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MET A N-FE-N-(2-C%)--F Xk (HMT) £4£TF, MMA ¥
RSB L RS2 EFROSAM SRS, AR HMT 3¢ BPO, LPO 7|
AH5 MMA RAOAR#SER,REXRLS2E, DREVBESNERTEA
HMT #4484, A dF4akk HMT 5 BPO RAE S+ ad ki AEKhXK
4, BPO-HMT 3| A R&H—RLERFIAKS.

XWA MMA HHERS. . BILEE/AY/N-BE-N-(2-BZE)-3-H
FRER REAHNEIREDHT

FHEm N,N-ZHEEXK (DMA),N,N-ZHE-3-HEE (DMT) }d &4
(P& (BPO) 5IRFEAAMFE (MMA) REeMREREMEAYT. RITVYHREN-
H#E-N-(2-BZ&)%KE (HMA) 5 BPO ILEMHEHELL DMA K. RN
hESEAEN -RCEB LT EGEHERNEE, ANBERRE 2-BLENFTHE, N-
FE-N-(2-8BZ#)-3-FXK (HMT) WEELETY BPO L E/{Z AR (LPO) 5
R MMA RAMEW., TRLERKRH HMT gER#ERE, HERIL DMT X, HRA&XR
TE e SR AR FE T EBHMNE,IEL BPO/HMT H—RBFFIRER.
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3, SEEE AR B 2 W >98.5%.
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HEginelh, ARG ERERIESKREGEIRERTE HMT X1k, R4kd PMMA
BETEGT, A%E UV-250 XEITRIEEIMNREBOLERE, ESR 3l R7E Bruker A
ER200D-SRC ESR J¥i#{X LBy, B&P B IAT Y,
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1. HMT 3 MMA E<SHhER
£ HMT & F,UEE /A BPO 5 LPO 5|8 MMA A&kF4E., HMT #455E
REMNFETH, BERAER R,, BEMR 1R, BHETL, FREOEETREY
HMT > DMT > HMA > DMA, HARE 2-BCENFREEHE BN R LN
L EE R, HMT > DMT; HMA > DMA, Mid&/a0EdE - Ta8S5 | R&&R S,

Tab. 1 Effects of HMT on MMA bulk polymerization

Initiation System R, X 10*(mol/1-s) Initiation System R, X 10*(mol/1 - s)
BPO 0.27 LPO 0.48
BPO/DMA 2.34 LPO/DMA 0.76
BPO/HMA 3.30 LPO/HMA 1.13
BPO/DMT 5.78 LPO/DMT 1.57
BPO/HMT 9.07 LPO/HMT 2.69

[Peroxide] = 1.0 X 107?mol/l, [Amine] = 1.0 X 10~*mol/l, T = 40.0°C
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Tab. 2 R, of MMA polymerization at different temperatures

P R, X 10*(mol/1 . s)

Initiation System T(%G) 30 ;5 40 45 50 55
BPO/HMT 5.62 7.20 9.07 11.80 15.16 19.67
LPO/HMT ! 1.55 2,05  2.69 3.68 5.03 6.77

[Peroxide] = 1.0 X 107*mol/l, [Amine] = 1.0 X 10™*mol/1 s

{52% BPO > LPO, EAMKLY TERNMEK, UL BPO/HMT 5|XREHIN 9.18 X 104,
i LPO/HMT R 25.8 X 10°(CREFRHFIE 1).

 ERFABET(30—55°C)fH BPO/HMT, LPO/HMT #%&R5IKX MMA RGERE
B R, BEIAR 2, Dl IR, Xt 1/T {rEBE 2 EL¥*R, F Arrthenius ARAH
WA RKAK, MMA RAMWEWELEE E, 25024 41.3 F150.1KJ/mol, RHATE
HMT Z%ZETH E, HER¥ME BPO(E, = 85.8 KJ/mol) 8 LPO (E, = 77.6KJ/
mol) RYEN1E,
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Fig. 2 Correlation between 1n R, and /T
1. BPO/HMT initiation system,
2. LPO/HMT initiation system

Fig. 3 Double logarithmic plots of R, versus
[BPO], [HMT], [MMA]
LIgR, vs. 1g[BPOJ,[HMT] = 0.010mol/l(in bulk,

40°C); 2. IgR, vs. 1g[HMT],[BPO] = 0.010 mol/1
(in bulk, 40°C); 3. IgR, vs. 1g{MMA], [BPO] =
[HMT] = 0.010mol/1, (in toluene, 40°C)

2. RERER S

BENGHE, £ 40.0CBETL BPO/HMT #%A3KX MMA A AR 4., BT
BPO REEJ 1.0 X 107mol/1, %% HMT B, MME MR & R,, Ll IgR, %t Ig
[HMT] BB —EL(E 3 Bk 2), A RH HMT REMEHCY 0.48, RISEE
HMT 3RBEX 1.0 X 107 mol /1,35 BPO JKEF,RH BPO JKEFMITEH Y 0.48, BISHE
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% BPO.HMT REF45129 1.0 X 107%mol/1, MMA ZERZE GRS, MWE MMA REN
BN 102, IHEREGERGT BN T:
BPO/HMT % R, = K[BPO]**[HMT]**[MMA]"*
ME 4 LR¥IE, RH LPO/HMT S|RELSN , BAEKGEY
LPO/HMT %% R, = K[LPOI*[HMT]*“[MMA]**
ARERARSARANEESEBEAMTHANELERRESRRENzHEHBY
R, = K[ ALK 1’ BRI 1’ [ k]
3. 5148
REAYREINT: SACHRFERFGRTE (PMMA) ATENG,NEHE UV )}
Wi EmiE s frok. HEATR, BPO/HMT ® LPO/HMT #ARIIRELSBI G
PMMA, 7 254nm ®1310nm &b 31T HMT B 5% % Wk, il BPO 5% AIBN 5|
RO TR ik, SREARTRARAMHESE HMT WA, ER&H HMT 5 BPO

IgMMA}
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Fig. 4 Double logarithmic plots of R, versus
[LPO],[HMT],[MMA] Fig. 5 UV spectra of PMMA
1. 1gR, vs. 1g[LPO1,[HMT] = 0.010mol/1 (in 1. HMT in CHCI; (0.3mg/10cm®*);
bulk, 40°C); 2. 1gR, vs. 1g[HMT], [LPO] = 2. PMMA in CHCI;(190 mg/10cm?,
0,010 mol/l- (in bulk, 40°C); 3. 1gR, vs. lg BPO/HMT as initiator); 3.PMMA
[MMA], [LPO] = [HMT] = 0.010 mol/l (in in CHCIl, (200mg/10 cm®’, BPO as
toluene, 40°C) : initiator); 4. PMMA in CHCI,(190

mg/10cm®y LPO/HMT as initiator)
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Fig. 6 ESR spectrum of BPO/HMT/MNP system [BPO] = [HMT] = [MNP] =0.02
mol/l, BPO/HMT /MNP = 0,1/0.2/0.5¢cm’

S EFTR, RATA BPO/HMT KI5 RAE SR> MLEEH) BPO/DMT, BPO
/DHET, BPO/HMA #RFZRIKMALEMEM, S ama iy sEE S RELER
WM EBE, ENHESIRRERS, EHAERR.

B AXhTESHT, IR,UV'H-NMR 1 ESR ¥/, B b5l R AR B & 46T MK
L5 KFE ESR L ByFRAIEAY.
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RADICAL POLYMERIZATION OF METHYL METHACRYLATE
IN THE PRESENCE OF N-HYDROXYETHYL-N-METHYL-
PARA-TOLUIDINE

QIU Kunyuan, ZHANG Zhanghua, FENG Xinde
(Deparsment of Chemisiry, Peking University, Beijing, Post code: 100871])

ABSTRACT

The polymerization of methyl methacrylate(MMA) in the presence of N-hydroxyethyl-N-
methyl-para-toluidine(HMT) initiated with organic peroxide, such as benzoyl peroxide (BPO),
lauroyl peroxide(LPO), has been studied. It was found that HMT can increase the rate of po-
lymerization R, and decrease the overall activation energy of polymerization E.. The values of
E. reduced from 85.8 KJ/mol using BPO alone to 41.3 KJ/mol using BPO/HMT as initiator.
The rate equations of MMA polymerization were determined as follows:

R' — K[BP0]0.48[HMT]0.48[MMA]LM

R’ _— K[LPO]O'"[HMT]"'“[MMA]o'”
It fits well to the equation of polymerization with redox initiation system. UV spectrum end
group analysis of polymer obtained revealed the presence of HMT moiety in the end group.
Accordingly, the radicals derived from aromatic amine will initiate monomer to polymerize.

Key words MMA radical polymerization, Organic peroxide/N-hydroxyethyl-N-me-
thyl-p-toluidine system, Kinetics of polymerization, End-group analysis





