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Abstract The mechanical and optical properties of PMMA prepared by modified microemulsion polym-
erization (PMMA-MMP) have been investigated, and compared with those of PMMA prepared by bulk po-
lymerization (PMMA-BP). The results show that PMMA-MMP possesses higher T, tacticity, and higher
mechanical modulus in a wide temperature range than PMMA-BP. Furthermore, the tensile strength, tensile
modulus and elongation at break of PMMA-MMP are higher than those of PMMA-BP. The refractive index
of PMMA is little concerned with the preparation method, however, the extinction coefficient of
PMMA-MMP is smaller than that of PMMA-BP, i.e. PMMA-MMP is more transparent. These results indi-
cate that PMMA-MMP has greater potential in application.

Keywords polymethyl methacrylate; modified microemulsion polymerization; bulk polymerization; me-

chanical property; optical property

IR L TN 945 R IR (PMIMLA) J2 32 4 Ay 11 5 3t e A1
S, Pk S B A B AR, PMMA HAT R
TP gty 11 PR Hsf PR RECTRD R 2 M Y, e
s 2 A 2 o A AT VR AR e VA AT A
RN . AR, B PMMA St S B A MR AR
(1) Ji&, PMMA (1) I H AUt AN B 7 .

PMMA RV 2 V52 L5 G WO 45 R T s

* E-mail: hujh@fudan.edu.cn

REWREB IS, WIRBEEXT PMMA B D)%
BG4 1 B S HAT IR g ma ™) 4 PMMA (1975
AR Z, NETERI%T PMMA A 45 Fth 4 Bt
ZERPL LEUAEM TAE S, BATRBAR S T dsod
IR A HI% PMMA 1777, JF HRIZ T 20%
(] PMMA H A & BE R T, (05 a0 Aseep, Ik
AT B E SO LR R A 5 1K PMMA 1)

Received January 5, 2009; revised January 22, 2009; accepted February 18, 2009.
[ K R BFEEE 4 (No. 50873029) RGBT 3h 1% (No. 08431902300). o [ -+ 5 R} 27 54> (No. 20080440569) % B 15 H .



No. 12 W AREE: S T TLIRUR £ T2 1) SR R DU TR T MR 1) ) 22 DA PE RERIT ST 1371

T RoeerRE, IS HARERE A TS PMMA AL
B PR IX R PMMA 16 FH B 5%,

1 KEES

1.1 NE5RF

FH I A 45 1 FF B (methyl methacrylate, MMA, 98%),
Uy B b A ), A R e e R B 2 BHL 2R .
PUIR 1L (ascorbic acid, Ve), 8 H F#REREL SR
FRAA]; 44k % (hydrogen peroxide, H,O,, 30%), T4 H
g R AL T A 5 T i (azodiisobutyronitrile,
AIBN), 1 [ EiR DR TAH R A A, HETH &
Mt 545 . b e AR R B (sodium dodecyl sulfate,
SDS), 41 AMRESCO; 1F /X% (n-pentanol, n-Pt), & H
ARG R, W E RIRRA T, A
a; Sp7, WA SRR TRA R A /AW S A, 7
Hréat.

FER 2 5 H HP Series 1100 chromatography
GPC W5E, ¥4 VY%K (THF), iy 1 mL/min,
FIFRUEZRE 2R SRR WA IE . B il 1R TR R E = o5 )7 91
Bruker DMX 500 NMR Il A TH 54531, 3771 0 AR
17 (CDCly). FF it (1) B AL 3 A2 il 8 (T H]- PerkinElmer
Pyris 1 DSC &€, THEIEZ 10 C/min, P 5 #S
TS 28 I PR T AR B il () B B ) 2 DI A
%M ATLAS LMM il %, HFRELRE: rcbadt iyl R
Hilil %1 PMMA b 270 °C, HIAARR G4 K PMMA
A 240 °C, BEEEE 200 C, FEAHA 20 mmX 5 mm
X 0.8 mm. FEA BN )% U] Netzsch DMA 242 i
i, A 2 il A X (dual-cantilever bending), A% 1
Hz, ST 30~160 °C. Hf4% 10 12 9k B 25 40 )
ATLAS 1121 INSTRON Jll5E, #ifif 500 N, FL{fid A 5
mm/min.  F£ 5 ) O6 %  BU Bl V-VASE  Spec-

tro-Ellipsometer | &
12 BMHENRAGRRSHEERERHE P
(PMMA)

¥ 10 g MMA, 7 g SDS, 1 g iFJREEF 400 g 2
BT K IIFELII SN 1 L (= B+, %=1
SN A, AT, BRI e
e B PMELIBINEE] 30 C, FFERRIAEL FHEEE 10
min. RJEIMAGIEFH], 0.9 g Ve+0.6 g H0,+20 g 255
TR, SIRRAE RN, JLar8hE, BUSLIB AT — i
o, ARUNE. ARG, BN 55 g S AT nE K
BRI R, W R RRE(30+2) C.
AR E RIS, 78 SOV N AREi R 2~3 h, fliE
RN SEA. RIVEER G, 4R EG VIR FLIEE K

AR, PUEREREE R SR FLUOTE, g, PR
BRI R S bR, BT B A T 24 h
BTRREWE T DR, AN KE TR
DUBE, Al o 15 380 10 ] 4™ 49 LT 0 B A v i
24 h. XA ] LLBR S FLAL 7).

1.3 AABEHERRERGERBEE(PMMA)

# 50 g MMA F1 0.5 g AIBN JIA—H &#=15 mm X
150 mm [, INZEIE N, H4h7< 10 min, 7E7K¥ 70
T TN 8 he RNEHE, HEAWE T /D&
AU, SRS K R e, s S 1 2R
FEYE T A B R TS 24 he

2 HR5ITR

73 59 2R Y SOt A B LR & T AR I & 7 ik
il % 75 AL A R HRR(PMMA). 7E % i fe i, 58
K Sk R FL IR 5 77 1) 2% PMMA, 433473 7
R, PR O A AR A B R SRR S AR B
EALHIA A PMMA REf . s, PR 72T
H4 ) PMMA A 77 5OREUH >, (Ul SSedk i ik
FLICER A T71543 201 PMMA 1) IR EE R T, #0085 T A
WG TTIEAF RN PMMA. JLEEAPE AR 1 FoR.
R0 RHIAR)T5 9 o5 1) 5% PP 6 U O 1R HY IS (PMIMA) F 1
i
Table 1 Properties of the PMMA samples prepared by different
methods®

. 5 Tacticity/% 5
Preparation method M, (X10°) T,/C
T mr mm

Modified
sion polymerization

microemul- 50 63 3401 6.16 126

Bulk polymerization 0.7 55.18 35.47 9.35 115

“ M, is measured by GPC, tacticity is measured and calculated by NMR, T is
measured by DSC.
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PMMA X3 5 75 B A A IR R, e (R e s Ak i
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IE DI AR A s 1, ] DR 2 eh el ) ik LR
HRAMRREEHIE K PMMA 1 T, 73512 119 (K 1b)A1
112 'C (Kl 1a), X5 H DSC(FE 1 H T AH) M3 ¥ 45 G A
£, FUZHH DSC il 5 1) 45 R BARS i — 28, 350k
126 1 115 “C. X Ui W] 03k A FLIREER & J7 ikl 11
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Figure 1 Curves of loss angle tangent with temperature
(a) PMMA prepared by bulk polymerization; (b) PMMA prepared by modified

microemulsion polymerization
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FERE it PR A REASE R B IR P AR AL 18] 2 v, B i o b
WG R ZAE 40 CLLE, NULE higRERIE ET0
T AR AR B IR T T B A A [ P I
T, H SO AL R A A 1) PMMA R i EASE & (K]
2a) K T AR A6 & 1) PMMA )i e (1
2b). UbAbh, KTy e Rk A AR, RIS TR as SUR R
B (L, SO AL VBRI 45 1 PMMA B HE
AARTE G R R 10~20 C. 33X 6 sk L
WA 5 (1) PMMA (1) [ BERE AN T, 7 o T AR S
Pl PMMA(5S3R 1 4 AT, 1X0EHh, 40
CLUG BRI EZUE T PMMA =88 i F %
BT, 2 PMMA (R REE T s, ) LS 3=
PN PR BB B PR A 7 2ok BRI L PR R (32 3, A

UEE )RS (K PMMA (R A58 5 46y 28 bl — % 1) B % 1)
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Figure 2 Curves of storage modulus with temperature

(a) PMMA prepared by modified microemulsion polymerization; (b) PMMA
prepared by bulk polymerization

X PMMA ML, Br TEMshd& 2k,
S (R FE b an R AR DRI 2R 5 R T A K R S
IRE L A 2 a] DL H e et A PR & 6 1Y
PMMA FF it AEEAH 58 JEE | 7 A M I 28 -3 1 11
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K2 AFTFESI% R PMMA FIHUERE ¢
Table 2 Some mechanical properties of PMMA samples pre-
pared by different methods”

Preparation Tensile Tensile elastic Elongation at
methods strength/MPa modulus/MPa break/%
Modified
microemulsion ~ 61.3+7.9 1648138 3.721+0.46
polymerization
Bulk polymeri-

. 39.2+8.9 1560459 2.50+0.51
zation

“Data in this table are all averages of four bars each sample, and the value

2

after “+is the mean deviation.

MR, W T, WEREWIAE )2 1 B 7 T R 30k Bl i
Ffa e . H SO R FLIBCR A 4 17 PMMA FF AL AR
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PMMA . A B0 2L, o sk i) A T 2R A i 46 11
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FEf BB A TR DTSR,
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PMMA [ 2% P o 3l i A% I3 D B 1% (Spectro-
Ellipsometer) I i, L J5 21 4 AFFE o I AE — e 3 K
4 (240~1300 nm)¥ifififii Z50(A, tan V), P2
AT EAS RN B EAT N 2 N, N=n—ik, . n—BIEK
KA AT % (index of refraction), 1] k J& A IKIIH 6
Z i (extinction coefficient). Xt T-— &[R4 A4 B R U,
kSRR AN, PIASEE S 4L 45 R A 3 R,
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Figure 3 Cauchy optical constants of PMMA prepared by dif-
ferent methods

(a) modified microemulsion polymerization; (b) bulk polymerization

HE 3 sl DUE S, BASRE S AE ) I K
(400~800 nm) N [IFTHT R n Ky 1.47~1.51, X5 KT
Wt AR E ) PMMA (375556 n=1.49 M, 0] 05 ]
FLSE (R ZEL SO  FD 4T S 2R R AN K. TR T
FRECKRAUL, O FLIRR & A5 T PMMA 13
FHAE R D 3 K TP 240 Sk AR A R 4 % TR B )
50% /A7, HHT AR Ot 22 £l (absorption coefficient,
)5 k OEW R R: a=4nk/i (A NI BEK), AR
FENE N o ISR [D/10)=exp(—al) (I K}
JRJE), D, SO LI A % PMMA LA
PR L A5 IR S B . IX R s X PR R A —
BOgE SR Bt ARG 2 BURE (1 B AU B A B ) IZ

SRR E P el NN VA G WA R R e WP

WS T O SRR & AR R & 614 1 PMMA
FEG RO E e, 25 SR 3R T, ool A L R
A1 PMMA BA B 1) T AVE TR, (6455 1)
UG N A B W ) R Ak, e IR R
J5 A RS e A T A 2R ) L AR AR A5 ) 25 R o v
[, HH SO LI R G 1 PMMA FEGE DGR
HeE N, FIE . DR, P eSOt P A LR R A A% 1)
PMMA H A TN 32 45 FH e [ R ).
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