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R R ERE A T S EAE(TBH) S5 fhERRE (P) ARESIZRFERE
BEE (MMA) &Y, i TBH SIEHRPEGH (MP) BelfE0 REBMSIRER™,
AT WKL LA DN B IS ELMSIRREHEMN, ASCRAEMEIL & L 9:
KRR (BPO). dH A AkERE (LPO). TBH. WHKF B TEE (TBPB), i
LRI MP RHEATEM N-PEGH (NMMP), N-ZEWGH (NEMP) 34 /& #1 51
& MMA RERIEM,

L R HEE

MMA WAKRSEETERANERKIT HHTH, MP X MMA RAEMEWHMAT
RBELEEAmRE. X TIEMABELA BPO, LPO 5[R MMA RA,& M MP 1|
EERSERER, RRRGEE R, SREVNSTE. SHRE15% 1. MP %
TBH 518 MMA K&, FSHEREAEK, BEEGRSERE, Hl TBH-MP "{E%
MMA ARSIRAER. MP X TBPB S| REGHEWMAERETH,.BE R,. T
BiHE MP SITH _BRIEAMBNTEEARERTHERORS, BFRXNRRBTLE 4

RER.

W1 MMA HRA MR

‘ [MP]/Lit R 2] %2 M ReX10° REVHTR
R (mol £6) &) (mol/1-5) )
BPO ¢ 1 23.0 71.5
BPO-MP 1.2 3.47 10.6
LPO 0 1 33.0 51.7
LPO-MP 1.2 17.3 17.3
TBH 0 18 3.05
TBH-MP 1.2 23 5.8 29.8
TBPB 0 21 3.1 311
TBPB-MP 1 64 10.4 108 -

* [ ¥1=2.0%x10"2mol/1,55°C

* 19854 2 B 27 BUE.
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E1 MP X MMA RAHER

iR 1=2.0%X10"*mol/1, 55°C
1.LPO; 2.TBH; 3,TBPB; 4.BPO

B2 NMMP % MMA BAHEM

(S 1=2.0% 10"*mol/1 50°C
1.BPO-NMMP; 2, LPO-NMMP;
3. TBH-NMP; 4. TBPB-NMMP

2. NREOHWKRES NN

BRAENRBESES KA MMMP, NEMP X MMA RA&MEWS MP RHE, L&k
&2 BPO, LPO 5% MMA HE&,& M NMMP 5 NEMP #MesR#ERS, & R.,
HEEWE 2 iR, NTHEHMSE/AY TBH, TBPB, MMMP 5 NEMP ##&
REEMRE R ERWE 2 5% 3R, FAABIRKREN R, BIHFEY

BPO-NMMP > LPO-NMMP > TBH-NMMP > TBPB-NMMP X—IffES&Em N-
ZEREN AEIE DGR MMA RANIRFY—8. RAWHSTFEVWER, R X
Eo TR,

®2 ARSIRERE MMA FRSHE"

§ . [/ Ui e r] B e M Rp% 10
ElF-2: ¥

(mol 1) (min) (mol/l1-s)
BPO 0 1 14.3
BPO-NMMP 0.5 42.3
BPO-NEMP 1 2 28.6
LPO 0 19.4
LPO-NMMP 24.5
LPO-NEMP 1 23.3

* 8B ]=1.0X10""mol/1,55°C; BLBEEH LPO &/ ¥ 0.75X10 *mol/1,

&3 I, N-IREGH (NMMP 5 NEMP) 3 BPO K RMIE B K, fi NMMP
HEMREL NEMP B, XRHTLELRENSHEKX, EXRRBRERET LRI
F5 BPO WA, Xthil A F—HUENREZWE G E BRI,

IR ERE, WPk HRA MP % BPO-MP, LPO-MP kAL ER B
REAERB I EIRRE B MR WE0 N5 2wk /9 #a §Ld 8w

RV, (B & R, Ll BPO-NMMP SRR Rp &R,
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™3 N-GRAGHBKI MMA REHEM*

RpX10° MWw* RpXx10® MwW*
SRR (mol/I-5) ) SRR (mol/l+s) an
BPO-NMMP 60.8 17.2 BPO-NEMP 35.3 29.1
LPO-NMMP 23.1 55.2 LPO-NEMP 21.9 50.4
TBH-NMMP 6.81 98.6 TBH-NEMP 5.29 43.4
TBPB-NMMP 3.57 259 TBPB-NEMP 3.35 257

* IN-REMK] = [MRLHI=2.0X10"% mol/], 50C; BAWHS TR i [5] =0.48%10-M"* (di/g,
CH,,C1,25°C)%? 3.

3. MMA RAREERE/MLEE

EARRBE 35—50°C T#fT MMA & ,0L Arrhenius fEES:, HEI 3 MR 1 i+
i BPO-NMMP KRR HIRA RMEILEE E. 24 10.2kcal/mol, WBHEHKRA E—
HAAFK 4., HF 47 J BPO-NMMP, BPO-NEMP Bk RA W B E, B AR
BPO B|&RMHK, #% R, BB A4, i LPO-NMMP, LPO-NEMP % Z ) E, 58 R
LPO #:#iH, Wik R, FOMKIBEE /N,

4. REBLELThH ¥

0 3.20
YTXI0¥K-1)

B3 laRe 5 /T XA
1.BPO-NMMP; 2. BPO-NEMP 3. LPO-NMMP; 4. LPO-NEMP

¥4 MMA RENERE/LE

5 & & A E (kcal/mol) ax (o
BPO 20.5 309083
BPO-NMMP 10.2 3550
BPO-NEMP 11.6 3550
LPO 18.4 40—60t
LPO-NMMP 17.1 4055
LPO-NEMP 17.1 40—~55
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1.1gRp-1g[ BPO]; 2.IgRp-1gI NMMP]; 3.1gRp-Ig[MMA]
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DL BPO-NMMP %35 R&R,EE NMMP 7K A, %3 BPO RE,fE 45CMMA X
®REE, BEAFSHE. MEIWEKIM2T03RH R, 5 BPO REMRR N
0.47 %,5 NMMP JREERIR RN 0.40 4, K

Rpoc [BPOT*7[NMMP]**
040 0 GOIgEMM”O " igMMA]
T 7 = T = 0.60 0.80 1.00
1 , . ,
-3.30 2
/ 3 4-3.60 1
L ~3.501-
/ . < 43,60
~3.50(" 2 eg-3.60f 2 K
20 d&‘/ J—3.:;0 2

/ 4-4.00 - \
. & -3.70- / ‘/./‘,r
1 T 4-4.00
-3.70p . -3.801
] 13
7% Lao W =7.90 160 10
15011 117

B4 IgRp Hlgll] 3\ Ig[MMA] %R A5 IgR, 5 Ig[I] & 1glMMA] B9k R

1.1gRp-1g[LPO]; 1gRp-IgIMMA] 3.1gRp-1gNMMP]

REX#EN, BEE BPO, NMMP JRBEESFF12H 1.0X 107" mol/l, B3 MMA JREHE
45°C TRE. HE4 KR 3K gRe X 1g[MMA] BIXR, R MMA REKKE S
#H 117, Hik MMA REEEHEX

Ry = K[BPO]*[NMMP]**[MMA]*-¥
BRAREBEGTBER LFAERAMERIRRAHEEST R,
BHERSRIEE S PHRAE (DP) WEARY

1/DP = (k. + 2k:a) Rp/ k3 [M]’ ¢))
%5 MMA REEESREVHSTE
[BPO1X 10* [NMMP]x 10? % 5 W RpX 107 MW
1/DPX10*
(mol/D) (mol/1) (min) (mol/1-s) 10-%)
0.50 1.0 6 19.5 48.6 2.06
0.78 1.0 5 23.9 37.8 2.65
1.00 1.0 3.5 27.0 34.7 2.88
1.39 1.0 2 31.5 27.8 3.60
2,00 1.0 1 37.6 23.4 4.27
1.0 1.56 3.5 31.2 28.9 3.46
1.0 2.00 3.5 34.8 26.9 3.72
1.0 2.79 2.5 39.0 23.5 4.26
1.0 4.02 2.5 45.8 21.7 4.61

HABIRA REHBEARA LR,
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1/DP = K'[BPO]*[NMMP]** )
MFE 5 HO¥IE, DL 1/DP X [BPOI*S 3R 1/DP # [NMMPI™* #E,THFERER,
HBARE F(2)R %R I /DPE| R FIRENX A,
M LPO-NMMP {KR35|Z MMA RE&FNFNRRABEE S WER., BHEIRZ
HERAEEHRE,Y NMMP RE/NTF 2.8X 10 mol/1 i , REEE HBA
Ry = K[LPOJ***[ NMMP]*¥[ MMA ]**

BB IE RS T SR E R, B) [NMMP]/[LPO] = 1—2.8 |}, LPO-NMMP R
BEMARESIREKR., HERBKEN4.0—8.3X 10 mol/I K, MEH—RAEEITE
Rp = K[LPO]"**[ NMMP]°**[ MMA J**

iXRF NMMP xf Rp H KA,

B AR SH S EMNERERPFESNRE, ERIREE.
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THE EFFECTS OF MORPHOLINES ON METHYL
METHACRYLATE RADICAL POLYMERIZATION

QIU Kunyuan, SHEN Yibing, and FENG Xinde
(Department of Chemistry, Peking University, Beijing)

ABSTRACT

The effects of morpholine (MP), N-methyl morpholine (NMMP), and N-ethyl
morpholine (NEMP) on methyl methacrylate polymerization initiated by benzoyl pero-
xide (BPO), lauroyl peroxide (LPO), t-butyl hydroperoxide (TBH), and t-butyl pero-
xybenzoate (TBPB) respectively have been studied. It was found that in the poly-
merization using BPO initiator, the presence of MP decreased the polymerization rate
R,, however, the NMMP NEMP promoted the polymerization, and the order of E, was
BPO-NMMP > LPO-NMMP > TBH-NMMP > TBPB-NMMP. The activation energy
of polymerization and the polymerization rate equation are determined.





