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COMPCSI TI ONS Technical Field The present invention relates to a vinyl

pol ymer preparation process, vinyl nonomer polynerization initia-_ 1 tor
and styrene ™M@PMWRBVnpositions. According to the process of"‘f"r’1’«§-’9‘f5?0 ent’

i nvention, living polymerization can be cdrried out in a controllable
tenperature range w thout causing self-accelerated reaction due to genera-
tion of heat in the polymerization® eact #n, tr#insfer
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15 reaction and term nation despite high nononer concentra- tion and high
tenperature reaction conditions in conpari- son with the conventi onal

ani oni ¢ pol ynerization. Background Art 20 Styrene polyners, a
typi cal exanple of which is polystyrene, have been industriall oduced
for a | ong WOA®E3B neans of radical pol ymerization. Homeve‘?ﬂ'?é

pol ynmeri zation, as is well known, cause$ reaction ternm - nation due to
reconbi nations of grow niradl cal s, etc. or 25 radical transfer reactions
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2 radical polynerization is not living polynerization, it was not possible
to. produce bl ock polynmers or radial polyners. Living anionic polynerization
of nonomers such 5 as styrene and but adi ene has been proposed as a sol ution
to the above problens. For instance, in anionic polynmer- ization of styrene
usi ng butyl | iwoPusemhich is a general - purpose initiator, t &Y B

obt ai ned a polyner with very narrow nol ecuBar wei ght distribution since, in
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10 <case, living polynerization free of transfer reactions and reaction
termnation can proceed. Al so, by taking advantage of reactivity of the
propagati ng species of the living polyner, it is possible to obtain various
wel | - defined polyners which have been unobtainable with the 15
convent i onawosdd®al pol ymeri zati on, such as styrene/ but aB8FEABS79PHEk

pol ynmers. However, the living anionic podynerization of styrene, despite
its potential in producing very attractive resin materials, has not been

i ndustrial | yOM! | i(Zed .eRce it Bk REe CRMEREF caedd, Thiis 20a REFKH
attri butable, for one thin to | ow roduction ﬁl el d because l'iving anionic

pol ymeri zat i %A eyBEH Métd:&n AR InY R atRtus G duct i on
COSL 35 amTH-T. MgeM' ORBEALBEN (Mgl / (M' ] 2 475 3805%
- T AREBLANEZRWS LR Y =V REAKRDOREHEICBT 5,
5 KRB/, tEEETAMER Mgl /M ] =10~1007/388
el LRRE = VRESHROREHEICEEYd 3,

ARBEEL. (R?) » MgRUR!' M! RUR? OHRU /X

(R*) : NH (R' . R* | R? QBRILKEE. ORBMREF. NRIEXREF.
M' 2. Li. NaRUKMISREBHORITNEDEL EH 1 FEEOT VA Y

10 &B) TEIh3 &%,
Mgl > M' ] BT

2x (Mgl + (M*' 1 > [R® OH] + [( R? ) : NH] R 3BA%REM
TEAICBALTAHVA LB AVRESZEDOREFEICET 5,

ARRBRF/L, EoVRBEREDESE (FRRR) R0~ 17 0 OREEICEW

15 THEHABREN45CELLE2 0 0°CEITTH 3 LR~ NVRESRORMEHEICH
T30

ARWILE. (R*) . MgRUR' M' 0FRERILEDI-HB VT, R’
RUR*® OPHEAREDOSBISHA L TWAREDODIEL &b 1 202 BRER
G/ XE3BRETHD. L 2RRERTU /XIZIMREDR' RUR? ©

20 BE [R"*]H[R"?] =2 [Mg] THaERE_NRESKOBEREIC
B9 3,

AFRBEIIEA., (R?) . MgRUR' M' oBB&ERILEYICBEWT, R!
BRUR? ODRILKFZEERDODEL EL 1 DBRRYT—RRT A4 Ths L=
NERESHOMEHEICET 5,

25 AFEWIRES. (R?) . MgRUR?® OHRU /XIZ( R*) » NH (R? .
R® BBUEARE. ORBERTF. NEIEEXRF) TRIN3{LAYE
2x (Mg] > [R* OH] + [( R*) . NH] R2BKx&ETLSICES
LTHWB R NRESUSOBMELHRICET 5,
ARBIIE /2. EABENBRILAZERILAYTH 3 LR E-NREAKRDONE



conpared with conventional radical polynerization, resulting in little
i ndustrial utilization, because of the 25 necessity of a | arge-scale
sol vent recovery process. Therefore, there has been no ot her vvay but to
resort to the conventional solution polynerization techniques_f
production oW@®EEPRBi c pol ymers such as styrene/ 3 but alegﬁ %’f‘%@g
pol ymers. For reducing the production cos® in |iving anionic
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anount of the solvent used for the polynerization, to 5 enhance
productivity and to mnim ze the |oad for solvent recovery. However,
reducti on of the anpbunt of the solvent invites a sharp rise of viscosity of
t he pol ynerization solution, necessitating elevation of the polynerization
t enper at ur eWp@7@3%enar kabl y hi gher level than required i n RCT/ER9IPEAE | ona
solution polynerization. Wen styrene i $ polynerized by using, for exanple,
butyl lithiumunder these conditions according to the conventional art,
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pol yneri zation reaction heat is generated quickly, often resulting in
unsati sfactory rel ease of heat fromthe polynerization systemto cause a
steep rise of tenperature 20 in the system which tends to initiate a
self-acclerated reaction, the so-called "runaway" reaction (a situation
wher e cont r ol WSf973893r eaction rate is i npossible). RETAPH1{00TR6

t enperature such as 100[err]C or nore, carbonic anions at the propagating
speci es of the polyner 25 becone unstable to cause frequent occurrence of
transfer react#ofidb 7 thie isoldredmt Fdb—pbhyfer 7HackBone vy ety SV %
term nation du%e%o,r‘% B-elimnation, resulting in a remarkabl e reduction
of activity of 2U#& pf¥Prg pol yrer .
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4 In the conventional polynerization using an organic alkali nmetal such as
butyl lithiumas initiator, the above problem[err] can be sol ved by
controlling the polynerization rate by decreasing the amount of the 5
initiator, but this gives rise to the problemthat a pol yner having a high
nol ecul ar wWalQe33928 onl y obtai ned. The nunber-average nol e®GEAPYNGETI§ht Mh
of a polyner obtained by anionic polyner8zation using an organic al kali
nmet al depends upon the ratio of the nononer to the alkali 10 netal

accordi ng to SRENG EewligRBEOBSBAEICHTIMENI 00wt ¥ THS &1,
BRIGRIZAI I RDBELSM AT 2 BEAFELBEWI 505, BAEES
BERLLWEEBERE 1 0 0 XOEAIR. BE~OBE - SR, . BG
FIDOHERMELB N &, EBEENEVI L, SSICEABLEBRO IR oSN

5 BTt RARELRZ 6. TEMCRBLBENLIESEETHS,

EREETWSHARR S . SARGIHSET. hoEAKEBEEDS 2
BREVD. —BNICY EV S/ Tod VERIEDIA SO THNIFETH L .
TORBUIFICHRIII FE LVEABRE LTI, BBRE. BLEEED
B DI EBRHIEBHEDEV FERRBK BB ARLS

10 IITHSB, ENoDPELT, BRE, =FMRVELY, Py, f1VYTRY
WRVYEY, RV, YIundFdrE088iIFohz, . hoosiic
KARBOEWARBALWERET. FhSEFar3y, I4F40, MN4+#
YEDI—FNRILEY. TS AFANIF VDT IVEDIRT I o9F
VO VEDBERRILEH. RUF U, n—FY o ATLY . Fr50. JF

15 20 Fh UFORMIRRMBLKRRILEY. NIFATNIZOL, VIFA
HNFDOF[NA ABEVERIABFIETHL N,

FRATHVONS, (R?) : Mg THRINBER XY L{LAME .
Mg iR {LKRELREES L T 3ILAYTH 5, BHMEKRERE L LTIR. AAE.
AFNE TFNE ToEAE, 1V TnEAE n—TFAVE, t—-TFN

20 X sec ~TFNE. TINE AFINVEEDCH: (CH:) n—-TEHIH
5 (HSEXIEIAE) TAFVELIFE LV, RENK2 /R LbameE LT
By I—n —TFNRIRVTDL, F—t —TFNRITRYTL, F—sec —F
FNRITRVOL 0 —TF~—sec —TFNITRY UL 0 —TFNIFN
RIRVIL N =TIV TR LENFE LVe COhoDAMIL | B

25 T, XF2ESP LOHRTHAWVWT LI,

RS, R* Mg (RETAFNE) BBTR. EoVREREOESH M
BLIBWZ &, ISIAFTAFURABNT I F (HMPA) SO
ZHEMLBVROIESHBBLESVW I EMo TS, LA LERBEASIL. &
L&Y ERMEY. R’ Mg{t&93HRT. L bRBroR{IbKRREE D



WMh = [nmononer]/[organic alkali netal] x (nolecular weight of nononer) ([ ]:
nmol ar concentration) 15 Therefore, when the anount of the initiator is
smal |, the produced polyner is correspondingly high in nolecul ar weight,
whi ch neans that a | arge anount of initiator is necessary for obtaining a
pol ymer of | OWOPBHBYI ar weight. 20 It has thus been diffi cBFFIRHPH he
prior art to freely obtain a polynmer of a Besired nol ecul ar wei ght because

of the operational restrictions required for preventing the runaway
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25 organic alkali netal is used, the initiation reaction proceeds very
rapi dly as agai nst the propagation reaction, so that in many cases the
produced pol ynmer has a very narrow nol ecul ar wei ght distribution. However,
- the narrow 5 nol ecul ar weight distribution is sonetines detrinmental to
t he bal ance wosmsbatabi |l ity and physical properties of the r@®CTAaPIvO®si al .
Therefore, in order to have a broad nol écul ar wei ght distribution, it has
been essential to 5 add an initiator gradually or to carry out
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In a continuous reactor having a specific retention tinme profile. Thus,

di scovery of a living anionic polynerization system capable of freely
controlling the nol ecul ar weight distribution without a conplicated 10

pol ynmeri zati on reaction has been desired. D sclosure of the Invention An
obj ect of thewoes®ss i nvention is to provide a novel procesFFHIPIERRbCI ng
vinyl polyners with a 15 controlled nol ecullar wei ght distribution,
according to which anionic polynmnerization of vinyl nononmers is carried out

under the highaitisAbr X &iserfEieDiBh LRMNi @Hbxdper ab arre tSEMETND BTH8H
[ h | [ ' [ | abl i th
o1 o e 2ol VIREL S8 R ERT  Rl SiEQ LR, T v o

1
s R
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~R!M!
e
(1) (2)
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10 EAMBAEWVWS EHHS) &LTIR. R' M BRU/XEBR' OM' (R'.
R? BBRILKFRE. ORBRKREF. M' 3. Li. NaRUKHIH SR AN SR
ENBDHEEL 1BROT VA Y ERB) TEINIFREBILAVERVW S
EDFE LV, REAEMICE. R' M!' OR' JEBRILAEETHD. B, A+
NE, TFIVE, TublVE, AV TobE, n—TFVE,. t —TFNE,

15 sec —7FNVE, TINVE AFUINVEEDCH; (CH: ) n—CiRdRxha
EHSRXIAERT VFVERFE LV, B&NIER' M' OFE LTI, A F
WIFOL 0 —TFNVNIFIA sec—TFNYFIL, t—TFNYFY A,
iso — 7oA YFTL 0 —TabBNYFIL, iso —TaENY)FIL R
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NE, AVToENE, n—TFIVE t —TFNVE, sec ~TFNVE, 7T
B AFI/VEEDCH, (CH:) n—TiERINZEBRIOBIRT L+

25 NE. 7x=VE, TAFVEBRT s VENSFE LV, BRENKR' OM! @
PlELTR. APFVYFDL ADFVYFPITL, AMFUAYS L, = b
FOYFYL, ZPFVFMYIL ZFFURAYDL, TORF LY FH L
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ORFFIMIDAL AVTORFIAYIAL n—TbFVVFIL, n~-7



20 a runaway reaction due to self-induced reaction heat, making it possible
to conduct living polynerization free of transfer reactions and reaction
term nati on even when conducted at a high tenperature, which has never been
achievable with the prior art. Another object of the 25 present invention
is to proviwessyrene resin conposition having excell ent PGEHIRIMEPé ty and
mnimzed in production of styrene nonangrs due to thernmal deconposition.

6
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In the course of studies ainmed at these objects, the present inventor found
t hat when anionic polynerization of a vinyl nononer such as styrene or
but adi ene is carried out using an initiator conprising an 5 organic

magnesi um conpound and a specific al kyl netal conmpound, quikﬁgéﬂﬁm&%gingly
| i vi ng pol ynwow#8923n proceeds at a reaction rate which ena control of
heat rel ease w thout causing a runaway rledction or extrenely sl ow

pol ymeri zation rate even under the conditions of high 10 _npno

concentrat i on Bt H Y +BEELETYT s HTeDEBtu0 ?&ﬁﬁﬁigg%q:ﬁédl ar
obt ai ned ot yr b Fask Aot SRR SRR Rl Sl 0
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under heat retention and |l ess in nononer formation than 15 the resin
conpositions obtained by using the conventional anionic polynerization
initiators. The present invention has been attained on the basis of these
findings. The present invention relates to a vinyl polynmer preparation
process whi WO LRIMi ses carrying out anionic 20 pol yneri zattCEHPIHEES t he
condition in which the polynerization tlehperature is not |ower than

45[ err] C and not higher than 250[err] C and the concentration of the vinyl
nononer baseéFort ?hg-pmyﬁféf Vzatro@ §diventli sf W57 T00% tybweh gh?’ FIU¥ whi ch

om0 Dol VIEEL LR gl L0G-ARCPl ST W1e) 25 Catl gn honn 49, equplecpart o
or My and AFLATNIA—N, Tz)—N, 2, 4—T—tert—TFNT =) —b.
2, 6—Y—tert—TFNT /)=, 3, S5—U—tert—TFNT =) —N,
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2= (2-X PRV bFY) 25 ) - NVEXRBITFONZ, BEHL
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Y N=ZFWAFIVT I v, JIFNT IV, STaECAMT IV, DTFLTF
IU,INFYNT I, PXIFNT IV, SFYNFPIY N, N, N' —

10 PYAFALMIFLIVPTIV N, N, N, N —FISAFNDIFULUb
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nMerr] (wherein ML is at |east one alkali netal selected fromthe group
consisting of Li, Na and K, and the nol ar 7 concentrations of My and
satisfy the relation of [My] /[Merr]]> 4). The present invention also
relates to the vinyl polynmer preparation process wherein (R[gé‘pr'&eqw%l\/g
(Rlerr]: 5 hyWwavsd®dn group) is used singly as the polyneri f
initiator. The present invention also rellattes to the vinyl

Wit 2EEOHE. (A) ~HY<w—~-Mg—-R* [ & (B) ~R3—~—
Mg —~RYz~~HBEL. (B) OFNREARGHEIEV., THbLESH
EYEVEH#EING. LEB->T. (A) & (B) OFERRICL D ESHE
AEEY 5 L0EBRE LS,

5 ZFREIcBVWTR. (R?) . MgRUR' M' ol sHREBLEMICE
WT. R' RUR® OBLKFERIELAYOPIEL L 1 oK Y v —BRET=F
VTH2ThE, RYVT—RHETA v EiE, EZLREREDY EVIES
EhBoh3 YV EVSRY—T 4 DI EEEV. TOEAERINLET
SHUTHITFIR IV,

10 ARBPICBVWTE. (R?) : Mgilkd¥2RW5E. BR. SREFRET
TEZNRBEBEOEESN MK L. LY EFESYHEITTAN. X0
R' M' \ R' OM' ZEm35RPDICR® OHRUT/XiE (R*) - NH
(R* . R® BB{LkEE. ORMRRT. NIEXREF) TRIhs{llahz
BATAILEICE-TH, Bl BRETCRERGEZEITICYE L VEAR

15 T8 E%RMLA. R OHRUY/XiZ( R* ) . NHOFEMHRIZ.
(R*) . MgBURBMOBEOESRELMKIEBZ I LTHY. TOHME
EMMTEI LI ->TESREIINKT 2, 2 LENRR. 2x [Mg] >
(R* OH] + [( R*) . NH] U 3BG%E®THRIRICBONS, Wic.
2x (Mgl + M' ] = [R® OH] + [( R*) . NH] &FhiFESN

20 #ITLILW,

AREOBBHAICL 2 EoVRBEBEOEA R, SREBHERERRTHRITI S
CENCHEAROEBERNIDE( LKL EATHIN, 20 DESRIEDYE
~AZEATCESRIGHRPHBTHAZ LT LV, BB, A2V 2
—~BRU/ RE==F 4 YT F4 X7 OO0 B 2 hOWHBE VS,

25  FRPOBMBKICL ZHHBROEAELIE. BEEBESBDTLLWERTHY
EVTERVRISH. EARTROBEBN Yo A0 RKELLY, Al
RPDORITERIII CRELRBRETZALVIBDTRENL T o X i hE
%,

ARPICEWT. EEOSIEAE L LTREICHRIIN,., — W74



pol ymer preparation process wherein organi c conpounds represented by
(Rlerr])[err]My and Rlerr]Merr] and/or Rerr]OMerr] (R err] and Rerr]: a
10 hydrocarbon group; 0: an oxygen atom ML: at |east one al kali netal
selected fromthe group consisting of Li, Na and K) are used as

pol ymeri zat wow3a928i at or, and the nol ar concentrations of WETEARWAON®6sati sfy
the relation of [My] / [M] >2 4. 15 18 The present invention
further relates to the vinyl polynmer preparation process wherein the above
mol ar concenﬁﬁl&%ﬂsﬂ&ﬁmL‘nm&:&hatﬁﬂmfofﬂ(\l\/m;}lxﬁ\&]}b AN EQREE S
present invention also relates to the vi nyl &r@ Tr preparati on process

wher ei n conp&lihd<BHEH BRTBILIBHRK LY P@uahﬁ@&i‘ﬁﬂz[ﬁﬁro] and
Rlerr] O and/ oL 55’5[;%%9%%‘91&“2%5 S r#ﬁ%cﬂk?i“du e Y
EHRRMONTED. RAF UV /FRESEKORERIRMELAOTRETICH 3 L.
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hydrocar bon group; 0: an oxygen atomp N a nitrogen atom ML: at |east one
al kali metal selected fromthe group consisting of Li, Na and K) are used
by mxing themso as to satisfy the relations of (Ng]>[N[err]] and 2 x [ Mj]
+ 25 [Merr]]>[Rerr]OH) + [(Rerr])[err]NH . The present invention_ also

rel ates to thava®m3pol ymer preparation process wherein the }S:B'f

tenperature is not |ower than 45[err]C andl not hi gher than

fatlon
2000C i n the

regi on of conversion of the vinyl nononer of 0-70%
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The present invention further relates to the vinyl polynmer preparation
pr.ocess wherein in organic nmetal 5 conpounds represented by
(Rlerr])[err]My and Rerr]Merr], at |least one of the carbons attached to
the netals of the hydrocarbon groups Rerr] and Rerr] is secondary carbon
and/ or tertiweg7sadon, and the total amount [Rlerr]] of RRIVIPITWO6R] err |
of the secondary carbon and/or tertiaryldarbon satisfies the relation of 10
[Rlerr]] > [My]. The present invention also relates to the vinyl polyner
prepar ati on dcbssidnber 2rnYi n 00F gadi. cMmeAM b oubh dsh riegn e dSsiaid o

(R[:Lé])[err]%m%]r%ﬁrb];&gﬂ lﬁ?ﬁt %Em%bgiggg;;?%oc%rﬂ?%n %?r‘oups of
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The present invention further relates to the vinyl polynmer preparation
process wherein conpounds represented by (Rlerr])[err]My and Rl err] CH
and/or (Rlerr])[err]NH (Rlerr] and Rlerr]: a hydrocarbon group; O an
oxygen atonmi N. a nitrogen atom) 20 are used by m xing them m#%
satisfy the r Wae¥a3m3of 2 x [Mg] > [Rlerr]OH + [(R[err])[erll’fs:if#s.§7 &
present invention also relates to the viAy? pol yner preparation process
wherein the poly-nerization solvent is a hydrocarbon conpound; the vinyl
pol ymer 25 prebddanioi Hrioddsy hend uli he ¢ FRESEGEESE onl of 6 M viTANF

mononmer based on the polynerization solvent is substantially 100% by

wei ght; and t hdh v pol ymer preparation process wherein the
pol ynerization pegclion ISz yswa (sBuli) : BAN/EMS 1. OMDY S
| OAFY S
5 (5) tert—7FAMYFUA (tBuli) :BEE{LFHS 1. 6MDn
—A\T Y UK
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9 carried out in an extruder. The present invention further relates to a
vi.nyl nmononer polynerization initiator containing (Rlerr])[err]M (R err]:
a hydrocarbon group). 5 The present invention also relates to a
vi nyl nononer polymerization initiator containing organic nmetal conpounds

representedwyor®arr]) [err]My and R err]Merr] and/ or R @®CTIIERFGETI6]
(Rlerr] and R err]: a hydrocarbon group? ¢0: an oxygen atom ML: at | east

one al kali metal selected fromthe group consisting
NZL:PEG20M (¢ 3mmX3m)
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10 of Li, Na and K), wherein the nolar concentrations of the netals
satisfies the relation of [My]/[ML] > 4. The present invention also rel ates
to a vinyl nononer polynerization initiator containing organic netal
conpounds represented by (Rerr])[err]My and Rl err]Merr] and/or
Rlerr]OMerr] Wa97839% 15 and Rl err]:a hydrocarbon group; 0: PSHIBRPY2H
atom Merr]: at |east one alkali netal séllected fromthe group consisting
of Li, Na and K), wherein the nolar concentrations of the netals satisfies

the relation of ~[Si]+ Q&R L7cd BRY.D THEPPResEI Fi avent! oW H EHKER es
S, R R AL S RLAREA AL,
(Rler 1)1 r Nl et A oS ABRPE RO 12 i
BEIBVESR. 550 UDIF MRV E U CHREBBEBRICEN L.
5 EABKIZTNTI Om] &L, HAAKRTE. BERIC= MY NVITLTERSE
L. $DBBE7o—THoRO L TEBOTETITR L. REREFER
EOA ARz AN, ANBE%Z 0L L. EaHEELE-> TR
BRERRE U, MEOKRMEE L SMERZA A VXML, B
LIZKPICANZR I THE L2, BHBETSFASLBOVISEERESm 14T
10 5A%A, FRAWERLZR-> THELAEZE—S8x v, BEABKETHF CF
RLU. ZDOBEEXGCRUGPCORERME LT,
EHERIL~3
F7o0—-T7HTEBIml. Bu: Mglm1%230mlDE—A—icAh
Bu. Mg%Z®HRUL7%. SMEEBOERABKER 1 ICEROBEICIES X S5H
15 BRICHASL, £OBRFBRUAPBGHIBHETEROBEICTLSLS55mML., B
BT L (IRY B, 2{RA—DEABHE 3AED. £ 1ITRTESNKYE
KERE LA SELERATMUES 2D ERY 2 —ORFHRER 1 IR,
—iICY L VELARTCHNE. RU—DRFEMnRESE (Conv. )
ICHA L CEBNICHINT 2. ARBOEARICEIT 5REM 1 ~3DOMnx
20 Conv. D73 7%2R1iItRd. EEAICRLUAAESRIZ. WFhbBEgMc
Mn2Conv. REALTHEEL, VEVY7BEARTHEEARLI. Fo.
R2ISRT &S ITHEN 1 ~3DESEER. RERGES | ERITI &1L,
BELEETHIT LI
e 1
25 Bu.MgDRHYIcnBul i BKk%E. FMBH2. 56 mMELBELES I
Au, BEHZE ANIHERCEFZRRICANESHRELEVWESICL. 8
£/0—THOMOM LA, 1 2 0°COF A SR ANI-DISHIEIH | &
FIBRDBRIEZIT > 7co MO TELSBHMARBLESH TR U (BERKELE) o



nitrogen atom Merr]: at |east one alkali netal selected fromthe group
consisting of Li, Na and K), wherein the 25 conpounds satisfy the

.relations of [Mg]>[M) and 2 x [My] + [Merr]]>[Rerr]OH +

[(Rlerr])[err]NH . The present invention further relates to a vinyl nononer
pol ymeri zat i omo®msdeat or cont ai ni ng conpounds 10 r epr eserkcIWPsY00796
(Rlerr])[err]My and Rlerr]OH and/or (Rlezr])[err]NH (Rlerr] and Rerr]: a
hydr ocar bon group; 0: an oxygen atom N a nitrogen aton), wherein the
conpounds sat itk#ftzhe rel ati on of 2 x

RLEBDOESBRETELZIT > 1A IERR | LRBROBRIELEIT 12 B
BRB|BEREETOTICETLN. 1 OBREIS, Conv. OBMICHN,
M n D¥MEARIZERED S FHY) EV FESEMEIIMET L.
5 LB 3
Bu. Mg DBISHIAKERMETICL 5 0 CTEE%IT - LIS LM 1
& FERDOBIERIT - 12
LIRLZMnxConv. 7wy Mhoabhadis5ic. COBE%R (B
KOS SANEEFRTH D) RESDETIHARELAITFRIEB—ETH-7,
10 LHd. Mw/ Mnd2. 2OEWHFERATAET R Y =—LiviBoh
v/ APY ot
KHEP 1 ~3DEARKEIZ120~150CTEREOEATHD. FR#HS
VANEENRIBIHZEUTHS, LirL. GPCORIRERI OB 3 IR
NTVB IS BAFROE-7RECRBEINUL -1, Tabb, 8SVH N
15 HAREEPI 1 ~3TREC-TEST . ToA VEESDAEI > T\ 5 L ¥iF
Ehd.
KM 4~8
BRIO—-TATTFDHBuUu: MgénBul i OBFRAKAEZSICRLIZES
HBIEELS ENENE>7ce SMEEBEREBRICHARESHIER A
20 SOBEITHKALSITAN, XL HERE, TOBKESE] 0m ! FOER
iZMF. RIIWCRLUABERUBETES IS L.
H3 IR LIiIC, GE. BRBEBEORKAICHEOLLT. BERIGE LI
EE&HM#ITL
B4Rl iMnConv. NoEADHETEE bIAFEN ML, VE
25 VIUEAEISHITLAZEN DS, Conv., DME & bICHFRBIHEIM
LTWaH ChiZYVEVFERBTLTEL BT, EARDOHE
DERRUBERE LBEEEER (M) RUEAREHIER (L i) OHREG
BREOHBO LRI ETHAFRATHILELL>TWHW -1 bDEEI OGN B, K5
ICEHEPI8 — 1 & 8 — 2 DHRTFEAHERT, BESOHEITICHVWAFEIF/IZL



[My]> [Rlerr]JOH + [(Rlerr])[err]NH. 5 The present invention
also relates to a vinyl polynmer obtainable by the above-described
. preparation process. The present invention further relates to the styrene
resin conpositions obtainable by anionic 10 polynerization of styrene
mononers, wher YQI¥H&¥x nol ecul ar wei ght distribution Mv Mh i PCTHBINWS and
the content of triners derived fromthe sty @ne nononers is 250 ppm or
| ess. The present invention further relates to a 15 nolded product
obt ai nabl e by i njdsE on7 o LAC YT deiSdxtatidh oA b wiC Eefab@e styrene
resin conpositi Onsﬂ:ﬁ@“
Bu. Mg/ nBuli=47T. SMOEBRHIA2BEDE\ERTESS
Toleo BERRBRERIBETICHET LI, BEOETE L LITHFRIEHENEL
5 (1B-fco GPCHIEHRNI S, BEADHETLEDIENTFRAICAZ(F—Y
YT LIS FEABARBON. BAPIERAIRLICKREL: (VErES
BHORT) L6053,
HEf 5
RTITR LIRS TEEET > 7o BEAREBDTE AT L
10 SEEHMI~12
BEEBEE Y 70AFY LT, Bu: MgénBul i OBBAITE4 -
ANYHETRBRICER%:iT>7 Conv. 7 0 B TOHEKTS 0°CT 485
BESZITV. TOH1 2 0°CIcLF T3 0 3 RICEA LI L - BART TR
RTLTW, 12220, R 1 2720 RESHME 4 BRI CEANZREL TV,
15 #ohicRY<w—oOMni [SM] / (Mgl HOBEAE 6 ioRT.
W6~ 8
BEOBRE 70NFH/IZLT. Bu: MgénBul i OBBRTETIC
NI HETRBRICESE.T->12c Conv. 37 0 $LUTOEBKTS 0°CTES
ZITV. ZEOH8 0 Cic B TEA SRS B o 7275 L. HBH 8 i3EAYIY
20 IKETARRENA AN AROBREL DEDICK > TEEIEFT LIze Bohi:
RY<—DMn & [SM] / [Mg] LOBIREER 6 ISR,
6 DR n. (Mgl 2 [Li) OEETRAY<—DOMnid. [SM]
/' (Mg] BCREZBENLEOHTH 3,
B7icMn& (Mg] / [Li] hoBigERs. Mgl 2 [Li] ofEsE
25 TWEAYV=—OMnid. Mgl / [L i) HicBEESIc—ElsERd s,
(Mg] < [Li] OfEETCRFHTRHIETS 3,
[Mg]z[Li]@ﬁﬁ?ﬁéﬂtﬁU?-@H'&UC”@NMR%ME
LR, RY —ORBISKE L TV BT FVEdsec —TFARTHD . #
DELBEFILERBOR IV T VBERBTHEZZ ERUsec —7F V&



Brief Description of the Drawings Figs. 1, 4 and 10 are graphs show ng the
2Q relation between conversion (Conv.) and nunber-average nol ecul ar wei ght
(M) of the polyners obtained in the Exanpl es and Conparative Exanpl es.
Figs. 2, 3 and 9 are graphs showing the rel ation between pol yneri zation
time (Time) veonerAd3ver sion of the 25 polyners obtained in PETEMP6es and
Conpar ative Exanples. Fig. 5 shows GPCZ4rves of the polyners obtained in
the Exanples. Fig. 6 is a graph showing the relation between
DOENGHELIMnDENRGP CTERKD/Mn & IEF—HT5 L ERREA L,

CDENCEABURDOBEET A VERITL>TWEEBAFA EMe T
HBHENBEBTE
EHER L 3~1 4 RUHBHI~10
5 HEARHEZEBIKLT. Bu: MgénBul i OBMBHTRARUEKRTIOR
THREBTEERT -7 VTN L 2 4 0 R CTEAVWRETARUTESET 1
H8iz2 4 0 DEESTHONLRY2— (F7ZL. Conv. 9 5%LlLE
DRYw—) OFRHHE (Mg] / [Li] LkoBRERT, Mgl /
[Li] =2 TRATRAMHBBVS. [Mg] / [Li] 24h5KE{H
10 FERA/MB/WARL.
MBI 1 S RUL T
EBHPTBu: Mg nBuOHXids BuOHAZDENEN] : 1icli3
LD icBYE R, TOoBRICES IoRY (Mgl / [Li]l BENLBES5KEnBu
Li%EmL,. ChEESMEBHE L TRV TESEZT o EABBEBEBT
15 $3,
EHEpl1 6. 1 8KRU19
EBHTnBuliénBuOHXEsBuOHXIEt BuOH4ZzDE N
A1 LIKBBXDICBE . TOBKICKRSIIRYT Mgl / [Li) Keén
5&3inBul i 25EmML. ChEEAMBBHIE L TAVWTERLT»1 B
20 ABBREBTHA,
K2 0
EBHTnBuliénBuOHZZEDENELR]L : HIZRBESITRE !,
EOIRHDESICEBS, Bu: MgénBuOH%XZDENERNL : 11T103
EIICBER. ThEhOBKERG6ICTT Mgl / [Li) k&EBE50C
25 EBET. ChZ2EAHRBHELTHWTESRIT o EARMIEEBTH 3,
LR 2 1
EBHCBu: Mg&Bu: NHEZDENVRDN] : 183K 5 1B,
ZDEEIZEZG6ICRYT (Mgl / (Li] HEBABLDICnBul i 25mlL.
INEEAMERELTHVWTESZITo . ERBRIIEBTH 5%,



t he nunber-average nol ecul ar weight (Wh) of the polyners obtained in the
Exanpl es and Conparative Exanples and the concentration ratio of the
nmononer and Bu[err]My ([SM/[M]), which is the initial polymerization
condition. 5 Fig. 7 is a graph show ng the relation between the
nunber - aver agwowmsesal ar wei ght (M) of the pol yners obt ai ne#CFAPY7E7%6
Exanpl es and Conparati ve Exanples and the &oncentration ratio of Bu[err] M
and BuLi ([Mj]/[Li]), which is the initial polynerization condition. 10
Fig. 8 is a graplEiEfbRizBgrRe3rel ation between the ratio (Mw M) of
uel ght-aver age mal ccul ar ver alt, (W 2nd RitherAxer q0e 1ol ecuar gl gt
#£6i1RT (Mgl / [M' ) BéERB XS IKRER. ChEEABBAIELT
AWTES%2iT o7, EABRIBEBTH %,
5 ER#Hll5~230HEARRERGCIRT, WFhdbBu: Mg/BulLio
FAtsRI EBRIC, BERGZECT LR Y E L THAL#EIT L .
Fio, EhEhoEHc (R OHI + [CR*) . NH] ) / (2x
(Mgl + [M' ] ) RS FITRBIS AN EAYEFULIN, Wih
bESIIBE LS -7,
10 W2 4RU25
B0 -TATTFHBuU, MgesBuLiXiEtBul i DFRERLEE
BICRUABARRIZRZLSICENEWME- T2, EABHIREBTH S, %8
DRETEEZIT> T
K| 4 LR—DORBTEELZT 720, BESGEFERELLD, LI HEGH
15 25 FRIIETES K7, sBuLi&tBul i 32 R—DESEHLR
Lo 9 LB OCENTENDESHRETRT .
P 2 6
EBitnBulL iZAfl, BICSM% [(SM] / [Li] =283 THMN
Lo LIS T5&BBICEMN LI, ZDOKR. Bu. Mg% (Mg] / [L i)
20 =4I BABLSFML THBBBREAENE- oo RBICRTRETESEIT- 70
BHEHERIIBu, Mg/ nBuL i THELAbDEL(R—TH-1o
K 2 7
EBHPTBu: MgésBuOHZZDEARSN] : 1IZHB LSBT
COEEABRICAVTRECRIRETEAZRIT oo BERIBTAI LN
25 K YEVYTEENHETLI,
EHepl 2 8
EB#TBu: Mg& (Bu) : NH%, Z2OENHEAL : 1 KRBZLH5KE
o INEZESHBAICAHVWTERS CRTRYUTESZIT- . BRERGT A
CERKYEVTEEIET LI,



obtained in the Exanpl es and Conparative Exanples and the concentration
ratio of Bu[err]My and BuLi ([My]/[Li]), which is 15 the initial

pol ymeri zation condition. Best Mdde for Carrying Qut the Invention The
"vinyl mononers” used in the present invention include styrene nononers and
conj ugat ed dwWee®3®EB nononers. The styrene nonomers i ncl udeRGHIRIEPES

a-al kyl - substituted styrene, nuclear & Ryl-substituted styrene and the

| i ke. More specifically, they include a-nethyl-styrene,

a- et hy| - p- et Byt SRR, 7ok By £ OEIMSIESHRASINE: cheB aDH] /
U LIRS LT S N I R S T L VL R Vs LS

CANLESLRICAMNL. ESERLKE,. WTRLESIERB LS
72

5 FHRPOEKR1~280EATIE. WTFhLBRTEARIGLTWAICHE
HoT, RS VANESHROZTRE -7 BRI NEI -7,
K 2 9
ARPFOEAMKEAIBu: Mg/ nBuli (10/1) 2BVWTSMOSE.
N7 BEERHBATT -7 WHBEWe rne r#t, ZSK25 (L/

10 D=417) 2EB L7
FHHBE. 1 1 7oy 29 5R->TED. TREFNOBEEXRDO LS IZHEL
f2o 70921 (ZER) . 7o09272 (120°C) . VuyZ3. 4 (140
C) .7y 25KU6 (160°C) . 7oy Z2TRUS8 (200°C) . Yoy
Z79~11(220°C) o o2 8Ly DMicHREFMEERSD. 20

15 H&&I1EH (BUOHLEBDERE&HK ZHEAL. MBBKL/~SM. EB&
EBTHERLAZBu. Mg/ /nBuli (10/1) OBEHEZNRENEHE
EZHITORBICHR L0 BABLORFTRY T T3 LOBRRDOMNV:
ST 41— FTE, SSREHOFTRVTTHEHBOY/ - 1107 14—
FCEDHMEL > T 35 FHBRALTERBETHENBRLTEE, ZC~E

20 B LBAMBFIOBRABHETS 74— FLTHBBARZERL. TO®HELICS
MEE%S EIFTHWE, BRI SMBEZ2100icLizs SMO7 41— FRIZ
100ml/mind&l7, FaHoORIE [SM] / [Mg] =1, 000733
BRI BEIICT 41— FLlio F1X0SHTELRY w—R, EBITKDT
THHL. XUy bELTERIL Bonfcf Y 2—DRTFERUSFEATE.

25 Mn=91000. MW/ Mn=3. 5Th~-7o
KR 3 0, HER 1 | RUHES ! 2
RIIRTRETRY—%287/, RYVT—%2EBITHZ 0 ¥BEICLELS
B L. RBAKTEBEEO— R MLz, ENThOSEBESTRERIC
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trimethyl styrene, etc. The conjugated di ene nononers include 1, 3- 12
but adi ene, isoprene, 2,3-dinethyl butadi ene, 2-ethyl-1,3- butadiene,
1, 3-pent adi ene, etc. These vinyl nononers may be used either singly or in

Copol yrer . Theoguapaer i 7at {on tenperature i s not T over than ASAEPACES g
not highe} than 250[err] C, preferably not 7l ower than
0 CTHEER LI, BOoNiRYT—%EH5AFIT0. 2gAN. EETTH
B, HSAEE280COAMNARIIANL 05, 205, 4 05TEY
HUT-o BRD W LIcH 5 RERAPICANBRHAIL . S5 REZRRL. ThE
THF ICANBERI ST, TV SV 2—FBANAREREELTH AT
5 BEEDOERREERKDT .
#BREER1O0IIRTS
Rl 3 1
EHH 2 9 TBonkRY2—%, TVA U] 2% > THHRRREET-
7o BONRIKOHEGSTIVEEASTM-2 8 5 6 BRI L TRDI Tk,
10 BohrRikcaE LTV AREBARIMEL . BRERL L. 1 2IIRY,
HEH1 3
100LOA—b2VL—=7RAT. nBul i BHIZAV. EBZ&HBRICLT
SMEBES5 0vol¥TEART -7 EARKER. 145CETLERLI, BON
1R —BREVFSLISAY—TBEERELL, RY—Z2I5RYY Y
15 ¥—RE?2 2 0°COREBARICAN. BDDEBEXRY oKL #Y<
—~3RVy MRTER LT, #EEEL 1. 1 2157,
HEH 1 4
S UANEBEATEBONRY < —2EFEH 3 1 LERICHHERSE, Son
RIAKOEHT[AREUBREFREFA N, HEREXR1 1. 1 2IZ77,
20 ABEIZ199643814BICERTHEIN-BXERFHFHES 084
4745, 199651 0R830BIcBATHEIN/-AAEFFHHERS -3
034838KRTL1I96%41 083 0BIKBATHRIN/ -BXESRTHEES
8—303484BIESVWTED. TNODABRATAHEREEPIIBRT S
C&K&O%Kéﬂ(hég
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50[err] C and not higher than 240[err]C, nore preferably not |ower than
60[err] C and not higher than 230[err]C. The lower limt of 10 the

pol ymeri zation tenpera-ture should be a tenperature which is at | east
capabl e of maintaining the polynerization rate at which the polynerization
can be conplwe@dwX hin the prescribed period of tinme. The ";S%Y K@“f”fation
can proceed at a low tenperature below 85 err]C, 15 but in the

pol ymeri zati on solution according to the present invention, the

pol yneri zation rate is very slow at sucl&a low tenperature, so that use of
a tenperature below 45[err] C is disadvantageous fromthe vi ewpoi nt of

I ndustrial groductfion off The pofynersl VWen the golymertgation 20
tenperaturelis 250 €SM]] ¢ (R ME] O EABE* S| ¥A8F r claGohv.ons MauCh psww Mw/Mn
(vol%) | (i) 49 (@in) | (D (x107%) | (x107%)

#H1-1] 50 5.16 150 60 18 12 19 1.62
FhM1-2 | 50 5. 16 150 120 27 18 30 1.65
£BH1-3 | 50 5. 16 150 240 42 25 42 1.68
ER2-1| 80 2.58 150 60 22 42 63 1.51
fM2-2 | 80 2.58 150 120 36 83 134 1.62
Z§H2-3 | 80 2,58 150 240 58 125 210 1. 68
ZH3-1| 80 2.58 | 120 | 120 10 20 21 1. 40
FHH3-21 80 2.58 120 240 20 38 56 1.48
$H3-3| 80 2.58 | 120 | 480 33 61 92 1.50

¥ BEEZ. EBZHEA,



transfer reactions and reaction termnation nmay take place frequently,
making it difficult to obtain a polyner of a high nolecular weight while
causing coloration of the produced polyner. 25 In the present

i nvention, the polynerization tenperature need not be kept 796

t hr oughout t H¥OP#¥EI on; it may be raised at any desired rate’in accordance
with the progress of the polynerization 2 913 Substitute sheet -

28/ 10/ 98 geaction. In view of the fact tg%t %he reaction rate is

(SM] | [(Bu.Mg) |EABE* |&4 [Coov. | Mo My Mw/Mn
(vol®) | (@ © (min) | (® (x107%) | (x107*)

1L 50 %1 120 | £2 | 100 183 198 1.08
fig2-1| 20 2.06 | 150 60 15 10 17 .71
H#z-2 | 20 206 | 150 | 120 23 14 25 182
iB#z-3 | 20 2. 08 150 | 240 38 18 38 2.10
HEH3-1| 50 0 150 120 29 92 212 2.30
jis-2 | 50 0 | 150 | 240 43 92 207 2.25

¥ %ﬁ‘iEBi’ﬁmo
t¥1 : Bu,. Mg®bWiICBul i%®2. 56mMEmL:.
2 (EARRBEERGL. | 2PIRIKESRTERSE L



hi gh and the volunme of heat generated is large in the initial

pol yneri zation reaction when the nononer concentration is high,
reconmended to 5 initiate the polyner-ization reaction at a | ow tenperature
and gradually raise the tenperature as the nononer concentration | owers

Wi th the prowwesIsesf the reaction.

Vi nyl

nononer

stage of the

it is

Pol yneri zation is prefer®OVSPITUWNS ed out
I n the tenperature range of 45-200[err]&EMMhen the conversion of the 10

is in the range of 0-70%

and a pol ynerization tenperature in

the range of not lower than 200[err]C and#ot3 hi gher than 250[err]Cis

Vi scosity o

preferred when the conversion is in the range of 70% or higher. In case the
e Pt "Plau i) ' Thuel TiAE | [aA | conv. | Ha | ww Mw/Mn
(vol¥) | (atD (Bubi] JCO | @in) [ B (x107*) § (x10°%)

gkM4-11] 80 6.9 4 80 60 60 70 82 1.17
g2 | 80 6.9 4 80 | 120 82 82 101 1.23
$u-3| 80 6.9 4 80 | 240 9% 91 114 1.25
51| 9 7.8 6 90 60 59 62 73 1.18
52| 90 7.8 6 9 | 120 80 77 95 1.24
$R5-3| 90 7.8 6 90 | 240 95 90 126 1.40
$iMe-1| 90 7.8 10 100 60 38 35 43 1.23
-2 90 7.8 10 100 120 60 55 T4 1.3
fhiM6-3 | 90 7.8 10 100 240 85 79 130 1. 65
SHAT-1| 100 8.6 20 110 60 36 31 43 1.40
72| 100 8.6 20 110 120 60 51 7 151
FRT-31 100 8.6 20 110 | 240 83 57 93 1.72
$8-1| 100 8.6 30 120 60 33 25 44 1.76
$hHs-2 | 100 8.6 30 120 | 120 61 48 85 1.78
$his-3 | 100 8.6 30 120 | 240 80 55 104 1.90




15 and there is no need of raising the polynerization tenperature nore

t han necessary, polynerization may be conducted at a tenperature of
.200[err]C or lower in the 70-100% conversion region. The concentration of
the vinyl nonomer based on 20 the polynerization solution is not |ower

t han 45% by weMfh733%@ not hi gher than 100% by wei ght, pref er B6FAPHIO0796 over
t han 50% by wei ght and not hi gher than 100%ilby wei ght. The hi gher the
nononer concentration, the nore desirable for the recovery of solvent, but
there are the cases, 25 dependi ng on F&hed4type of the pol yner produced,
where a solvent is required to sone extent fromthe relation between

t enper ature andl viI ScC )S[Ismy 85:“&] nw %Za[ Ii% Coav. Mn Ty Mw/dn
ol | @ (Bl | ®  Jew |® |« |G
-1 | 8 69 8 80 # | 2 | 75 | 88 | L8
W2 | 8 69 6 | 80120 | 240130 | 100 | 1 13 | L
#io-1 | 8 % 6 80 # | 6 | 1 1 | L7
W02 | 80 % | 6 | 80-120 | 20430 | 100 | 2 ® | L0
Wl | 80 B | 8 20 | 60 | 1 0 | Li
T 2 6 | 80120 | 20130 | 100 | 29 ¥ | L
wh2 | 8 % 4 80 20 |00 | 2 23 | 1w
w3 {10 | 69 | 10 100 a0 100 | 88 | 10 | L7
oMd |00 | 69 | 2 120 w0 |10 | 10 | 12 | L&

t By ranFv



S

is essenti al

in view of

it

14 concentration

I's substantially 100% by wei ght

| east 45% 5 by wei ght

since an extrenely | ow nononer

concentra-tion be at

reaction under a high tenperature condition,

However,

responsi ble not only for slow polynerization rate but also for occur-rence
based on the polynerization sol veat

of a transfer
| i vi ng pol ynswo w7es%20n ef fici ency. That the concentrati on of PCHJIPSFOATEE

that the nononer

sol uti on.

nononer

oLl es1 06 01 0zl 001 9 8L 06 1/9/1 | THOPAI/BWEng/110qu | 2-6THME
79°1 egl I8 06 09 001 9 8L | 06 1/9/1 | ToR@I/BHeng/1ngu | [-THEE
0L°T gg1 06 66 072 001 9 8L | 06 1/9/1 | fORGS/3wena/1Ingu | E-BTHEE
79°1 081 6L G8 021 001 9 8L | 06 1/9/1| TOPES/aWeng/1Ingu | Z-STHEX
081 9L 95 £9 09 001 9 8L | 06 1/0/1 | WOMAS/3WEng/1Ingu | 1-BTWEE
1L ¥S1 08 o1 0nz 001 01 8L | 06 | or/o1/1| HonEs/3weng/ingu | €-LiweE

o 9 161 08 06 021 001 01 gL | o6 | or/or/1!| WORES/sweng/ingn | z-LiE

a

3 o 88 g9 89 09 001 o1 g'L | 08 | ot/o1/1| WORGS/BWEng/1ngL | T-LTWEE

[dl

ﬁw 92 1 101 ) 06 or2 06 9 8L 06 1/9/1 | TORGU/3WENG/1TOQL | E-OTHHE

o 0g 28 89 1L 021 06 9 8L | 06 1/9/1 | TOPED/3WENG/1TNGL | Z-OTHEE

mm 61T 8¥ av W 09 06 9 ) 06 1/9/1 | TOP@Y/3Wena/110gu | T-O1MEE

d 21 L11 68 £6 072 08 9 8L 06 9/9/1 | TOMGU/3NEng/1Ingu | €-GTiRE
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other than the one derived fromthe initiator solution. 10 Pol ynerization
with 100% nononer concentration, where no polynerization solvent is used,
is the nost ideal formof polynerization for the industrial practice since
no transfer reaction of nononer to solvent nor any reaction tgﬁ@k&gﬁhﬁn

t akes place. ™@8738%ures high use efficiency 15 of the initi% s Wwel |
as high productivity. Al so, a process for3sblvent recovery after

term nation of the polynerization is unnecessary. The "pol ynerization
solvent” referred to in the present {invention neans a sol vent which takes

no part in 20 the polynerization reaction and has conpatibility wth the

polymers. Any type of solvent generally cnployved for
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i ving ani onic polynerization can be used, but the aromatic or alicyclic
hydr ocar bon conpounds whi ch are suppressive against transfer reaction and
.reaction 25 term nation are preferably used as pol ynerization sol vent.
Typi cal exanpl es of such solvents include ethyl benzene, toluene,

i sopropyl benz®073¥a8hzene, cycl ohexane and the like. |f neceBEHIR708786@]| |

quantities of other substances, 15 SuBstitute sheet - 28/10/98 for

exanpl e an et her conpound such as tetrahydrofuran, dioxane, trioxane, etc.,

atertiary am ne such as : ® 1 '

(SM] | [Bu-Mg] | [Bu-Mg) |HAEE |Eaw@l Conv. | Mn Mw Mw/Mn
(vol®) | () (BuLi]l | (D (min) ® (x107%) | (x10"®)

-1 10 0.9 4 80 60 19 18 22 121
H#i-2| 10 0.9 4 80 120 38 33 43 1. 30
higa-3| 10 0.9 4 80 240 62 45 70 1.55
H#s-1| 50 43 8 25 120 1 ND ND ND
-2 50 4.3 6 25 240 3 ND ND ND
-3 | 50 43 8 25 480 6 0.7 0.8 L17
kge-1 | 50 22 2 50 240 71 16 17 1.09
62| S0 22 2 | 50—80/240 —60| 100 20 22 1.10
H#7-1| 50 22 1 50 240 62 13 14 1.07
JRA7-2 50 22 1 50—80| 240 —60 | 100 20 22 1.08
1thH 8 30 i3 0.5 30 60 100 14 16 L14
MM o | 80 6.9 2 80 240 % 105 114 1.09
te#o | 80 6.9 1 25 240 100 110 118 1.07




t et ramet hyl et hyl enedi am ne, a nitrogen conpound such as pyridine, an

al i phatic saturated hydrocarbon conpound such 5 as pentane, n-hexane,

hept ane, octane, nonane, decane, etc., and a weak Lewi s acid such as
triethylalum num diethyl zinc, etc., may be contained in the solvent
within |inits oo not jeopardize the effect of the preseffTFVEIMN on.
10 The "organi ¢ magnesi um conpdunds represented by
(Rlerr])[err] My" used in the present invention are the conmpounds-in which a
hydr ocarbon group is attached to My.- The hydrocarbon group is preferably a

(Iinear or branched) alkyl group represented by CH err] (CH err]l)n- such as
met hyl, ethyl, L5 priopyl . | SQAr @y le | NsQuUty] . §-.8Ut W ,§e} ,-_,dutoy o anyl| and
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hexyl . Preferred exanpl es of the magnesi um conpounds i ncl ude

di - n-but yl magnesi um di-t-butyl magnesi um di-sec- butyl magnesi um
n-butyl -sec-butyl magnesi um n- butyl et hyl magnesi um and n-anyl magnesi um
These conpounds 20 nmay be used either singly or in conbination. It has
been known twate7nampol ynerization of a vinyl mononer is ini BFEHFREOGEREN R2MWy
(R alkyl) is used singly, and that no pbynerization is initiated unless a
pol ar conmpound such as hexanet hyl phosphoram de(HWA) is added. 25 The
present inventor found, however, that egengif an R err]My conpound is used
singly, with no polar conpound added, and even in a non-pol ar hydrocarbon
sol vent, t herpotymerrza=—tTogmof My monoper TS T T at e unde

d d
specific REH (SW) |06l | Mgl | #aBE | @R [Cowv| M | Mr /M
(vol®) | @) | WD) | O @iy [ | &107°) | (x10°)

#4830 | BuMg/nBuLi(6/1)| 100 )8.6 | 6 |80—>120 120 —30| 100} 95 103 1.09

HiK11 | oBuli 5 (43 1(0 80 ~1 00, ™ 127 L35

H#2 |8 w |~ |— | 12 240 21} 250 437 1.7

* RS 043, 80CTL20HALLE] 2049T3 03ES LI eI 0 LHER | | OBABRR
EBTh3,

*HEP 1 113, REFDEL TRRNCIIREN L 50~1 6 0°Cic kR LI

*HER 1 213, SUHNES, KEIGE ) v—idRY v—% 49 J — Bl L TR LT,

£)7-kAodRi

Mg | Li |Mg/Li

#EN30 | 25 4 6.3

pn |- 80 | ----




16 tenperature condition, and the manner of the polyneriza- tion is living
pol yneri zation. The lower limt of polynerization tenperature when using
R2My singly as the initiator is 100[err]C or higher, 5 preferably 110[err]C
or higher, nore preferably 120[err]C or higher. At 100[err] C or | ower

pol yneri zat i orwpewa®els very slowly or is not initiated. For ROHEGEN™y ¢ he
pol ynmeri zation initiating reaction or propabati on reaction nore efficiently
than in

& 10
sl BRB o R ) v—h SMIEE X
HYRRE ()
10 20 40
SEHER 3 0 38 95 200
HER1 1 90 190 410
el 2 140 265 530
*HAIIppPpm
% 11
R Y <= —Fi RYe—p
SHE(prm
Mn x 10°% ) Mw x 107° | Mw/Mn SM be-
KRR 3 1 91 319 3.5 10 52
HEH 1 3 254 305 1.2 16 75
851 4 96 328 3.4 450 1810
#& 12
RER&ED SRR DS
HET 3 -
SMEB | RafEsg %ﬂ? KRR
mnm
EHEH 3 1 21 16 22 94
HEFI1 3 28 12 21 38
HEgsl 4 558 15 22 93




10 polynerization using RRMy alone as initiator, it is recommended to add
to Rlerr]My an organic netal conpound(s) represented by Rerr]Merr] and/or
RlerrfOMerr] (Rerr], Rerr]: a hydrocarbon group; 0: an oxygen atom
Merr]: at least one alkali netal selected fromthe group consisting of Li,
Na and K). 1WO097/33923 Sone initiators conprising a conbPREFEGBt RoMWy
and Rlerr]Merr] and/or RlerrJ]OMerr] have been known, but they were

i mpractical because of the problens such as nentioned bel ow

Macr onol ecul es, Vol . 19, p. 299 (#s6k #Ad Ws-B 20 3, 716, 495 show't he
exanpl es of styrene polynerization, butadi ene polynerization, and styrene
and but adi ene copol yneri zation at 50[err]C or 70[err]C using a

polymerization| gAmEREORET =4 EFIH->TWEHFA VOLEHNMe T
A XEIMgERUM! (M' 8. Li. NaRUKIOEABIORITHhED
5 BELIBRHOTNVAYERTHD. MgeM' OLBTNVEBEN (Mg] /
IM'] 24 3B8/R%EHKT) THEAT7T=-ALESY. BESRKEL15CEE?2
5 0 CUT. E-/VRBBFOEEBEICHTIBENISwt%~100wt
BDOEBTTITI L 5B EVREAKRDORES o
2. BEEHMEAMELT (R?) . Mg (R? BBbKRER) #HETHEVWAHE
10 SRR 1 BROE=NVRESRKRORESH 5.
3. EABMBHELT. (R?*) . MghUR' M' RUV/XIBR' OM'
(R' . R* BRMLARE. ORMKRETF. M' 4. Li. NaRUKHI oM 3
BOoREINAPUEH 1 BHOTAUHVER) TEINIERERILAYT
H->T. Mg&EM' DERENVBES (Mgl / M' ] 24 R3BKREHT
15 EREBILEVERAVAERE I BRO EVREAKOMERE,
4 HEELBEAREN Mgl /M'] =10~1 0 07/32B8FR%EB-75H
RKIE 1 NiF 3O E = VRESBROMS HE,
5 HARMEHELT. (R*) . MghUR' M' RUR® OHRU /X2
(R*): NH (R'. R?*{ R® BBRALKEE. OIIBAREF. NIIEZRRTF.
20 M' 3. Li. NaRUK»ISUIHENLBEINBDEL LS 1 EBEOTAAY
&’ TERENZEYE. Mgl > M ] RU'2x Mgl + M'] >
[R® OH) + [( R®) » NH] B2BAEHTXOICESLTHVWZHEK
I 1 EB8/O E= N RESKOBEFE,
6. E-NREEBHOEEE RRE) H0~7 0 %DHERACEVWTEARE
25 A4 5°CLLE2 0 0 CLITTHBHKA 1 ICEERDO ENREASKOHE i,
7. (R?*) . MgERUR' M' OFBEEILAM-BVWT. R' RUR®* ©
BRALKRBEDEBICEEG LTV BRREDDIEED | DWW 2HERFERT /XL 3
BRFETHD., LOL2ZEBRFERT / RXBIZKERDOR' RUR? ORE
[R"* ] [R"?] = [Mg] THEEKRE3I~50WFhhr 1 AIZE#HD

* c L | S *




initiator consisting of dibutyl magnesi um and but l'ithium or dianyl
magnesi um and butyl lithiumas in “ﬂlﬂm[‘mﬁml Hﬁ vention. In these cases
of " pol yneri zation, however, the co\lt" t e nononmer based on the
" pol ymeri zation soI vent cycl ohexane ts @s 4 oW a$ about 11% and further the
metal concent rwO%IA@3NRAtio is in the region 17 of [My]<[Li]"® 6

know edge of the present i nventor, in thedrfgion of [MyJ<[Li], the netal at

the pol yneri zatlon propa atl ng species does not have My, and it is
i npossi bl e —IVRES %ﬁ&o

8. (R®') . MgkUR'M' OFREREEMICENT,. R' RUR® O
BRALKRBEDDII & 1 >RRY 2 —RET =4/ Th3FRETHH#BOE =
NRESEOBESE,

5 0 BEAMKBAIELLT., (R?) : MgBRUR® OHRU /X

(R°) . NH (R? . R® i3pb/k#EE. ORBMEEF. NIEXFRETF) TX
Shatémez2 x [Mg] > [R° OH] + [( R*) . NH] L 2B%%i&
LT ESICBELTRWAERE 1 ILERO L VRESHKORE .

10, EEEBEEAROKERILEMTH 558KE 1 BlO ENRESHKEORLE
10 Fik

11 FEHMIIEVRRBEOBSEREICNTIBENI 00wt ¥ THEH

KA1 EROE—NRESEKDEEHE.

12 EEREZHHETD TITO#HKHA | SRO -V REARORIEHE,

13 (R?) . Mg (R? BBRALKFRE) 28V E-NVRRBBEESRBEA,
15 14 (R?) . MgRUR' M' RU/XIER' OM' (R' | R* idpfkxk

F£E. ORBMEETF. M' 3. L i. NaRUK» LB ABI 0:EITNBZ DL

b 1BREOTNAYER) TRINIERERILENEEH. EBRELVBEN

Mgl /7 M' ] 247 2MR%EM: 3 EoVRBRBEAE SRS

15 (R?*) . MgRUR' M' RU/XWER' OM' (R' . R? btk
20 FE. OWEBMERF. M' 3. Li. NaRUKIoRBIBH BTN B DL
EHI1BHROTNVAYEB) TRINIEREBILENEES. ERENVEBEL
N Mgl /M'] =10~100R3MREBLIENREEBLKEARN
7S
16. (R?):MgRUR'M' RUR® OHRU/XI3( R*) : NH
25 (R'.R?., R® BBULKEE. OBBERTF. NREEFEF. M' 3. Li.
NaBRUKISHBHEVPoRBEINZDVDEL L I BROTVAYERE) TREh
2{L&MEE%. Mgl > M' 1 RUF 2 x Mgl + M'] >

[R* OH] + [( R*) . NH] U3RAF4AK/-TE N RBBEEA G

#lo



to control the polynerization rate, nol ecular weight of 5 the polyner and
mol ecul ar wei ght distribution independentl 'If ““ mﬂm Al so, when the
Jdinitiators cited in the above references Ial“u JM] EU' Lh it is possible
to carry out living polyneriza-tion without causiny a’ruhaway reaction at

50[err]C or 7™o=m73p23with a | ow 10 nononer concentrati on suBOT/ARI700E a

runaway reaction does take place with thea monomer concentrations and

tenperature ranges specified in the present invention, thus making it
unabl e to contrlof. t hERpAl ynklg BOFRON OH&UMSEU&(4R225126$DHC“(RC‘| OSRS A

ot 2651 U or ARk I O GBS T DGR (OB Fieb JE@ M &.at or

2x[Mg]>{R’OH]+[(R°)2NH]Q5%%%ﬁtTt:w%$
BikE A HBREH.

5 18 #FHREI~12EBROMEFHZICL->TEONBIE=NRESK,
18 T2AVHEHBIRI->THBONERF VU REESKTH->T. TDHFES
HMw/ MnH2. 0~10. 0THY, Hh O AF U UREBEKHEERD M) w—
DEFRHN2 5 0 p pmPl T THSRXF L U REIEHEY.
20. FRM1 8IUIHERIA 9 IO A F U Rlls@my 3 $HERIE

10 #RHERTE L TR o 304,



too, the netal concentrations are in the region of [MJ]<[K], the nononer
concentration is as |ow as about 10- 25% the polynerizati on propagating
speci es does not have 20 M), and it is inpossible to independently control
t he pol ynerization rate, nol ecul ar weight of the polymer proggﬁﬁﬂ?ﬁﬂﬂﬁits
nol ecul ar wei §¥@oW33r i buti on. Al so, a runaway reaction occu e
concentration and tenperature ranges specified in the present invention, 25
making it inpossible to control the pol yketi£htion rate. EP-A-234,512

di scl oses a process for produci ng styrene/ but adi ene bl ock copol yners.
Exanpl e 34 thereof describes a procedure where styrene is polynerized at
65[err] C
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18 Substitute sheet- 28/10/98 using a polynerization initiator conposed
of dibutyl magnesium and butyl lithiumat a concentration ratio ([My]/[Li])
~of 2.5, and then pol ybutadiene is blocked with /polystyrene to forma

bl ock copolymer. In this case, however, the nononer concentration 5 based
on the pol ymer WwoerB#3 sol vent (cycl ohexane) is as |ow as 20% PEHEFZZPRGuUgh
no runaway reaction occurs, the activity of the living polyner |owers, so

t hat unreacted polystyrene remains in the¢ns@ ng step of bl ock

pol yneri zati on of butadiene. In addition, the nolecular 10 weight M of

t he obtai ned copolyner is as | ow as 8, 900.
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The present inventor found that if the poly- - merization initiator
conposed of Rlerr]My and R err]Merr] and/or Rlerr]OMerr] satisfies the
particular relation of [Mg]/[ML] > 4 (C]: nolar concentration) for the
nol ar concentration ratio of 15 netals, living polynerization pro gs

wi t hout causi w@9#332haway reaction even under the high terrpe?%’f’%’%'&gﬁ hi gh
nonomer concentration conditions. Thus, it is possible to the control

mol ecul ar wei ght, pol ynerization rate argl/roDecul ar wei ght distribution

i ndependently of each other. 20 . It has never been possible with
the conven- tional anionic polynerization techniques to control nolecul ar

wei ght, polynerization rate and nol ecul ar wei ght distribution i ndependently
of each other in one pot of
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pol ynmeri zation, so that this finding is quite surprising 25 and the

present invention could have never been predicted fromthe prior art. Such

~effect of the present invention is speculated to be attributable to the
foll owi ng nmechani sm 19 It is considered that in the preseﬁk éﬂxﬁ@bkon

t he carboni c aWiORi83%hi ch becone unstabl e under high tenperat T3

pol yneri zation with a conventional general -purpose initiator such as butyl

l'ithium are capped 4710
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5 wth a netal formng a stable bond as shown in the followng formula (1),
and further a conpound which can interact structurally with the conmpound of
, the formula (1) weakens the bonding force of the carbonic anions and their
counter cations to thereby activate the carbonic anions 10 (see the
formula (2)). WEAFINAEY | under the pol ynerization tenperatur e, PAIBYLR07 et ur e
of the formula (1) is brought into a dornmant state while the structure of
the formula (2) becomes active, thus proButiry an equilibriumstate between
the structure of the fornula (1) and- that of the 15 formula (2). [err] It
is speculated that in a polynerization system having

7.0

rrrvey

Log (M)

<
]

100.0
30.0 4
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CW-H%



such a reaction nmechanism it will becone easier to establish a living

pol ynerization systemif the 25 equilibriumis biased to the |eft side

. (growing the dormant state) with rise of tenperature to accordingly expand

the stable state. It is also speculated that the nol ecul ar %’8‘;‘5@6

pol ymer is goWE@AEBIY the anount 20 Substitute sheet of

My since My al ways exists at the propagati n? speC| es of polynerization, the
iy

pol ynmeri zation rate i s governed by the [ ratio since Merr] is
activated to permt the
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pol yneri zation to advance, and the nol ecul ar weight 5 distribu-tion is also
governed by the [My]/[Merr]] ratio because of the bias of equilibriumand
~exchange rate to the other dormant termnals of RMerr]. As the activator
of the polynerization initiator in the present invention (wh m

pol yneri zati orW@@7339%3 ti ator” is used in this specification, e'i[hjtljrir’g”y'&?%scl ude
its activator), the organic netal conpounds represented-by R err]Merr]
and/or Rlerr]OMerr] (Rlerr] and R err]: 73 hygirocarbon group; O an oxygen
atom Merr] is at |east one alkali netal selected fromthe group
consisting of Li, Na and K) are preferably used. 15 Specifically, Rerr]
inthe formula Rlerr]Merr] represents a hydrocarbon group, preferably a

| i near or branched al kyl :
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group represented by CHerr](CH err])n- such as nethyl, ethyl, propyl,
i sopropyl, n-butyl, t-butyl, sec-butyl, anyl or hexyl. Typical exanples of
Rlerr]Merr] include nmethyl lithium n- 20 butyl lithium sec-butyl
“lithium t-butyl lithium iso- propyl lithium n-propyl lithi rqﬂ$@ﬁﬁgropyl
l'ithium benzywop¥3323um phenyl lithium hexyl |ithium buty&#g assium
sodi um butyl potassium and cunyl potassium These conpounds may be used
either singly or in conbination. 25 8710 Rerr] inthe fornula
Rlerr]OMerr] represents a hydrocarbon group, preferably a |linear or
branched al kyl group represented by CHerr](CH err])n- such as nethyl,
ethyl, propyl, isopropyl, n-butyl, t-butyl, sec-butyl, anyl or hexyl, a
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21 phenyl group or an al kyl -substituted phenyl group. Exanpl es of
Rlerr]OMerr] include nethoxylithium nethoxysodi um nethoxypotassi um

et hoxyl it hi um ethoxysodi um ethoxypotassi um propoxylithium

propoxysodi um 5 propoxypotassium isopropoxylithium isopr OP@E‘A‘@?M&”
i sopr opoxypot aW€i%##92- but oxyl i t hi um n-but oxysodi um n- but oxypot assi um
sec- butoxylithium sec-butoxysodium sec- butoxypotassi um
tert-butoxy-lithium tert-butoxysodi um Eef 1-But oxypot assi um

anyl oxylithium anyl oxysodi um .
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10 anyl oxypotassium tert-amyl oxylithium tert-anyloxysodi um

tert-anyl oxy-potassi um hexyl oxylithium hexyl oxysodi um

. hexyl oxy- pot assi um phenoxylithium phenoxysodi um phenoxy-potassium
2,4-di-tert-butyl phenoxylithium 2,4- di-tert-butylphenoxysogk%

2,4-di -tert-bWQPHIoxy- 15 potassium 2,6-di-tert-butylph %WWum

2,6-di-tert- butyl-phenoxysodium 2,6-di-tert-butyl phenoxypotassi um

3,5-di-tert-butyl phenoxylithium 3,5-ditOefd-GButyl- phenoxysodi um

3,5-di-tert-butyl phenoxypotassi um 2, 6-di -

tert-butyl-4-nmethyl phenoxylithium 2,6-di-tert-butyl-4- 20

nmet hyl phenoxysodi um and 2, 6-di-tert-butyl-4- nethyl phenoxypotassi um These

conpounds may be used either singly or in a conbination of two or nore of
t hem
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Ii[err]lv[err]
25

and Rlerr]OMerr] may be used either singly or in conbination.

Rlerr]Merr] and/or RlerrJ]OMerr] are used so that thegdsbo

ol ar concentration ratio will satisfy the relation of [My]/[M]>4 (§9}20
mol ar concentration), preferably [Mj]/[Merk¥]]>4.5, nore preferably
[My]/FMerr]]>5. Wen 22 [Mg]/[Merr]] is less than 1, part of the
cationic netal formng a counterpart to the carbonic anion at the

pol ymerj zati on propagating species OfD%@%R&%%&Bﬂ pol yrer

5

10

15

20

25

VINYL POLYMER PREPARATION PROCESS, VINYL MONOMER

POLYMERIZATION INITIATOR AND STYRENE RESIN COMPOSITIONS

Technical Field

The present invention relates to a vinyl polymer
pPreparation process, vinyl monomer polymerization initia-
tor and styrene resin compositions. According to the
process of the present invention, living polymerization
can be carried out in a controllable temperature range
without causing self-accelerated reaction due to genera-
tion of heat in the polymerization reaction, transfer
reaction and termination despite high monomer concentra-
tion and high temperature reaction conditions in compari-

son with the conventional anionic polymerization.

Background Art

Styrene polymers, a typical example of which is
polystyrene, have been industrially produced for a long
time by means of radical polymerization. However, radical
polymerization, as is well known, causes reaction termi-
nation due to recombinations of growing radicals, etc. or
radical transfer reactions to the solvent or monomer, so
that it was difficult to achieve structural control of the
polymer, such as control of molecular weight distribution

or the structures of the polymer chain ends. Also, since



produced during polynerization is constituted by the Merr] 5 netal alone,
and it is not possible to control the reactivity due to the presence of M.
Gonsequently, a runaway reaction may take place with the pol yrmeri zation

t enperature and nonomer concentration rangeg specified in the present

i nventiion, and ng,stable livin olynerization 10 system can be foyned.

In the region TS MBI TReFt Fatiod | 1596 phiyRe DSIYRET Lrkes 1 ¢ hout

causi ng-a runaway reaction..under a conditi |ose, to the lower. limt of
7% ol RGP LR S

the pol ymeri zatTorPCont@t HatT or® P TERpe TS i I tHE Y esent

I nventi on. Inrﬁg%ﬁ“&? ynmerization is carried out 15 under a condition of
extrenely highrconcentration, where al nbost no polynerization solvent is

used, and at a high Living anionic polymerization of monomers such

5 as styrene and butadiene has been proposed as a solution
to the above probléms. For instance, in anionic polymer-
ization of styrene using butyl lithium which is a general-
purpose initiator, there can be obtained a polymer with
very narrow molecular weight distribution since, in this

10 case, living polymerization free of transfer reactions and
reaction termination can proceed. Also, by taking
advantage of reactivity of the propagating species of the
living polymer, it is possible to obtain various well-
defined polymers which have been unobtainable with the

15 conventional radical polymerization, such as styrene/
butadiene block polymers. However, the living anionic
polvmerization of styrene, despite its potential in
producing very attractive resin materials, has not been
industrially utilized except for some specific cases. This

20 is attributable, for one thing, to low production vield
because living anionic polymerization is a type of
solution polymerization and to high production cost as
compared with conventional radical polymerization,
resulting in little industrial utilization, because of the

25 necessity of a large-scale solvent recovery process.
Therefore, there has been no other way but to resort to
the conventional solution polymerization'techniques for

the production of specific polymers such as styrene/



tenperature of 100[err]C or nore, a runaway reaction is induced and the
living polynmer activity is |lowered. Further, in this case, there can be
obt ai ned only those pol yners whose 20 nol ecul ar weight distribution is
substantially narrow. As for the nolding résin material, it is desirable
for certain uses of . the B oduct to use a polyner in which the | ow nol ecul ar
wei ght conponehttadierfie i?@ -RB+¥RGFAr wei ght conponent are mixed with

h h ' [ S ' h [ | | |
N ght di Stri- bution | < 8F GHRRYaIHbr CtRaR THT AP NPT e Sruitol nt of
of feri ng a §00g pghABCHo Ymbk kgLl ¥n AN PENAOLERLA P OPST ALESe e BRI e

of nol di ng.
amount of the solvent used for the polymerization, to

5 enhance productivity and to minimize. the lcad for solvent
recovery. However, reduction of the amount of the solvent
invites a sharp rise of viscosity of the polymerization
solution, necessitating elevation of the polymerization
temperature to a remarkably higher level than required in

10 conventional solution polymerization.

When styrene is polymerized by using, for
example, butyl lithium under these conditions according to
the conventional art, there arise the following problems,
which make such polymerization impractical.

15 @ Since the polymerization initiation reaction and
propagation reaction take place very rapidly,
polymerization reaction heat is generated quickly, often
resulting in unsatisfactory release of heat from the
polymerization system to cause a steep rise of temperature

20 in the system, which tends to initiate a self-acclerated
reaction, the so-called “runaway” reaction (a situation
where control of the reaction rate is impossible).

@ At a high temperature such as 100°C or more,
carbonic anions at the propagating species of the polymer

25 Dbeccome unstable to cause frequent occurrence of transfer
reactions to the solvent or polymer bhackbone or reaction
termination due to the P-elimination, resulting in a

remarkable reduction of activity of the living polymer.



3 Substitute sheet - 28/ 10/98 The present inventor found that when a
vinyl nmononer is polynerized by varying the [My]/[Merr]] ratio under
conditions for conpleting polynerization in a certain prescribed period of
time, quite surprisingly the 5 nol ecul ar we#ght distribution wi dens sharply
in the region of [My]/] err]> 4 ThIS [ robably because the viscosity of
the reaction systemris ‘3@ LmSHiZatAAn JEing 3 hi gh

e Sorcenk ation (opie SRR AT AP 108G i IBELSEE o
the above problen1() can be solved by controlling the
polymerization rate by decreasing the amount of the

5 initiator, but this gives rise to the problem that a
polymer having a high molecular weight is only obtained.
The number-average molecular weight Mn of a polymer
obtained by anionic polvmerization using an organic alkali
metal depends upon the ratio of the monomer to the alkali

10 metal according to the following equation:

Mn = [monomer]/[organic alkali metall] x (molecular
weight of monomer)
([ 1: molar concentration)
15
Therefore, when the amount of the initiator is small, the
produced polymer is correspondingly high in molecular
weight, which means that a large amount of initiator is
necessary for obtaining a polymer of low molecular weight.
20 It has thus been difficult with the prior art to freely
obtain a polymer of a desired molecular weight because of
the operatiocnal restrictions required for preventing the
runaway reaction.
It is also notable that when a conventional
25 organic alkali metal is used, the initiation reaction
proceeds very rapidly as against the propagation reaction,
so that in many cases the produced polymer has a very

narrow molecular weight distribution. However, the narrow



For reducing the viscosity of the high concentration solution in the
reaction system it is reconmmended to carry out polynerization at a high
tenperature of 100 C or nore, and to set the Mg and Merr] ratio 15 nolar
concentration ratio at [My]/[Merr]])>10 fob allow ng progress of living

pol ynmeri zati on w t hout causing a. runaway, reaction in, such_a sjtuation. The
present i nventBPLEFYLRF otiRdoRhEitHELARF LR 35 SRMGRITeT FPFBiReRA i BRns

consisten |y ot el abLE bMSLILLIRLLO LRSrSaser,) 'RIBIEE: 20 oErgeee Vo
\(’)\1‘ d?ﬂgngo\?vf t h&ggﬁ%ﬁg{gﬁgf[ ghlthec:ir:ie orrieb,UtiinO%r%.'eq: E%:los%ativréc rae%§%sé.dt he amount
molecular weight distribution, it has been essential to
5 add an initiator gradually or to carry out polymerization
in a continuous reactor having a specific retention time
profile. Thus, discovery of a living anionic
polymerization system capable of freely controlling the

molecular weight distribution without a complicated

10 polymerization reaction has been desired.

Disclosure of the Invention
An object of the present invention is to provide

a novel process for producing vinyl polymers with a

15 controlled molecular weight distribution, according to
which anionic polymerization of vinyl monomers is carried
out under the high monomer concentration and high
temperature conditions to allow the polymerization
reaction to proceed at a controllable rate without causing

20 a runaway reaction due to self-induced reaction heat,
making it possible to conduct living polymerization free
of transfer reactions and reaction termination even when
conducted at a high temperature, which has never been
achievable with the prior art. Another object of the

25 present invention is to provide a styvrene resin
composition having excellent moldability and minimized in
production of styrene monomers due to thermal

decomposition.



nol ecul ar wei ght conponents, for exanple, oligonmer noieties including
dinmers and triners. The nost preferred 25 range of nolar concentration
ratio is 10<[My]/[ML] <100. The present inventor further found that when a
conpound or conpounds represented by Rl err]6OH and/or (R err])[err]NH
(R[err]: a hydrocarbon group; 0: an oxygen atom N ni trogen , 24
Substitute sheet - 28/1 P9§BeaF8Hf?emﬁ¥cﬁtH§Fﬁﬁl?§m€§na§eFUgs§s°9ﬁeﬁﬁ?onic
pol ynerd zation,term nator, is added to .an.,initiator_consisting of
it

(Rlerr])[err] MjSaRd SREE T REFST ME&Fr ITFafRA%8hSci fi c

polymerization of a vinyl monomer such as styrene or
butadiene is carried out using an initiator comprising an
5 organic magnesium compound and a specific alkyl metal
compound, guite surprisingly living polymerization
proceeds at a reaction rate which enables control of heat
release without causing a runaway reaction or extremely
slow polymerization rate even under the conditions of high
10 monomer concentration and high temperature. As a result,
control of the molecular weight distribution is made
possible. It was further found that the thus obtained
styrene resin composition is lower in decomposition rate
under heat retention and less in monomer formation than
15 the resin compositions obtained by using the conventional
anionic polymerization initiators. The present invention
has been attained on the basis of these findings.
The present invention relates to a vinyl polymer
preparation process which comprises carrying out anionic
20 polymerization under the condition in which the
polymerization temperature is not lower than 45°C and not
higher than 250°C and the concentration of the vinyl
monomer based on the polymerization solvent is 45-100% by
weight, in which anionic polymerization the metal of the
25 cation forming a counterpart to the carbonic anion at the
polymerization propagating species comprises Mg, or Mg and
M! (wherein M! is at least one alkali metal selected from

the group consisting of Li, Na and K, and the molar



<

ratio, quite surprisingly polynerization of vinyl nononers 5 is initiated
and further living polynerization proceeds under the high-tenperature and
Hi gh-concentration conditions. In Rerr]OH and (R err]) [err] NH used in the
present_invention, /R err]'s are the hydro@arbon groups, which are
preferably | i near or 10, branched al groups represented by f[err]
(CH err])n-, SRFERETFeions, b t%|an%r%pﬁat% sf3prtdsy Felptdeny ot ¢ - put yi |

sec- butyl, q_h y phenyl groups, alkyl-substituted phenyl groups,
hydrocarbon b&é%h?ﬁ%ﬂer-c%%pound groups represented by

(G ert]) for ] N(OH or r 70 difIoRe Loitrat Ciee e Hou eyt osR iy
methanol , et NaoRlne PYOPANOLa £ { SOELPANOL il PLY Y| (ﬂ)%ﬁ&o'(az:sec‘b‘“y'
5  Thydrocarbon group) is used singly as the polymerization
initiator.

The present invention also relates to the vinyl
polymer preparation process wherein organic compounds
represented by (R?),Mg and R'M' and/or R'oM' (R! and R?: a

10 hydrocarbon group; O: an oxygen atom; M!: at least one
alkali metal selected from the group eonsisting of Li, Na
and K) are used as polymerization initiator, and the molar
concentrations of Mg and M' satisfy the relation of
Mgl/[M'] = 4.

15 The present invention further relates to the
vinyl polymer preparation process wherein the above molar
concentrations satisfy the relation of [Mgl/(M!] = 10-100.

The present invention also relates to the vinyl
polymer preparation process wherein compounds represented

20 by (R*);Mg and R'M! and R’0H and/or (R®);NH (R!,R? and R®: a
hydrocarbon group; 0: an oxygen atom; N: a nitrogen atom;
M!': at least one alkali metal selected from the group
consisting of Li, Na and K) are uged by mixing them so as
to satisfy the relations of ([Mgl>[M'] and 2 x [Mgl +

25 [M')>[ROH] + [(R®).NH].

The present invention also relates to the vinyl
polymer preparation process wherein the polymerization

temperature is not lower than 45°C and not higher than



al cohol, tert-butyl alcohol, anyl alcohol, hexyl alcohol, phenol,
2,4-di-tert-butyl phenol, 2,6-di-tert-butyl phenol, 3,5-di-tert-butyl phenol,
2,6-di -tert-butyl -4-net hyl phenol, 20 2-nethoxyet hanol, and

2- (2-di-tert-nethoxyet hoxy) et hanol. Exanples of (R err] ylerr]NH are

N, N- di met hyl et I}@ragéam' ne, di rretgél agi ne, N-efhyl nethylam ne, diethyl amf ne,
di proopy!l am ne, “4%%t YPahftfier SFL AR XOF aRPIEST 81 8%t 9f aFRf VLAY L BOnameReo
N,N,N'-trineth%Lg% yl enedi anmine, N N N,N- 25

tetramet hyl di et’hyl'erietri ami ne and the like. These conpounds nmay be used

(RLerr]) [orr] N added mushepb?Redk 1ABaRE:PRuFurther oTalE o ene

vinyl polymer preparation process wherein in organic metal

5 compounds represented by (R?).Mg and RM!, at least one of
the carbons attached to the metals of the hydrocarbon
groups R! and R? is secondary carbon and/or tertiary carbon,
and the total amount [R?] of R! and R? of the secondary
carbon and/or tertiary carbon satisfies the relation of

10 [RM?] = [Mg].

The present invention also relates to the vinyl
polymer preparation process wherein in organic metal
compounds represented by (R?),Mg and R'M!, at least one of
the hydrocarbon groups of R! and R? is a prolymer carbonic

15 anion.

The present invention further relates to the
vinyl polymer preparation process wherein compounds
represented by (Rz)zMg and R’OH and/or (R®),NH (R? and R®: a
hydrocarbon group; 0O: an oxygen atom; N: a nitrogen atom)

20 are used by mixing them so as to satisfy the relation of 2
x [Mg] > [R’OH] + [(R®),NH].

The present invention also relates to the vinyl
polymer preparation process wherein the poly-merization
solvent is a hydrocarbon compound; the vinyl polymer

25 preparation process wherein the concentration of the vinyl
monomer based on the polymerization solvent is
substantially 100% by weight; and the vinyl polymer

preparation process wherein the polymerization reaction is



25 satisfies the relation of 2 x [M)] + [Merr]]> R err] CH|
+Hf(Rerr])[err]NH . Oherwise, if 2 x [M] + [M<[Rerr]CH +

[{Rerr])[err]NH, polynerization will not be initiated. As a result of
further research on the organic 5 rret al coftpounds conposed of
(Rlerr])[err] anpl err|Merr] resent inventor found that at |east
one of the car t%%% t%Ptﬁ% &f- of the hydrocarbon group of R[err]
and R[etr] is a secondar carbon nd/ or terti en an

organi c metal conpound s Hgl‘feéf%?tqlbaﬁx‘fv)"ftﬁ'[ﬁ e?érlﬁ L g]o Avgjreyd

([Rlerr]]: them&%xﬁ‘ér%@i%e:?{zﬂ ok 1 1 R0 RS o a SEAAPIBY Mg (R?: a

hydrocarbon group).

5 The present invention also relates to a vinyl
monomer polyvmerization initiator containing organic metal
compounds represented by (R?),Mg and RM! and/or R'OM' (R?
and R?: a hydroéarbon group; O: an oxygen atom; M': at
least one alkali metal selected from the group consisting

10 of Li, Na and K), wherein the molar concentrations of the
metals satisfies the relation of [Mg]l/[M'] = 4.

The present invention also relates to a vinyl
monomer polymerization initiator containing organic metal
compounds represented by (R?*);Mg and R'M' and/or R'oM® (R!

15 and R?: a hydrocarbon group; O: an oxygen atom; M': at
least one alkali metal selected from the group consisting
of Li, Na and K), wherein the molar concentrations of the
metals satisfies the relation of [Mg]/[M!'] = 10-100.

The present invention also relates to a vinyl

20 monomer polymerization initiator containing compounds
represented by (R?),Mg and R'M' and R30H and/or (R?),NH (R!,
R? and R®: a hydrocarbon group; O: an oxygen atom; N: a
nitrogen atom; M!: at least one alkali metal selected from
the group consisting of Li, Na and X), wherein the

25 compounds satisfy the relations of [Mgl>[M'] and 2 x [Mg] +
IM')>[RP0H] + [(R3).NH].

The present invention further relates to a vinyl

monomer polymerization initiator containing compounds



carbon and/or tertiary carbon) is used for polynerization of a vinyl
nmononmer, the polynerization initiator efficiency of (R2)2My i s enhanced
fthe initiating reaction points are increased) and yet the polynerization
rate is. 15 lowered. This is probably forl@he reason that since it is

Ca o L0 Lot S RRLULLE gL OB M Bk Lea) MBSl eng 2 pecopdary
Amount whi ch BURFEERERBE B5o50: "B R pvEeRiatoR: 81 ATk edb b nEl ng
bri mary _car bod"a6a: echaaarhPanane, "RErpry, tRECFELaPln RS L™ M T ved
state, Rlerr] (agq>rRk®&5%] Hay{gk Au$econdary carbon and/ or
5 The present invention also relates to a vinyl
polyvmer obtainable by the above-described preparation
process.
The present invention further relates to the
styrene resin compositions obtainable by anionic
10 polymerization of styrene monomers, wherein their
molecular weight distribution Mw/Mn is 2.0-10.0 and the
content of trimers derived from the styrene monomers is
250 ppm or less.
The present invention further relates to a

15 molded product obtainable by injection molding or

extrusion molding of the above styrene resin compositions.

Brief Description of the Drawings
Figs. 1, 4 and 10 are graphs showing the
20 relation between conversion (Conv.) and number-average
molecular weight (Mn) of the polymers obtained in the
Examples and Comparative Examples.
Figs. 2, 3 and 9 are graphs showing the relation
between polymerization time (Time) and conversion of the
25 polymers obtained in the Examples and Comparative Examples.
Fig. 5 shows GPC curves of the polyvmers obtained
in the Examples.

Fig. 6 is a graph showing the relation between



tertiary carbon alone are necessarily attached to the 25 initiating
termnal of the polyner, and the nol ecular weight is determ ned by the
r<ati o anount of the nononer to Rlerr] and R err] of secondary carbon and/ or
tertiary carbon At the pol ynerization proéégati ng species, there exi st

m xed 26 W ea ot her two dlffe nt stru res Ng R2
and (B) - pol “"I'%Tfr —avsgagfemole 5w e|1§7 %’Qﬁﬁep ymbe ISower
ll'ﬂ ePg:‘ )(;in;ri IZ? tqlk%n 1rnee tl Vlttl:}/é é r<1:’f:%!'{p1|es ano oxﬂp%rpa%l Xrnerﬁfxzafx’j‘xitplloens ra%tde ‘the
' concentration ratio of the monomer and Bu;Mg ([SM]/[Mgl).
which is the initial polymerization condition.

5 _ Fig. 7 is a graph showing the relation between
the number-average molecular weight (Mn) of the polymers
obtained in the Examples and Comparative Examples and the
concentration ratio of Bu;Mg and BuLi ([Mgl/[Li]), which is
the initial polymerization condition.

10 Fig. 8 is a graph showing the relation between
the ratio (Mw/Mn) of weight-average molecular weight (Mw)
and number-average molecular weight (Mn) of the polymers
obtained in the Examples and Comparative Examples and the

concentration ratio of Bu;Mg and BuLi ([Mgl/[Lil), which is

15 the initial polymerization condition.

Best Mode for Carrying Out the Invention

The “vinyl monomers” used in the present

invention include styrene monomers and conjugated diene
20 monomers.

The styrene monomers include styrene, O-alkyl-
substituted styrene, nuclear alkyl-substituted styrene and
the like. More specifically, they include o-methyl-styrene,
o-methyl-p-methylstyrene, p-methylstyrene, m-methylstvrene,

25 o-methylstyrene, p-ethylstyrene, 2,4-dimethylstyrene, 2,5-
dimethylstyrene, p-isopropyl-styrene, 2,4,6-
trimethylstyrene, etc.

The conjugated diene monomers include 1,3-



5 possible to control the polynerization rate by adjusting the (A)/(B)

ratio. In the present invention, in the organic netal conpounds conposed of
(Rerr])[err]My and R err]Merr], at |east one of the hydrocarbon conpounds
of Rl and R2 may be a polymer 10 carbonic ¥hion. "Polyner carbonic anion"

is an anion of _the. living, pol ymer obtai ned i ving. polynerization of a

vi nyl nnnoner,bVW??ﬁ??i’pb$§3%$?§at?bﬁLéhEﬁéh&iEﬁ?ﬁé#éﬁe1e Ee%m%LQQﬁfln t he
present . i nvent, (R2 ;Mg 0 un 5 is used, polynerization of a
vi nyl nononer #@Q?%ﬁgﬁgtg%’geén uﬁ%ﬁ%ag'ﬁgaﬁltenperature and hi gh- nononer -

concentration conditi On’Tl'?é?e l\h\ﬂyr@ nﬁﬁ{éﬁ@fé 41?&3} QL used either singly

or in combinations of two or more of them for the purpose
5 of obtaining a copolymer.

The polymerization temperature is not lower than
45°C and not higher than 250°C, preferably not lower than
50°C and not higher than 240°C, more preferably not lower
than 60°C and not higher than 230°C. The lower limit of

10 the polymerization tempera-ture should be a temperature
which is at least capable of maintaining the
polvmerization rate at which the polymerization can be
completed within the prescribed period of time. The
polymerization can proceed at a low temperature below 45°C,

15 but in the polvmerization solution according to the
present invention, the polymerization rate is very slow at
such a low temperature, so that use of a temperature below
45°C is disadvantageous from the viewpoint of industrial
production of the polymers. When the polymerization

20 temperature is 250°C or higher, side reactions such as
transfer reactions and reaction termination may take place
frequently, making it difficult to obtain a polymer of a
high molecular weight while causing coloration of the
produced polymer.

25 In the present invention, the polymerization
temperature need not be kept constant throughout the
reaction; it may be raised at any desired rate in

accordance with the progress of the polymerization



éroceeds. It was further found that |iving polynerization is also allowe
to proceed w thout causing a runaway 20 react e u f

hi gh-tenperature and high- concentration condil § %ﬁh HAS BE%NJ
represented by Rl err] OH and/or (R3)2NH (Fﬁthnd arbon group;
an oxygen ato

d R ] Ov[g%?ftlgprﬂl t][et?f %‘?g?péa’tﬁ {nacﬁry?e Stetﬁ?.d Ofﬁ?_f?| ngra%[ er I'J M e
an err e .
(Rerr 1) or I BELaR8, che ShEGALoOE EeRol dERLLZELAOT, TR LOLE Lhan (e

addi tion of ( al on |on ra as the

amount of sai gnggﬁgggegégé 1@% LRE dséfﬁqer]g@&ey@ﬁ,rég&mwnﬁeﬂf @i d

conpound(s) to Imted to suc
monomer concentration is high, it is recommended to

5 initiate the polymer-ization reaction at a low temperature
and gradually raise the temperature as the monomexr
concentration lowers with the progress of the reaction.
Polymerization is preferably carried out in the
temperature range of 45-200°C when the conversion of the

10 wvinyl monomer is in the range of 0-70%, and a
polymerization temperature in the range of not lower than
200°C and not higher than 250°C is preferred when the
conversion is in the range of 70% or higher. 1In case the
viscosity of the polymerization reaction solution is low

15 and there is no need of raising the polymerization
temperature more than necessary, polymerization may be
conducted at a temperature of 200°C or lower in the 70-100%
conversion region.

The concentration of the vinyl monomer based on

20 the polymerization solvent is not lower than 45% by weight
and not higher than 100% by weight, preferably not lower
than 50% by weight and not higher than 100% by weight. The
higher the monomer concentration, the more desirable for
the recovery of solvent, but there are the cases,

25 depending on the type of the polymer produced, where a
solvent is required to some extent from the relation
between temperature and viscosity of the polymerization

solution. However, since an extremely low monomer
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27 a range that satisfies the relation of 2 x [M]>[ R err]OH +
[(Rlerr])[err]NH. 1f 2 x [My] + [Merr]]r[Rlerr]OH + [(Rlerr] )[err]NH,

pol ymerization will not proceed. Since the polynerization of vinyl monomer
using 5 an initiator of the present i nvent ilgh proceeds in the region of

hi gh nmonomner concentratlon | S ex ect d that t£>6 | SCO |ty of the

pol ymeri zati on %%W%??Eﬁt%??llﬁeﬁ%ﬁﬁp %& § Mgren {%%IS fis desirable to

d h f th f
10" the pol ymerPLRPORFEAER B é"‘tﬁt‘éé‘t%ﬁ%%?oaéﬁ%%uﬁ&%nﬁé St S,

doubl e-screw exLLudes, W §0r "2Sh Pyt &berature condition, it is

essential that the monomer concentra-tion be at least 45%
5 by weight in view of living polymerization efficiency.
That the concentration of the vinyl monomer
based on the polymerization solvent is substantially 100%
by weight means that there exists no solvent to be used
other than the one derived from the initiator solution.
10- Polymerization with 100% monomer concentration, where no
polvmerization solvent is used, is the most ideal form of
polymerization for the industrial practice since no
transfer reaction of monomer to solvent nor any reaction
termination takes place. This assures high use efficiency
15 of the initiator as well as high productivity. Also, a
process for solvent recovery after termination of the
polymerization is unnecessary.
The “polymerization sclvent” referred to in the
present invention means a solvent which takes no part in
20 the polymerization reaction and has compatibility with the
polymers. Any type of solvent generally employed for
living anionic polymerization can be used, but the
aromatic or alicvclic hydrocarbon compounds which are
suppressive against transfer reaction and reaction
25 termination are preferably used as polymerization solvent.
Typical examples of such solvents include ethylbenzene,
toluene, isopropylbenzene, benzene, cyclohexane and the

like. If necessary, small quantities of other substances,



and/ or a kneading disc. Polynerization in the extruder by use of an
initiator of the present invention can dispensemith_ the 15 solvent
recovery operation after conpletion of polyneri zdHiQSHEFNEASI BEENN

pol ymerization occurs even with a very snal L5quantitypgfiagphvent,| so that
there can be re I|zed a very econom cal process Hwe—sotvent can be
renoved only b GRS 021 (SEDSFRe FOMRPUNGE SpTh @g teFarhyire fvsamod for

t er m nat.i on of I at.ion is nt critical .in the present i nventi on;
general |y knowﬁio é%érﬂ Stat T IP AR FE o &niTSHT a5 FHETS, S 88an be used.

For exanpl e, p@é@?ﬁﬂé@ﬂyfglﬂﬁTeﬂgaﬁéﬁﬁqna%?%ﬂ%%ogen Wmpound such as

pyridine, an aliphatic saturated hydrocarbon compound such

5 as pentane, n-hexane, heptane, octane, nonane, decane,
etc., and a weak Lewis acid such as triethylaluminum,
diethyl zinc, etc., may be contained in the solvent within
limits which do not jeopardize the effect of the present
invention.

10 The “organic magnesium compounds represented by
(RﬂgMg” used in the present invention are the compounds in
which a hydrocarbon group is attached to Mg. The
hydrocarbon group is preferably a (linear or branched)
alkyl group represented by CH;(CH;)n- such as methyl, ethyl,

15 propyl, isopropyl, n-butyl, t-butyl, sec-butyl, amyl and
hexyl. Preferred examples of the magnesium compounds
include di-n-butylmagnesium, di-t-butylmagnesium, di-sec-
butylmagnesium, n-butyl-sec-butylmagnesium, n-
butylethylmagnesium and n-amylmagnesium. These compounds

20 may be used either singly or in combination.

It has been known that no polymerization of a
vinyl monomer is initiated when R®Mg (R: alkyl) is used
singly, and that no polymerization is initiated unless a
polar compound such as hexamethylformamide (HMPA) is added.

25 The present inventor found, however, that even if an R?Mg
compound is used singly, with no polar compound added, and
even in a non-polar hydrocarbon solvent, the polymeriza-

tion of a vinyl monomer is initiated under a specific

This Sheet Has Been Replaced
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25 wat er, an al cohol, a protonic acid conpound such as carboxylic acids,

carbon dioxide or the like to the polynerization sol ution.

It

i s known t hat

d small quantity of nonomner(s) 28 exists in the styrene pol yners
obt ai ned by radical polynerization, and ifl@ nol ded product of the styrene

pol ymer  is placed in an ol eophilic conmpound atnosphere

t he nDnonergs) in

the nol ded pr S6WBETREYTE| €8RI4GEORe BRPether MaBNEE Bfobhenpolymeriz

-

tion is living polymerization.

The lower limit of polymerization temperature

when using R°Mg singly as the initiator is 100°C or higher,

5 preferably 110°C or higher, more preferably 120°C or higher.

At 100°C or lower, polymerization proceeds very slowly or

is not initiated.

For conducting the polymerization initiating

reaction or propagation reaction more efficiently than in

10 polymerization using R*Mg alone as initiator, it is

recommended to add to R’Mg an organic metal compound(s)

represented by RM' and/or R'oM* (R', R?: a hydrocarbon

group; O: an oxygen atom; M': at least one alkali metal

selected from the group consisting of Li, Na and K).

15 Some initiators comprising a combination of R%Mg

and R'M! and/or ROM' have been known, but they were

impractical because of the problems such as mentioned

below.

Macromolecules, Vol. 19, p. 299 (1986) and US-A-

20 3,716,495 show the examples of styrene polymerization,

butadiene polyvmerization, and styrene and butadiene

copolymerization at 50°C or 70°C using a polymerization

initiator consisting of dibutyl magnesium and butyl

lithium, or diamyl magnesium and butyl lithium as in the

25 present invention. In these cases of polymerization,

however, the concentration of the monomer based on the

polymerization solvent cyclohexane is as low as about 11%,

and further the metal concentration ratio is in the region



There are considered principally two patterns in which the nononers remain
in the polyner: the nononers which have not been reacted during the

pol ymeri zati on operation being left in the polyner; or the nonomers which
10 have been produced by deconposition of 1gol ymers or oligonmers during the

| di ti bei aresent jn the |.ded product. Mononers which .
ol nount chaaly B ide 581 §he: eyl SRIBARELERS BREFPRENEIYSREAECeiRby

are farther TRy g, BRISIAC Hie Mital e e R R4S Rr | ng
oL 09 52 RuPEAGE, TRIBIRLE d R S OREELY 19 SiBarinnc
to control the polymerization rate, molecular weight of
5 ‘the polymer and molecular weight distribution
independently of each other. Also, when the initiators
cited in the above references are used, although it is
possible to carry out living polvmeriza-tion without
causing a runaway reaction at 50°C or 70°C with a low
10 monomer concentration such as 11%, a runaway reaction does
take place with the monomer concentrations and temperature
ranges specified in the present invention, thus making it
unable to control the polymerization rate.
US-A-4,225,690 diécloses a polymerization
15 initiator comprising dibutyl magnesium and amyl potassium
or amyl oxypotassium. However, in this polymer initiator,
too, the metal concentrations are in the region of
[Mgl<[K], the monomer concentration is as low as about 10-
25%, the polymerization propagating species does not have
20 Mg, and it is impossible to independently control the
polymerization rate, molecular weight of the polymer
produced and its molecular weight distribution. Also, a
runaway reaction occurs with the concentration and
temperature ranges specified in the present invention,
25 making it impossible to control the polymerization rate.
EP-A-234,512 discloses a process for producing
styrene/butadiene block copolymers. Example 34 thereof

describes a procedure where styrene is polymerized at 65°C



trimers, and it is difficult to renove these oligomers 20 fromthe pol ymer
by a deaeration treatnent. It is known that, th oligoners produced by

heat retention of a polyner, generally, the tr) s s&x&&it HAS rBEﬁNeater anount
than the dimer (J. Polymer Sci.: Synposiumlfo.}57, Eﬁ@@ﬁgg[j 1976)). In fact,
the anount of 25 triner_in a styrene pol yner predueed—y—tadi
pol yneri zat i or}lsf@%pﬁ)rl&}rm@@attjéﬁl tisl R RE fRIRASSE <A r‘i%‘rbUt'Bﬁer efore,

it has been an inportant <¥q£ect %gntrol the formation, of trimer in the
pol ymer and t Jragneslium an utyl 11t ium at a concentration ratio

([Mgl/[Li]) of 2.5, and then butadiene is blocked with

styrene. In this case, however, the monomer concentration
5 Dbased on the polymerization solvent (cyclchexane) is as
low as 20%, and although no runaway reaction occurs, the
activity of the living polymer lowers, so that unreacted
polystyrene remains in the ensuing step of block
polymerization of butadiene. In addition, the molecular
10 weight Mn of the obtained copolymer is as low as 8,900.
The present inventor found that if the poly-
merization initiator composed of R’Mg and RM! and/or R'oM*
satisfies the particular relation of [Mgl/[M!'1 = 4 ([ ]:
molar concentration) for the molar concentration ratio of
15 metals, living polymerization proceeds without causing a
runaway reaction even under the high temperature and high
monomer concentration conditions. Thus, it is possible to
the control molecular weight, polvmerization rate and
molecular weight distribution independently of each other.
20 It has never been possible with the conven-
tional anionic polymerization techniques to control
molecular weight, polymerization rate and molecular weight
distribution independently of each other in one pot of
polymerization, so that this finding is quite surprising
25 and the present invention could have never been predicted
from the prior art.
Such effect of the present invention is

speculated to be attributable to the following mechanism.

eet Has Been Replaced
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29 provide a styrene resin which is mnimzed in the anmount of nononer

produced during the nol ding operation. The present inventor has pursued
rresearch on this subject and found that the anmount of triner produced 5
during polymerization can be significantlylPessened by using a specific

ani oni ¢ polynerization technique, .and that the polyner obtained by this
process is mnimzed |nIFhésaﬁBHﬁﬂdSFeﬁDﬁBﬁér1P0Fﬁﬁdpﬁﬁaépthéayep £8Rti on.

This fi.nding constitytes a ba5|s he present |n ntlo 1 t he
styrene polyn§%§ %@ %H%? BFoLBSE géﬁg i nventi on

are mnimzed,n the amount, of qpnonars f.or nred gpde heat reteﬂtlon
temperatures in polymerization wit conventiona

general-purpose initiator such as butyl lithium are capped

5 with a metal forming a stable bond as shown in the
following formula (1)}, and further a compoﬁnd which can
interact structurally with the compound of the formula (1)
weakens the bonding force of the carbonic anions and their
counter cations to thereby activate the carbonic anions

10 (see the formula {2)). Further, under the polymerization
temperature, the structure of the formula (1) is brought
into a dormant state while the structure of the formula
{2) becomes active, thus producing an equilibrium state
between the structure of the formula (1) and that of the

15 formula (2).

Rl
+R’M* o .
~ C-Mg**-R} %~ C ---Ng¥ M
- .
_R2M1 .’. .o.
.'RZ .
20 (1) (2)

It is speculated that in a polymerization system having
such a reaction mechanism, it will become easier to
establish a living polymerization system if the

25 equilibrium is biased to the left side (growing the
dormant state) with rise of temperature to accordingly
expand the stable state. It is also speculated that the

molecular weight of the polymer is governed by the amount



Al so, the styrene polyners produced by the process of the present invention
can function to arrest 15 formation of nononers.under heat retention even
if metal residues originating in the polyneri zaTHIGNSHEETt HAS WEERXi st i n

smal | quantities i-n the polymer. In the co?@en}i Onalﬁﬁ@m\ﬁﬂ C
pol ymeri zati on, netal, residuei originating in “he-peyprezatiod initiator
are i nevit abl %1 ¥t SLRCEHE928 HFBEU@EHSEEI9ﬁeF@eaH§°P§g?§1€8n§Pﬁ€F§ﬁ Phat

th t al i d . I th | d itjpon.of th I '
01 di ng t her cOPIYIEEE EGoRBr aFRy BPACTFECASt SORCHBEE i RCIRVRERER PEcFhfles

by extract] on et ) (e Sfar b 1LS WHELIOL s REaPRN! BaluiRerfect ! v

renovi ng the resrdues, t hus uant es of Tnetal residues
are polymerization to advance, and the molecular weight

5 distribu-tion is also governed by the [Mgl/[M!] ratio
because of the bias of equilibrium and exchange rate to
the other dormant terminals of RM .

As the activator of the polymerization initiator
in the present invention (when the term “polymerization

10 initiator” is used in this specification, it may include
its activator), the organic metal compounds represented by
R'M! and/or R'oM' (R' and R?: a hydrocarbon group; O: an
oxygen atom; M! is at least one alkali metal selected from
the group consisting of Li, Na and K) are preferably used.

15 Specifically, R! in the formula R'M' represents a
hyvdrocarbon group, preferably a linear or branched alkyl
group represented by CH;(CH;)n- such as methyl, ethyl,
propyl, isopropyvl, n-butyl, t-butyl, sec-butyl, amyl or
hexyl. Typical examples of RM' include methyl lithium, n-

20 butyl lithium, sec-butyl lithium, t-butyl lithium, iso-
propyl lithium, n-propyl lithium, iso-propyl lithium,
benzyl lithium, phenyl lithium, hexyl lithium, butyl
sodium, butyl calcium, and cumyl potassium. These
compounds may be used either singly or in combination.

25 R! in the formula R!OM! represents a hydrocarbon
group., preferably a linear or branched alkyl group
represented by CH3(CH,)n- such as methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, sec-butyl, amyl or hexyl, a

heet Has Been Replaced
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shbstantially left in the produced polyner. In the case of the styrene
polynmers of this invention, even if small quantities of My and M netal s

are left in the polyner, 30 there is insignificant formation of triner.
Thus, in accordance with this invention, a3%ry econonical industrial
process requiring no step for extractjon renpval of net resi dues can be
enpl oyed for tﬂﬁggygr%ﬂﬁ Pi 9h 3t %€¥¥ '?§b55%5?5%§I%h9?¥ Rt |1 anobunt of

initiator or fﬁ%aﬁgiggeékzﬁkhgni%%&ﬁ%eam%@ Egy E %%%t nethoxysodium,
methoxypotassium, ethoxylithium, ethoxysodium,
ethoxypotassium, propoxylithium, propoxysodium,

5 propoxypotassium, isopropoxylithium, isopropoxysodium,
isopropoxypotassium, n-butoxylithium, n-butoxysodium, n-
butoxypotassium, sec-butoxylithium, sec-butoxysodium, sec-
butoxypotassium, tert-butoxy-lithium, tert-butoxysodium,
tert-butoxypotassium, amyloxylithium, amyloxysodium,

10 amyloxypotassium, tert-amyloxylithium, tert-amyloxysodium,
tert-amyloxy-potassium, hexyloxylithium, hexyloxysodium,
hexyloxy-potassium, phenoxylithium, phenoxysodium,
phenoxy-potassium, 2,4-di-tert-butylphenoxylithium, 2,4~
di-tert-butylphenoxysodium, 2,4-di-tert-butylphenoxy-

15 potassium, 2,6-di-tert-butylphenoxylithium, 2,6-di-tert-
butyl-phenoxysodium, 2,6-di-tert-butylphenoxypotassium,
3,5-di-tert-butylphenoxylithium, 3,5-di-tert-butyl-
phenoxysodium, 3,5-di-tert-butylphenoxypotassium, 2,6-di-
tert-butyl-4-methylphenoxylithium, 2,6-di-tert-butyl-4-

20 methylphenoxysodium, and 2,6-di-tert-butyl-4-
methylphenoxypotassium. These compounds may be used either
singly or in a combination of two or more of them.

R!M! and R'OM! may be used either singly or in
combination.

25 RM! and/or R'OM! are used so that the Mg to M'
molar concentration ratio will satisfy the relation of
[Mg}/[M1=4 ([ ]: molar concentration), preferably

[Mgl/[M']=4.5, more preferably [Mg]/[M']=5. When



agent. The nol ecul ar wei ght of styrene resin obtained according to the
process of the present inventionis in 10 the range of 10[err] to 10[err],
and the anobunt of My used in this process is about 3 to 2,400 ppm but the
nost favorable effect is obtained in the mdZcul ar wei ght range where the
My content is not grept er than 100 ppm " I\/% and "Merr]" which may be left
in the styrenel¥8l7 Myt d&ts @D les @R RiefiSFatoR i &a%Rland Merr]
conmpounds which are produced after deactjvati an of the, conpounds used as
ol ar sat | onE PR ETE: B COTNECRBETb W cFPS ST a1 S 0t G W/ TR 1) 1 s

preferably 4-10,1 JREE: PLEISH B Yp26201nE EBIPLE BE SLRL 2P ¥i L5 8% 1ymer

produced during polymerization is constituted by the M

5 metal alone, and it is not possible to control the
reactivity due to the presence of Mg. Consequently, a
runaway reaction may take place with the polymerization
temperature and monomer concentration ranges specified in
the present invention, and no stable living polymerization

10 system can be formed. In the region of 1= [Mg]/[M]<4,
living polymerization proceeds without causing a runaway
reaction under a condition close to the lower limit of the
polymerization concentration and temperature ranges in the
present invention. In case polymerization is carried out

15 under a condition of extremely high concentration, where
almost no polymerization solvent is used, and at a high
temperature of 100°C or more, a runaway reaction is induced
and the living polymer activity is lowered. Further, in
this case, there can be obtained only those polymers whose

20 molecular weight distribution is substantially narrow. As
for the molding resin material, it is desirable for
certain uses of the product to use a polyvmer in which the
low-molecular weight component and the high-molecular
weight component are mixed with each other in a certain

25 ratio, that is, a polymer whose molecular weight distri-
bution is broad rather than narrow, from the standpoint of
offering a good balance of fluidity and mechanical

properties at the time of molding.



20 Further research by the present inventor has led to the
di scovery of a styrene resin conposition having.excellent heat
deconposability, nmoldability and, in particul afIHfS)SHEETquABaBEth eri stics.
This styrene resin conposition can be obtaiied fron1myﬂgogp polynerization
25 and its nol ecul ar weight distrihution Mwv N and the
content of the styrene-ﬂ%Fﬁ@E@SFPFwéPVF§tﬁ61f&P@étéPaﬁhﬁﬁeQSG ﬂﬁﬁV A met hod

for inhibiting formati,on of. st
%mnomer is polymégfgg% by Ggrylng the [Mgl/[M!'] ratio under

conditions for completing polymerization in a certain
prescribed period of time, quite surprisingly the

5 molecular weight distribution widens sharply in the region
of [Mg]/[M!'] = 4. This is probably because the viscosity
of the reaction system rises up with progress of
polymerization in the high monomer concentration range,
causing an apparent drop of exchange reaction rate of the

10 activator for the polymerization initiator.

For reducing the viscosity of the high
concentration solution in the reaction system, it is
recommended to carry out polymerization at a high
temperature of 100 C or more, and to set the Mg and M!

15 molar concentration rate at [Mg]/[M']1=10 for allowing
progress of living polymerization without causing a
runaway reaction in such a situation. The present inventor
also found that the molecular weight distribution widens
consistently as the [Mgl/[M!] ratio increases. However,

20 excessive increase of the [Mgl/[M'] ratio is undesirable as
it causes too much widening of the molecular weight
distribution and also increases the amount of the low
molecular weight components, for example, oligomer
moieties including dimers and trimers. The most preferred

25 range of molar concentration ratio is 10=<[Mg)/[M']=<100.

The present inventor further found that when a
compound or compounds represented by R’0H and/or (R’),NH

(R®: a hydrocarbon group; O: an oxygen atom; N: a nitrogen

s Sheet Has Been Replaced’

I




from pol ystyrene by thermal load in a nolder or extruder is disclosed in
JP-A-7-292188. This nethod, however, is still un ' s effect
of¢ inhibiting formati on of styrene by thermal |0 1§ WTp Y BEgN dne

obt ai ned from5 radi cal pol ymeri zation is ugéd

pol ystyrene obt a| n d .anionic poI yneri zation can aiiqQrd a-certain
i mpr overment of &4e& Frmeilah SemniSISTSy ?Seﬁpeéplolﬁ‘&lc thi s patent

hed h h t of ft. t .th d d
ol yrer "and. ﬁg“%em %ﬁz&%ﬁt SR o kR ERC B A %ﬁét‘éﬁzszﬁ?
i nvent or di sco%%rn%qs%l %vede(er?Sﬁ% ﬁmﬂ ggﬁ%n@@ge] ecu%jgsrpe 1f

characteristics are pecific r
di stribution a@%tlo, quite surprisingly polymerization of vinyl monomers

5 is initiated and further living polymerization proceeds
under the high-temperature and high-concentration
conditions.

R°0OH and (R®),;NH used in the present invention
are the hydrocarbon groups, which are preferably linear or
10 branched alkyl groups represented by CH;(CH;)n-, such as
methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, sec-
butyl, amyl and hexyl, phenyl groups, alkyl-substituted
phenyl groups, hydrocarbon-based ether compound groups
represented by CH; (OCH;CH;)n-, and the groups represented
15 by (CH3),N(CH,CH;)n-. Typical examples of R’0H are methanol,
ethanol, propancl, isopropanol, n-butyl alcoheol, sec-butyl
alcohol, tert-butyl alcohol, amyl alcochol, hexyl alcohol,
phenol, 2,4-di-tert-butylphenol, 2,6-di-tert-butylphenol,
3,5-di-tert-butylphenol, 2,6-di-tert-butyl-4-methylphenol,
20 2-methoxyethanol, and 2-(2-di-tert-methoxyethoxy)ethanol.
Examples of (R®),NH are N,N-dimethylethanolamine,
dimethylamine, N-ethylmethylamine, diethylamine,
dipropylamine, dibutylamine, dihexylamine, dioctylamine,
didecylamine, N,N,N'-trimethylethylenediamine, N,N,N',N'-
25 tetramethyldiethylenetriamine and the like. These
compounds may be used either singly or in combinations of
two or more.

R’0H and (R%),NH added must be in an amount that

s Sheet Has Been Replaced’
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bl

which is very stable thernmally and mnimzed in formation 15 of nononers
by deconposition, and this discovery is enbodied in the present invention.
The term"styrene resin” used in the present invention refers to styrene
polymers that can be obtained by anionic pé’ﬁyrrerl zation and whose nol ecul ar

ht 20 distri.b
fm“ﬁl sz / Qu?be;sa&@ﬁ%@' el egfa“ew%g' S e 2 0% 0 1B o A4
rom 0 nor.e is |less an
2.0, t he foamoajé'l A= dt y dg[tMa g a?l'&j %f{%ﬂ%gﬂ' it exceeds 25
10.0, the | owytg;L Lillazrat\%rgml&clo%c&nw iGN eases, resulting in increased

formati on of ene nononers
As a result of further research on the organic

5 metal compounds composed of (R?);Mg and RM!, the present

inventor found that at least one of the carbons attached
to the metal of the hydrocarbon group of R' and R? is a
secondary carbon and/or tertiary carbon, and when an
organic metal compound satisfying the relation of [RY?]1=2

10 [Mg] ([R*?]: the total amount of R' and R? of secondary
carbon and/or tertiary carbon) is used for polymerization
of a vinyl monomer, the polymerization initiator
efficiency of (R?);Mg is enhanced (the initiating reaction
points are increased) and yet the polymerization rate is

15 1lowered. This is probably for the reason that since it is
easier to initiate polymerization with R' and R? having a
secondary carbon and/or tertiary carbon than with R' and R?
having a primary carbon, when [R!,21=[Mg], Mg serves as a
bifunctional initiator in an amount which corresponds to

20 [R*?] - [Mg], inviting a corresponding rise of initiator
efficiency. Therefore, if R! and R? having a primary
carbon and secondary and/or tertiary carbon are present in
a mixed state, R! and R? having a secondary carbon and/or
tertiary carbon alone are necessarily attached to the

25 initiating terminal of the polymer, and the molecular
weight is determined by the ratio amount of the monomer to
R! and R? of secondary carbon and/or tertiary carbon. At

the polymerization propagating species, there exist. mixed



deconposi tion

of the polyner in the course of secondary morking such as

I njection foam nol ding or extrusion 32 foamng. The term"trimer" used

ih the present

invention refers to trinmers having the nol ecul ar structure

represented by the: follomnng fornula (3): %6The amount of triner existing
N Lhe Styre“%&ymrs b8nd? o' afl FELEEe DA AR0-E0M (A & YShnte N

greater t han

10

15

20

25

-Mg-R? and (B) ~ polymer ~ Mg- ~ polymer ~, and it is
supposed that (B) is lower in polymerization reactivity,
that is, lower in polymerization rate. Therefore, it is
possible to control the polymerization rate by adjusting
the (a)/(B) ratio.

In the present invention, in the organic metal
compounds composed of (R%2Mg and RM!, at least one of the
hydrocarbon compounds of R! and R? may be a polymer
carbonic anion. “Polymer carbonic anion” is an anion of
the living polymer obtained by living polymerization of a
vinyl monomer, with its polymerization degree being not
less than 1.

In the present invention, when a (R%zMg compound
is used, polymerization of a vinyl monomer is initiated
even under a high-temperature and high-monomer-
concentration condition, and living polymerization
proceeds. It was further found that living polymerization
is also allowed to proceed without causing a runaway
reaction even under a high-temperature and high-
concentration condition when a compound represented by R0H
and/or (R*),NH (R® and R3}: a hydrocarbon group; O: an oxygen
atom; N: a nitrogen atom) is mixed instead of adding R'M!
and R'OM!'. The effect of addition of R0OH and/or (R?),NH is
to elevate the polvmerization rate more than the addition
of (R%*),Mg alone. The polymerization rate is elevated as
the amount of said compound(s) is increased. However, the

amount of said compound(s) to be added is limited to such



ppm nore preferably not greater than 200 ppm Wen the trimer content
exceeds 250 ppm the anmount of the styrene nononers formed under heat
retention i ncreases, which may cause problens with the mgration of such
mononers to the 15 packed fat-containing Bdods when the nol ded product of

the styrene polyner is.used as a.food.packaging material.. The Sb ne resin
conposi tion of %ﬁ@%ﬁ' %%iﬁ? i5n 5 ﬁﬁﬁ%ﬁﬁggdqfnzfgr&gpi5ﬁ§b¥ﬁ§t§rene
nononer.s by h 3 0sit ison has f qar ng
characteristi gg(tR 2Mt %lf’t 2i & 3e 3ui[?ggfg’ef§(@?]ugerpé§( éﬁldj ection or
extrusion nnlgkﬂ_ 61 'on'EHQISEﬁﬁﬁgﬁck%ékﬂ conposition of the present

s |

I nvention may “contalin additives such ubricants,
Since the polymerization of vinyl monomer using

5 an initiator of the present invention proceeds in the
region of high monomer concentration, it is expected that
the viscosity of the polymerization solution will become
fairly high, so that it is desirable to use an extruder as
the polymerization reactor in view of the uniformity of

10 the polymerization reaction. “Extruder” means here a
single-screw or double-screw extruder which has a screw
and/or a kneading disc.

Polymerization in the extruder by use of an
initiator of the present invention can dispense with the

15 solveht recovery operation after completion of
polymerization since living polymerization occurs even
with a very small quantity of solvent, so that there can
be realized a very economical process in which the solvent
can be removed only by a deaeration treatment in the

20 extruder.

The method for termination of polymerization is
not critical in the present invention; generally known
termination methods of anionic polymerization can be used.
For example, polymerization can be terminated by adding

25 water, an alcohol, a protonic acid compound such as
carboxylic acids, carbon dioxide or the like to the
polymerization solution.

It is known that a small quantity of monomer (s)



rel easi ng agents, plasticizers, colorants, flanme 25 retardants, foam ng
agents, etc., within the [imts of the conception of the present invention.
The present invention will be further illustrated by the foll owi ng Exanpl es
and Conpar ative 33 Exanples, but it shod®d not be construed to be

restri fft ed by these exampl es. The nonqmers ang sal veaﬂg us%d irl t he present
i nvention wer &GS it tHY G5 aﬂ%ﬁﬁr‘% | radica
polymerization, and if a molded product of the styrene
polymer is placed in an oleophilic compound atmosphere,
the monomer {s) in the molded product may bleed out to give
5 rise to problems.

There are considered principally two patterns in
which the monomers remain in the polymer: the monomers
which have not been reacted during the polymerization
operation being left in the polymer; or the monomers which

10 have been produced by decomposition of polymers or
oligomers during the molding operation being present in
the molded product. Monomers which remain unreacted during
the polymerization can be significantly reduced by a
deaeration treatment under high vacuum, but the polymer

15 and oligomer are further decomposed upon encountering
thermal and shearing loads during molding so as to produce
monomers. Monomers are produced in large quantities by
thermal decomposition of the oligomers such as dimers and
trimers, and it is difficult to remove these oligomers

20 from the polymer by a deaeration treatment.

It is known that, with oligomers produced by
heat retention of a polymer, generally, the trimer exists
in greater amount than the dimer (J. Polymer Sci.:
Symposium No. 57, 81-88, (1976)). In fact, the amount of

25 trimer in a styrene polymer produced by radical
polymerization is approximately ten times the amount of
dimer. Therefore, it has been an important subject to

control the formation of trimer in the polymer and to



5 The organi c netal compounds, al cohols, secondary am nes and ot her
reagents used in the Exanpl es and Conparative Exanpl es are expl ai ned bel ow.
(1) Styrene (SM A comercial product manufactured by Asahi 10 Chemni cal

I ndustry Co., Ltd. It was distilled under 4%duced pressure once under

CaH2, subjected to.a deaeration treatnent and then. seal ed, under a dr
ni trogen at nosPhB¥e9€(2)S ﬁ??%eﬁ?%ﬁ%mgﬁ Db BYRIBHESA FRPATE

products, Tyt e By KR BUACadoin OO BN SR Gy, LTCL | The

u uce ssure onhce under

CaHz, subjected to a deagrationdfeat Pl oA Yiidud®! A8l ch on

this subject and found that the amount of trimer produced
5 during polymerization can be significantly lessened by
using a specific anionic polvmerization technigue, and
that the polymer obtained by this process is minimized in
the amount of monomer formed under heat retention. This
finding constitutes a basis for the present invention.

10 Thus, the styrene polymers produced according to the
process of the present invention are minimized in the
amount of monomers formed under heat retention.

Also, the styrene polymers produced by the
process of the present invention can function to arrest

15 formation of monomers under heat retention even if metal
residues originating in the polymerization initiator exist
in small quantities in the polymer. In the conventional
anionic polymerization, metal residues originating in the
polymerization initiator are inevitably left in the

20 produced polymer, and it is considered that these metal
residues accelerate thermal decomposition of the polymer
in molding thereof. It is generally practiced to remove
these metal residues by extraction with water, but this
method is incapable of perfectly removing the metal

25 residues, and thus small quantities of metal residues are
substantially left in the produced polymer. In the case of
the styrene polymers of this invention, even if small

quantities of Mg and M! metals are left in the polymer,



si eves and then seal ed under dry nitrogen. (3) n-Butyl |ithium (nBuLi) 20
Product manufactured by Kanto Chem cal Co., Ltd. Used as a 1.6 M-hexane
solution. (4) sec-Butyl lithium (sBuLi) Product nmanufactured by Kanto
Chem cal Co., Ltd. Used as a 1.0 I\/bycl ohexdfe sol uti on. 25 (5) tert-Butyl

l'i thium (tBuLi roduct ma.nuf ur Kant o Cherni cal Ltd.,Used as a
1.6 Mh-hept an Futho H&iﬁ% 3O%m° B&F&WFFNQ)ThuS' in

accordance w1th this invention, a very economical
industrial process requiring no step for extraction
removal of metal residues can be employed for the

5 production of polymers obtainable with a small amount of
initiator or for polymerization using a chain transfer
agent.

The molecular weight of styrene resin obtained

according to the process of the present invention is in

10 the range of 10° to 107, and the amount of Mg used in this
process is about 3 to 2,400 ppm, but the most favorable
effect is obtained in the molecular weight range where the
Mg content is not greater than 100 ppm.

"Mg” and “M!” which may be left in the styrene

15 polymers of the present invention mean the Mg and M!
compounds which are produced after deactivation of the
compounds used as polymerization initiator. The Mg to M!
molar ratio ([Mg]/[M']) is preferably 4-10, more preferably
5-90, even more preferably 6-80.

20 Further research by the present inventor has led
to the discovery of a styrene resin composition having
excellent heat decomposability, moldability and, in
particular, foaming characteristics. This styrene resin
composition can be obtained from anionic polymerization

25 and its molecular weight distribution Mw/Mn is from 2.0 to
10.0 and the content of the styrene-derived trimer is not
greater than 250 ppm.

A method for inhibiting formation of styrene



54 Product manufactured by Aldrich Inc. A 1. OM heptane solution of 1:1

m xture of n-di butyl nagnesium and sec-di butyl magnesium (7) n-Butyl

al cohol (nBuOH), sec-butyl alcohol (sBuCOH), 5 tert-butyl al coho
(tBuOH) and di-n- butylanine (Bu[err] NH) Spatial grade products manufactured
by Kanto Chemcal Ltd. Distil|ed under sub cted to deaeration
treat ment, £§8mWPPHYﬁSV686Pa YS|g§ §°f§a1§93|@a ﬁHePrdﬁﬁtﬁPgﬁﬁgen.

(8) tert-But OX%S%Q'S%TOEEEU 2971 86518 OXHROL ARELNDY, however, is

still unsatisfactory in its effect of inhibiting formation

of styrene by thermal load since polystyrene obtained from
5 radical polymerization is used as polymer. Use of

polystyrene obtained by anionic polymerization can afford

a certain improvement of the styrene formation inhibitofy

effect, but this patent document sheds no light on the

amount of trimer present in the produced polymer and the
10 effect of the foaming characteristics.

The present inventor discovered a styrene resin
composition whose foaming characteristics are improved in
a specific region of molecular weight distribution and
which is very stable thermally and minimized in formation

15 of monomers by decomposition, and this discovery is
enbodied in the present invention.

The term “styrene resin” used in the present
invention refers to styrene polymers that can be obtained
by anionic polymerization and whose molecular weight

20 distribution Mw/Mn (weight-average molecular
weight /number-average molecular weight) is from 2.0 to
10.0, preferably from 2.1 to 9.5, more preferably from 2.2
to 9.0. When Mw/Mn is less than 2.0, the foaming
characteristics are deteriorated while when it exceeds

25 10.0, the low-molecular weight component increases,
resulting in increased formation of styrene monomers by
decomposition of the polymer in the course of secondary

working such as injection foam molding or extrusion



(tBuOK) Products manufactured by Aldrich Inc. (9) Polynerization term nator
15 A 90/ 10 (by volunme) m xture of tetrahydrofuran (THF) and

nmet hanol (MeOH) was used. The pol ynerization rate, nolecul ar weight and

nmol ecul ar wei ght distribution of the obtain22 polyners were deternined in
the follow ng ways., 20 (10) Pol ynerization rate Unreacted SM was neasured
by gas chronat 6§883Rg-(GC) under the conditions 1, and the pol ynerization
rate (conversion) was determn ned fgon1th§ f ol |.ow uat i on;

25 .
Pol ynerization rate (% =] 5GP ngﬁfcoﬁﬁﬁﬂt?ﬁ?ggg?p?esegt invention

refers to trimers having the molecular structure

represented by the following formula (3):

CH,-CH,;- CH-CH;~ C=CH;
@ @ @ :

The amount of trimer existing in the styrene polymers is
10 not greater than 250 ppm, preferably not greater than 230
ppm, more preferably not greater than 200 ppm. When the
trimer content exceeds 250 ppm, the amount of the styrene
monomers formed under heat retention increases, which may
cause problems with the migration of such monomers to the
15 packed fat-containing foods when the molded product of the
styrene polymer is used as a food packaging material.

The styrene resin composition of the present
invention is minimized in formation of styrene monomers by
heat decomposition and has excellent foaming

20 characteristics, so that it is very suitable for use as an
injection or extrusion molding material.

The styvrene resin composition of the present
invention may contain additives such as lubricants,
releasing agents, plasticizers, colorants, flame

25 retardants, foaming agents, etc., within the limits of the
conception of the present invention.

The present invention will be further

illustrated by the following Examples and Comparative



[unreacted SM concentration]) / [supplied SM concentration] x 100 35
(11) Nunber-average nol ecul ar wei ght (M), weight-average nol ecul ar wei ght
(Myv) and MW Wh Determ ned by gel perneation chromatography (GPC). 5 (12)
Measurenment of trinmer Conducted under the c®hditions 2. [GC determn nation

condi ti ons _
] Examples, but it should not be construed to be restricted

by these examples.
The monomers and solvents used in the present
invention were purified in the following way before use.

5 The organic metal compounds, alcochols, secondary amines
and other reagents used in the Examples and Comparative
Examples are explained below.

(1) Styrene (SM)
A commercial product manufactured by Asahi
10 Chemical Industry Co., Ltd. It was distilled under reduced
pressure once under CaH;, subjected to a deaeration
treatment and then sealed under a dry nitrogen atmosphere.
(2) Ethylbenzene (EB) and cyclohexane
Commercial products manufactured by Wako Pure
15 Chemical Industries Co., Ltd. The special grade products
were distilled under reduced pressure once under CaH,,
subjected to a deaeration treatment, mixed with molecular
sieves and then sealed under dry nitrogen.
{3) n-Butyl lithium (nBuLi)
20 Product manufactured by Kanto Chemical Co., Ltd.
Used as a 1.6 Mn-hexane solution.
(4) sec-Butyl lithium (sBuLi)
Product manufactured by Kanto Chemical Co., Ltd.
Used as a 1.0 Mcyclohexane solution.
25 (5) tert-Butyl lithium (tBuLi)
Product manufactured by Kanto Chemical Co., Ltd.
Used as a 1.6 Mh—heptane solution.

(6) Dibutyl magnesium (Bu,Mg)



Conditions 1 Measuring device: GC 14B nfd. by Shimadzu Corp. 10 Col um:
PEG 20M ( [err] 3 mmx 3 nm) Carrier gas: nitrogen, flowrate = 50 mM/mn
Det ect or: FID Colum tenp.: Maintained at 125[err]C for 10 m nutes
and then further heated at a rate of 35[errP& mn 15

until réaching 230[err]C. Injection and detector tenp. = 230[err]C.
Internal standard reagenfroBHctyA@Miasswrede bYuALRE 188y iTes & 148 nfd. by

Shi d Cor p. : : i ; : .
th:gﬁnzgs: P ﬁg%tane(ggfﬂglon of 1:1-Eifkdgéﬂg ﬂydTgﬂE?i A%d%%gyﬂm and

sec-dibutyl magnesium.

(7) n-Butyl alcochol (nBuOH), sec-butyl alcohol (sBuCH),
5 tert-butyl alcohol (tBuOH) and di-n-butylamine

(BuyNH)

Special grade products manufactured by Kanto
Chemical Co., Ltd. Distilled under CaH,, subjected to
deaeration treatment, mixed with molecular sieves and

10 sealed under dry nitrogen.
(8) tert-Butoxysodium (tBuONa) and tert-butoxypotassium
(tBuOK)
Products manufactured by Aldrich Inc.
(9) Polymerization terminator
15 A 90/10 (by volume) mixture of tetrahydrofuran
(THF) and methanol (MeOH) was used.

The polvmerization rate, molecular weight and
molecular weight distribution of the obtained polymers
were determined in the following ways.

20 {10) Polymerization rate

Unreacted SM was measured by gas chromatography

{(GC) under the conditions 1, and the polymerization rate

(conversion) was determined from the following equation:

25 Polymerization rate (%) = ([supplied SM concentration] -
[unreacted SM concentrationl]l} / [supplied SM

concentration] x 100



6.25 [err]m

nitrogen, flowrate

| engt h:

30 m nfd. by GL Science Inc.) Carrier gas:
= 50 mM/mn Detector: FI D 25 Col um tenp.:

Mhi ntai ned at 50[err]C for 5 mnutes and then further heated at a rate of

20[err]C mn until

reaching 320[err]C. Injébtion tenp.: 260[err]C 36

Substitute sheet - 28/ 10/98 Detector, tenp.: er
(1l) Number-average molecular we1§ﬂ£ (ﬁk), weight-average

10

15

20

25

molecular weight (Mw) and Mw/Mn

Determined by gel permeation chromatography

(GPC) .

(12) Measurement of trimer

Conducted under the conditions 2.

[GC determination conditions]

Conditions 1

Measuring device: GC 14B mfd. by Shimadzu Corp.

Column:
Carrier gas:

Detector:

Column temp.:

PEG 20M (¢ 3 mm X 3 m)

nitrogen, flow rate = 50 ml/min

FID

Maintained at 125°C for 10 minutes and
then further heated at a rate of 35°C/min
until reaching 230°C. Injection and

detector temp. = 230°C.

Internal standard reagent: EB

Conditions 2

Measuring device: GC 14B mfd. by Shimadzu Corp.

Column:

length:
Carrier gas:

Detector:

Column temp.:

TC~1 (inner diameter: 0.25 mm; thickness:
0.25 um;

30 m; mfd. by GL Science Inc.)

nitrogen, flow rate = 50 ml/min

FID

Maintained at 50°C for 5 minutes and then
further heated at a rate of 20°C/min

until reaching 320°C.

Injection temp.: 260°C



Internal standard reagent: ant hracene (GPC neasuring conditions] Measuring

devi ce: TOSO HLC-8020 (with built-in 5

di-fferential refractive index detector) Columm: == TOSO
TSKgel - GvHx 2 Tenper at ur e: 38[ err3€ Sol TS SHEET HAS BEEN
tetrahydrofuran (THF) 10 npl e con centration:] 0.1 REPUAGEBanpl i ng pitch:

once per 0.4 secoR&teﬁFéFnFﬁﬁplon 310 ﬁblecular welght: Calibratlon curves

were drgun by plotting the sglali on befween e fiolegular uel ght of TOSO

{GPC measuring conditions]

Measuring device: TOSO HLC-8020 (with built-in
5 differential refractive index
detector)
Column: TOSO TSKgel-GMHy, x 2
Temperature: 38°C
Solvent: tetrahydrofuran (THF)
10 Sample concentration: 0.1 wt/v%
Sampling pitch: once per 0.4 second

Determination of molecular weight:
Calibration curves were drawn by plotting the
relation between the molecular weight of TOSO
15 TSK standard polystyrenes and elution time as
third-order repression curve, and the molecular
weight was determined from the curve.
In the following Examples and Comparative
Examples, all the polymerization operations were carried
20 out according to the following procedure unless otherwise
noted.
[Polymerization operation]
A glass container and a syringe, which had been
heated to 140°C and dried, a monomer, a solvent and a
25 reagent were placed in a nitrogen globe {(Model VDB-SA-Q
mfd. by Eiko Shokai KK). The inside atmosphere of the
nitrogen globe has been well substituted with nitrogen

which had been dehydrated and dried with molecular sieves.

This Sheet Has Been Replaced

T




2

15 TSK standard pol ystyrenes and elution tinme as regression
third-order regression curve, and the nol ecul ar wei ght was determ ned from
the curve. In the foll owi ng Exanpl es and Conparative Exanples, all the

pol ymeri zation operations were carried 20 Ut according to the follow ng

rocedure unl ess ot her e noted. [Pal ynerization gperation] A glass
bont ai ner and BESSTFHIES FRPERCR-0F bEis: HRAPEer (3] AP EYFIE UFRE dPhed, a

OmOTe . i 3 0% £t kIS S, BhPERY, B b T s (0o
addition of a prescribed amount of a polyvmerization
initiator. In case the concentration of the polymerization

5 initiator was high, it was diluted with ethylbenzene and
then added to the monomer solution. The polymerization
solution was 10 ml in all cases. After feeding has been
completed, the pressure bottle was stoppered with nitrile
rubber, then taken out from the nitrogen globe and capped

10 with a metal crown. The pressure bottle was put into an
oil bath of a prescribed temperature. The time when the
bottle was put into the oil bath was indicated as time 0.
The pressure bottle was shaken properly to stir the
reaction solution. On passage of a prescribed period of

15 time, the pressure bottle was taken out from the oil bath
and immediately put into water for cooling to room
temperature. After cooling, 5 ml of the terminator was
supplied into the pressure bottle so as to prevent
entrance of air. Also, the pressure bottle was shaken

20 quickly to effect uniform dispersion of the terminator.
The resulting polymerization solution was diluted with THF

and this diluted solution was used for GC and GPC analyses.

Examples 1-3

25 In the nitrogen globe, 9 ml of EB and 1 ml of
Bu;Mg were put into a 30 ml beaker to dilute BuMg. 2
mixed solution of SM and EB was supplied into the pressure

bottle to a concentration shown in Table 1, then the



ni trogen gl obe has been well substituted wth nitrogen which had been
dehydrated and dried with nol ecul ar sieves. 37 Prescribed anounts of the
nmononer and solvent were put into a 50 m pressure glass bottle, followed
by further addition of a prescribed amount 3 a polynerization initiator.

In case the concentration of the olénerization 5 initiator was high, it
was diluted wi BhleERY| HRREERAECANCIRRHCRIHRY 24dePetPBR®HRr sol ution. The

ol yneri zati on sol uti on s 10 M in al].cases. After fee
pol ymer. to a presc%@be& concentration, andﬁ¥he result

{Eghas been
polymerization solution was mixed well by shaking. Three
bottles of completely the same polymerization solution

5 were prepared. On reaching the prescribed polymerization
time shown in Table 1, the terminator was added to the
solution to stop polymerization. The analytical results of
the obtained polymers are shown in Table 1.

Generally, in the living polymerization systems,

10 the molecular weight Mn of the polymer increases linearly
in proportion to the conversion. A graph showing the
relation between conversion and Mn in Examples 1-3
embodying the polymerization system of the present
invention is shown in FIG. 1. In the polymerization

15 solutions shown in these Examples, Mn increased linearly
in proportion to conversion, indicating that these
polymerization solutions are those of living
polvmerization. Also, in Examples 1-3, polymerization
proceeded at a moderate rate without causing a runaway

20 reaction as shown in Table 2.

Comparative Example 1
The procedure of Example 1 was followed except
that an nBulLi solution was used in place of BuMg to a
25 concentration of 2.56 mM, and that the pressure bottle
containing the polymerization initiator was placed in
ligquid nitrogen so as to prevent polymerization from

starting. After being taken out of the nitrogen globe, it



conpl eted, the pressure bottle was stoppered with nitrile rubber, then
taken out fromthe nitrogen gl obe and capped 10 ~with-a-etal-cteywn. The
prressure bottle was put into an oil bath of a pjd$its iSHERT tHASpBEEM ire. The
time when the bottle was put into the oil ba®h Was i ngipaicey as t|{me 0. The
pressuré bottle was shaken properly to stir the+esetton—sotutiom. On
passage of a pMEScEWed et iady Wl Prth iafe 120E - prE3srkewdtitetems thken

out fromthe oil bath and ,jmediately put into ter for capling to room
tenperature. ARBYREIGIE3GCTS %ﬂl%l‘%;hé’atsew}?%rtw Sedinto the

pressure bottle so as .to prevent entrance of, air. Al so,.,the pressure bottle
was shaken 20 pcﬂsﬁlerfﬁ]@lz[adﬂeqnf e&uwafyoﬁﬁatﬁ%s]‘p?& SR Y e ter ni nat or .

5 Comparative Example 2
The procedure of Example 1 was followed except
that polymerization was carried out at the concentration
shown in Table 2. Polymerization proceeded without causing
a runaway reaction, but as seen from FIG. 1, Mn increased
10 deviating from linearity with conversion and the living
polymerization activity was decreased with increase of

conversion.

Comparative Example 3
15 The procedure of Example 1 was followed except
that polymerization was carried out at 150°C without adding
the BuMg initiator solution.
As seen from plotting of Mn and conversion in
FIG. 1, this polymerization solution (conventional heat
20 radical polymerization solution) was constant in molecular
weight regardless of the progress of polymerization. Also,
the polvmers obtained only had a wide molecular weight
distribution (Mw/Mn = 2.2).
The polymerization conditions of Examples 1-3
25 are 120-150°C and 6 hours, which are the conditions
normally supposed to cause heat radical polymerization.
However, no peak of the molecular weight such as shown in

Comparative Example 3 was observed in GPC analysis. This

This Sheet Has Been Replaced"
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The resulting polymerization solution was diluted with THF and this diluted
sol ution was used for GC and GPC anal yses. Exanples 1-3 25 I n
the nitrogen globe, 9 mM of EBand 1 m of Bu[err]My were put into a 30 ni
beaker to dilute Bu[err]My. A mixed solutid® of SMand EB was supplied into

the pressure bptt]e to a _concentration sho in Table 1,, then the 38
diluted initi a%fb‘%l%"r%ﬁi‘bﬁlﬁ%va@ Rt 131D R%llﬁ“%?e%%‘?%% o rati on,

and t he reSU|té£§%nic polymerization occurred in Examples 1-3.

Examples 4-8

5 In the nitrogen globe, dilute solutions of Bu;Mg
and nBulLi were each prepared in advance at the mixing
ratios shown in Table 3. A dilute initiator solution was
added to a mixed solution of SM and EB to the
concentrations shown in Table 3 and mixed well. The

10 resulting solution was dispensed into pressure bottles in
an amount of 10 ml per bottle and polymerized at the
temperatures and for the times shown in Table 3.

As seen from FIG. 3, polymerization proceeded
without a runaway reaction despite the high-temperature

15 and high-monomer-concentration conditions.

From FIG. 4 showing the relation between Mn and
conversion, it is seen that the molecular weight increased
with progress of polymerization, and that living
polymerization proceeded. It is noted that the molecular

20 weight distribution was widened with increase of
conversion. It is considered that this is not due to a
decrease of living characteristics of the polymerization
solution but is attributable to such factors as rise of
viscosity of the polymerization solution and increase of

25 the ratio of propagation rate to exchange reaction rate
between the polymerization active point (Mg) and polymer-
ization activator (Li). The molecular weight distribution

patterns of Examples 8-1 and 8-2 are shown in FIG. 5, from



pol yneri zation solution was m xed well by shaking. Three bottles of
conpletely the sane polynerization solution 5 were prepared. On reaching
the prescribed polynerization tine shown in Table 1, the term nator was
added to the solution to stop polynerizati & The analytical results of the

ol yrmor i zat 1 orEYEE chE, LS CPEFE Mo both e AL G RN ST ST 1R ses
Lnearly | D GEREIART, | Bl BEeS L %00 B BB STHEIG D gl o
T S0l uti ons. sheere] Bt PES by BedCe vt St ute o ety T
5 _Comparative Example 4
Polymerization was carried out in a region with
a low concentration of SM relative to EB at Bu;Mg/nBulLi = 4.
Although polymerization proceeded without causing a
runaway reaction, the molecular weight distribution
10 widened with progress of polymerization. GPC analysis
showed pronounced tailing of the molecular weight
distribution toward the low molecular weight side with the
progress of polymerization, indicating that the active
points were gradually deactivated in the course of
15 polymerization (decrease of living polymerization

activity).

Comparative Example 5
Polymerization was carried out under the
20 conditions shown in Table 7. Progress of polymerization

was very slow.

Examples 9-12
Polymerization was carried out under the
25 conditions shown in Table 4 using cyclohexane as solvent
and BupMg and nBuli as initiators. Polymerization was
conducted at 80°C for 4 hours in the conversion range of

70% or less, then the temperature was raised to 120°C and



In proportion to conversion, indicating that these pol ynerization solutions
are those of living polynerization. Also, in Exanples 1-3, polynerization
proceeded at a noderate rate without causing a runaway 20 reaction as shown
in Table 2. Conparative Exanple 1 The procedre of Exanple 1 was foll owed
except that an_nBuli solution was_used, in place of B%ggrr]wg to a 25

concentration of DIBEERK 2GR t PR YRERL 37 b ERH F EPRPDNt ai ni ng t he

pol ymerization initiator was placed in.liguid nitrogen.so._as .o _prevemnt
ol yeri zat | orP9 TEITEL 2P E 08, Bt F SRR T ER ORI CET 2t ndih Fr AT gobe,
't however, polymerization had been completed in a polymer-
ization time of 4 hours. The relation between Mn of the

5 obtained polymer and [SM]/[Mg] ratio is shown in FIG. 6.

Comparative Examples 6-8
Polymerization was carried out under the
conditions shown in Table 7 using cyclohexane as solvent
10 and BuMg and nBulLi as initiators. Polymerization was
performed at 50°C in the conversion range of 70% or less,
and then the temperature was raised to 80°C to conclude
polymerization. In Comparative Example 8, the internal
temperature became slightly higher than the oil bath
15 temperature in the early phase of polymerization. The
relation between Mn of the cobtained polymer and [SM]/[Mg]
ratio is shown in FIG. 6.
From the results of FIG. 6, it 1is épparent that
Mn of the polymer is decided by the [SM]/[Mg] ratio in the
20 region of [Mgl=2[Li].
The relation between Mn and [Mgl/[Li] ratio is
shown in FIG. 7. In the region of [Mg]=[Li], the value of
Mn of the polymer is constant regardless of the [Mg]l/[Lil]
ratio, but in the region of [Mg]l<[Li] the molecular weight
25 is lowered.
H! and C!® NMR analyses of the polymer obtained
in the region of [Mg]l={Li] confirmed that the butyl groups

attached to the end of the molecular chain of the polymer



39 Substitute sheet - 28/10/98 was put into an oil bath of 120[err]C In
a few mnutes, the polynerization solution was/suddenly boiled up to
cancl ude pol yneri zation (runaway reaction occurred). 5 Conparative Exanple
2 The procedure of Exanple 1 was foll owed eXd@ept that polynerization was
carried out at the concentration shown in Table 2. Pol ynerization proceeded
wi t hout causi nd’ers FRERM HEa @BPSs hithats theepumkasn mhgrept wes fPusdsed
10 deviating fromlinearity with conversion and the Iixin %9' nerization
protons at the %o yn}/

activity was dé@ e PURRSF iHe i bszyl erization

termination ends, and that the value of Mn calculated from
the number of sec-butyl groups substantially agreed with

5 the value of Mn determined by GPC. From these facts, it
was confirmed that the metal cation forming a counterpart
to the carbonic anion at the polymerization active point

was Mg.

10 Examples 13-14 and Comparative Examples 9-10

Polymerization was carried out under the
conditions shown in Tables 4 and 7 using EB as
polvmerization solvent and Bu;Mg and nBuli as initiators.
In each case, polymerization was conducted under a

15 condition designed to complete the polymerization in 240
minutes.

The relation between the molecular weight
distribution of the polymer obtained from the
polymerization of 240 minutes (a polyvmer having a

20 conversion of 95% or more) and the [Mgl/I[Li] ratio is
shown in FIG. 8. Thé molecular weight distribution was
narrow at [Mgl/{Li]=<2 but widened when the [Mgl/[Li] ratio

was made equal to or greater than 4.

25 Examples 15 and 17
Bu;Mg and nBuOH or sBuOH were mixed at a molar
ratio of 1 : 1 in EB, and nBulLi was added to the resulting

solution at a [Mg]/[Li] ratio shown in Table 5.



conversion. Conparative Exanple 3 15 The procedure of Exanple 1
was foll owed except that polynerization was carried out at 150[err]C

Wi t hout adding the Bu2My initiator solution. As seen fromplotting of M
and conversion in FIG 1, this polymerizat#én solution (conventional heat

20 radical polynerizatiqn solution) .was constant .in l,ecul ar wei ght
regardl ess of & EmﬁF&&P§§§n0VaﬁoF?ﬁéﬁg%aPpgn.YAP§&?gtﬁ lﬁoPﬁﬁEF§a58P§ined
only had a w de nol.ecul ar wei ght, _di_stributi 9 éNM/Nh 3 2.2%. The . .

pol yrrer | zat | of ScORANTISTE MR OB RIS EPEs 2EE UPE Yoed 166 By RE LR LoD
hours, which %roqvtegﬁ_condi tions

5 Examples 16, 18 and 19
nBuli and nBuOH or sBuQOH or tBuOH were mixed in
a molar ratio of 1 : 1 in EB, and nBuli was added to the
resulting solution at a [Mgl/[Li) ratio shown in Table 5.
Polymerization was carried out using this preparation as

10 polymerization initiator and EB as solvent.

Example 20
nBuLi and nBuOH were mixed at a molar ratio of
1 : 1 in EB. In a separate container, Bu;Mg and nBuOH were
15 mixed at a molar ratio of 1 : 1 in EB. Two sclutions were
mixed at a [Mgl/[Li] ratio shown in Table 6, and
pelymerization was carried out using the mixed solution as

polymerization initiator and EB as solvent.

20 Example 21
Bu,Mg and Bu;NH were mixed in a molar ratio of
1 : 1 in EB, and then nBuli was added thereto at a
[Mgl/[Li] ratio shown in Table 6. Polymerization was
carried out using this preparation as polymerization

25 initiator and EBR as solvent.

Examples 22 and 23

tBuONa or tBuOK powder was added to EB, and then



normal | y supposed to cause heat radical polynerization. However, no peak of
t he nol ecul ar . wei ght such as shown in Conparative Exanple 3 was observed in
GPC anal ysis. This 40 indicates that no heat radical polynerization but
only anionic polynerization occurred in Ex&®les 1-3. Exanples 4-8 5

|0 the o 1 008, G oReis SP SRlige U SYheiIiB 20d PSubh ot Sncach
initiator SO'”&&ﬁi@“@? Polymerization was carried out using this
preparation as polymerization initiator and EB as solvent.
The polymerization results of Examples 15-23 are
5 shown in Table 6. In each case, living polymeriza-tion
proceeded without causing a runaway reaction as in the
case of the Bu;Mg/BuLi initiator.
R0H and (R®),NH were mixed in each initiator so
that the {[R%OH] + [(R®),NH]}/{2 x [Mg] + [M']} ratio would
10 be quintuplicated, and each mixture was used as initiator,
but polymerization was not initiated with any of these

initiators.

Examples 24 and 25

15 Dilute solutions of BuMg and sBulLl or tBul.i were
prepared at the mixing ratios shown in Table 8 in a
nitrogen globe. EB was used as polymerization solvent.
Polymerization was carried out under the condition shown
in Table 8.

20 Polymerization was conducted under the same
conditions as in Example 4, but the polymerization rate
was lower and the molecular weight of the obtained polymer
was also somewhat smaller. sBulLi and tBuli showed
completely the same polymerization behavior. The results

25 of polymerization are shown in FIGS. 9 and 10.

Example 26

nBuLi was added to EB, followed by further



added to a m xed solution of SMand EB to the concentrati ons shown in Table
3 and m xed well. The 10 resulting solution was di spensed into pressure
bottles in an anmount of 10 ml per bottle and pol ynerized at the
tenperatures and for the tines shown in Tal® 3. As seen fromFIG 3,

| [ [ ded_wi th [ d i t, h .
i gh tenper at (FEATEESohi - fonbatl EEhEend ot i ge GrattiGRs ShapgRdhia 4
how th I ' t d | Lt
oL etular el GRELPmCrERRBE WSl o e Hiph ek abdeACER THEL/IRS) i g
I i zati [f i I i..gh
B T EESCEEEAre ! LBt NI B0ber Lt e
carried out under the conditions shown in Table 8. The

5 result was completely the same as when the process was

initiated with Bu,Mg/nBuli.

Example 27
Bu,Mg and sBuOH were mixed at a molar ratio of
10 1 : 1 in EB. Using this preparation as initiator,
polymerization was carried out under the conditions shown
in Table 8. Living polymerization proceeded without

causing a runaway reaction.

15 Example 28

BuMg and (Bu),NH were mixed at a molar ratio of
1 : 1 in EB, and using this preparation as initiator,
polymerization was carried out under the conditions shown
in Table 8. Living polymerization proceeded without

20 causing a runaway reaction.

In the initiator solutions of Examples 27 and 28,
sBuOH and Bu,Mg, and Bu;NH and Bu;Mg, were mixed so as to
satisfy [sBuOH]l/[BuMgl = 10 and [Bu,NH!/[BuMgl = 10.
Polymerization was attempted by using these mixed

25 initiators, but polymerization could not be initiated in
each case.

Although the polymerization reaction was

conducted at a high temperature in Examples 1-28, there



conver si on.
char acteri st
factors as r

25 the ratio of propagation rate to exchang@ redctionpepfehet wee
polynerlzatlon active point (My) an

It is considered that this is not due to a decrease of living
ics of the polymnerization solution bu to such
i se of viscosity of the polynerizati crrnﬂslsnggprﬁxglgggm rease of
t he

#). The

2ﬁPolyner- Iz
nol ecul ar wei gisdichsesiad a9 paeke weight atgribptabdesikown in
FIG 5, from 41 which_.t is seen that the nol ecul ar wei ght distribution

S

10

15

20

25

radical polymerization.

Example 29

High-temperature bulk polymerization of SM was
carried out using a polymerization initiator Bu;Mg/nBuli
(10/1) of the present invention in an extruder (ZSK-25
(L/D = 47) mfd. by Werner Corp.).

The 11 blocks of the extruder were set at the
following temperatures: block 1 : room temperature; block
2 : 120°C; blocks 3 and 4 : 140°C; blocks 5 and 6 : 160°C;
blocks 7 and 8 : 200°C; blocks 9-11 : 220°C. A liquid-
adding device was provided between the blocks 8 and 9,
from which the polymerization terminator {(a mixed solution
of BuOH and EB) was supplied under pressure. The purified
and dehydrated SM, EB and EB-diluted Bu,Mg/ nBulLi (10/1)
initiators were stored in the respective containers under
a closed nitrogen atmosphere. The materials in the
respective containers can be fed into a tank provided with
a 3-liter agitating element by a gear pump, and therefrom
into the zone 1 of the extruder by another gear pump. The
interior atmosphere of the extruder was well substituted
with dry nitrogen and a mixed solution of EB and initiator
was fed into the extruder to clean its interior. Then the
concentration of SM was gradually raised to finally reach
100. The SM feed rate was set at 100 ml/min. The
initiator was supplied in such an amount that [SM]/[Mg]

would become 1,000. The polymer extruded from the die was

T
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generally shifted with progress of polynerization, and there exists no
deacti vated polyner. 5 Conparative Exanple 4 Polynerization was carried out
Fn a region with a | ow concentration of SMrelative to EB at
Bu[err] My/ uBuLi = 4. Although polynerizatié® proceeded wi thout causing a
runaway reaction, the polecular weight distribution,10_ w dened wth
progress of péWﬁQFPE&t—Lh’oﬁ9°1€§C1§n‘dfi§§Fsa§ﬁoR€51lﬁFbﬁﬁﬁnce'%h? ISP AT t he
nol ecul ar mei%htﬁgistriggtion owar,d t?e Iom/ngleﬁularlweiﬂht sidehgﬁth t he
progress of pBFYFEFi 94t FBR, PFRAPEAFI RYLVRSE PRE AETi URIFGPARE Yerd
gradual | y dea&&%\é?&%ﬂt&@nt Dere°ULSEhon3: RR X8I 88b! Ol iHECLESSE Of
l'iving pol ynerization
5 Example 30 and Comparative Examples 11 and 12
Polymers were produced under the conditions
shown in Table 9. Each polymer was dissolved in EB to a
concentration of about 20% and part of the metal residues
was extracted with distilled water. The metal contents of
10 the polymers are shown in Table 9. Methanol was added to
each polymer solution after washing to precipitate the
polymer, and then the solution was dried in vacuoc at 80°C.
0.2 g of each of the obtained polymers was put into a
glass tube. The glass tubes were sealed in vacuo. The
15 glass tubes were placed in a 280°C oil bath for 10 minutes,
20 minutes and 40 minutes and then taken out. The taken-
out glass tubes were put into water for cooling. The glass
tubes were crushed and the contents were put into and
dissolved in THF. The monomer formation rate was
20 determined by gas chromatography using anthracene as an

internal standard.

The results are shown in Table 10.

Example 31

25 The polymer obtained in Example 29 was subjected
to an extrusion foaming test using Freon 12. The rate of
the open cells in the obtained foam was determined

according to ASTM-2856. The monomers contained in the



activity). Conparative Exanple 5 Polymerization was carried out under the

20 conditions shown in Table 7. Progress of polym

sl ow.

Exanpl es 9-12 Pol yreri zation was carried out undef THISeSHEET HABBEENGns shown

in Table 4 usi ng cycl ohexane as sol vent and48u[ er

ééorrerln%/o was con ucte qc‘i?é:at 80[ er

initiators.

conversion ran

120[err] C and

10

15

20

25

| My HAEPLAGRD-I as
t he

urBeyxespdtsegreoshown
in Tables 11 and 12.

Comparative Example 13

Using uBuli as initiator and EB as solvent,
polymerization was carried out at an SM concentration of
50 vol% in a 100-liter autoclave. The polymerization
temperature rose to 145°C. The solvent was removed from
the obtained polymer solution by a drum dryer. The polymer
was then put into an extruder having a cylinder
temperature of 220°C and the residual EB was vented away.
The polymer was recovered as pellets. The results are

shown in Tables 11 and 12.

Comparative Example 14

A polymer obtained from radical polymerization
was extrusion foamed in the same way as in Example 31, and
the open cell rate and monomer content of the obtained
foam were examined. The results are shown in Tables 11 and
12.

This application is based on Japanese Patent
Application No. 8-084474 filed in Japan on March 14, 1996,
Japanese Patent Application No. 8-303483 filed in Japan on
October 30, 1996, and Japanese Patent Applica-tion No. 8-
303484 filed in Japan on October 30, 1996, the contents of
which are incorporated hereinto in its entirety by

reference.
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42 30 minutes after pol ynmeri zati on was stopped. Polynerization had already

been conpl et ed.

i a pol yner-

In Exanple 12,
ization tine of 4 hours.

however ,

pol yneri zati on had been conpl et ed

The rel ati on between Mh of the 5

obt ai ned polyner and [SM/[M] ratio is showh in FIG 6. Comparative

Exanpl es 6-8 Pol ynmeri zation was carried out under the conditions shown in
Tabl e 7 using cycl ohexane
Pol yng
range of 70% or

initiators.

concl ude

Table 1
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pol yneri zation. In Conparative Exanple 8, the internal tenperature becane
slightly higher than the oil bath 15 tenperature in the early phase of

pal ymeri zation. The relation between My of the obtained pol yner and
[SM/[My] ratio is shown in FIG 6. Fromthelresults of FIG 6, it is
apparent that Wh of the polyner is decided by the [SM/[M] ratio in the 20
region of [MJ]>[Lil. The relation between Wh and [MJ]/[Li] ratio is shown

in FIG_7. In thg Tegrop of I[Jng-[ e vajue o~ of the Folyner is
const ant regardl gss <f the:oo[ o] H L) ] gatiog butgn thg;ragion ® [M]<[Li]
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H[err] and C[err] NWR anal yses of the polyner obtained in the region of
[My]> [Li] confirmed that the butyl groups attached to the end of the

Aol ecul ar chain of the pol yner 43 were c-butyl groups, that the nunber
t hereof was equal to the nunmber of the be | protons at the polynerization
termnation ends,_and that the value of WMh calculated fromthe nunber of
sec-butyl groups suggténgiahLy aglegd| with & ltheval be,of M deternined by
GPC. Eromthese facts, |it has lconfli Fipdnthat |t kel netplwcatiog formng a
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to the carbonic anion at the pol ynerization active point was My. 10
Exanpl es 13-14 and Conparative Exanples 9-10 Pol ynerization was carried out
under the conditions shown in Tables 4 and g usi ng EB as pol yneri zation
solvent ~and Bu[err] My and nBuLi as initiato 2. In each case, polynerization
was conduct ed unde+—a—l5—condition designed to conplete the polynerization
in 240 m nutes. The|rel atddnbet wepn,tihe ol ecul ar wei ght di stribution of
the polymer obtainefl Trpmtlh& potypherijzatilon of 240 minutes (a pol yner
having a 20 conver gidn ofl {9594 o= hong) ~anfd the [Mg]/[Li] ratio is
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shown in FIG 8. The nol ecul ar wei ght distribution was narrow at
[My]/[Li]<2 but wi dened when the [My]/[Li] ratio was nmade equal to or
greater than 4. 25 Exanples 15 and 17 Bu[err] My and nBuOH or sBuCOH were
mixed at a molar ratio of 1 : 1 in EB, and®$BuLi was added to the resul ting

soluti'on at a [My]/[Li] ratio shown in Table 5. 44 Pol ymeri zati on was
carried out by using fhi g prgparfati dn a$ poj yngrization injtiator. EB was
used as pol ynerizati & LSS5I 51 58152 2
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18 and 19 nBuLi and nBuCOH or sBuOH or tBuOH were

5 Exanpl es 16,

sol vent .
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pol ynmeri zation initiator and EB as sol vent.

Bu[err]NH were m xed in a nolar ratio of 1 :

added thereto at a [My]/[Li] ratio shown in

20 Exanple 21 Bu[err]M and
1 in EB__and then nByli was

bl TWSMBTWSWN n was

P2

carried out using this preparation as poly i on pLAgg [ ator and EB
as solvent. Exanples 22 and 23 tBuONa or tBuCOK p ) EB, and
t hen 45
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Bu[err]My was m xed therewith at a [MJ]/[Merr]] ratio shown in Table 6.
Pol ynmeri zation was carried out using this preparation as polynerization
initiator and EB as solvent. The polyneriza j7on results of Exanples 15-23
are 5 shown in Table 6. In each case, Iiviné pol ymeri zati on proceeded
wi t hout causing a runaway reaction as in the case of the Bu[err] M/ BulLi
initiator. Rerr]OCH and (Rlerr])[err]NH were m xed in each initiator so
that the {[Rlerr]QH + [(FI[erL])[er']NH]}IZ x [Mg] + [Megr]]} ratio would
10 be quintuplicatled, dnd leach m xtureiwad uded las initiator,| but

ed| w

pol yneri zati on was notinitiak wi th g@ny|of {thgse finifiatorg. Exanples 24
and 25 80 T
QO o
e ™~ Ee)
i g
c 0 Q
N M (&)
molololo|lolo|loclolocl ol ool o
uo|lelojoloc]lo|l ol o] | o] o 0| © !
‘DSHHH‘—{HH
> 8
~
]
g0
]
g‘ﬁoo'oooom\omooo
El A A = ] =] = = ] oA
E%mwwmmmmmmmmm
NG B BN P I BN B S N P B P S
= %
Vo) S|l o]lolo|lolo|lolol o] o ol o
o Bgm o a|lalo|l ol ol o
~ Soar
<Q
o o
B
B EEEEE
| -
gl St SISl Slvelvelvel 8188
HEEHEEEEEEEEE
a7 A A A
8 N R .

Initiator

Exam.ple 20-1 | nBuLi/Bu;Mg/nBuOH
Example 20-2 | nBuLi/Bu;Mg/nBuOH
Example 20-3 | nBuLi/Bu,Mg/nBuOH
Example 21-1 | nBuLi/Bu,Mg/Bu,NH
Example 21-2 | nBuLi/Bu,Mg/Bu,NH
Example 21-3 | nBuLi/Bu,Mg/Bu,NH
Example 22-1 | tBuONa/Bu,Mg
Example 22-2 | tBuONa/Bu,Mg
Example 22-3 | tBuONa/BuyMg
Example 23-1 | tBuOK/Bu,Mg
Example 23-2 | tBuOK/Bu;Mg
Example 23-3 | tBuOK/Bu,Mg
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15 Dilute solutions of Bu[err]M and sBuLi or tBuLi were
prepared at the mxing ratios shown in Table 8 in a nitrogen gl obe. EB was
used as pol ynerization sol vent. Polynerizatégn was carried out under the
condition shown in Table 8. 20 | ymeri zati on was conduct ed
under the sane conditions as in Exanple 4, but the polynerization rate was
| ower and the nol ecul ar wei ght of the obtained polyner was al so sonewhat
smal | er« sBuLi and tBuLi showed conpletely the sanme pol ynerization
behavior. The results 25 of polynerization are showmn in FIGS. 9 and 10.
Exanpl e 26 nBuLi was added to EB, followed by further
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46 addition of SMat [SM/[Li] of 2. The solution changed in color after a
while. Then Bu[err]My was added at [My]/[Li] of 4 to prepare an initiator
sbl ution. Polyner-ization was carried out §§Ser the conditions shown in
Table 8. The 5 result was conpletely the s as when the process was
initiated with Bu[err]lvg/nBuLl. Exanpl e 27 Bu[err] My and sBuOH were m xed

at a nolar ratio pf 1§ H: 1pn EH Uding tihis greparjati o as ijnitiator,
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pol yneri zation was carried out under the conditions shown in Table 8.

Li ving pol yneri zation proceeded w thout causing a runaway reaction. 15
Exanpl e 28 Bu[err]My and (Bu) 2NH were mxed at a nolar ratio of 1 : 1 in
EB, and_using this preparation as initiator?opolynerization was carried out
under the conditions shown in Table 8. Living polynerization proceeded

W thout 20 <causing ar he initiator solutions of
Exanpl es 27 and 28, . SsBUOR e d Bu[err]NH and Bu[err] My, were
m xed so as to satisfy | Bt H| u[ = 10 and
[Bu[err]NHl /[Bu[err] My]| = 10. |y ion was attenpted by using these
m xed -
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but polynerization could not be initiated in each case.

initiators,

25

Al t hough the polynerization reaction was conducted at a high tenperature in

Exanmple 29 5

10/ 98 47 was observed no peak

ol yneri zati on.

/

i

H gh-tenperature bul k pol ynerizati on of SM was

Substitute sheet -

of nol ecular weight attributable to radical

t here

Exanpl es 1-28,
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carried out using a polynerization initiator Bu[err] M/ nBuLi (10/1) of the
present invention in an extruder (ZSK-25 (L/D = 47) nfd. by Werner Corp.).
The 11 bl ocks of the extruder were set at the 10 follow ng tenperatures:
block 1 : roomtenperature; block 2 : 120[e§?]C; bl ocks 3 and 4

140[err] C, blocks 5 and 6 : 160[err]C, blocks 7 and 8 : 200[err]C, bl ocks
9-11 : 220[err]C. A liquid- adding device was provi ded between the bl ocks 8
and 9, fromwhich the polynerization termnator (a m xed solution 15 of
BuOH and EB) was supplied under pressure. The purified and dehydrated SM
EB and EB-diluted Bu[err]My/ nBuLi (10/1) initiators were stored in the
respective containers under a closed nitrogen atnosphere. The materials in
t he
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initiator

ed solution of EB and

nPX

and therefrominto the zone 1 of the

extruder by another gear punp. The interior_atnosphere of the extruder was

punp,

y nitrogen and a

o

substituted with dr

e

respective containers can be fed into 20 a 3-liter/tank provided with an

agitating el enent by a gear

wel |
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48 imredi ately cooled in water and pelletized. The nol ecul ar wei ght of the
produced pol yner and its nmol ecul ar weight distribution were as follows: M
91, 000; MM Mh = 3.5. 5 Exanple 30 and COQParat|ve Exanpl es 11 and 12

Pol ymers were produced under the condition®4shown in Table 9. Each pol yner
was di ssolved in EB to a concentration of about 20% and part of the netal
resi dues was extracted mnth dlstllled m@égne ibe netal contents of 10 the

—_

pol ymers are showy; = 2t-hano as—added . ution
after washing to preC|p|tate t he ponntﬁM ?ﬁﬂ?qqﬁ¥?Q¥ﬂ?sﬁﬂ fas gried
in vacuo at 80[ern]C after heat retention test
' Retention time
10 20 40
Example 30 38 95 200
Comp. Example 11 90 190 410
Comp. Example 12 140 265 530
* Unit: ppnm
Table 11
Polymer characteristics Content in
polymer (ppm)
Mnx107® | Mwx107® | Mw/Mn SM Trimer
Example 31 91 319 3.5 10 52
Comp .
Example 13 254 305 1.2 16 75
Comp .
Example 14 96 328 3.4 450 1810
Table 12
Amount Foam characteristics
of M Foamin Form Ratio of
existing rateg. diameter open cells
in foam (mm) P
Example 31 21 16 22 94
Comp .
Example 13 28 12 21 38
Comp.
Example 14 558 15 22 93




0.2 g of each of the obtained polyners was put into a glass tube. The gl ass
tubes were seal 5 gl ass tubes were placed in a 280[err]C
oil bath for mmﬂﬂm B‘lg& es and 40 m nutes and then taken out. The
t aken- _out glass t«1 Nnto water §%r U , tubes
were crushed and the contents were put into_and| HiISsHEEIGHAS BEEK.] The
nononer formation rate was 20 deter ni nedCh}IY&s chroﬁﬁ?b@Mﬁphy uqlng

ant hracene as fn |nternal standard The QﬁfU|ts are, snown 1 1a 0

Exanpl e 31 25 GRS i BB R LS P ect ed

to an extru5|on foan1ng te |ngu on 12. T
rise car :L

nioni¢ po yme}fééglon under the

conditions that the polymerization temperature is not

5 .lower than 45°C and not higher than 250°C, and that the
concentration of the vinyl monomer based on the
polymerization solvent is 45-100% by weight, in which
anionic polymerization the metal of the cation forming a
counterpart to the carbonic anion at the polymerization

10 propagating species consists essentially of Mg, or Mg and
M' wherein M' is at least one alkali metal selected from
the group consisting of Li, Na and K, and the molar
concentrations of Mg and M!' satisfy the relation of
[Mg]/[M']=4.

15 2. The process according to Claim 1 wherein (Rﬁzmg
wherein R? is a hydrocarbon group is used singly as
polymerization initiator.

3. The process according to Claim 1 wherein organic
compounds represented by (R?),Mg and R'M! and/or R'OM®

20 wherein R! and R? are each a hydrocarbon group, O is an
oxygen atom and M' is at least one alkali metal selected
from the group consisting of Li, Na and K are used as
polymerization initiator, and the molar concentrations of
Mg and M' satisfy the relation of [Mg]/[M']=24.

25 4. The process according to Claim 1 or 3 wherein
said molar concentrations satisfy the relation of [Mgl/I[M']
= 10-100.

5. The process according to Claim 1 wherein

s Sheet Has Been Replaced

"




the open cells in the obtained foam was determ ned accor d] T :
The nononers contained in the 49 Substitute sheet ﬂmmﬂtﬁﬂ“gtﬁﬁmed
f-oam were al so determ ned. The results are shown in Tabl wlls
Conpar ative Exanple 13 5 Usi ng&®BuLi as initiator and EB as

sol vent, polynerization was carried out at an SM.copgentratihon of .50 vol %
in a 100-1 it erCAMRILISER L SOTRSR Y 2RV atigt eRpeR A B BseHt Gngzgferr] C.

The sol vent e\ SRV & eLégg]Rl, R? and R} are each a hydrocarbon group,

O is an oxygen atom, N is a nitrogen atom and M' is at
least one alkali metal selected from the group consisting
5 of Li, Na and K are used as polymerization initiator by
mixing them so as to satisfy the relations of [Mgl>[M'] and
2 x [Mg] + [M'1>[R%OH] + [(R’),NH].
6. The process according to Claim 1 wherein the
polymerization temperature in the region of conversion of
10 the vinyl monomer of 0-70% is not lower than 45°C and not
higher than 200°C.
7. The process according to any one of Claims 3-5
wherein in the organic compounds represented by (R?),Mg and
R'M!, at least one of the carbons attached to the metals of
15 the hydrocarbon groups R! and R® is a secondary carbon
and/or tertiary carbon, and the total amount [RY?] of R*
and R® of the secondary carbon and/or tertiary carbon
satisfies the relation of [RY?1=[Mg].
8. The process according to Claim 7 wherein in the
20 organic compounds represented by (R?),Mg and R'M!, at least
one of the hydrocarbon groups R!' and R? is a polymer
carbonic anion.
9. The process according to Claim 1 wherein the
compounds represented by (R%).Mg and R’OH and/or (R?),NH
25 wherein R? and R® are each a hydrocarbon group, O is an
oxygen atom and N is a nitrogen atom are used as polymer-
ization initiator by mixing them so as to satisfy the

relation of 2 x [Mgl>([R®0H] + [(R%),NH].



the obt ai ned pol ymer solution by a drumdryer. The polymer 10 was then put

into an extruder having a cylinder tenperature of 220[err] umml’“u'””",

residual EB was vented away. The polyner was recovered as i
results, are shown in Tables 11 and 12. 15 @hparative Exanpl e' 14 A"poPyner

obtai ned fromradi cal polynerization was extrusion foanmed in the sane way
as in Exanpl e 310-and t he'RHRFERSS rag xS idork efhergin rhe
obt ai ned foam V\Brf exam ned. The results are shown in Tables 11 and 20 12.

Thi s appl i cati OA°TEBabENT LR JAphRERE Fat2ntYHRFITRRR oFPTROEE 084474 fi | ed
In Japan on Nhrff.14’ ]£K¥he process according to Claim 1 wherein the

concentration of the vinyl monomer based on the
5 polymerization solvent is substantially 100% by weight.

12. The process according to Claim 1 wherein the
pelymerization reaction is conducted in an extruder.
13. An initiator for polymerization of wvinyl
monomers, which comprises (R?),Mg wherein R? is a

10 hydrocarbon group.
14. A vinyl monomer polymerization initiator which
comprises organic metal compounds represented by (RﬁgMg
and R'M! and/or R'OM! wherein R! and R? are each a
hydrocarbon group, O is an oxygen atom and M! is at least

15 one alkali metal selected from the group consisting of Li,
Na and K, and the molar concentrations of the metals
satisfy the relation of [Mg]/[M!]=4.
15. A vinyl monomer polymerization initiator which
comprises organic metal compounds represented by (R?),Mg

20 and R'M' and/or R'OM' wherein R! and R? are each a
hydrocarbon group, O is an oxygen atom and M! is at least
one alkali metal selected from the group consisting of Li,
Na and K, and the molar concentrations of the metals
satisfy the relation of [Mg]/[M'] = 10-100.

25 1le6. A vinyl monomer polymerization initiator
comprising compounds represented by (R?),Mg and R'M! and
R’0OH and/or (R3),NH wherein R!, R? and R® are each a

hydrocarbon group, O is an oxygen atom and N is a nitrogen



Q9

Jhapanese Pat ent Ap;mgigimon . 8-303483 filed in Japan on Cctober 307

1996, and Japanese on No. 8- N Japan on
, , ywmmgﬂmlch are in Jle% reTntp inits
entirety by reference. err} 68 | REPLACED

Gct ober 30, 1996, t
atom and M' is at least one alkali metal selected from the

group consisting of Li, Na and K, and satisfying the
relations of [Mg]>[M'] and 2 x [Mg] + [M'1> [R’OH] +
[ (R®),NH] .

5 17. A vinyl monomer polymerization initiator
comprising compounds represented by (R?),Mg and R°OH and/or
(R®),NH wherein R? and R® are each a hydrocarbon group, O is
an oxygen atom and N is a nitrogen atom, and satisfying
the relation of 2 x [Mgl> [R’OH] + [{R®).NH].

10 18. A vinyl polymer obtainable from the process set
forth in any one of Claims 1-12.
19. A styrene resin composition which is a _styrene
polymer obtained by anionic polymerization, wherein its
molecular weight distribution Mw/Mn is 2.0-10.0 and

15 wherein the content of the trimer originating in the
styrene monomer is 250 ppm or less.
20. A molded article obtained by injection molding
or extrusion molding the styrene resin composition set

forth in Claim 18 or 19.

s Sheet Has Been Replaced
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69
ABSTRACT

A process for producing a vinyl polymer which
comprises carryving out anionic polymerization under the
condition that the polymerization temperature is not lower
than 45°C and not higher than 250°C and the concentration
of the vinyl monomer based on the polymerization solvent
is 45-100% by weight, wherein the metal of the cation
forming a counterpart to the carbonic anion at the
polymerization propagating species consists essentially of
Mg, or Mg and M! wherein M! is at least one alkali metal
selected from the group consisting of Li, Na and K, and
the molar concentrations of the metals of Mg and M! satisfy
the relation of [Mgl/[M!']=4, the invention also relates to
a vinyl monomer polymerization initiator comprising (R?).Mg

wherein R? is a hydrocarbon group.
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64~ Tabl e 10 SM concentration in polyner after heat retention test*
38

Retention tinme 10 20 40 Example 30
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Mn/ Mn SM
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96
Foam
Foam ng dianeter
21

Mwx10[ err ]
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1810 Exanple 14 Table 12 Anount
open cells Exanple 31
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concentration of the vinyl nononer based on the solution polynerization
Solution is 45-100% by wei ght, in which anionic polynerization the netal of
the cation form ng a counterpart to the carbonic anion at the

pol ynmgri zation 10 propagating species consists essentially of My, or My
and Merr] wherein Merr] is at |least one alkali netal selected fromthe
group_consisting of Li, Na and K, and the nolar concentrations of My and
Merr} satisfy the relation of [MJ]/[Merr]]>4. 15 2. The process
according to Caim1 wherein (R err])[err]M wherein Rerr] is a

hydr ocarbon group is used singly as polynerization initiator.
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3. The process according to Caim1 wherein organi c conpounds
Fepresented by (Rlerr]) [err]M) and R err]Merr] and/or Rlerr]OMerr] 20
wherein R err] and R err] are each a hydrocarbon group, Ois an oxygen atom
and Merr] is at least one alkali netal selected fromthe group consisting
of Li, Na and K are used as polynerization initiator, and the nol ar
concentrations of My and Merr] satisfy the relation of [My]/[Merr]>4. 25
4, The process according to Claim1 or 3 wherein said nolar
concentrations satisfy the relation of [Mg]/[Merr]] = 10-100. 5.

The process according to Claim1 wherein
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66 corrpOLLn"as represented by (Rlerr])[err]My and Rlerr]Merr] and Rl err] OH
and/or (Rlerr])[err]NH wherein Rerr], Rerr] and R err] are each a :
hydrocarbon group, Ois an oxygen atom N is a nitrogen atomand Merr] is
at | east one alkali metal selected fromthe group consisting 5 of Li, Na
and K are used as polynerization initiator by mxing themso as to satisfy
the relations of [MJ]>[Merr]] and 2 x [MJ] + [Merr]]>[Rerr]OH +
[(Rlerr])[err]NH . 6. The process according to Claim1 wherein the
pol ynmeri zation tenperature in the region of conversion of 10 the vinyl
mononer of 0-70%is not |lower than 45 err]C and not higher than 200[err]C
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7. The pRIEESCTMENT SHEET o any one of dains 3-5 wherein in the oo 4
organlc conpoungs sresemted Ny J(R2)2My) and Rlerr]Merr], at |east one of
t he carbons attpac eﬁjiggﬁh@ als of 15 the hydrocarbon groups R err] and
Rlerr] is a secpnfa A% a d/ or tertiary, car boBubatitite rsheebt 28/4 OBt
[Rlerr]] of Refr e {secondary bon and/or tertiary carbon
satisfies the ralalé oo Of IRWAG|loH Mile e chac tHE AL0GTH aps ding to
Claim 7 wherei N the—20—organtc conpounds represented by (Rerr])[err] My
and Rl err] M er jigittah@ashe onsl e tdf Wyslt ogendoar ed olpslateer inandeR[ err]
I's a pol yner carbonic anion. 9. The process according to Caim1l
wherein the conpuimnisl repagsecnf ethdypd Rmeeri zieiod Mjeanui®f ewh&OHhad/ or

(Rlerr])[err] NH o
monomer concentration is high, it is recommended to

8 initiate the polymer-ization reaction at a low temperature
and gradually raise the temperature as the monomer
concentration lowers with the progress of the reaction.
Polymerization is preferably carried out in the
temperature range of 45-200°C when the conversion cf the

10 vwvinyl monomer is in the range of 0-70%, and a
polymerization temperature in the range of not lower thag
200°C and not higher than 250°C is preferred when.the
conversion is in the range of 70% or higher. In case the
viscosity of the polymerization reaction solution is low

15 and there is no need of raising the polymerization
temperature more than necessary, polymerization may be
conducted at a temperature of 200°C or lower in the 70-100%
conversion region.

The concentration of the vinyl monomer based on

20 the polymerizationfggigggé is not lower than 45% by weight
and not higher than 100% by weight, preferably not lower
than 50% by weight and not higher than 100% by weight. The
higher the monomer concentration, the more desirable for
the recovery of solvent, but there are the cases,

25 depending on the type of the polymer produced, where a
solvent is required to some extent from the relation
between temperature and viscosity of the polymerization

solution. However, since an extremely low monomer



25 wherein R[er’ﬂﬂ AUL.
atom and Nis g r : s'

m xi ng them so ! tgw.@prgwqgt_(a relation of 2 x [My]>[Rerr]OH +
[(Rlerr])[err] I‘# 1. i The process gccor@ubgtltme@rmem 128M&/88n

t he pol yneri zatii ydr ocar bon conpound 11. The process

according to Cggjymek Gl REHERN cRAipoind B uh tdie vdundhwirafierarbased
on the 5 polynerlzatlon solvent is substantially 100% by wei ght. 12.

The process ac@icdtamge,! crGloadane], wher.ei @ tdertiary amine such as

tetramethylethylenediamine, a nitrogen compound such as
pyridine, an aliphatic saturated hydrocarbon compound such

5 as pentane, n-hexane, heptane, octane, nonane, decane,
etc., and a weak Lewis acid such as triethylaluminum,
diethyl zinc, etc., may be contained in the solvent within
limits which do not jeopardize the effect of the present
invention.

10 .- The “organic magnesium compounds represented by
(R?);Mg” used in the present invention are the compbunds-in
which a hydrocarbon group is attached to Mg. The
hydrocarbon group is preferably a (linear or branched)
alkyl group represented by CH;(CH;)n- such as methyl, ethyl,

15 propyl, isopropyl., n-butyl, t-butyl, sec-butyl, amyl and
hexyl. Preferred examples of the magnesium compounds
include di-n-butylmagnesium, di-t-butylmagnesium, di-sec-
butylmagnesium, n-butyl-sec-butylmagnesium, n-
butylethylmagnesium and n-amylmagnesium. These compounds

20 may be used either singly or in combination.

It has been known that no polymerization of a
vinyl monomer is initiated when R®Mg (R: alkyl) is used
singly, and that no polymerization is initiated unless a

hexamethylphosphoramide .
polar compound such as hexamethylformamide (HMPA) is added.

25 The present inventor.found; however, that even if an R’Mg
compound is used singly, with no polar compound added, and
even in a non- polar hydrocarbon solvent, the polymeriza-

tion of a v1nyl monomer is initiated under a specific



ey XTVNE x |
polynerlzatlon-&ﬁébéﬂ$wi\ijég"g_ted in an extruder. 13. An initiator
for polynerizatlidn of vinyl nonoders, which conprises (R2)2My wherein R2 is
a 10 hydrocarbon {gr oupoCT4998 A V|nyI nonomer pol ynerization initiator

whi ch conpri sest or gani ¢ net al ounds repy esentsdbbmlﬁag)qggg 2%010/98
Rlerr]Merr] ang/ _ err]l wherein Rl] rr] and Rlerr] are each a

hydr ocar bon gr £ &k oy, apg é%fré%ﬁééséa égaagbgéygne al kal i

nmetal selecte oup c%n5|st|ng o K, and the nola
concentrati onsninddudhfliSoseyl siyehienr £t ad | OonOént MLioM eaELD>4. 15-
A vinyl monomer pol ynerization 1nitiator Wpdpbge@pesses organi ¢ netal
conmpounds repr epeds £dnby) (88) 2MJ, and then butadieme is blocked with

polystyrene to form a block copolymer, )
/styzere. In this case, however, the monomer concentration

5 based on the polymerization solvent (cyclohexane) is as
low as.20%, and although no runaway reaction occurs, the
activity of the living polymer lowers, so that unreacted
polystyrene remains in the ensuing step of block
polymerization of butadiene. In addition, the molecular

10 weight Mn of the obtained copeclymer is as low as 8,900.
The present inventor found that if the poly- -
merization initiator composed of R°Mg and R'™M!' and/or R'oM!
satisfies the particular relation of [Mgl/[M!] = 4 ({ 1:
molar concentration) for the molar concentration ratio of
15 metals, living polymerization proceeds without causing a
runaway reaction even under the high temperature and high
monomer concentration conditions. Thus, ié is possible to
the control molecular weight, polymerization rate and
molecular weight distribution independently of each other.
20 It has never been possible with the conven-
tional anionic polymerization techniques to control
molecular weight, polymerization rate and molecular weight
distribution independently of each other in one pot of
polymerization, so that this finding is quite surprising
25 and the present invention could have never been predicted
from the prior art.
Such effect of the present invention is

speculated to be attributable to the following mechanism.



20 and R err] M er [Armndimg: rRpenmiieNl err] wherein Rlerr] and Rlerr] are each
a hydrocarbon gr ofip—HoyrEy (e is at | east one al kali
netal selected frpnjthe consi{sting of Li, Na and K, and the nol ar

concentrations of|the2f Ts%ﬁhtlisfﬁy t he relﬁﬁtlon QibskiMide/ §Adetrr 28/ 10/98
10-100. 25 16. A vinyl_npnomer pol yfriéri zation initiator conprising

d \ [er n r ]
oo B o) S R Fpr i sl Bpaphcant Bl

hydr ocar bon gr@bﬂym@rh%a%&oﬁXYQﬁE éngh@Eﬂthh%narEtErQgeaover§§d by the
Substitute sheet - 28/10/98

(Mg]l/[M'] ratio since M* is activated to permit the

polymerization to advance, and the molecular weight
5 distribu-tion is also governmed by the [Mgl/[M'] ratio
because of the bias of equilibrium and exchange rate to
the other dormant terminals of RM!.
As the activator of the polymerization initiator
in the present invention (when the term “polymerization
10 initiator” is used in this specification, it may include
its activator), the organic metal compounds represented-by
R'M' and/or R'OM! (R* and R?: a hydrocarbon group; O: an
oxygen atom; M' is at least one alkali metal selected from
the group consisting of Li, Na and K) are preferably used.
15 Specifically, R* in the formula RM' represents a
hydrocarbon group, preferably a linear or branched alkyl
group represented by CH;(CH;)n- such as methyl, ethyl,
propyl, isopropyl, n-butyl, t-butyl, sec-butyl, amyl 6r
hexyl. Typical examples of R'M' include methyl lithium, n-
20 Dbutyl lithium, sec-butyl lithium, t-butyl lithium, iso-
.propyl lithium, n~propyl lithium, iso-propyl lithium,
benzyl lithium, phepyl lithium, hexyl lithium, butyl
potassium
sodium, butyl ealeium, and cumyl potassium. These
compounds may be used either singly or in combination.
25 R' in the formula R'om* represents a hydrocarbon
group, preferably a linear or branched alkyl group
represented by éH;(CHz)n- such as methyl, ethyl, propyl.

isopropyl, n-butyl, t-butyl, sec-butyl, amyl or hexyl, a



atomand Merr] i
consisting of Li,
and 2 x [My] + [M
vi nyl nononer poly

(Rlerr])[err] M ar

Rlerr] are each a

REPLACRB{ENT, SHREY
eqr]]> [Rlerr]

ner i 28tO0N ¥ t | ai
d Rl err] OH and/ ér
hy T OC anhe oK U

al i netal selected fromthe group
sfying the rel ations of [Ng]>[N[err]]
+ [(Rlerr])[err]NH . 5 17.

or conprj.sing Sobpwuneshespr @B2N0LIB by
(Rlerr])Terr] NH wherein R err]| and

thvrén @l OXYEEd @ﬁé&ﬂﬁﬁ@hhhlﬁlﬁyl

nitrogen atom and

satisfying.the r

lation of 2 x [nmg]> [Rlerr] OH|

[(Rlerr])[err] Nthpnodér i8. polytné‘rﬂtékﬂlbjb%&ﬁ?ingbthe nm@?/fnb]mﬁ&lmq)rm
set forth in any one of Clains 1-12. :
which is a styr@n@dpoi9n8rf@bt@mmmibtwn@np@hymepot§nE@nzan|@n¢emnele|n its

prescribed period of time,

of

(Mg]/ (M) = 4.

A styrene resin conposition

quite surprisingly the

molecular weight distribution widens sharply in the region

This is probably because the wviscosity

of the reaction system rises up with progress of

polymerization in the high monomer concentration range,

causing an apparent drop of exchange reaction rate of the

10

concentration solution in the reaction system,

For reducing the viscosity of the high

activator for the polymerization initiator.

it is

recommended to carry out polymerization at a high

temperature of 100 C or more, and to set the Mg and Mt
ratio

15

molar concentration.rate at [Mgl]/({M']=10 for allowing

progress of living polymerization without causing a

runaway reaction in such a situation.

The present inventor

also found that the molecular weight distribution widens

consistently as the [Mg]/[M'] ratioc increases.

20

However,

excessive increase of the [Mg]/([M!] ratio is undesirable as

it causes too much widening of the molecular weight

distribution and alsoc increases the amount of the low

molecular weight components, for example, oligomer

moieties including dimers and trimers.

25

The most preferred

range of molar concentration ratio is 10§[Mg]/[M1]$lOO.

The present inventor further found that when a

compound or compounds represented by R’0H and/or (R®),NH

(R3:

a hydrocarbon gr

oup; O: an oxygen atom; N: a nitrogen



mol ecul ar wei ght

of the triner o
A nol ded articl
t he/ vinyl poly

5 #? Cﬁi }ﬂ@@ﬂﬂ Mh is 2.0-10.0 and 15 wherein the content

Ae styrene nononer is 250 ppmor |ess. 20.
bt ai ned %% ection nol ding or extru5|on nDId|no
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polymerization terminator, is added to an initiator
consisting of (R?);Mg and R'M' ([Mg]>[M']) at a specific
ratio, quite surprisingly polymerization of vinyl monomers
is initiated and further living polymerization proceeds
under the high-temperature and high-concentration
conditions.

3 In ROH and (R%),NH used in the present invention,

R7's
are the hydrocarbon groups, which are prefe'ably linear or

.branched alkyl groups represented by CH3(CH;)n-, such as

methyl, ethyl, propvl, isopropyl, n-butyl, t-butyl, sec-
butyl, amyl and hexyl, phényl greupsﬁ aikyl-substituted
phenyl groups, hydrocarbon-based ether compound groups
represented by CH; (OCH,CH;)n-, and the groups represented
by (CHi;) N(CH,CH;)n-. Typical examples of R’OH are methanol,
ethanol, propanocl, isopropanocl, n-butyl alcohol, sec-butyl
alcchol, tert-butyl alcohol, amyl alcohol, hexyl alcohol,
phenol, 2,4-di-;ert-butylphenol, 2,6-di-tert-butylpheﬁol.
3,5~di-tert-butylphenol, 2,6~di-tert-butyl-4-methylphenol,

2-methoxyethanol, and 2-(2-di-tert-methoxyethoxy)ethanol.

Examples of (R®);NH are N,N-dimethylethanolamine,

25

dimethylamine, N-~ethylmethylamine, diethylamine,
dipropylamine, dibutylamine, dihexylamine, dioctylamine,
didecylamine, N,N,N'-trimethylethylenediamine, N,N,N',N'-
tetramethyldiethylenetriamine and the like. These
compounds may be used either singly or in combinations of

CWwWo Or more.

ROH and (R’);NH added must be in an amount that
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Detector temp.: $30°C

Internal standard reagent: anthracene
(GPC measuring conditions]
Measuring device: TOSO HLC-8020 (with built-in

differential refractive index

detector)
Column: TOSO TSKgel~-GMHyx, X 2
Temperature: 38°C
Solvent: tetrahydrofuran (THF)

.Sample concentration: 0.1 wt/v%

Sampling pitch: once per 0.4 second

Determination of molecular weight:
Calibration curves were drawn by plotting the
relation between the molecular weight of T0SO
TSK standard polystyrenes and elution time as
third-order'égggggg%%n.curve, and the molecular
weight was determined from the curve.
In the following Examples and Comparative

Examples, all the polymerization operations were carried

out according to the following procedure unless otherwise

noted.
[Polymerization operation]

A glass container and a syringe, which had been
heated to 140°C and dried, a monomer, a solvent and a
reagent were placed in a nitrogen globe (Model VDB-SA-Q
mfd. by Eiko Shokai KK). The inside atmosphere of the
nitrogen globe has been well substituted with nitrogen

which had been dehydrated and dried with molecular sieves.
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put-iHté an oil bath of 120°C. In a few minutes, the

s et suddenly boiled up
rization solution was /foumped to conclude

39

polymerization (runaway reaction occurred).

Comparative Example 2

The procedure of Example 1 was followed except
that polymerization was carried out at the concentration
shown in Table 2. Polymerization proceeded without causin

a runaway reaction, but as seen from FIG. 1, Mn increased

.deviating from linearity with conversion and the living

pelymerization activity was decreased with increase of

conversion.

Comparative Example 3

The procedure of Example 1 was followed except
that polymerization was carried out at 150°C without adding
the Bu;Mg initiator solution.

As seen from plotting of Mn and conversion in
FIG. 1, this polymerization solution (conventional heat
radical polymerization solution) was constant in molecular
weight regardless of the progress of polymerization. Also,
the polymers obtained only had a wide molecular weight
distribution (Mw/Mn = 2.2).

The polymerization conditions of Examples 1-3
are 120-150°C and 6 hours, which are the conditions
normally supposed to cause heat radical polymerization.
However, no peak of the molecular weight such as shown in

Comparative Example 3 was observed in GPC analysis. This
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ak of molecular weight attributable to

radical polymerization.

Example 29

High-temperature bulk polymerization of SM was
carried out using a polymerization initiator Bu;Mg/nBuLi
{10/1) of the present invention in an extruder (ZSK-25
(L/D = 47) mfd. by Werner Corp.).

The 11 blocks of the eitruder were set at the

- £ollowing temperatures: block 1 : room temperature; block

2 : 120°C; blocks 3 and 4 : 140°C; blocks 5 and 6 : 180°C;
blecks 7 and 8 : 200°C; blocks $-11 : 220°C. A ligquid-
adding device was provided between the blocks 8 and 9,
from which the polymerization terminator (a mixed solution
of BuOH and EB) was supplied under pressure. The purified
and dehydrated SM, EB and EB-diluted Bu;Mg/ nBuLi (10/1)
initiators were stored in the respective containers under
a closed nitrogen atmosphere. The materials in the
respective containers can be fed into -a—tank prowvided-with

tank provided with an
a 3—literZagitating element by a gear pump, and therefrom

into the zone 1 of the extruder by another gear pump. The
interior atmosphere of the extruder was well substituted

with dry nitrogen and a mixed solution of EB and initiator
was fed into the extruder to clean its interior. Then the
concentration of SM was gradually raised to finally reach

100%
308. The SM feed rate was set at 100 ml/min. The

initiator was supplied in such an amount that (SM]/([Mg]

would become 1,000. The polymer extruded from the die was
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obtained foam were lalso determined. The results are shown

in Tables 11 and 12.

Comparative Example 13
nBul.i

Using uBuLi as initiator and EB as solvent,
polymefization was carried ocut at an SM concentration of
50 vol% in a 1l00-liter autoclave.,-rhe polymerization
temperature rose to 145°C. The solvent was removed from
the obtained polymer solution by a drum dryer. The polymer
was then put into an extruder having a cylinder
temperature of 220°C and the residual EB was vented away.

The polymer was recovered as pellets. The results are

shown in Tables 11 and 12.

Comparative Example 14

A polymer obtained from radical polymerizatien
was extrusion foamed in the same way as in Example 31, and
the open cell rate and monomer content of the obtainea
foam were examined. The results are shown in Tables 11 and
12.

This application is based on Japanese Patent
Application No. 8-084474 filed in Japan on March 14, 1996,
Japanese Patent Application No. 8-303483 filed in Japan on
October 30, 1996, and Japanese Patent Applica-tion No. 8-
303484 filed in Japan on October 30, 1996, the contents of

which are incorporated hereinto in its entirety by

reference.
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CLAIMS
1. A process for producing a vinyl polymer which

comprises carrying out anionic polymerization under the
conditions that the polymerization temperature is not
lower than 45°C and not higher than 250°C, and that the
concenﬁration of the vinyl monomer based on the

solution
polymerization selwent is 45-100% by weight, in which
anionic polymerization the metal of the cation forming a
counterpart to the carbonic anion at the polymerization
propagating species consists essentially of Mg, or Mg and
M' wherein M' is at least one alkali metal selected from
the group comsisting of Li, Na and K, and the molar
concentrations of Mg and M! satisfy the relation of
(Mg]/[M'124.
2. The process according to Claim 1 wherein (R?) ;Mg
wherein R? is a hydrocarbon group is used singly as
polymerization initiator.
3. The process according to Claim 1 wherein oréanic
compounds represented by (R?);Mg and R'M' and/or R'oM!
wherein R' and R? are each a hydrocarbon group, O is an
oxygen atom and M! is at least one alkali metal selected
from the group consisting of Li, Na and K are used as
polymerization initiator, and the molar concentrations of
Mg and M satisfy the relation of [Mg]/([M']=4.
4. The process according to Claim 1 or 3 wherein
said molar concentrations satisfy the relation of (Mg]/ (M*]

= 10-100.

5. The process according to Claim 1 wherein
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tom and M* is ar. lleast one alkali metal selected from the

group consisting of Li, Na and K, and satisfying the
relations of (Mg]>(M'] and 2 x (Mgl + (M']> (R'CH] +
[(R?),NH] .

17. A vinyl monomer polymerization initiator
;ompriéing compounds represented by (R?) Mg and R’0OH and/or
(R?) ,NH wherein R?> and R® are each a hydrocarbon group, O is
an oxygen atom and N is a nitrogen atom, and satisfying
the relation of 2 x (Mg]> (R%OH] + [(R®).;NH].

-18. A vinyl polymer obtainable from the process set
forth in any one of Claims 1-12.

-19. A styrene resin composition which is a styrene
polymer obtained by anionic polymerization, wherein its
molecular weight distribution Mw/Mn is 2.0-10.0 and
wherein the content of the trimer originating in the
styrene monomer is 250 ppm or less.

20. A molded article obtained by injection molding

vinyl polvmer
or extrusion molding the/sey%eaehfeS%ﬂ—eem@es%é&ea set

forth in Claim 18 ~ex—319.

2L. A molded article obtained by injection molding or

extrusion molding the styrene resin composition set forth in

claim 19.
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(57) Abstract

A process for the preparation of vinylic polymers, which compriscs conducting an anionic polymerization wherein the metal of the
cation counter to the carb-anion of the propagation terminaf is Mg or Mg/M' (wherein M' is a1 least one alkali metal selected from the
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