Polymer(Korea) Vol 22, No. 4, pp 611-618(1998)

e 3 HHE2 dAE TR 2 EA FiNY
71AA €4 37 A7

1Y - UFY* - Yzt
Aol nixgta, a2
(1998'3 24 194 H$)

Polymeric Composites Containing Hollow Latex
Particles with Reactive Functional Groups

Jun-Young Lee, Jong-Myung Park*, and Jeang-Ho An'
Department of Polymer Science and Engineering, Sung Kyun Kwan University,
Jangan-ku, Suwon, Kyunggido 440-749, Korea
*Korea Chemical Co. Ltd, Central Research Institute, Yomgin, Kyunggido 449-900, Korea
Yo-mail © jhahn @yurim.skku.ac.kr
(Received February 19, 1998)

2 9 4T 2] FARE A% o2 A FH 2F AEL AT Guildet
Younge #¥84Hdl o AME 2AZ $HAF A=A Y 17 YA FF (void)
F Alojdle EtiE Ajol7l fleE AATR vl itk & dYdde FF Y e e
AEA BEIAE Az ol9] JAH A AAA=E =AY 53 FF e 39E
NAAA T3 YA HEHR Alojd] AVRAHE 23 o]d wg JFT FHIAY. 53
YA TPk nEA HHA ] B EL A FA A HRIAY o 2 g 7Y A=
o ZAdgt=e 4YE 9o Hdlo ARG Ad A8 old F% A= AWAAE
71 g AR E BT

ABSTRACT: Various types of rubber phase have been used to toughen brittle polymers. Guild
and Young claimed that holes may behave like rubber particles, since their finite element
analysis revealed no considerable difference between the two in terms of concentrating stress
on the surrounding matrix. In this work, the mechanical behavior of polymeric composites
containing hollow latex particles has been attempted. Especially the effects of the degree of
interfacial bond between hollow particles and matrix phase have been examined by using sur-
face modified hollow particles. The modulus of specimens containing hollow particles main-
tain the value of the neat epoxy, reflecting the properties of the hard hollow particles with
high T,. Tensile strength shows max. value at the MAA content of 5wi%. The fracture
toughness is increased by employing hollow particles and show its max. value at the MAA
content of 1 wt% which is the least among we have tested.

Keywords: hollow particles, interfacial bond, tougheness, epoxy, tensile properties.

&l A223 A4E 19983 7¥ 611



ol &%

M B

% 2 g B39 e o] FYE
w3 Qlont gl x Wi djREo] ¥l FIroz o
Fo1W A& ofmdct. o] Y] Eefo] g FHL
Epago] B5PTE sk TiOp9 dAERR
e x Ui ¥ Fzroz g A dAE o] 83}
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Mg N2 olde $F 2 gA4e AFAHY
F3EE2 Az PP dad dqHA g’
o8 AxE AL AR FF Y2 guAA
o Alg¥E YHAZE  methyl
(MMA), styrene (St), n-butyl acrylate (BA),
acrylonitrile (AN) 28|11 methacrylic
(MAA)E AMg3l9l e hydroquinonest e %
FAAE AAs] 93 5% FAPEF F&95
FHrl oAzH Al ¥t B B F ALY
t}. XAl Z = Ammonium persulfate (APS @ Al-
drich Chemical Company, Inc., US.A) ¢] A}£-5]
A3 7Y adlz ARk f3H 2 poly
(oxy-1,2-ethanediyl) (Co-436, Rhone Poulenc,
France)& A &4 ¥ Iz A3 ¢

methacrylate

acid

o AR E-& distilled deionized water (D.D.I
water) & AME-314 .
qZA A= 2FWFAH  AFA FyanQ

diglycidyl ether of bisphenol A (DGEBA : Kukdo
Chemical Ind., Co., Korea)& AMg-sl5lon A&
£ YD-1289]1 equivalent weight= 187 gmol o]
ot A3Ale ALF o9l ARl aminoethyl pi-
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Table 1. The Recipe for the Surface Modifi¢ation
of Hollow Latex Particles

component HP(60-1) HP(60-3) HP(60-5) HP(60-7)
HP 200 200 200 200

I DDlwater 21 21 21 21
APS 04 04 04 0.4
I DDI water 104 10.4 104 104
CO-436 0.1 0.1 0.1 0.1
BA 374 374 374 3.74
St. 3.93 393 393 393

m MAA 0.19 0.56 0.94 131
MMA 10.28 9.91 9.54 9.16
AN 0.56 0.56 0.56 0.56

Table 2. Characteristics of Modified Hollow
Latex Particles

particles MAA content expected T, of
in the shell (wt%) shell (C)
HP 0 -
HP(60-1) 1 60
HP(60-3) 3 60
HP(60-5) 5 60
HP(60-7) 7 60

Table 3. Particle Size and Particle Size Distribu-
tion for (modified) Hollow Latex Particles

number average weight average

diameter (D,:nm) diameter (D, :nm) D./D,
HP 4054 409.2 1.01
HP(60-1) 4549 455.8 1.00
HP(60-3) 4365 4437 1.02
HP(60-5) 438.3 440.5 101
HP(60-7) 430.4 4329 1.01

Capillary hydro dynamic fractionation (CHDF)
o2 AT 3 Y2 A (HP)9}F A=A
2 2 x dxte) 37 9 3] ¥ = Table 39)
HAF. AFA FF zZEA AR ave
405 nm #AXo]¥ polydispersity (PDI) & &3
YA E27) 0§ FLEL & AR} o] 8 seed
2 olg3o R3¢ A9 EF 25~50nm =
2 ¢g4A 32717t 7138 e& B3 & PDI ghol
- Bormg FUF YA} FEE ML 4 F U
o B3 AR =8 9F de ERE] M
A 2& YA BAL B3R -8 RAF)
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(b) Modified hollow latex particle

Figure 1. Electron micrographs of (a) hollow latex-
particle and (b) modified-hollow latex particle.

Fig. l(a)dXEe FF =t =] AAHE9HE
ANE BHAFEI Qo (b)E seed #3538 WY
& o]g3ld FF FEx Yzie] FHA MEAZE =
4T, ot g BErIE T 3EAA=RY
A 3 e el Y E BRAFE 2ol

DX SgHe A= £ d¥dAM s AdE 2%
gelx e Eishe EPA Y Az Lo
A2 AE HEHe ¥ JFedE sl o
EgA AAMZA diglycidyl ether of bisphenol A
(DGEBA)E Adgsigion FsHlze 4273 ¢
a3 W@ 2%o|A 317l 7H53 aminoethyl pi-
perazine (AEP)& Alg-3ld E¢d 37 g~ ¢
2te] @ell 2§ AF/EAE AT A A 7
| AdE FF gd2 dAe dA A Fxs
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Figure 2. Schematic description of composite sam-
ple preparation.

[Modifyingl fFreeze drying]

Table 4. Characteristics of Composite Samples
Used in This Study

shell T, post curing  dispersed
() time (hours) phase

neat epoxy - 2 -
C-HP - 2 HP
C-HP(60-1) 60 2 HP(60-1)
C-HP(60-3) 60 2 HP(60-3)
C-HP(60-5) 60 2 HP(60-5)
C-HP(60-7) 60 2 HP(60-7)

P2t 3ol LAUR] ARE FHAZI|AA o
347 ARNA B Ao FF YAE U B
g TSI g ol EAlY] Asivkg ARL A
SHAE FRHE A FA] FA9 TEANIY /e E
Well A 1417kt A2 o2 A3pAl7|a o] 100 C
AM F AsE 2AIEN AA HF AIEE Ax3)
Ak 23 2HUZE 53 oA FF YAE
A Ao LA EEIH=E =Ys] A8 F
F YA (10 wt% ) st A EA FRE 24425 <L 7]
A gt ojs] EIAL Fure AL 99
Y3ttt Fig. 29 n&z B39 A= ARG
3 A NFEE BoiFRon], Table 44 A
Z3 A5 E AR

AN BN VAR B4 F AAEAE, A3
¥, =g 5437 AHA ASTM D695l o
3le] dog born Fele] AHE AFsix UTM
(Testometric, MDL100)& o]&3lo AR2dA
100 kN2] 1&g 7189 A 10 mm/ming] AA}&EE
2 7} A& 530 AEE& HAFHT.

AolstE. AU e (Kc) ASTM D50459] 9
3} single-edge-notched (SEN) &eje] AJHE A
Z&tg o U.T.M. (Testomeric, MDL100) & o] &
3t 10 mm/min®} cross head speed 2 3-point
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Figure 3. SEM micrographs of the fracture surface of
(a) C-HP, (b) C-HP(60-1), (c¢) C-HP(60-3), (d) C-HP
(60-5), and (e) C-HP(60-7).

Al#e] span Zo] [em], W& AlHe] Z[cm], B
= A8 FA[em], a= crack®] Zoj[ecm]E Y
ehlal, Z18]i f(a/W)E correction factor 241
2] (2)9} Zo] #7| 7Hsdi

fla/W)=3-(a-W)"*-

[1.99-(a/W) - (1—a/W) - (2.15—393 - (a/W)+2.79 - (a/W))]
2-[142- (/W) - 0—(a/W))"7]

(2)

AHL 3x60x12mm (spand 48 mm)e] =7
2 A xslgon z} AU dig] 53] o] AP 3}
o F#E FH3Arh

DN-4PB Test. 2 Alge] A Ad)] g€ &
A W 998& BFE] Y8 double notched 4
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point bending (DN-4PB) test& A|83}3 trans-
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616

800 50
5 700 45
S 600 - R
% soo | = I || |-| [ [{ 20
§4oo— — 25 4
€ 300 — —20%
2 200 |- — 115¢
2 1 10—
o 100 5
—
0 0

(a) () (c) (@) (e) (N

ﬁjTensile modulus MTensile strain |

(A)
80
T 60
=
z
2
o 40
5
o
0
3 20
0 o
{a) (©) (c} (d) fe) (N
(B)

Figure 4. The effect of MAA content on A (tensile
modulus, strain) ; B (tensile strength): (a) neat epoxy,
(b) C-HP, {(c) C-HP(60-1), (d) C-HP(60-3), (e) C-HP
(60-5), and (f) C-HP(60-7).
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Figure 5. The effect of MAA content on fracture
toughness : (a) neat epoxy, (b) C-HP, (c) C-HP(60-1),
(d) C-HP(60-3), (e) C-HP(60-5), and (f) C-HP(60-7).
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o] 5wt% ¢l C-HP(60-5)d4 Hughg Holtt
olg 7oz tA AT olHT FFLE vl-
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(d)

Figure 6. TOM micrographs of thin section taken
mid-plane and near the crack tip of DN-4PB samples
of (a) C-HP, (b) C-HP(60-1), (c) C-HP(60-3), (d) C-
HP(60-5), and (e) C-HP(60-7).
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A z=5lolW uhE A|HE transmitted optical micro-
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Aotz & & Uk
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