ol
2001 4£ 12 A

I S

ACTA POLYMERICA SINICA

No.6
Dec., 2001

HEABRIAENETHBEHERERSG
A% HEL IKZ ¥R EXR

(T RZER XEB  300071)

W E LILFEREZRISIER EARELEMT 2, 2B e hE ek, b, RSB P TESTE
ERSRTFRMMAOTEOCTHEFHEBERRRS SEEH . FARMAS M RkEE N — R A%
F ARG EMMKAHERE NS Mx 0 " n/L. ESY N FRESLESEAENM, H F R4
B MM, T 1.37~1.40 2] B LLAIBN H3I AN, BB S EREETHTT MMAB KR RE
TEBAEAEERGUR SREALEARS AN TMATERSE, A FREEAESEHNE, 4 TFRLF
HERAAL27~ 131 20 BRERNEEREHR EAREPHNKAOREMER, R 1.64x 1077 mol/L. fi7ZELL

HAEFERTHNEERENE 2R E T HHFIE.

xMiA FEFNSREE ETRBAHERS, RS

FTF%#% 88 &% 4 (Atom transfer radical
polymerization, &} #f [ F #% 15 JE 5 8¢ ATRP) & 1995
FIREN - RAF SR (S )
E)MEHERSFE" Y AN ETEBRES
A RA AR R EEANIREED
(R-X), e AmENIES RGP HMELY
REAR CHARERY FTFHEBESBRITLUA
—MHEHERAIIRA EURN T ES R L
EYSESREURTIB KZARMETHBR
G145 JLAE S ATRP X — SUR I BF 5 1 40 1% BK,
HRMAEL 2T E, FTECEFHOS 2E8L
RV FNARAFHESDER EE
Pl 2 g ENLH T EEEX
BAERTEARERANFTRES . FFEBIER
EEMBERAHPRNBRER L, HINEER
BE . AFLVEBYMBETHREASMFRENY
ERERS. FAKARAAIBE. ERITHLS
S TR THREESEMRE R
RYMBE ALRTE WS ARSI MBEHET
A ZIBTE R AL 4 (CuCl) /BN BE ( Bpy) A 4L T B9
FrEBeRERe. 8 THAFRESA R 16380
REZBRY, MR THEZ YA TRELE TR
BEAMAS EHEHFE. X XATTHE
AEBRAREMMAZERELCERETHRTES,
BRTHTRAGEENESY.FLL AIBN X
FIRH, =Rk (FeCl, ) 71 =2 3L 3% (PPh, ) o i

* 2000-12-25 WU , 2001-03-26 B

726

EHHETT MMA R BEFHRBEERNETE
B HRIEPERS I REAERT ZAEREGRE
RIFMATESE MBTFRAME2R L THEHE
H.

1 TR

1.1 FERBEEHA

BP L P 48 B H B (MMA) (4r b, Kt i 4k
FRAZ) ) EAHNEERIBRREARN . 1%
ERIHEO-PECOHRLEMERET AL
HERACENBAT SR AAEFH(CC) HE
LML E . = F L8 (PPh,) (474,
I RFEFHH PR ) Bk 0E (Bpy) (2 H7 4i,
AT EYOEAT ) S, taw
RT] ) . BZMBE(PVA) (B IE 88% , B IT K
FARLTT) B (ahe, Ry ). |
ABM (O, KBRXERALERERAA).
AR(awa, KRBT AZEEN ) EFEE(S
a, xKEmfEER ).
1.2 HEFTERPENBEIRS
- FE 100 mL B OUEF , A 50 mL K #0121 ¢
A, REMA 1HBZHEM 1% K HE, B
BRAKBBRPAESHES- AR KE =K. & 100
ml P9 O 6 o A BB 4K 51 &R BT R RS R,
BEREKSEBPETHRS-RE . KE 3K, M
ERKHAREFAANOK. £ASEFTE LS



61 AERE - PREAFSRPENETHEAGERTERS 721

BEHBBNBEET. A, FEOCTFR
W ABEILEAR R LR, RNERE
HREYEARESD 8. Kk, TRES™Y
FREAENEKE D, A ERRIE, MBEEET
m.
1,3 RERSRFAENEERS

£ 50 mL B OMRPHETFRIMA S S L7
AR H, Z LR EATRIEERAS
G MEERBRET K. 2 9L E A R KRR
B SES . BN S, A — 2 B A I 2k
BEAY . MERERRIE S . EETH.
1.4 REOMRI

RLERAERENE B4 rEALT
B Waters 208 BB R B HAE U ME. W
Eukm s, REZE AR, BE 25T, M
# 1 ml/min, FAREFNBRERTREN K Mo HES
FREIE.

2 HR5Hie

2.1 MMA # CuCU/Bpy ff{t TRR FHERF
R

P4 CuCl/Bpy M 4L, B 1-PEC1 K5I R,
HITT MMA TESOC TR B RS Bk S5 %
70l i) BE /K 1 24 200, 1-PECL/CuCl/Bpy IIBE /R X 1
(3 KA BT A 2B A (1% ) A PYVA
(1% )YRA4h 3B BT A T 30% B NaCl LA 3 o8 0 /0
EAeNEEDm KA 8. 81 AREHEL
22t (] y £8 A0 In[ M ]o/[ M ]-B 18] g 2% . W LUE 3],
in[M]/(M] 5 R B IR X R RAF, KBRS
XS PR R — R AL B

- d[M]/dt = kp[P-][M]
In[M],/[M] = kp[P -]t
R A AT 8 kp[P-1H 7.17x107° a1 4R
B CHRIRE Y Arrehnius 24 R
kpuun = 2.39 x 10°exp( - 22175 J mol™'/RT)

18 80CT I kpwa N 1249.5 L mol ™' s, I
BHIARGEAFRPHEHBEERE[P-]R5.74x
107% mol/L.

B haTFRENDFEoHMEEALRNE
1, TUER S TREZEBWELAELMEK,
STBROSHIETE /N 1.37~1.40 2. X
HREH ELREZHFT MMAKNERRAREA
—FEMEE (R E)SFLE. HXMG TENS

AM]M/[RXJHERE S FTRHEZEK, I
BR2h G, B FB N 7966, TS W {E N
61000, RS | R EHEM(N A 0.13) ALK E
EHGELBHETFRBEERSPHLEALM
RV FEHTERAh FREMNSESY CuClBpy
AR —-EFKE(EBRPRENEINAKHELER
b)), M8 355 2 LR s A KM
ARESELEN K , 25 5 3 BOM A o 1 22 78 B0 5 B v
B/ AR YNI FRIEX.
50 1.0

s In[M],/[M]

o Conversion

B
=]

L7
(=]

T
i

0.6

S
1
In[M],/{M]

04

Conversion (%)

e
=
T

1

02

(=
<&

0.0
3

[

1(h)

Fig.1 Plots of conversion and In[ Mio/[ M] versus time of
suspension polymerization of MMA a1 80°C

Qil phase: [ MMA ], = 9.36 mol/L, [1-PECI] = 0. 047 mol/L,
[CuCl] =0.074 mol/L, [Bpy] = 0.14 mol/L;

Water phase:1% PVA, 1% gelatin,30% NaCl;

Oil/water( W/ W):1:4
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Fig.2 Dependence of molecular weight and polydispersity on
conversion of suspension polymerization of MMA at 80°C

oil phase: [ MMA ], = 9. 36 mol/L., [1-PEC1] = 0. 047 mol/L,
[CuCl] =0.074 mal/L, [Bpy] =0.14 mol/L;

Water phase:1% PVA, 1% geleain,30% NaCl;

OQiliwater{ W/W):1/4
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Fig.3 Plots of conversion and In{ M1o/[ M] versus time of
reverse ATRP of MMA at 80C

{MMA], = 9.36 mol/L, [ AIBN] = 0. 0037 mol/L, [FeCl; ] =
0.015 mal/L, [PPhy] =0.045 mol/L
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Fig-4 Dependence of molecular weight and polydispersity on
conversion of reverse ATRP of MMA at 80°C

[MMAly; = 9.36 mol/L, [AIBN] = 0,0037 mol/L, [ FeCl;] =
0.015 mol/L, [PPhy ] =0.045 mol/L

Table 1
molecular weight in reverse ATRP of MMA at 80°C*

The theoretical molecular weight ( M, ) and determined

Time(h) 0.5 - 1 1.5 2
Conversion{ % ) 24.9 45.0 61.3 75.6
L 31,533 56,919 77,5714 95,219
M e 18,000 24,000 34,000 38,000

" Conversion and M, cp were from Fig.4, M, was calculated from the
equation: M, = ([M]g - [M1) x My, /[AIBN],

Table 2 Reverse ATRP of MMA in bulk and suspension polymerization
a 80C

Polymerization Polymerization  Conversion Moo MM,
technique time{ h) (%)
Bulk 1 45.0 24,000 1.28
Suspension 1 4.1 65,000 4.30
Bulk 2 75.6 38,000 1.29
Suspension 2 84.1 101,000 6.32

[MMA], = 9. 36 mol/L, [ AIBN] = 0.0037 mol/L, [FeCl,] =0.015
mol/L, [PPhy ] =0.045 mol/L

A3 XA FeCl,/PPh, fE 4L F B9 5L 16 ATRP 3
RABEES. FAEMMLABRS LRAEAEREG X
MR, KHHARE SRR 1-PECYCuCl/Bpy #4L T
WEBREAHR.ERREZ2.TLEIRRES
BRI FRSARE . R2RETTER
fiF X 2 LR FeCl, 5 ¥ T7K, 4R 8
e, A R EREER N, R E T g
BIEMASBTENHLMENBESELER &
RFEEERTE BN E BERES AT,
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ATOM TRANSFER RADICAL SUSPENSION POLYMERIZATION OF
METHYL METHACRYLATE

ZHU Changying, ZHAOQ Fukai, XIA Qingyun, CAQ Yurong, HUANG Jiaxian
( Depariment of Chemistry, Nankai University, Tianjin  300071)

Abstract  Atom transfer radical suspension polymerization (ATRP) of methyl methacrylate (MMA) was conducted
at 80°C using 1-phenylethyl chloride (1-PEC1) as initiator, cuprous chloride(CuCl) as catalyst and 1, 1-bipyridine
(Bpy) as ligand. The polymerization was carried out with a mechanical agitator under the protection of nitrogen
atmosphere . In addition of the dispersing agent, NaCl was also used in the water phase to prevent the diffusion of
the catalyst complex into water. The results show that the polymerization is a first order reaction with respect lo
monomer concentration. From the slop of the plot of In[M ],/[M] versus time, the concentration of the propagating
radical was calculated as 5.74 x 10™* mol/L. The polymerization displayed living character as evidenced by a linear
increase of molecular weight with conversion and a relatively narrow molecular weight distribution ( M « M, ranged
from 1.37 to 1.40). Subsequently the reverse ATRP of MMA at 80°C was conducted using AIBN as initiaior,
FeCl; and triphenylphosphine ( PPh; ) as catalysts. The results indicate that the bulk polymerization demonstrated
good control. The molecular weight increased with conversion and the M_/M . Tanged from 1.27 to 1.31, The
polymerization rate is quite fast. The conversion approached to 75.6% after 2 h. From the linear plot of In[M],/
[M] versus time, the concentration of the growing radical was calculated as 1.64 x 107 mol/L. However the
suspension polymerization of MMA using this initiation-catalyst system failed as evidenced by the large molecular
weight (ca.100,000) and large value of M_/M, (4.8 ~6.32).

Key words Methyl methacrylate, Atom transfer radical polymerization, Suspension polymerization



