1 METHOD FOR PRODUCI NG METHYL METHACRALAYE BAYRER The present inventiohP™*
relates to a nethod for producing a nethyl nethacrylate polynmer. Mre
particularly, it relates to a nethod for producing a nethyl nethacrylate
pol yner, including the step of recycling nononmers and nercaptan conpound as
a chain transfer agent, the nethod conﬁrising recovering a volatile content
cont ai ni ng unreacted nononers froma nethyl nethacrylate pol yner
conposition obtained by a bulk polynerization or solution polynerization
met hod for nethyl nethacrylate, recovering nercaptan conpound fromthe

resi due and usi nETHEDnECBapPRABUCONGOMBUHEE MEFHACRYLAPE| PABXMERt i on raw
materials. As a polynerization nethod of a nethyl nethacrylate nononer, a
bat ch suspensi on pol yneri zati on nmet hod usi ng an aqueous nedi um has
general |y been used. Recently, there has been used a bul k pol ynerization or
sol ution pol yner i%w psgsspthbavendienh fed abesetPehmeithod £or Fragdystisi em of
wast e wat er di sposal caused by the aqueous nedium productivity and energy.

As the bul k Barsty} ZegthacTetalor PATVNs MofodardicudiardiYosdd i n
Japanese Patent Kokoku Publication Nos. 52- 32665, 59-21325, 59-21326,
1- 49295, 2- XFBEehdtY AR PAVNPIRALF L BA? i RSEH Hh T@thacryiabs.

polymer, including the step of recycling monomers and
mercaptan compound as a chain transfer agent, the method
comprising recovering a volatile content containing
unreacted monomers from a methyl methacrylate polymer
composition obtained by a bulk polymerization or soiution
polymerization method for methyl methacrylate, recovering
mercaptan compound from the residue and using the mercaptan

compound as a part of polymerization raw materials.

As a polymerization method of a methyl methacrylate
monomer, a batch suspension polymerizaticon method using én
aqueous medium has generally been used. Recently, there has
been used a bulk polymerization or solution polymerization
method, which is excellent in view of a problem of waste water
disposal caused by the aqueous medium, productivity and
energy.

As the bulk polymerization method, various methods are
disclosed in Japanese Patent Kokoku Publication Nos. 52-
32665, 59-21325, 39-21326, 1-45295, 2-26642 and Japanese

Patent Kokai Publication No. 3-111408.



The sol ution polynerization nethod is disclosed in Japanese Patent Kokoku
Publ i cati on No. 55-7845 and Japanese Patent Kokai Publication No.

58-132002. In these polynerization nmethods, all nononers are not

pol yneri zed but the content of the polyner is fromabout 30 to 80% by

wei ght and a liquid pol ymer conpositior?conprising an unreacted nonomer and
a solvent is generally isolated fromthe polynerization system Japanese
Pat ent Kokoku Publication No. 54-42035 discloses to reuse unreactednononers
and a part of inpurities having a boiling point of not nore than 200[err]C.
Si nce nercaptan cBwpamidituised pesl ymeoticd at ioramsd thodigentdischovgdd bion | i ng
conpound conpared with the unreacted nononer, the nercaptan conpound is
gener al | y didapanese Hatieoi Ke ke by fungl cat e 81 .088-178 4 Faprd eFabana st

Kokai Publication No. 3-111408. |In such way, since an active conponent such
as mer capt arPaiespoufekal Rrel grtiien Nosf2¥-b3RM2i s contained in the
residue formed after recovering nononers fromthe |iquid polyner
conposition, it ikt dihess gedymerigpsdons mgthedget #0h TORGARLRt2HT Ade

nononer and chain | _ . =
polymerized but the content of the pclymer is from about 30

to 80% by weight and a 1liquid polymer composition comprising .
an unreacted monomer and a solvent is generally isolated from
the polymerization system.

Japanese Patent Kokoku Publication No. 54-42035
discloses to reuse unreacted :ﬁonomers and apart of impurities
having a boiling point of not more than 200°C. Since
mercaptan compound used as a chain transfer agent is
high—boiling compound compared with the unreacted monomer,
the mercaptan compound is generally discarded without
recovering as described in Japanese Patent Kokai Publicationl
No. 3-111408.

In such way, since an active component such as mercaptan -
compound as the chain transfer agent is contained in the
residue formed after recovering monomers from the liquid
polymer composition, it is discarded.

In view of a reduction in amount of the monomer and chain
transfer agent to be used, it becomes necessary that the
mercaptan compound is recovered from this residue and reused
as the chain transfer agent of the raw material. However,

when the mercaptan compound is continuously reused,



transfer agent to be used, it becones necessary that the nercaptan conpound
Is recovered fromthis residue and reused as the chain transfer agent of
the raw.material. However, when the mercaptan conpound is conti nuously
reused, 3 inpurities accurrul ate to exert a bad influence on

pol yneri zation itself and to cause col oS ng of the resulting pol yner.
Therefore, the present inventors have intensively studied about a nethod
for producing a nethyl nethacrylate polynmer, which can efficiently renove
impurities contained in the recovered mercaptan conpound to perform
purificati on izppridiiesaiacamelglrsl itoy eenthe Radi ngigRAg Mt good even if
t he pol yrrerlzatlon is continued for a long tinme. As a result, the present

i nventors hab® fY&?ﬁd-zt""ﬁd@“a’-ﬁé?%?Ianf?ef:ﬁa‘é?‘ﬁ%tt@l;ﬂﬂ%?fhm FESyddd ual ity
can be obtained even if the polynerization is continued for a long tine, by
separating aPPdHYRET e content froma | I quid polymer conposition to recover
unreacted nononers, distilli ng the volatile contenﬁ_‘ to recover, urir eact ed

monomers, (1)subj SEEERGOTRe FBSi BIESEH L IoFRAr SreMteRTHY

studied about a method for producing a methyl methacrylate
bolymer, which can efficiently remove impurities contained
in the recovered mercaptan compcund to perform purification
and maintain the quality of the resulting polymer good even:
if the polymerization is continued for a long time. As a
result, the present inventors have found that a methyl
methacrylate peclymer having good quality canbe obtained even
if the polymerization is continued for a long time,

by separating a volatile content from a liquid polymer
composition to recover unreé.cted monomers, distilling the
volatile content to-recover unreacted monomers,

(1) subjecting the residue to a contact treatment with
hydrazine compound or (2)subjecting the residue to an
azeotoropic -distillation with water to remove impurities,
distilling the resultant to recover the mercaptan compound
as the active compqnent and reusing the mercaptan compound .
as a chain transfer agent of rawmaterials. Thus, the present

invention has been accomplished.

An Object of the present invention is to provide a method

for producing a methyl methacrylate polvmer which has good



hydr azi ne conpound or (2)subjecting the residue to an azeotoropic
distillation with water to renove inpurities, distilling the resultant to
recover. the mercaptan conpound as the active conponent and reusing the

mer capt an conpound as a chain transfer agent of raw materials. Thus, the
present invention has been acconplished4 An bj ect of the present invention
Is to provide a nethod for producing a nethyl nethacrylate polyner which
has good 4 quality and characteristics even if reuse of the recovered
unreact ed nononers and nercaptan conpound as a chain transfer agent is
conti nued fouualibrigand mharagterishitdnhenen glodauseonfothe recoyered

met hacryl ate pol ynmer by the bul k polynerization or solution polynerization
met hod. Thatupseag¢hed HORONST S| 3NE AELEAPLaNaEONRPIRGES § Chainierapitenr
produci ng anet hyl nethacryl ate pol yner, wherein nonomers containing nethyl
met hacryl at e2@80h hi FORBHPORLNEORr2 boRk- p&MondRi FRE gpntinuous

sol ution-polynerized in the presence of a polynerization initiator_ and

mer capt an cdﬁﬁaﬁ%ﬂté%naQEh%J%eF?%%s?%Fh%ﬁéﬁ%agﬁ PRI RET| PYuFBepBIY Ker

conposition conptainin nr eact ed. noponers_ and then. a
P poi&merizgtgon or solutfon polymerization method.

That is, the present invention is as follows:

(1) amethod for producing a-me‘thyl methacrylate polymer,
wherein monomers containing methyl methécrylate as a main
component are bulkjpolymerized or solution-polymerized in
the presence of a polymerization initiator and mefcaptan
compound as a chain transfer agent to form a liquid polymer
composition containing unreacted monomers and then a.
volatile content is separated from the liquid polymer
composition, the methoq comprising the steps of:
distilling the volatile content to recover unreacted
monomers, subjecting the residue to a contact treatment with
hydrazine compound, distilling the resultant to recover the
mercaptan compound and reusing the mercaptan compound as the
chain transfer agent of raw materials; and

(2) amethod for producing amethyl methacrylate polymer,
wherein monomers containing methyl methacrylate as a main
component are bulk-polymerized or solution-polymerized in
the presence of a polymerization initiator and mercaptan
compound as a chain transfer agent to form a liquid polymer

composition containing unreacted monomers and then a



vol atile content is separated fromthe |iquid polyner conposition, the

nmet hod «conprising the steps of: distilling the volatile content to recover
unreacted nononers, subjecting the residue to a contact treatment wth
hydrazi ne conpound, distilling the resultant to recover the nercaptan

conmpound and reusing the nercaptan conpbund as the chain transfer agent of
raw materials; and (2) a nethod for producing a nethyl nethacryl ate

pol ymer, wherein nononmers containing nmethyl nethacrylate as a nain _
conponent are bul k-pol yneri zed or sol ution-polynerized in the presence of a
pol yneri zat iwvelatile atomtemdd iersepdeatednpoomdths idighadnpdlgmetker agent
to forma liquid polynmer conposition containing unreacted nononers and then
a 5 vol atecdmpooit bom, | she epatixiaddecdmpni s gl thhei steps yar : conposi ti on,

t he met hod conprising the steps of : distilling the volatile content to
recover unr edisteil hibmynehs, veldftle i contémt resi daeover aunneaotedopi c
distillation with water to renove inpurities, distilling the resultant to

recover the menemeran swppechinanthe eteshdue heonercapeakoroppound as the

chain transfer agent of raw _ _ .
distillation with water to remove impurities, distilling the .

resultant tc recover the mercaptan ccmpound and reusing the
mercaptan compound as the chain transfer agent of raw

materials.

Figure 1 is a diagram illustrating a flow chart of the

process of Example of the present invention. -

The present invention will be described in detail
hereinafter. :

The monomers containing methyl methacrylate as a main
component in the present invention are methyl methacrylates :
cor mixtures of methyl methacrylates and other vinyl monomers
which are copolymerizable with methyl methacrvaltes.

The.methyl methacrylates may be those which are
industrially produced, and examples thereof include those
obtained by the acetone cyanhydrin method and those obtained
by catalytically oxidizing isobutylene or tertiary butanol
to form methacrylic acid and esterifying methacrylic acid
with methanol.

The copolymerizable other vinyl monomers are



materials. Figure 1 is a diagramillustrating a flow chart of the process
of Exanple of the present invention. The present invention will be
described in detail hereinafter. The nononers contai ni ng net hyl
met hacryl ate as a main conponent in the present invention are nethyl
met hacryl ates or m xtures of nmethyl nettacryl ates and ot her vinyl nononers
whi ch are copolynerizable with nethyl nethacryaltes. The nethyl
nmet hacryl ates may be those which are industrially produced, and exanpl es
t hereof include those obtained by the acetone cyanhydrin nmethod and those
obt ai ned by methhgtiydaltley sxicti zisngthydbmephawe ydategr tormpylout anol to form
nmet hacrylic acid and esterifying nethacrylic acid with nethanol. The
copol yner i zahktéhathrgd ateny butgdomethaarglatet benzadr Wedthesrytidteas et hyl
nmet hacryl ate, propyl nethacrylate, butyl methacrylate, benzyl nethacryl ate,
etc.; acryl aeés.suekrydateshguchceyl aethydt lagr viertd atechydr sty ladte)l at e,
butyl acrylate, 2-ethyl hexyl acryl ate,
propyl acrylate, butyl acrylate, 2-ethylhexyl acrylate,
etc.; unsaturated carboxylic acids such as acrylic acid,
methacrylic acid, malieic acid, itaconic acid, etc.; acid
anhydrides such as maleic anhydride, itaconic anhydride,
etc.; hydroxyl group-containing monomers such as
2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate,
monoglycerol acrylate, 2-hvdroxyethyl methacrylate,
hydroxypropyl methacrylate, monoglycerol methacrylate,
etc.; nitrogen-containing monomers such as acrylamide,
methacrylamide, acrylonitrile, methacryionitrile,
diacetone acrylamide, dimethylaminoethyl methacrylate,
etc.; epoxy group-containing monomers such as allyl glycidyl
ether, glycidyl acrylate, glycidyl methacrylate, etc.:; ahd
styrene monomers such as styrene, a-methylstyrene, etc.
Apolymerizationinitiator used in the present invention
may be those which are generally used, and is not specifically .
limited. Specific examples thereof include azo compounds
such as azobisisobutyronitrile,
azobisdimethylvaleronitrile, azobiscyclohexanitrile,
1,1’ -azobis(l-acetoxy-l-phenvlethane), dimethyl-2,2’-

azobisisobutyrate, 4,4'’-azobis-4-cyanovaleric acid, etc.;

and peroxides such as benzoyl peroxide, lauroyl peroxide,



etc.; unsaturated carboxylic acids such as acrylic acid, nethacrylic acid,

mal ei c ‘acid, itaconic acid, etc.; acid anhydrides such as mal ei ¢ anhydri de,

i taconi.c anhydride, etc.; hydroxyl group-containing nonomers such as

2- hy'dr oxyet hyl acryl ate, 2-hydroxypropyl_acrylate, nonoglycerol acrylate,

2-hydr oxyet hyl nethacryl ate, hydroxypropyl nethacrylate, nonoglycerol

nmet hacryl ate, etc.; nitrogen-containing nononers such as acryl am de,

nmet hacryl am de, acrylonitrile, nethacrylonitrile, diacetone acryl an de,

di met hyl am noet hyl nethacrylate, etc.; epoxy group-containing nononers, such

as allyl glytitybist(hebutylperdyy) 3c3ybateingthyldyclobekandeyl acetydtc. ;

and styrene nononers such as styrene, [err]-methylstyrene, etc. A

pol yreri zat i peroxide at orpngbdrerox héde presténdichiernebenzauybeerpasidenwni ch

are generally used, and is not specifically Iimted. Specific,exanples

t her eof i ncl LglebatBl coapeuAdS: s@eﬁtsa%ca%@ﬁ){exzbw%?%m-t PeFaexide, t-

azobi sdi net hyl val eroni tri le, azobi_s ciclohexanitri | e

1, 1' - azobi s(RUBYEPBROXY - PREAYREE hahehUt Wi RRFRYY -2 oCthyh, BBraPeateryr at e,

4,4' -azobi s-4-cyanoval eric acjd, etc.; and peroxi des such_ as benzqgl

per oxi de, |ahe%ypr%@yﬁgeaggywdlcarbonate, 1eo—butylperoxy<ilcarbona e,
sec~-butylperoxy dicarkonate, n-butylperoxy dicarbonate,
2-ethylhexylperoxy dicarbonate, bis(4-t-
butylcyclohexyl)peroxy dicarbcnate, t-amylperoxy-2-ethyl
hexanoate, 1,1,3,3-tetramethylbutylperoxyethyl hexanoate,
1,1,2-trimethylpropylperoxy-2-ethyl hexanoate, t-
butylperoxyisopropyl monocarbonate, t-amylperoxyisopropyl
monocarbonate, 1,1, 3,3-tetramethylbutylperoxyisopropyl
monocarbonate, 1,1,2-trimethylpropylpercxyisopropyl
monocarbonate, 1,1,3,3~-tetramethylbutylperoxy
isononanoate, 1,1,2-trimethylpropylperoxy isoncnanocate,
t-butylperoxy benzoate, etc.

One or more kinds of these polymerization_initiators,
which are suitable for a predetermined polymerization
temperature, may be used.

An amount of the polymerization initiator is from 0.0001
to 1% by weight based cn the monomers.

When the amount is smaller than this range, the
polymerization rate becomes slow. On the other hand, when
the amount is larger than the range, the heat stability of

the resulting polymer becomes inferior, unfavorably.



7 1,1-bis(t-butyl peroxy)3,3,5-trinmethyl cycl ohexane, acetyl peroxide, capryl
peroxi de, 2,4-dichlorobenzoyl peroxide, isobutyl peroxide,

acetyl cycl ohexyl sul fonyl peroxide, t- butyl peroxy pivalate,

t - butyl peroxy- 2-et hyl hexanoate, iso-propyl peroxy dicarbonate,

i so-butyl peroxy di carbonate, sec-butyl p8roxy dicarbonate, n-butyl peroxy
di carbonate, 2-ethyl hexyl peroxy di carbonate, bis(4-t-

but yl cycl ohexyl ) peroxy di carbonate, t-anyl peroxy-2-ethyl hexanoate,

1,1, 3, 3-tetranet hyl but yl per oxyet hyl hexanoat e,

1, 1, 2- t ri netBRafeRARA Herihe - Qﬂ%lnﬁlllme&m&eoo@l Bt Ot prroxyvebghbpyi
nnnocarbonate t - anyl per oxyi sopropyl nonocar bonat e, .
1,1, 3,3-tetranet W%&%%@Q%&W%@W righd&e ti?ﬁ%ﬁ%nt invention is

1,1, 2-trinethyl ropylperoxylsoprop nonocar bonat e,
1,1,3,3-tet rﬁﬁﬁe‘{) Pﬁev‘-’@@ypl%oyﬂyméhéa‘%%t qdadgsprr%dhwp?ww oxy

|sononanoate butylperox benzoate, etc. nore_ ki nds_ of these

pol yneri zat |3ﬂ$ql}ﬁ Kekpkpdu %%@@Ert%@ﬁ%r a9prédéPeriiitdP 26,

pol ymeri zation tenpera be, used. An amount qf the Iynerlzatlon
"nitiator i slﬁ%ﬁ'% 20 2P, B AR I3 F AT e K G L CAMAT: { ho
anount is s I(% ;rrﬂbéhls range, the polynerization rate becones slow. On
t he ot her :

That is, the method may be a method c¢f polymerizing
monomers containing methyl methacrylate as a main component
to give a liquid polymer composition containing unreacted
monomers, and is not specifically limited.

In order to adjust the molecular weight of the resulting
polymer, known monofunctional and polyfuncticnal chain
transfer agents are used.

Examples.thereof include alkyl mercaptan compound such
as propylmercaptan, butylmercaptan, hexylmercaptan,
octylmercaptan, 2-ethvlhexylmercaptan,- dodecmeercap+a“,
etc.; aromatic mercaptan compound such as phenylmercaptan,
thiocresol, etc.; and thioglycol compound having 18 carbon
atoms or less, such as ethylene thioglycol, etc.

These chain transfer agents may be used alone or in
combination thereof.

An amount of the chain transfer agent is within the range
from 0.01 to 3 parts by weight, preferably from 0.05 to 1
parts by weight, based on 100 parts by weight of the monomers.

The amount within this range is preferable because good heat



the amount is larger than the range, the heat stability of the resulting
pol ymer “becones inferior, unfavorably. 8 Preferably, the amount is from
0.0001 to 0.1% by weight. The bul k polynerization in the present invention
is performed, for exanple, by the methods described in Japanese Patent
KokokuPubl i cati onNos. 52-32665, 59-213259 59-21326, 1-49295 and 2-26642 and
Japanese Patent Kokai Publication No. 3-111408. That is, the method may be
a method of polynerizing nononers containing nmethyl methacrylate as a main
conmponent to give a |liquid polynmer conposition containing unreacted
nononers, andtablldttyspevafintalihpdiwititert denerideatiagatienechhaigaliecul ar
wei ght of the resulting polynmer, known nonofunctional and pol yfunctional
chai n transf propgettiesard tbedpokyaepl.es t hereof include al kyl mercaptan
conpound such as propyl nercaptan, butyl nercaptan, hexylnercaptan, _
octyl mer capt an, 2TBehgpbhukjbnepeipmenizadbilenylinetbappansentcinvanainahi c

mer capt an compound such_as phenyl mercaptan, thiocresol, etc.; and .

t hi ogl ycol céspalfid PRXfgred dorberample, by the methods described in

Japanese Patent Kokoku Publication No. 44-7845 and Japanese.
Patent Kokai Publication Nos. 58-132002 and 63-57613.

That is, the method may be a method of polymerizing
monomers containing methyl methacrylate as a main component
in the presence of a polymerization inert solvent to give
a liquid polymer composition containing the solvent and
unreacted monomers, and is not specifically limited.

The method of separating a volatile content comprising
monomers and a solvent from a methyl methacrylate polymer
in the liquid polymer composition includes, for example, the
methods described in Japanese Patent Kokcku Publication Nos.
51-29914, 52-17555 and 1-53682 and Japanese Patent Kokai
Publication Nos. 62-89710 and 3-49925.

That is, the liquid polymer composition is heated to
evaporate a volatile content using a screw type vented
extruder etc., thereby separating from the polymer.

The method ¢f recovering the unreaéted mcnomers from
the volatile content separated after evaporation includes
the methods described in Japanese Patent Kokoku Publication
No. 54-42035 and Japanese Patent Kokai Publication No.

6-228203. Thatis, it is amethodof remcving a high - boiling



atons or |less, such as ethylene thioglycol, etc. These chain transfer
agents ‘may be used alone or in conbination thereof. An anount of the chain
transfer agent is within the range fromO0.01 to 3 parts by wei ght,
preferably from0.05 to 1 parts by weight, based on 100 parts by wei ght of
t he nmononers. The anmount within this rah@e is preferable because good heat
9 stability is maintained without deteriorating the nechani cal properties
of the polymer. The solution polynerization in the present invention is

al so performed, for exanple, by the nethods described in Japanese Patent
Kokoku Publ i cahtent Noon#4iz8d5imnthd apahetélPatentekiukdie.Bublowat i on Nos.
58- 132002 and 63-57613. That is, the nmethod nmay be a nethod of pol ynerizing
mononer s corpaiynegirethoh degheerydbymens afndimesoppordidgomery heangr esence
of a polynerization inert solvent to give a liquid polymer conposition

cont ai ni ng ttkasnltranstaniagantatcddagmenreantansd et .noas $hecrestdvey
limted. The nethod of separating a volatile content conprising nononers
and a sol venandlr sacaveasing| thet aregthed pongmers.

The residue obtained after recovering the unreacted
monomers is subjected to a contact treatment with hydrazine
compound.

In the contact treatment of the residue as the high -
boiling content, all or a part of the residue is treated with
hydrazine compound, continuously or intermittently. The
selection is judged by the quality of the resulting polymer.

As the hydrazine compound, those having a boiling point
higher than those of mercaptan compound are preferable and
those having a boiling point of not less than 200°C under
normal pressure are preferable. Examples o.f the hydrazine
compound include hydrazine (hydrate), phenylhydrazine, eté.

In order to subject the residue to the contact treatment
with hydrazine compound, the residue and hydrazine compoun
may be sufficiently contacted with each other, and there may
be any method of performing liquid-liquid mixing.

Examples thereof include a method of mixing in a vessel -
with a stirrer and a method of passing through a tower
including a perforated plate or a packing.

A contact temperature is from about 5 to 8CC, preferably

from normal temperature to 50°C. An amount of the hydrazine



in the liquid polynmer conposition includes, for exanple, the nethods
descri bed in Japanese Patent Kokoku Publication Nos. 51-29914, 52-17555 and
1-53682. and Japanese Patent Kokai Publication Nos. 62-89710 and 3-49925.
That "is, the liquid polymer conposition is heated to evaporate a volatile
content using a screw type vented extruddr etc., thereby separating from
the polyner. The nethod of recovering the unreacted nononers fromthe
vol atil e content separated after evaporation includes the methods descri bed
in Japanese Patent Kokoku Publication No. 54-42035 and Japanese Patent -
Kokai Publ i cgom@peuns 15 fxagp®3001 thal - 085 kgtbdsedaptihbdof themesigue,
hi gh- boi |'i ng 10 content contained in the volatile contpn}l(e.g. | ow
pol yneri zat i @8ddégreropist peedscifledibiether aspugonef ,impur idhiz s formest.er
agent such as nercaptans, etc.) as the residue and recovering the unreacted
nononers. Th&heedirgadisst dieRpgratuge, r xersingy time @mcbdamoeml tnmfh oririres ![s

' t w th hydrazine conpound. In the contac
ffggfﬁéﬁ? g?hgﬁgggég%é@%&gghgﬁgsﬁq&%d_ﬁét be limiégé, specifically.

Then, the mercaptan compound is separated from the
resultant which was subjected to a contact treatment with
hydrazine compound. This separation method is not
specifically limited, and is generally separated by single
distillation or d-istillation using a plate tower or a packed
tower.

In place of the contact treatment with hydrazine
compound, the mercaptan compound may be separated by
performing the distillation in the same manner as described
above after subjecting the residue to an azeotropic
distillation with water to remove impurities.

According to these methods, .30 to 1C0% of the mercaptan
compound contéined in the residue are recovered.

The recovered mercaptan compound is reused as the chain
transfer agent of raw materials.

According to the present invention, when a methyl
methacrylate polymer is coﬁtinuously produced by a bulk
polymerization or soiution polymerization method, even if
reuse of the recovered unréacted monomers and mercaptan
compound_is continued for a long time, impurities derived .

from the raw material and polymerization reaction do not



boiling content, all or a part of the residue is treated with hydrazi ne
conpound, continuously or intermttently. The selection is judged by the
quality of the resulting polyner. As the hydrazi ne conpound, those having a
boi I'i ng poi nt higher than those of nercaptan conmpound are preferable and

t hose having a boiling point of not |esk2than 200[err] C under nor nal
pressure are preferable. Exanples of the hydrazine conpound i nclude
hydrazi ne (hydrate), phenyl hydrazine, etc. In order to subject the residue
to the contact treatnent w th -hydrazi ne conpound, the residue and hydrazine
conpound nayateusuléte; ebhé¢yelymaicingl it possddileotheproduget agretiyl be
any nethod of performng liquid-liquid mxing. Exanples thereof include a
met hod of mimébacnvhatespel vierhhaviryrgeedagdadifgt A8d of passing through
a tower including a perforated plate or a packing. A contact tenperature is
from about 5chRar8ofFertfElcPreferably fromnornmal tenperature to 50[err]C.
An anmount of the hydrazi ne conpound is fromO0.001 to 0.005 kg based on 1
kg of the residue, and it should be decided by the amobunt of inpurities
formed. The treating tenperature, treating time and anmount of the hydrazine
conpound shotX@™Rb€Sbe |inited, specifically.

The present invention will be described in detail by
the following Examples which do not limit the presen
invention. _

The evaluation method of the resulting polymer is as
follows.

(1) Measurement of melt flow rate (MFR):

It was measured by using a melt indexer manufactured
by Takara Kogyo Co., Ltd. under the conditions of a
temperature of 230C and a load of 3.8 kg according to
JIS-K7210.

(2) Measurement of coloring degree:

Using an extruder (having a screw diameter of 40 mm)
with a T-die (manufacturedby Tanzbe PlasticCo., Ltd.), plate
extrusion was performed at a temperature of 250°C and an
extruded plate having a thickness of 3 mm was obtained by
passing through three polishing rolls at about 100C.

A plate-like sample having a size of 5 cm x 5 cm was
cut from this extruded plate, and an vellowness index (YI)
was measured by using a spectral color difference meter

manufactured by Nippon Denshoku Kogvo Co., Ltd. according



Then, the nmercaptan conpound is separated fromthe resultant which was

subj ectted to a contact treatnment with hydrazi ne conpound. This separation
met hod.is not specifically limted, and is generally separated by single
distillation or distillation using a plate tower or a packed tower. In

pl ace of the contact treatnment with hydt3zi ne conpound, the nercaptan
conpound may be separated by performng the distillation in the same manner
as descri bed above after subjecting the residue to an azeotropic
distillation with water to renove inpurities. According to these nethods,
30 to 100% ofo t FESTEY TGPt an conpound contained in the residue are
recovered. The recovered nercaptan conpound is reused as the chain transfer
agent of raw nat ef3alWeaRening RFererbedt esent i nvention, when a met hyl
met hacryl ate polynmer is continuously produced by a bul k pol ynerization or
sol ution poIyneriEQﬁi%ﬁm¢mﬁ¥ﬁkﬁ’¥%%ﬁl$4me%séso¥h§ﬁeuF§€o&§r§Beunreacted
nononers and nercaptan conpoundi s continued for a long tine, inpurities
derived fromtedeureRenbtetitdte soddnaslacsas ¥ivs exposed §8 héght at

a black panel temperature of 83°C for 2000 hours, and then
YI was measured by using a sunshine weatherometer (Model
WE-SUN-HCS-1, manufactured by Suga Shikenki Co., Ltd.). The
measpred value was used for evaluation of the weathering

properties.

Example 1

A flow chart of the process used in Example is shown
in Figure 1.

A schematic specification of principal devices is as
follows.

Monomer preparation vessel 1 : 20 L, SUS304, equippéd
with a puddle blade stirrer and a2 jacket

Catalyst dissolution vessel 2 : 10 L, SUS304, equipped
with a puddle blade stirrer and a Jjacket

Polymerization reaction vessel 3 : 10 L, SUS304,
equipped with a helical ribbon blade stirrer and a jacket

Heater 4 : 16.7 mm in inner diameter x 3 m in length,
equipped with a jacket

Vented extruder 5 : twin-screw extruder (TEX-30)

manufactured by Nippon Seikosho Co., Ltd., different



12 accunul ate, thereby nmaking it possible to produce a nethyl nethacryl ate
pol ymer having good quality and characteristics. Exanples The present

i nvention will be described in detail by the foll ow ng Exanpl es which do
not 'limt the present invention. The eval uation nethod of the resulting
polymer is as follows. (1) Measurenent ¥ nelt flowrate (MFR): It was
neasured by using a nelt indexer manufactured by Takara Kogyo Co., Ltd.
under the conditions of a tenperature of 230[err]C and a | oad of 3.8 kg
according to JIS-K7210. (2) Measurenent of coloring degree: Using an
extruder (hadingchigr ravdivieresysfeno sagewidirme trrded Ithamuf R2gFRJby
Tanabe Plastic Co., Ltd.), plate extrusion was performed at a tenperature
of 250[ err] @AY idndsg phdetl O ey ceFAIPRYL F 4 Hh CRGE’2HVeRthANAER B2 ai ned
by passing through three polishing rolls at about 100[err]C. A plate-Ilike
sanpl e havi nEPEesYeRLSf 5 cmx 5 cmwas cut fromthis extruded plate, and

an yel l owness index (Yl) was neasured by usi_nr(i; a spectral color difference
met er Monomer recovery tower 6 : irner diameter of 100 mm,

length of 3 m, SUS304, 3/8 inch SUS Rashig ring packed tower,
length of concentration portion of 0.7 m, length of recovery.
portion of 0.3 m |

Hydrazine treatment wvesseil 7 : 3 L, made of resin,
equipped with a stirrer and no jacket

Azeotropic distillation tower 7/: inner diameter of 30
mm, length of 300 mm, made of glass, no packing

Mercaptan recovery tower 8 : inner diameter of 30 m, .
length of 300 mm, made of glass, Dikson packing packed tower,
length of recovery portion of 120 mm

As the raw monomer, methyl methacrylate @ (hereinafter
referred to as MMA) manufactured by Nippon Methacryl Monomer
Co., Ltd. and methyl acrylate @ (hereinafter referred to as
MA) manufactured by Toa Gosei Co., Ltd. were used. As the
polymerization initiator, 1,1l-bis(t-butylperoxv)3,3,5-
trimethylcyclohexane @ (hereinafter referred to as CY) was
used. As the chain transfer agent, n-octylmercaptane®
(hereinafter referred to as OM) was used.

MMA, MA (3.5% by weight) and CY (0.26%) were charged -
in a catalyst dissolution vessel 2 , folicwad by mixing with

stirring to completely dissolvs CY, thereby to ferma catalyst



manuf act ured by N ppon Denshoku Kogyo Co., Lrd. according 13 to
JI S-K7203. (3) Weathering properties: The sane plate-like sanple as that
used in the neasurenent of the coloring degree was exposed to light at a
bl ack panel tenperature of 63[err]C for 2000 hours, and then Yl was
measur ed by using a sunshine weat heronet®2r (Mdel WE-SUN-HCS-1,
manuf act ured by Suga Shi kenki Co., Ltd.). The neasured value was used for
eval uation of the weathering properties. Exanple 1 A flow chart of the
process used in Exanple is showmn in Figure 1. A schematic specification of
princi pal desoresios.as follows. Mononer preparation vessel 1 : 20 L,
SUS304, equi pped with a puddl e blade stirrer and a jacket Catal yst
di ssol uti on vesseA friferantSUed0dasesad phedught B Aapkdll sobthat shérrer
and a jacket Polynerization reaction vessel 3 : 10 L, SUS304,

temperature inside the catalyst dissolution vessel becomes

5C.

The catalyst sclution thus prepared was continuously
fed to a polymerization reaction vessel 3 at a rate of 1.5
kg/hr using a pump.

An amount of MMA, MA and OM to be further fed, an amount
of the unreacted monomer to be recycled and its composition
were adjusted so that the concentraticn of MMA, MA and OM
in the monomer preparatiorn vessel 1 become 96.3% by weight,
3.5% by weight and 0.14% by weight, respectively.

A refrigerate was passed through a jacket with stirring
sothatthétemperatureinsidethenmnomerpreparationvessel
becomes 5C. The monomer mixed solution thus prepared was .
continuously fed to the polymerization reaction vessel ét
a rate of 13.3 kg/hr using & pump.

The above catalyst solution and monomer mixed solution
were fed from the lower portion of the polymerization reaction
vessel and were polymerized at a temperature of 175%*2°C for |
an average retention time of 26 minutes to an average
polymerization degree of 56% byweight. The resulting liquid
polymer composition(a) was dischzarged from the upper portion
of the polymerization reaction wvessel and then lead to a

heater 4.



equi pped with a helical ribbon blade stirrer and a jacket Heater 4 : 16.7
mmin inner diameter x 3 min length, equipped with a jacket Vented
extrude.r S.: twin-screw extruder (TEX-30) manufactured by N ppon Sei kosho

Co., Ltd., different 14 direction revolution system screw dianmeter of
30 rrm Iength of cylinder of 1200 mm edlﬁi pped with one rear vent and three
fore vents Mononer recovery tower 6 : inner dianeter of 100 mm Ilength of 3

m SUS304, 3/8 inch SUS Rashig ring packed tower, |ength of concentration
portion of 0.7 m length of recovery portion of 0.3 m Hydrazine treatnent
vessel 7 : 3 L, mdde hesiter ,equhppsdngi medd uxt warse Pamstdhdhraeight a
Azeotropic distillation tower 7': inner dianmeter of 30 mm |ength of 300
mm nade of glaasest andpawimguwmwrmr conpoaiy itomweas heatigthen 200Kkt er
of 30 mm t h of made of glass, Di kson packing packed tower,

| engt h of rec&xpeﬂ‘g EBr(E)i on T&ﬁnlzbhmlgu%mlawe%ﬁ@ﬁﬁﬁslﬁépﬁwas lead

late Jerr herei naft er
nmet hacry é a ]ve ted extruder 5.

The liquid polymer composition was treated by adjusting
the pressure of each vent to reduced pressure and adjusting
the cylinder temperature to about 250C in the vented
extruder. A volatile content(b) containing the unreacted
monomer as the main component was discharged from the vent
‘and then transferred to the following monomer recovery tower
6. The polymer ® was removed in the form of a molten strand.
After water cooling, the strand was finely cut into pel}ets
at an average rate of 8.26 kg/hr.

The vol;tile content discharged from the rear vent of
the vented extruder was fed to the recovery portion of a '
monomer recovery tower in the form of a gas. The volatile
content discharged from the fore vents of the vented extruder
was cooled and concentrated to form a liquid, which was fed .
to the bottom portion of the monomer recovery tower and then
continuously distilled at a reflux ratio of 1.

A distilled solution discharged from the top of the
monomer recovery tower was recycled to the monomer
preparation vessel as the unreacted monomers{(c). The
residue containing OM was drawn from the bottom cf the monomer

recovery tower at an average rate of 112 g/hr.



referred to as MVA) manufactured by N ppon Methacryl Mnoner Co., Ltd. and
nmet hyl -acrylate [err] (hereinafter referred to as MA) nmanufactured by Toa
Gosei Co., Ltd. were used. As the polynerization initiator,

1, 1-bi s(t-butyl peroxy)3, 3, 5- trinethqugclohexane [err] (hereinafter
referred to as CY) was used. As the chbdn transfer agent,

n-octyl mercaptane[err] (hereinafter referred to as OM was used. MVA, MA
(3.5% by weight) and CY (0.26% were charged in a catal yst dissolution
vessel 2 , followed by mxing with stirring to conpletely dissolve CY,
thereby to form almatdénsally, 1Bydvdbquinone Aasedr pgéymarivatipassed t hrough
a jacket so that the tenperature inside the catal yst dissolution vessel
beconmes 5[ erihthilfhdoravas aantigluausdy feds fpprphke e fcShei hopeBey f ed
to a polynerization reaction vessel 3 at a rate of 1.5 kg/hr using a punp.
An anount of IRMRVERMA BRAWeOMBEtoabEatfr 8RepbpPul, 0-anJ4MBunt of the unreacted

nmononer .to be recycled and its conposition were adjusted so that the
concentration of fmm\rg@@g%g gyptaining OM is in the form of a liquid,

and this residue was subjected to contact mixing with
hydrazine hydrate® in a hydrazine treatment vessel 7. The
resultant was fed to the top of a mercaptan recovery vessel
8 and then continuously distilled.

The distilled solution discharged from the top of the
‘mercaptan recovery tower was fed to the monomer preparation
vessel as a recovery;OM(d). With respect to the composition
of the distilled solution, the content of OM, MMA, MMA dimer
were 20%, 50% and 10% or less, respectively.

Almost 100% of the unreacted OM could be recovered.

A waste solution® containing a dimer and a product of
the reaction between the hydrazine compcund and impuritiés
was drawn from the bottom of the mercaptan recovery tower
8.

Using the recovered OM obtained by the above operation,
a pilot test of continuous bulk polymerization was performed
and the resulting polymer was evaluated.

The melt flow rate was 2.8, the coloring degree was 0.4
and the value of weathering properties was 0.9, which were
The same valiues as those obtainéd ir case ¢f usinrg only fresh

oM.



i n the nononer preparation vessel 1 becone 96. 3% by wei ght, 3.5% by wei ght
and 0.14% by wei ght, respectively. A refrigerate was passed through a
jacket.with stirring so that the tenperature inside the nononmer preparation
vessel becones 5[err]C. The nononer m xed sol ution thus prepared was
continuously fed to the polynerization feaction vessel at a rate of 13.3
kg/ hr using a punp. The above catal yst sol ution and nononer m xed sol ution
were fed fromthel ower portion of the polynerization reaction vessel and
were polynerized at a tenperature of 1752[err]C for an average retention
time of 26 mnutes to an average pol ynerization degree of 56% by wei ght.
The resulting |iquid polynmer conposition(a) was di scharged fromthe upper
portion of ¢ %n%nization reaction vessel and then lead to a heater 4.

16 In the heater,_ a heating medi um was _passed through a jacket and the .
liquid pol ymer cdfpbRfSiaHiF PRRNGE St a?’(?d-[ee}ﬂx@e%ébtﬁé?@rﬂeé’rtﬁqgl.c Then,

0 RSP R o0 R 3, 0
the azeotropic distillation tower 7/ in place of the contact
treatment with hydrazine compound by using the hydrazine
treatment vessel 7, a polymer was produced.

That is, the residue containing OM drawn from the bottom
of the monomer recovery tower 6 was fed to the bottom of an
azeotropic distillation tower 7’/and then water was added to
perform continuous distillation. After impurities, which
are azeotropic with water, were removed by .distillation, the
resultant containing OM was fed to the tcp of the mercaptan
recovery tower B and OM was recovered from the top.

The polymer obtained by continuous bulk pclymerization
was evaluated. As a result, the melt flow rate was 2.7, the
coloringdegreewas0.4éndthevalueofvmatheringproperties

was 0.9.

Comparative Example 1

In the same manner as in Example 1 except for feeding
the residue containing OM discharged from the bottom of the
monomer recovery tower 6 to the mercaptan recovery tower 8
as it is without subjecting to the contact treatment with

hydrazine compound, a polymer was produced.



the pressure of each vent to reduced pressure and adjusting the cylinder
tenperature to about 250[err]Cin the vented extruder. A volatile

content (b) containing the unreacted nononer as the nmain conponent was

di stharged fromthe vent and then transferred to the foll ow ng nononer
recovery tower 6. The pol yner was remf¥ed in the formof a nolten strand.
After water cooling, the strand was finely cut into pellets at an average
rate of 8.26 kg/hr. The volatile content discharged fromthe rear vent of
the vented extruder was fed to the recovery portion of a nononer recovery
tower in the fornTioé pplgeer dheainkdiby eordrireiusibat kasgkymér brathenf or e
vents of the vented extruder was cooled and concentrated to forma |iquid,
whi ch was f ewas eudimdiad omAgoatresuli, tiee meddntlowarsteemwast 8wdr, gimel t hen
continuously distilled at a reflux ratio of 1. A distilled solution

di schar ged fcohothegdagrefe was lnfrenkthearsdus 9 weathewdng peyreetied t he
nmononmer preparation vessel as the unreacted nononers (c). The residue

cont ai ni ng C¥asws dr althatr ben Bheadcinbiuerice Wasnereneedraac herquabiey at an

average rate of 112 g/ hr. 17
of the resulting polymer, particularly colcring degree.

In this case, impurities as a decomposition product from -

it became impossible to recycle the chain transfer agent.



I nci dental |y, hydroqui none as a polynerization inihibitor was continuously
fed fromthe top of the nononmer recovery tower at a rate of about 0.5 g/hr.
The residue containing OMis in the formof a liquid, and this residue was
subj ected to contact mxing with hydrazine hydrate [err] in a hydrazine
treatment vessel 7. The resultant was 28d to the top of a nercaptan
recovery vessel 8 and then continuously distilled. The distilled solution
di scharged fromthe top of the mercaptan recovery tower was fed to the
nononer preparation vessel as a recovery OMd). Wth respect to the
conpositiongfaiMe distilled solution, the content of OM MVA, MVA di ner
were 20% 50% and 10% or | ess, respectively. Al nost 100% of the unreacted

OM coul d be recover Bthe thotasd € prolduidieny & algthyeloneahacpglatdiptlymdd, a
product of the reaction between the hydrazi ne compound and inpurities was

drawn from tWredeid edrinddie cRItedpiialy mMReMARY \ndthedrPlatsiay 4 heain
recovered OM obtai ned by the above operation, a pilot test of continuous

bul k pol ynerdenadorosm twas ep énufldo-med vared itdeei rees Wdling qrotpoigmensisz ey alwat ed.
The nelt flowrate was 2.8, the coloring degree was 0.4 and the val ue of
weat heri ng priopetessnam o D.20 poidhyner e Bl ¢ el s ks Vot uesd aserbaptanbt ai ned
I n case of using only fresh
compound as a chain transfer agent to form a liquid polymer
composition céntaining unreacted monomers and then a
volatile content is separated from the liquid polymer
composition, said method comprising the steps of :
distilling the volatile content to recover unreacted
monomers, |
subjecting the residue to a contact treatment with
hydrazine compound,
distilling the resultant to recover the mercaptan
compound, and |
reusing themercaptan compounc as the chain transfer ageri’_c
of raw materials.

2. Amethod for producing a methyl methacrylate polymer,
wherein honomers containing methyl methacrylate as a main
component are bulk-polymerized or solﬁ:ion—polymerized in
the presence of a polymerizaticrn initiator and mercaptan
compound as a chain transfer agent to form a liquid polymer
composition containing unreacted monomers and then a

volatile content is separated from the liquid polymer

composition, said method comprising the steps of :

R



oM 18 Exanple 2 In the sane manner as in Exanple 1 except that
azeotropic distillation of the residue with water is performed by using the
azeotropic distillation tower 7' in place of the contact treatnment with
hydr azi ne conpound by using the hydrazine treatnent vessel 7, a polyner was
produced. That is, the residue contain?ﬂg OM drawn fromthe bottom of the
nmonomer recovery tower 6 was fed to the bottom of an azeotropic
distillation tower 7' and then water was added to perform continuous
distillation. After inpurities, which are azeotropic with water, were
renoved by di stdistilbingttie rezlatiie contenhi hg Ohtomer feareactdd top of
the nmercaptan recovery tower 8 and OM was recovered fromthe top. The
pol ymer obt Zone#geRs,cont i nuous bul k pol yneri zati on was eval uated. As a
result, the nelt flowrate was 2.7, the coloring degree was 0.4 and the
val ue of weat he3ubitepkbpethecceskdu L arcgapataopie dalbl 2 ionwifd sane
manner as in Exanple 1 except for feeding

water to remove impurities,

distilling the resultant to recover the mercaptan
compound, and

reusing the mercaptan compound as a chain transfer agent
of raw materials.

3. A zﬁethod according to claim 1, wherein said hydrazine
compound is hydrazine hydrate.

4. A method according to claim 1, wharein the amount of
the hydrazine compound ccntacted with the residue is from .
0.001 to 0.005 kg based on 1 kg of Ehe residue.

5. A method according to claim 1 or 2, wherein said

mercaptan compound is n-octylmercaptan.

I



t he residue containing OMdischarged fromthe bottom-of-the-nmonomer

recovery tower 6 to the nercaptan recovery tower 8 as it isHMhLQ laced

subjecting to the contact treatnment with hydrazine co - r was
pr oduced. 19 The pol yner obt ai ned bg cont i nuous bul n was
eval uated. As a result, the nelt flow £dte was 2.7 ,th ee was

1.0 and the val ue of weathering properties was 2.1. That is, a bad
i nfluence was exerted on the quality of the resulting polynmer, particularly
coloring degree. In this case, inpurities as a deconposition product froma
pol ynerization initiator CY accunul sARSTRACT he system and it becane
I npossible to recycle the chain transfer agent. 20 CLAIMS 1. A nethod
for produci ng a METHOD FER RROQUGING (ME THEL  MBHEAGR WLADRORGLEMERBNL ai ni ng
met hyl nethacrylate as a main conponent are bul k-pol yneri zed or
sol ution-polynerized in
The present invention provides a method for producing-
a methyl methacrylate polymer, wherein monomers containing
methyl methacrylate as a main component are bulk-polymerized
or solution-polymerized in the presence of a polymerization
initiator and mercaptan compound as a chain transfer agent
to form a liquid polymer composition containing unreacted
monomers and then a volatile content is separated from the
liquid polymer composition, the method comprising the steps
of: distilling the volatile content to recover unreacted
monomers, (1l)subjecting the residue to a contact treatment
with hydrazine compound or (2)subjecting the residue to an
azeotropic distillation with water to remcve impurities,
distilling the resultant to recover the mercaptan compound

and reusing the mercaptan compound as the chain transfer agent

of raw materials.



t he presence of a polynerization initiator and nmercaptan conpound as a
chain.ransfer agent to forma |liquid polynmer conposition containing
unreacted nmononers and then a volatile content is separated fromthe '1iquid
polymer conposition, said nmethod conprising the steps of distilling the
vol-atil e content to recover unreacted nononers, subjecting the residue to a
contact treatnent with hydrazi ne conpound, distilling the resultant to
recover the nq;i conpound and reusing the nercaptan conpound as the
chain transfe gg raw materials. 2. A nethod for producing a nethyl
met hacryl ate pol yner, mherein nmononers containing nethyl nethacrylate as a
mai n conponent are bul k-pol yneri zed or sol ution-polynerized in the presence
of a polynmerization initiator and nercaptan conpound as a chain transfer
agent to forma liguid polyner conposition containing unreacted monomers.
and then a vol atil{@)ontent is separdflgd f@n@e iquid pol yner
conposition, said thod conprising the stirs

<
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21 distilling the volatile content to recover unreacted nononers,
subjecting the residue to an azeotropic distillation with water to renove
impurities, distilling the resultant to recover the mercaptan conpound, and
reusi ng the nercaptan conpound as a ch22n $Sulsstitite sheeint 28fFelawanp 898al s.
3. A method according to claim1, wherein said hydrazi ne conpound is

hydr azi ne hydrate. 4. A nethod according to claim1, wherein the anount of
the hydrazi ne conpound contacted mﬁtQBEQSA&@sidue is from0.001 to 0.005 kg
based on 1 kg of the residue. 5. A nethod according to claim1l or 2,

wherein said nergaphal FORPPRBBULENG- NELHYTEHEPRRARYLATE POLYMER

The present invention provides a method for producing

5 amethyl methacrylate polymer ®, wherein monomers containing
methyl methacrylate® as a main component are bulk-
polymerized or solution-polymerized in the presence of a
polymerization initiator @ and mercaptan compound® as a
chain transfer agent to form a liquid polymer composition(a)

10 containing unreacted monomers and then a volatile content(b)
is separated from the ligquid polymer composition, the method
comprising the steps of: distilliing the volatile content to
recover unreacted monomers(c), (1l)subjecting the residue to
a contact treatment with hydrazine compound @ or

15 (2)subjecting the residue to an azeétropic distillation with
water to remove impurities, distilling the resultant to
recover the mercaptan(d) compound and reusing the mercaptan

compound as the chain transfer agent of raw materials.

(FIG. 1)



