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T At £4Lds BPO, LPO 4515 N,N-= (2-#ki) &7 XK
DHET, DHPT stk A3 4 MMA #% 4, Alx L R4 %A Re, ¥04
MEGE, REZEFAE, ROAKREIEGEESHEG XA, Aakfligs
ESR @ #H AR, MET LEKZASEFAGAGEFTRAK, RtELRe%#H
X% #riEk DHET, DHPT 45 4 A b AR K EHRES, REFLLS
RRETXEAKANI Kz,

X@RE AUILENHS N, N-— Q-BEEINFRERER. KAshH
#. ESR Jif%, MMA ®R&

AL A ST HRARNECERSIAGERERTLALERE. ARECATR
HEREM I E AR IFERPPR B AR . BIREE AT B0 U LIS
HERWRBEREE BB OXN FHAORIE, BRIRSEY, EERER REREH
C RBERG M, N, N-ZQ-BRE)NRERE (DHPT), 5EEERE (BPO) 4
RS RERBIEACHBREGNELF. EXEREF 2 RELENRKN.5 %
ERRPENEHEMS AN EBR LA FEOVTR. AR ERE SETREAHG
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AT{ELL BPO, ¥k AEERE (LPO) S35 AREMTHEM N, N-ZH % i
(DMA), N, N-ZTHEMNHER (DMT), N, N-= Q-RBZ#) WHXE (DHET),
DHPT ARMISIRAER, ETHRERGERTE (MMA) KRS, NEARSEE Re, X
ARMEEE EREFNEHE RAABOAKS. AEESERMN ESR HigHA,
WE TEMFRES BPO M ENEhED MK, FREERESITELS A
tr=ENEEE. 25 TSI RBERRE,
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LPO E®+ Fluka /A\”JF‘,J.:,?EE>98%

% DHET Bla ke, HEEE R, BA 53—53.5C(X i 53C), 5%
ST, C%67.66, H%8.78, N%7.17 (ﬁ-%{ﬁ%—; C% 67.95, H%9.08, N%7.23);
DHPT REMNL THRFT =5, B Rk, A 114.5—1155C, TES I T: C%
70.68, H%9.98, N%6.28 (ﬁ‘%ﬁ{‘s‘i{) C%69.92, H%9.48, N%6. 27); DMT 1{_3,7%;
6 S B RIE 214k, nb = 1.5458; DMA 4dbB{b T iR, BUE & 184k ,nd
1.5575, :

BEmAEs: 2-F E-2-TWHER K (MNP),#& X615 54 K.
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SBEH MNP EEAS R FROERER. MEET/HNAED, BE S5 %,
HRB AR T ESR MR, FrARETEE Bruker AFH ER200D-SRC ESR
BEL FOTM s, X BB BROETIE 19.9mW, IR 100kHz , SR AE. WIS
R o EEHEM ESR ZE FikH.
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HSELLR T IR AR BPO 1% MMA ik (AL 1:1) iR A B,
ERWNE 1 PR, BT, &£ BPO kAT #I DHET, DHPT, DMT, DMA #Bfg
FEREENOFESELEE Re, 5 H0EEIRF % DHET>DHPT>DMT>DMA, i

Bl N, N-Z (2-%kc#) X FH DHET, DHPT MR R —B R 7 & k&
DMT, DMA ¥, '
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2 RERMEBEEBNERERERMELEE
fEAREEEE F,¥%F BPO-DHET, BPO-DHPT, BPO-DMT. BPO-DMA (k& E|%
MMA W ERBRE , RERHEETH Re, HEAZK 2. DL Arrhenius {EE 1S
FE 1 PUREIE & B AR, I HMEL B EARAS RSk MMA BARNEMELEE
E., HEPIA % 3, FBRAKRE % MMA AGRAIE B hIIAE 3 fEtEk, &
"I, % DHET, DHPT, DMT, DMA #feM%MK E., H EBABRRASRAREN
E, #E/h. B E, BETEH BPO-DHET, BPO-DHPT EFEAEEE RER.

‘1 OFHREN MMA RERARESHER

ok 7 B 25 . RpX10*
SIEHA (min) (mol/L+S)
BPO-DHET 0.85 9.30
BPO-DHPT 0.92 8.31
BPO-DMT 1.3 5.45
BPO-DMA 3.1 2.19

MMA HEEEBLY 131, T = 45G; [BPO] = (%4 k1=2.0X10"*mol/L
2 KﬁzﬁET MMA i"’i&%‘éAH‘J Rp {8

BECS) RPXIO‘(mol,/L S)
. 30 35 40 45 ’ 5
EIP 33 R | 0
BPO-DHET 2.20 3.10 3.98 5.07 l 6.38
BPO-DHPT 1.83 2.52 3.42 4.40 | 5.44
BPO-DMT 2.38 3.26 4.30 5,45 ; 6.15
BPO-DMA 0.97 1.25 1.71 © 2,19 ‘ 2.96

[BPO] = [DHET] & [DHPT] = 1.0X10-'mol/L; [BPO] =[DMT] 5% [DMA] =2.0X10"*mol/L;
MMA SHFEREY L1

®3 MMA RERVELE E,

BRBRERS KERE
3| EkA
E.(kJ/mol) BECC) E,(kJ/mol) RBECC)
BPO 79.9% 50—70 85.8 30—90
BPO-DHET 43,5 30—50 42.5 40—60
BPO-DHPT 44.6 30—50 45.7 40—60
BPO-DMT 39.4 30—50 35.9 3555
BPO-DMA 45,5 3050 44.1 35—55

* EARE | : : .

. Re Rz %
R ERERHEHE, LRFEHEH, BPO-DHPT 5[% MMA % 45C ¥
&. [E% [MMA] = 4.56mol/L, [DHPT] = 10X 10™’mol /L, %5 BPO KEF, {BER
FIBIRFIRE TH Re> DL lgRe 33 1g[BPO] 1R, GHE 2 EL 2,41 520 0.46, H]
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B2 Rp % [BPO], [DHPT], [MMA] ByX0 # &
1.1gRp-1g[ DHPT],Rpoc[ DHPT]**¢ 2.1gRp-1g [BPO], Rpoc[BPO ¢
3.1gRp-1g{MMA], Rpoc[MMAJ"!

BPO IREFHITSEL. AU IERE 1gR, ¥ [DHPT] & IgR» % lg[MMA] %
HNEE, HE 2T ER 1 REK 3 REEMEN 046 5 1.1, NHBIEFEIE
AEHEEHEN

Rr = K[BPOJ"“[DHPT ][ MMA Ji+
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1g[BPOI 1g[DHET] 0 10 20 30 40”;;) 60 70 8 90 100
B3 Re % [BPO], [DHET] W& K4 MMA RESEMNBEESHENXR
1.1gRp-1g[BPOT, Rpoc[BPOT** -[BPO] = 4X 10~*mol/L, [§1=4x10-*mol/L
2-1gRp-1g[DHET], Rpoc[ DHET]™* 1.BPO-DHET, 2.BPO-DHPT 3.BPO-

DMT 4.BPO-DMA
M MMA BIAGREH ,BE M THER
Rp = K[BPOI"*[DHPT]**[MMA]"®
"M, BPO-DHPT 3|’k MMA R&, LR EFRIBHRRAIBAGRE, HRAEE
FEERAERN, HRFE—BRENEES RRAEE HE
Re = K [EAH I LREH [ B AK]

B 32 BPO-DHET 35|k MMA ZERERERANPUNMBRAE. HEBENT

HIR R
Rpoc[BPO]**[DHET J**

HREEETERRAFEWELERNBER LIEY , BPO-DHPT, BPO-DHET X—&
HEFESIEE R,

4 TENBREFHBRERSIZ MMA RenANE

4 %H BPO, LPO K754k DHPT, DHET, DMT, DMA AR5 &k&E%R, #
T MMA ZEA0CHIAGERE . NERREIENRE-HR#ME, SR0E 4 FR. —
WRAERE - AR LB R . E—-NRREVY, PREAM R, FMEEHRA
BOIER B R B B, RN R R EBA RS EE. WTEERBNSIRER, W
BPO-DHET, BPO-DHPT, WIZ & iR EEH et o] g , 2R B9 S (B gk k. WML DHET
B DHPT 5H {758k DMT, DMA #tk, R{Xg5 BPO, LPO {RIFHIPLERTEERE
WEROSIRGER, MESINREYNECLEFEAG (BRE4). Ll BPO-
DHPT &% T 14 BHA % B A R o 1k 5l i

5.BPO 5 DHET, DHPT FR~4MEdXs ESR &g

AT FE BPO 5 DHET, DHPT AWM 2N BEEENERM=ENEHE. K
BT T F B IERE SRR ESR HiEM EHJT &, Kl BPO-DHET, BPO-DHPT
MR EERE. MH MNP UMEFN, B2 wE 5 Fiori BPO-DHPT-MNP A%
B ESR JiEE. THZHANBENRHAR. SHEDOARRETREY 1:2:2:1, XK
BBEEPOEEZE - "N BORRNZE, REEKEZE—-1 -H B—4
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#4 MMA REREGNEAZNEREVHETE

SuE-fia/8 H— ik o 4 ®mAY RIFEA& (Wt%)*

SURER | [0 o
: mo : T : T e, ) X
L) | (min) | o) | (min) | (o) | BF | AKEN | AKHE
BPO-DHPT 41 30 61.5 67.5 123 g @ 3.99 1.16
BPO-DHET 41 30 64 65 123 B o 3.11 0.99
BPO-DMT 41 30 53.5 120 89 % @ 11.9 2.13
BPO-DMA 41 30 51 180 8.5 | o # 13.2 2.64
LPO-DHPT 41 50 59 117 103 a & 6.42 2.02
LPO-DHET 41 50 61 98 109 CR 5.42 1.53
LPO-DMT 41 50 55 195 99 P 7.12 2.34
LPO-DMA ‘4/1 40 51 310 69 % 6.74 1.95
BPO-DHPT 4/4 15 64 50 94 B @& 7.47 1.67
BPO-DHET 4/4 15 70 33 118 B o 8.10 1.98
BPO-DMT 4/4 15 60 57 84 G 11.3 | 3.85
BPO-DMA 4/4 30 50 83 98 Y 5.23 1.68
LPO-DHPT 4/4 o — 58 130 'Bm @ 1.82 1.27
LPO-DHET. 4/4 — - 55 128 B f 1.65 0.86
LPO-DMT 4/4 30 53 115 99 Yk 6.94 0.35
LPO-DMA 4/4 30 48 213 91.5 | e 7.31 0.43

* BRAFRAKE RGBT KRN ] 2.5 /N

B-N B ZRSH,FENER, BEASRTEHCY ad = 140G, af = af = 4.0G, i
Bl'E2H DHPT RN =4EEHBEDAE 1S MNP BRIVNEHMF=EN ESRES,

B 6 M2 BPO-DHET-MNP (k&AM ESR NigE. vhEh=4HV = & H ®.
ag = 14.0G, aff = ¢} = 4.0G, {}iB3 DHET K =47 B H&EH EE 2,

) ‘
R I
XF" C(CH3)z

i CH—'CHOH CH;
. - ! ==
CHy=¢ ~N + ONecw _ CH-CHOH
\_ 7 "~ cm-cnon §Cs > CHig N
~
R
R=QH3 1
R=H, 2

"LR%5HEFEM, BPO 5 DHPT m®5 DHET KR =AMEdE, BREBRE KA
BTN o B ENESHRTERNYERE. X5 BPO-DMA, BPO-DMT KRR R
FREIE % 3,4 USRI, HBEEFIAFE s H.

6. BAMEIMES |

BELME PMMA BT RN 1ERIMY IR LRIl R MR S 3 , B B
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& 6 MNP-BPO-DHET {kR#ZE#d ESR K

13

5 MNP-BPO-DHPT 7EZh ESR igH

B 7 BRI, BigkE L BPO-DHPT, BPO-DHET {RAZ|I KRR A PMMA &5
A, 75 255nm J 310nm 40 BLTUCHE ) 3 5 DHET, DHPT HRHAERMCIEEAR
AL, UHR A WS A4 DHET, DHPT MR, Mffﬁ@mﬂ@ﬂﬁ?éaﬁg m%

1,225 751 %M.

'S 34

400.0

300.0

200,0
- 1 P f&{nm)

H7 smESR UV R _
1.DHET (0.1mg/10ml) 2.PMMA(5img/10ml, BPO-DHET 3|%)
3.DHPT (0.1mg/10ml) 4.PMMA(49mg/10ml, BPO-DHPT 3[%) -
5.PMMA (133mg/10ml;, AIBN B|%)

» LUK, |ATA% BPO-DHPT, BPO-DHET {5 RHLESE BPO-DMT Hj5|%
BLEMR U, AT R T _
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i |
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— CH-CH,0H
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/ CH,—CH,0H
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BPO/DMA /MNPt —N 3 14.4 7.6 3.1
Q NcH,
CH,
BPO/DMT/MNPLI3 cH,—( y—n{ 4 14.4 7.6 3.1
\cH, '

¥fEH,> [BPO] =5.0%10~ mol/L, 0.5mL;

[MNP] = 4.0%10~*mol/L, 0.25mL
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STUDIES ON THE VINYL POLYMERIZATION AND ITS MECHA-
NISM INITIATED WITH ORGANIC PEROXIDE AND
N, N-DI(2-HYDROXYALKYL)-p-TOLUIDINE
SYSTEMS

FU Jie, GUO Xinqiu, QIU Kunyuan, FENG Xinde

(Chemisiry Depariment, Peking University, Betjing)

WU Qiuren

(Chemistry Department, Jinan University, Guangzhou)

ABsTRAaCT

The polymerization of methyl methacrylate' (MMA) initiated with organic peroxide, such
as benzoyl peroxide (BPO), lauroyl peroxide (LPO), and N, N-di(2-hydroxyalkyl)-p-toluid-
ine, such as N, N-di(2-hydroxyethyl)-p-toluidine (DHET), N, N-di(2-hydroxypropyl)-p-to-
luidine (DHPT), or tertiary aromatic amine such as N, N-dimethyl-p-toluidine (DMT), N,
N-dimethyl aniline (DMA) systems has been studied. The polymerization rate R,, overall acti-
vation energy of polymerization E., and the rate equation of MMA polymerization in toluene
were determined respectively. It was found that the order of R, as follows: BPO-DHET>
BPO-DHPT > BPO-DMT > BPO-DMA >>BPO, and the values of E. for BPO-Amine systems
were always smaller than that of BPO alone. In the MMA curing reaction using the BPO-Am-
ine initiation systems can decrease the curing time and shorten the time required to reach the
peak temperature.

From the ESR studies on the free radical intermediates produced from the BPO-Amine-
MNP (2-methyl-2-nitrosopropane) systems, it reveals the formation of radicals 1—4 (see Table
5). The UV spectra of PMMA solutions reveal that the DHET and DHPT moieties are present
as the end groups of polymer obtained by using BPO-DHET and BPO-DHPT initiation sy-
stems. ‘

Based on these results, the initiation mechanism for BPO-DHET and BPO-DHPT initia-~
tion systems were proposed.

Key words Redox initiation systems, Orginic peroxide-N,N-di(2-hydroxyalkyl)-p-tolui-
dine systems, Kinetics of polymerization and reaction mechanism, ESR spectra, MMA poly-

merization





