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Q Atz Z2AHwtew £WAS wWolrglx] 94 poly(methyl methacrylate) (PMMA)
g 7relslslr] sk, poly(butyl acrylate) (PBA)S coreg 33 PMMAE shellg 3&l&
core/shell 77 TFUYAE seed F3lET o2 FAslo o]E2 PMMAE 7A3tetqct. d48
t}eFgt core/shell izte] e rzel Bk AxdYFE OE #AReEn. n¥gAe =277t
220 nm olatell A 7313} PMMA%% FH44& fAstn AArt. Core Z]’ o} FeFol Z71tel
we} FAZES} I Al Z71EI o, B E, FdEAE, JdAREE TAEE o
2o} ke 20% 2 1D }a’i %2%70‘55 150 nm9] JaAz A Aol FARES B
st oj2A ¢dxAvIY & A =
£

o N\O
£ .10

ABSTRACT: Poly(methyl methacrylate) (PMMA) was toughened with core/shell rubber par-
ticles, for which the transparency was maintained by mere controlling particle size. The core/
shell rubber particles which contain poly(butyl acrylate) (PBA) as a core and PMMA as a
shell, were prepared by two-step emulsion polymerization. The toughened PMMA was ob-
served by electron microscopies to investigate the dispersion of rubber particles. The blends
were transparent when the core particle size was smaller than 220 nm. Notched Izod impact
strength as well as elongation at break increased with increasing content of rubber particles:
Modulus, yield strength, and tensile strength were decreased with increasing rubber content.
Full impact strength were reached at the size of rubber particles of 150 nm.

Keywords: toughening, acrylate, core/shell, particle size, tensile properties.
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e ABSE2 PMMAE 7elslsir) v stdch.'s
ol APFdME el PMMAS £HAL 98
core YJzte} PMMAS 2HEL H&sid & 23

0.2 styrene To A E cored] =YEAT. ¢
Zte] 2718 83 FA sH FPEAe AT $

A Aoz doA denz, B A7dME A139
SEAE EehA] R fretEde] 218 2EEY

=

e dAE vEY FEAde "ojwalal gows
PMMAE Z1stslzt stdch Corezs 18 Ake]

poly(butyl acryate) (PBA)E <}t 7lmAlA A&

a0 shellz= PMMAE Al23idth. PMMA

o] FEAE “401“?41] % HAdl A st a7
[e]

o] QIaAE ke x ojE3 PMMA 38 Bdx=g
uzke 727 19} dedol me WEAY T A

d H

Algt 2l 2. 2EER9l MMA2} BAE Junseio
AFS 10 wt% NaOH 8802 33, ZH55E 3
3] A ¥t ZIFAAE AAS F, -5 CE IR
A defollA Abg-sidh A= Aldriche] 1,4-
butanediol  dimethacrylate (BDMA), &3lH|=
hydrophilic-lipophilic balance?} 40%! Alcolace]
sodium lauryl sulfate (SLS), 7JA|4l= ammoni-
um persulfate (APS)2} sodium metabisulfite
(SMS)& Aldriche] 329k 2@ AHg-aich
oo A g2 ARR-3 B& Aqua Sense?] Ultra Pure
Water System& A}&-3}0] o] & A AT & Alg-3)
o vl A 29 PMMA S Exzjgko] 120000,
L&A 7E 1670 SapEgsiste] HY0202 A3}
At

2IXte| M Z=. Core/shell )zle] 43232 seed

FEHHUE o] 3T core A F2} shell FAjel T WA
2 Uro] Resigh 94 wherlel & 450 g3 &
A& Y1 350 rpme g wukshA uke-2%0l 40
CTE 247 g WAl APSet SMS& 77}
1.388 g, 0.081 g& a1, core U}"Jiﬂ BAE 36.7g,
7laA] BDMAE 0.74 g& 43 & 147 B2t gt
SAA seed TEIAE AT YA=27)7} TE core
/shell 72 2E 7] Y&l seed A FAJA] ¥
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PBA/PMMA Core/Shell ¢ 2} &

o] F& #3Al SLS9 %<& 0.294, 0.257, 0.220,
0.184, 0.147 g2 2¥} 39t Core &A= seed
gl 2o 7RA1A] APS 1.295 g€ $3, semi-batch
WHoz BA 261.4 g3 BDMA 5.22g8 34719
AR FYsld ARs . Core/shell gela= of
oA A2 core Ao MMA 110.3g& 94 &
E2 AT ZA FAEEA dkAlA At
Core W2} shell Pl semi-batch Hb oz
FU3= F<Qt SLS 1.004 g3} SMS 1.146g8& &
92gdl =9 FEAE dA £z FYslgon,
shell ©akd]o] Felo] By 5 40 CoA 147 &
= B ete ghg-g AU Pl B e
2wt% MgSO, #8doz S33 F A Hsin A%
3}o] core/shell Y AE AT},

S3g U AlEAZE. PBA/PMMA ¢izk2 PMMA
72t 10~30%2] 98] 7] FA6E 4L F o
%% 7] (Berstorff, model ZE25, I/D=25)2
230 C, 80rpmoilA] &§¢23te] pellet Ate] E#l
=& dAg. o]& 200 °C, 13000 psidlA 2087}
248 sle] T4 3.2mme] W& WHET, o] ZRE
FAANETY °]Z“]‘§°" Qa3 AEE ZEhA
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PAL)Z notch& o nj sy}, 944 L A|A
& ASTM D638 Type 1] 77 uwe} e 714
Z2 dumbbell ez TEUTH AFAIHe Z7|=
AAdo] 165mm, AHE 19 mm, gauge section
2] Zo] 57 mm, & 13 mmo}lth.

24 9 AE. Core ¥ core/shell 2Hel2 ¢J=}e]
Axt=z7] 2 Z7|EEE= Matec?] capillary hydro-
dynamic fractionation 77|22 Z3&3lgct. FAb4
28] (SEM) & Jeold] JSM-840A 7|71& A}&
st A AL 2xoA A dvig BEIH
Eapd e 4 (TEM) 232  Hitachi®] model
600 717158 Al&3tg e AHE 100nm =] £
7|2 microtoming®te] copper gridd] & ¥ os
mium tetraoxide 4 wt% F8&Noz 287F A
A iR}
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Figure 1. Scanning electron photomicrograph of a
fracture surface of PMMA toughened with PBA/
PMMA core/shell particles.

500 nm

Figure 2. Transmission electron photomicrograph of
a stained thin section of PMMA toughened with
P(BA-co-styrene)/PMMA core/shell particles.
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Figure 3. Impact strength as a function of rubber
content.
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Figure 5. Tensile strength as a function of rubber
content.
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Table 1. Mechanical Properties of PMMA Blended with Various Amount of Core/Shell Particles

particle rubber impact Young's yield tensile elongation

code content content strength modulus strength strength at break
(wt%) (wt%) (J/m) (GPa) (MPa) (MPa) (%)

B0OO 0 0.0 10.8 2.8 745 65.8 6.0

BI10 10 7.3 15.0 2.6 60.3 46.4 74.2

Bl5 15 11.0 220 2.5 55.6 439 87.6

B20 20 14.7 341 2.3 542 436 96.6

B25 25 183 407 2.0 48.0 422 108.4

B30 30 220 446 18 437 41.0 110.7
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