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Abstract . The phase-transfer polymerization of methyl methacrylate with tetrabutylammonium chio-
ride-Na,S$,04-CCly initiator system was investigated in an aqueous-organic two-phase system. The ob-
served rates of polymerization were compared with those obtained from the polymerization mecha-
nism proposed with a cyclic phase-transfer initiation step. The rate of polymerization was found to
be proportional to the concentration of Q~ and square root of S;04? in the aqueous solution and the
feed quantity of CCl, and MMA.
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Fig. 1. Model of MMA polymerization with phase tra-
nsfer catalyst-Na,S5,0,-CCl, in an aqueous-organic
two-phase system.
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Fig. 2. Schematic diagram of experimental apparatus.
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Fig. 3. Effect of reaction time on the conversion of
MMA at 298°K.(QCI ; 0.2 mmol, CCl, ; 2 mmol, Na;S;
0Oy : 30 mmol, MMA ; 40 mmol, H,O; 160 ml, 600

rpm)

103



IR S

UhERA 19} o] S-g-olabel &3l S,0,°7F QT ¢k
uhgsted AAE Q,5,0,7F F71 o olFE Ao
2 F5% ¢ Adrh

ENHEEe] 9% QCl 0.2 mmol, CCly 2mmol,
N2,S,0, 30 mmol, MMA 40 ml, H,0 160 ml}
7437} pgiato] U BAbE & qle agt
£%7} 500%-E] 1000 rpm7HA] WA 71 HBA 578§
MMA2| T9iAl 4 AEg, X(%)/hrg ARtEE
Wl sl =AI8te] Fig. 4] Jepligich o]
1o A Wk 700 rpm o) 3ol A A E-&o] A
stom, 700 rpm ool A wyHEE F7tel ot
g AFo g Frtsla UeS & F ANTh

AWHEE 700 rpm o] &toll A MMA F3HS-
= ool-o) 2 ARG §3% £33 B
nel shshukgtiAol g &&dA R
7] wj ol B AddHe urtEEE 600 rpmo.E
TAsS 7t Rl st iE T =

¢

-

A ske] MMA Q| Z8WS 7 ¢E +F ug,iz“s} 21 &+t
Apo)% Zaje] o3 (17 & & A= =kt

0] QCI-Na,S,0,-CCl,-H,0 i<} %ﬁ%ﬁbﬂﬂ 5
Furgate MMAY] FH&E20A BaF 58
Aol A QT 5,0,%0129] FE, [QT],

X(% )hr

7L

O
6 L 1 1 L - L 1 &

400 500 600 700 800 900 1000 1100
NI’
Fig. 4. Effect of revolution of stirrer on the conversion
of MMA at 298°K.(QCl ; 0.2 mmol, CCl, ; 2 mmol, Na
,5:0;4 3 30 mmol, MMA ; 40 mmol, H.O ; 160 mb)

104

[S,0,%],& QCl3#} Na,$,0,8] BAFAHo2RH
ek A(18) 3 (198 Ag-ste etk
Q7 [Q*]2 S
[QCo= +1Q* 1+
\/K—x Va1K1
I{Ti[SZ()fl'z:l\v[Q+ ]2‘.\;
2 +72
+K3[SZO4 ]W[Q ]w (18)
Qy

18,0, 210=08,0,%],+ K;[$,0,73,[Q° P+
K3 -2 + 2w
. [5,0,71,[Q"] (19)
2

HANAA 5ol H7HE NayS,0,= 4(2)
ol 7ro] Na™ 9} S,0,22 sjalso, sjeld4 Ko7t
K, 7 Ko ul8j o $- 3chi 7hA 31® =g o]
Meld S,0,%9 27)%%, [S,0,%0x F&A4dol
H718 Na,$,0,0 sEz et 8%
(A9A K7 Kze AP 73 g, 0.0047
kmol/m3, 0.836m°/kmol& 7zt ALgatd e, o,
7} a5 GA] AR o)A fojrl Tt 3 4(20)
7 (21) 25E F35ch

log(

006 ) = —0.383[Na,S;0, ] (20)

log( ) = —0.836[Na,S;0,] 20

0.341
AEHEE 600 rpm, NayS,0, 30 mmol, CCly 2
mmol, MMA 40 ml, H,0 160 mi2] 71’484
Aol 24AIO A QCle) H7bEg 0,024 0.2
mmol7bA] W3tA| A MMAS] 2§45, 1,8 48t
Ark
Aol ool Fxstel] g MMAS] r, 932
237 fsAE Fig 14 7013 Na$,0, 2
NEEoA Fol% HuY xvlsR, [QC1e7F W
st wit s8datol Easke QF ol S,0,7
o] 9] Fw7} FAlo Wat7] W] FolE FHulE
w=uke] wiglol) thg MMAS] r, ¥ist #AE n2Y

Polymer (Korea) Vol. 17, No. 1, January 1993



Tetrabutylammonium Chloride 401§ &) 2]§ Methyl Methacrylate®] 2tcizh &

& §7] Wiol, Q° ole# 5,0,%0) 9] ¥} &
e [Q*11,05,0,%], %9 stel W& MMAS] 1,
JEHE naYel Bk s

wepA] Foi7l 5,0,% o] 9] 27lEE, [8,0,7]
ool A QCle) 27)%F %, [QCllo s}l thal +1(18)
7} (19) 28] A4hek [Q7 1,9} [S,0,7],& AHg-3t
o [Q*], [S:0,%1,"% sl djgk MMAS] 1,&
wAEled Fig, 59 YeRARITh o] 2ddA dFA
B2 97% o] 4adAE Ad HARAT 44
glom, Ao 2R E MMAS r,, 0.08mol/l -
hr ghe At ole wg AR dolT FuiE
AFg3HA) ek A9 MMAS] 1, gk 0,094 mol/l -
hr(zd?}g 1%) 9k o5 2% 4 P_i Eaa i

] o) Alzglz=rs} avkn & 4 Uk Fig. 5%
*‘fﬁﬁﬂri—‘ﬂrﬂ MMA9] F@g&ze 2079
[Q71,[8,0,%1, 20 grlelgte & 5 A

Na,S,0,2] 4% a¥&% 600 rpm, QCl 0.2
mmol, CCl, 2 mmol, MMA 40 ml, H,0 160 ml]
z4e] NayS,0, 8.00l H 50 mol7bA]  wig}ated
MMA9 F3&%, 1,8 S48 9th NayS0, 5
Walo] g MMA9] 345, 1,9 gk Ao)%E
Zof 7} rpoll WX e QA LEE vhe} o] Nap
S,0,5re] Gerchs golF Fuje] Frot AFE

08

r,( kmol/m®hr)

00 L ' i L

0 2 4 6 8 10 12
[0 J.[S:0:20,,"2 X 10°(kmol/m*) '
Fig. 5. Effect of QCl on the polymerization rate of
MMA at 298°K.(CCly s 2 mmol, Na,S,0, ; 30 mmol,
MMA : 40 mmol, H,O ; 160 ml, 600 rpm)

Zp|o #1778 A1E 1993 1€

o} Aztslefol al7] wFof Folxl Aol s FujFE,
[QCIpoll A NayS,0,9] F57h W] upe} 8-
Aol E=Ajake Q9 S0, olewwrt 4(18)F
(19)& A3t Taat, Na,S,0, FE el uet
[Q71, [8,0,%4],"2& MMA &%, ro talA
EA8 Fig, 6] JeRHAh o] 1oz RE o
T AEC] r,v Na$,0, sEwistel] T35 RS
e JeRRRITh ol F201x [QClIool A NayS,0,4
9] Fx7t F7hdel wel fgolge] EAshe QF
olee ¥%, [QT],& Basty, S0,%0129 ¥
%.[8,0,2], & F7h8 3 o [QF1,[8,0,71, 1
o] ghe =A) Wakx ouz CCl-o oz ¥
=7} dsez MMAS] r 7t 93si € Aeg
Fzgch, o4} o] OCI3} Na$,0, 2715 %2
Wstol] wk MMAS) r,2 QCl ¢ Na,S,0, ¥%
ztzke] oA S 1 %3}7] Bk QCl %= NayS,0,
27557} 247 Aol wet QF wE $,0,%71 4
e &, Q7] [81042] Mo o)A g mAs o}

33 Shlmada £%.2. MMA-CCl,-Na,S,0,-H,07
oA AtolE Zuf, tetrabutylammonium chlorideE
AHg-Ete] MMAS] 1 & Aol% Znje} NayS,0,9
Z27)F% 440 dg oE2gdo s nFEHY. 1E

08

07F
] @ ©
= ° ©
g 06}

05}

04 . 1

99 100 101 102 103 104 105
{07 Ju[8:0571,"* X 10°(kmol/m®)'*

Fig. 6. Effect of N2,5;0; on the polymerization rate of
MMA at 298°K.(CCl, ; 2mmol, Na;S;04 3 30 mmol,
MMA : 40 mmol, H,O ; 160 ml, 600 rpm)

105



SR

c8

06 /)

04 e}

r,(kmol/m*hr)

02}

Y (0}
0.0 ! i "
0.00 0.05 010 015 020 0.25

/T CCLT, (kmol/m®) 2
Fig. 7. Effect of CCl; on the polymerization rate of
MMA at 298°K.(QCI ; 0.2 mmol, Na,S;0; : 30 mmol,
MMA ; 40 mmol, H,O ; 160 ml, 600 rpm)

08
06 |
£ 4
g 04f
02+
DD 1 ! 1 1 L
0 2 4 6 8 10 12
[MMA], (kmol/m®)

Fig. 8. Effect of MMA on the polymerization rate of
MMA at 298°K.(QCI ; 0.2 mmol, CCl, ; 2 mmol, Na,S,
0, 5 30 mmol, H,O ; 160 ml, 600 rpm)

& g &35 TBACIo] ¢hd3) selslo] QF
9} S,0,20]2-9] ¥ =2 TBACIH Na,$,0,9) 271%
2ol BYsits 1o dgsigond, B A4
AP AT M9} go] Fglado] EAE QT S,
020129 F5& QCIFH Nay$,0,9] FaHE= &
Aol qag @] wEo]l MMAS r = [QClow
[Na,$,0,Jozr ez venlr] Beoke [QF1s [S,

106

A% ARF - AT

0,8 o2 el Zlo] Blgsttin sHAch
CCLel < : ww&w 600rpm, QCl 0.2
mmol, Na,S,0, 30 mmol, MMA 40 ml, H,O 160
mle} A CCl, 0,201 2,0 mmol7}A] ¥ 3}8h]
MMA?] 34 CCl, v disiA] Fig. 79

TAElg e, o] 2o g RE MMAY 8455 E
CCl, %9 1/2%0) vlaas & & A

MMAe] 4% wrEx 600 rpm, QCl 0.2
mmol, CCl, 0.2 mmol, Na,S,0, 30 mmol, H,O
160 ml2 113 3}12 MMAZE toluened] &3 A1#A to-
luene2<4 40 mlol MMA¢9] B34} Z 0.2, 0.5, 0.
75, 1,002 H3IAA ZA3 MMAY &S

A71sk MMAS] e W) EA8ke] Fig. 89 o}t
Bl en, 1= MMA Fxe 2xx o s}

o e ¢ Ak

382 18R £32E A8eo NaS,0, 58
Az CCl, H714 HEAWE 5§ 23404 §7]
Abe 238l TBACIE 4to 2 7}aled 30
T, Ax7)HEt)A MMAS F3ube-S asho]
MMAS®) £8458 238t £ A Ao
% Zu, Na,S,0,, CCl,, MMA sx9} ge A3
Aol 3w ete] WA FHE] st Aol
5 Fule] HEGre wuiATE AHEY MMA-
CCl,-toluene-QC1-Na,$,0,-H,0Alo 2] MMA<] %
k7|12 s Aste] FE w4 A NS
on, Agws Wzl uet 24 —g@we} A
18 23w v wtgch, MMAS $8&EE
o] gk Q9 S,0,7 oleswt AF
g [QY],[8:0,4, %) Aulalatdon], ofge
CCl, ¥=9) AFT, MMA 55 gulastgrt.

ol AUANZREH A-of BFY 24ANM 3
olF Zujlo oJ3 MMAS] #3§ uhg-7)7 9] s 4o)
Aoty FFEEAL AT £ Ach

>

n

el F R AT 19908 dEaete

Polymer (Korea) Vol. 17, No. 1, January 1993



Fu) AP (FAHSE 1 90-03-00-09) 0.2 F3

Tetrabutylammonium Chloride o] %

4

ate] Qgich,

1

AR & 3

. Reaction rate constant of the reaction bet-

7]

ween QS,0,-and CCly in organic phase

. Initiation rate constant of the reaction bet-
ween CCl;+ and MMA in organic phase

: Reaction rate constant of the reaction bet-
ween Q,S,0, and CCl, in organic phase

: Propagation rate constant between P - and
MMA in organic phase

: Terminate rate constant between P, - and
P

m® in organic phase

: Revolution of stirrer, [1/min]

. Polymerization reaction time
F 2 A

W. P. Webewr and G. W. Gokel, “Phase Transfer

Catalysis in Organic Synthesis”, Springer-Verlag,

New York (1977). :

. C. M. Starks and C. Liotta, “Phase Transfer Cata-

lysis-Principle and Techniques”, Academic Press,
New York (1978).

. E. V. Dehmlow and S. S. Dehmlow, “Phase Tran-

sfer Catalysis”, Verlag Chemie, 2nd Ed., Wei-
nheim (1983).

. C. M. Starks, “Phase-Transfer Catalysis, New

Chemistry, Catalysis, and Applications”, Am.
Chem. Soc., Washington, DC. (1987).

. Y. Imai, S. Abe and M. Ueda, J. Polym. Sci. Polym.

Chem. Ed., 19, 3285 (1981).

. W. Podkoscielny and A. Kultys, J. Appl. Polym.

Sci., 26, 1143 (1981).

. N. Yamazaki and Y. Imai, Polym. J, 15, 603

(1983).

. H. Tsai and Y. Lee, J. Polym. Sci. Polym. Chem.

Ed, 25, 1505 (1987).

Z2j A7 A1z 1993 149

ool ] gk Methyl Methacrylate®] @tt)Z 3%+

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

R. Kellman, R. F. Willians, G. Dimotsis, D. ]J. Gerbi
and J. C. Willians, J Am. Chem. Soc, 109, 128
(1987).

B. Yamada, Y. Yasuda, T. Matsudita and T. Otsu,
Polym. Sci. Polym. Lett. Ed., 14, 277 (1976).

M. T. Reetz and R. Ostarek, J Chem. Soc, Chem.
Commun., 213 (1988).

J. K. Rasmussen and H. K. Jr Smith, /. Am. Chem.
Soc, 103, 730 (1981).

A. Jayakrishnan and D. O. Shah, /. Polym. Sci.,, Po-
lym. Chem. Ed., 21, 3201 (1983).

A. Jayakrishnan and D. O. Shah, J Appl Polym.
Sci., 29, 2937 (1984).

J. K. Rasmussen, S. M. Heilmann, L. R. Krepski
and H. K. Smith 1I, /. Am. Chem. Soc, 109, 116
(1987).

S. Shimada, Y. Obata, K. Nakagawa and K. Tabu-
chi, Polym. J, 23, 305 (1991).

K. Tabuchi and N. Sakota, Polym. J, 15, 713
(1983).

S. Shimada, K. Nakagawa and K. Tabuchi, Polym.
J. 21, 275 (1989).

S. Shimada, Y. Obata, K. Nakagawa and K. Tabu-
chi, Polym. J, 22, 777 (1990).

N. Nishikubo, T. lizawa, K. Kobayasi and Y. Ma-
suda, Macromolecules, 16, 722 (1983).

S. Kondo, H. Yasui, K. Ohta and K. Tsuda, J
Chem. Soc., Chem. Commun., 400 (1985).

P. P. Nicholas, /. Am. Chem. Soc., 109, 155 (1987).
G. Martinez, C. Mijangos, P. Terroba and J. Mil-
lan, J. Polym. Sci. Polym. Chem. Ed., 26, 1629
(1988).

S. Percec, J. Appl. Polym. Sci., 36, 415 (1988).

S. Shimada, Y. Obata, K. Nakagawa and K. Tahu-
chi, Poly. ], 23, 305 (1991).

P. ]. Flory, “Principles of Polymer Chemistry”, Cor-
nell University Press, London, P 106 (1953).

S. W. Park, J. B. Moon, D. W. Park and J. H. Shin,
HWAHAK KONGHAK, (1992). (to be accepted).

107



