, the results obtained from inspecting an inside of the distillation
column did not show any occurrence of polymerization.
Also, corrosion in a SUS 316 test piece (made by Nippon Yakin Kogyo Co., Lid.), which was beforehand
arranged in the column inside, was not recognized at the end of operation, and the mdd value was zero.
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(\« COMPARATIVE EXAMPLE 3.1

The procedure of example 3.1 was repeated with the same device and conditions to carry out

distillation of the aqueous acrylic acid solution, except that the use amount of manganese acetate only was

40 increased to 100 ppm and that the weight ratio between manganese atom and copper atom (Mn/Cu) was

12. As a result, after 5 days from initiation of operation, pressure drop of the column inside was very slightly

recognized. From the result, if the weight ratio between manganese atom and copper atom (Mn/Cu) is too
high (ie exceeds 10) decrease of the polymerization-inhibiting effect was confirmed.

45 COMPARATIVE EXAMPLE 3.2

The procedure of example 3.1 was repeated with the same device and conditions to carry out
distillation of the aqueous acrylic acid solution, except that manganese acetate was not at all used. After
continuously operating for about 14 days, the results obtained by inspecting an inside of the distillation

50 column slightly showed occurrence of a popcorn polymer. Also, corrosion in a SUS 316 test pisce (made
by Nippon Yakin Kogyo Co., Lid.), which was beforehand arranged in the column inside, was recognized,
and the test piece showed the mdd value of 5.0.

From these results, when a copper dithiocarbamate, a phenol compound, and molecular oxygen are

only used without a manganese salt, decrease of the polymerization-inhibiting effect is seen and corrosion
55 of the device takes place.
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8. The method as claimed in Claim 4, which further compnses the use of a benzens derivative as a
polymerization inhibitor.

6. The method as claimed in any one of Claims 2 to 5, wherein the vinyl compound is selected from the
35 group consisting of acrylic acid, methacrylic acid, an acrylic acid ester, a methacrylic acid ester and
3 acrylonitrile. '

Patentanspriiche

40 1. Polymerisationsinhibitor fUr eine Vinylverbindung, die als eine wirksame Komponente wenigstens eine
Sorte eines Mangan-Dithiocarbamats mit einem Stickstoffatom enthilt, das mit zwei Kohlenwasserstoff-
gruppen einer identischen Sorte oder zueinander unterschiedlicher Sorten gebunden ist, wobei die
Kohlenwasserstoffgruppen jeweils ausgewéhlt sind aus der Gruppe, bestehend aus einer Methyl-, einer
Ethyl-, einer Propyl-, einer Butyl- und einer Phenylgruppe, wobei die Propyl- oder die Butylgruppe

45 entweder ein gerader Ksttentyp oder ein verzweigter Typ sein kann.

2. Verfahren zum Verhindern der Polymerisation einer Vinylverbindung, wobei das Verfahren aus der
Verwendung eines Polymerisations-Inhibitors gomé&B dem Anspruch 1 umfaBt.

50 3. Verfahren nach Anspruch 2, wobei das Verfahren weiterhin die Verwendung von wenigstens einer Sorte
eines Polymerisations-Inhibitors umfaBt, ausgew&hit aus der Gruppe, bestshend aus einem Mangansalz
anders als ein Mangan-Dithiocarbamat, einem Kupfersalz und sinem Benzolderivat.

4. Verfahren zur Verhinderung der Polymerisation einer Vinylverbindung, wobei das Verfahren die gemsin-
55 same Verwendung eines Kupfer-Dithiocarbamats und eines Mangansalzes als Polymerisation-Inhibito-
ren umfaBt, wobei das Gewichtsverhéltnis von Mangan zu Kupfer (Mn/Cu) in dem Bereich von 1 bis 10

liegt.

30



40 1. Polynerisationsinhibitor fU eine Vinylverbindung, die als eine

w rksane Konponente weni gstens el ne Sorte eines Mangan-Dithi ocarbamats m t
ei nem Stickstoffatomenthflt. JdEBOA8SE 18981 Kohl enwasser st of f- gruppen ei ner
i dentischen Sorte odor zuei nander unterschiedlicher Sorten gebunden i st,

wobei d: e Kohl envvaiseEstoffgruppen jeweil's ausgewghft sind aus der Gruppe

best eh thyl-, einer Ethyl-, einer Propyl-, einer Butyl- und
ei ner Phe'?uY ofV\&Q o 4i1 ewﬁr% a!led ﬁﬁo{he MW= TI U&% o%§ car %EWeder
ei n ger ﬁJt.o xoﬁasg {caaa@o.ms i bl e j n zum
b fuy dor oo ﬁﬁéﬁﬁﬁ' {m oﬁb%ﬁ i el Ny Qr\ﬁeziﬁp 54 e gfmm 'b" ren
uﬁ'f aBt . ooy rrts BioBGRCdAd /ﬁ{mwé’.h\ atfon m@'@ekyqﬁ@myﬁwésafmna in mlcbﬁml n dl e

Ver vvendm}g théoﬂasdﬁeﬁl hG&hﬁHﬂSseedaﬁl BiherIRdnt £mBlgaMSe BRlioksmBanatedtai phéaI Edipoltid! &1dS

unt aSt , mastaEENGHintarsibrly 6568 wioulie of 8§ esppérnhiskaidmate, decrsasbdn@a paipherizatiosler
ale @ ﬁnmﬁiﬁmﬁaﬂecavislvomdlﬁﬂﬁﬁuanoal nem Kupf ersal z und ei nem Benzol derivat. 4.
Ver fahren zur Verhi nderung der Pol ynerisation einer Vinylverbindung, wobei
das Ver€laimsen di e genein- 55 sanme Verwendung ei nes

Kupf er-Dit hi ocarbamats und ei-nes Mangansal zes al s Pol yneri sati on- 1 nhi bi to-
ren unfht A polymigusgatioy drhibien fprcetinyl eanipoindnivkichcompiides ga an 2ifectivgsomponeiihdt @ast |

dem Ber ei efe quqqoflnq;gagesp(ﬁlthvpc@g)pmatggavmg a nitrogen atom bonded wiih] tyg hydrocarbon gr]oups111811
11D EPobanidentieat kipd orgof\differeniing teach others paid eydrogarbeRegroupe gadidping seledtedd e
\_verwendun O { te@royncGengiting: Pl & Myl Ansothvt 3 AERRYY Arbiivl and:a phepy! | gryP-oYheEsIn i af ¢ .

6. Verf ahPORY! Qaluty! S’Pﬁ‘fb’ﬁ?yo@re'%§ﬁ§'ﬂf‘ﬁ‘é‘a? typp OF &branched 44 chem dj e

R A b oo g S 8

Met hacryl gm{l"r’%'es' e und el il ed"A "1 on tr| | . Revendl catlons 10 1. | nhibiteur
de pol ygre s abth ﬂfﬁ?é?rﬁ% WuEWJn furtfdk b E&rtﬁmseco?%a&f%é Bﬁoeofa“ Ive
au noi NS Y dRso ?hh th bng&é’J Corblip CARGIAY BES fabbrdlb s g{‘otﬂé&ﬁ% m@d-ot €
lid g deuyadsddiRisartd PP BitSan ebs}é&dérder.daﬁi;snthue ou de natures

dlfferent es, lesdits groupes hydr ocar bones etant chacun choisis parm

‘enserl & rﬁ‘dﬂf&iﬁﬁ:ﬂﬁﬂ!&]ﬁnghﬁ@m&isﬁﬁbﬁ%ﬁa WY1 Bdthgdunc Whitt @ethdel dMpliss the it L A'ta
phenyl e, beppeh dithioGFbampe andé Hadgahesd Yallas! polymertation adhibitsis, Whedi the)rsightratidiéit Ne
droi t e oumenpahesp® dopypdr {MreCu) &n the range of from 1 o 10.

30
5. The method as claimed in Claim 4, which further comprises the use of a benzens derivative as a
polymerization inhibitor.

6. The method as claimed in any one of Claims 2 to 5, wherein the vinyl compound is selected from the
35 group consisting of acrylic acid, methacrylic acid, an acrylic acid ester, a methacrylic acid ester and

\ acrylonitrile.

Patentanspriiche

40 1. Polymerisationsinhibitor flir eine Vinylverbindung, die als eine wirksame Komponente wenigstens sine
Sorte eines Mangan-Dithiocarbamats mit sinem Stickstoffatom enthélt, das mit zwei Kohlenwasserstoft-
gruppen einer identischen Sorte oder zusinander unterschiedlicher Sorten gebunden ist, wobei die
Kohlenwasserstoffgruppen jeweils ausgewdhit sind aus der Gruppe, bestehend aus einer Methyl-, einer
Ethyl-, einer Propyl-, einer Butyl- und einer Phenylgruppe, wobei die Propyl- oder die Butyigruppe

45 entweder ein gerader Kettentyp oder ein verzweigter Typ sein kann.

2. Verfahren zum Verhindern der Polymerisation einer Vinylverbindung, wobei das Verfahren aus der
Verwendung eines Polymerisations-Inhibitors gem&B dem Anspruch 1 umfast.

50 3. Verfahren nach Anspruch 2, wobei das Verfahren weiterhin die Verwendung von wenigstens einer Sorte
einos Polymerisalions-Inhibitors umfaBt, ausgewahlt aus der Gruppe, bestehend aus einem Mangansalz
anders als ein Mangan-Dithiocarbamat, einem Kupfersalz und einem Benzolderivat.

4. Verfahren zur Verhinderung der Polymérisation einer Vinylverbindung, wobei das Verfahren die gemein-

55 same Verwendung eines Kupfer-Dithiocarbamats und eines Mangansalzes als Polymerisation-Inhibito-
ren umfaBt, wobei das Gewichtsverhéltnis von Mangan zu Kupfer (Mn/Cu) in dem Bereich von 1 bis 10

liegt. :
—_—
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2. Procédé pour inhiber la polymérisation d'un composé vinylique, lequel procédé consiste & utiliser un
'\/ inhibiteur de polymérisation selon la revendication 1.

3. Procédé selon la revendication 2, lequel procédé consiste en outre 3 utiliser au moins un type
20 d'inhibiteur de polymérisation choisi parmi I'ensemble comprenant les sels de manganése autres que
le dithiocarbamate de manganése, les sels de cuivre et les dérivés du benzéne.

4. Procédé pour inhiber la polymérisation d'un composé vmyllque lequel procédé consiste 2 utiliser
simultanément un dithiocarbamate de cuivre et un sel de manganése comme inhibiteurs de polyménsa-
25 tion, ol le rapport pondéral du manganése au cuivre (Mn/Cu) est compris dans l'intervalle de 1 & 10.

5. Procédé selon la revendication 4, qui consiste en outre & utiliser un dérivé du benzine comme
inhibiteur de polymérisation.

30 6. Procédé selon I'une quelconque des revendications 2 & 5, dans lequel le composé vinylique est choisi

parmi 'ensemble comprenant I'acide acrylique, I'acide méthacrylique, les acrylates, les méthacrylates
et l'acrylonitrile.

50

%* c L M H *



