Polymer(Korea) Vol. 21, No. 3, pp 438-447(1997)

S EA ZEA 2PN Y Y 2AS
2EA SR 2EZA 543

@ A% 9 £ 09 372 F @
A st shehgetn, *g @ et Al
(19963 114 4

Morphology Characterization of Multi-phase Polymer Composites by
Viscoelastic Property Analysis

Hyun-Jae Ha, Young-Jun Park, Jung-Ho An*, and Jung-Hyun Kim "
Department of Chemical Engineering, Yonsei University,

134 Shinchon-dong, Seodaemoon-ku, Seoul 120-749, Korea
*Department of Polymer Science and Engineering, Sung Kyun Kwan University,
Jangan-ku, Suwon, Kyunggido 440- 749, Korea
(Received November 4, 1996)

2 o o EA nEx BEAe e 42 FAs A BgA EaEo] As At
REZAE B4 SHE e 2E2XE Y YA ARAl AMEE large parti-
cle (LP) %} small particle (SP)7tel 4840 A &8 ¢ F AT SPe] &R} Alzol
LPo} o Hxol 4848 fx|3uld oA el Ao @A2] §t SPAl&e] diffusione]
ojufir olof] whe} SPAYel Z7]7} FolAl Hug eolejd F2HU WAyt 54 7AH el 3
kg ulA] SPe] relaxationo] Yeb}z] @448 & 4 AAch WA SPe] &zt Abent LP7L
o AgAdol EAEA Fod o Aol A EXe] Fet diffusione] dojubA] ggtem S3E
YAl 4 SPAS) BAL A% fAEE ¢ F AUk BAFH oz Y das} dEH A QiAjete
dEd BHsg 9& ni ABEe 1 VIAA EA A% BidH Ue $HE A =
Z270 ue} gdzA vebdoh

ABSTRACT: The viscoelastic properties of emulsion blends composed of matrix and
heterocoagulated particles were measured to investigate the morphology of the
heterocoagulated particles. The microstructure of heterocoagulated particles depends on the
degree of compatibility of small particles (SP) with large particles (LP). If the constituents of
SP has a certain degree of compatibility with that of LP, an interdiffusion occurs during the
annealing process at the dispersion state and the SP component in the heterocoagulated parti-
cles loses its own characteristics. On the other hand, when the SP is not compatible with LP,
it was found that the SP formed its own phase. As a consequence, the molded specimen
made from the emulsion blend of heterocoagulated particle and the matrix shows different
dynamic mechanical behavior depending on the morphological characteristics of SP.
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Table 1. The Recipe for the Preparation of Large
Particle (LP), Small Particle (SP), and PMMA
Matrix Particle (MP)

=
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Table 2. Particle Size and Particle Size Distribu-
tion for LP, SP, and MP

number average weight average (D)/(Dy)

component reaction makeup (g) diameter (13,) diamether (D)

LP SP-S SP-M X-SP-M MP LP 295 nm 301 nm 1.02
MMA 180 - 1971 1971 500 SP-M 48 nm 51 nm 1.06
ST - 1971 - - - SP-S 41 nm 46 nm 112
BA - 729 728 729 - X-SP-M 74 nm 78 nm 1.05
AA 09 135 135 135 - MP 103 nm 110 nm 1.07
DEAEM 18 - - : -
SDS - 52 52 - 72
KPS _ _ _ 29 34 = 2xd =2dhd AAAAQ AIBN-oE &4&
AIBH 18 - - 2.7 - bt 3L AAE). MRS Zhee uel v
AIBN - 55 55 - - 2o s oA FEAS 4 Utk £ o
114'b‘1tandi°l - _ _ - - 2 ZH9] SP, crosslinked poly(methyl methacryl-
glcr;?)';f;acrylate _ W75 175 IES _ ate-butyl acrylate-acrylic acid) (X-SP-M) & 7hu
DDL water 1800 1530 1530 1522 1272 A= 14-butandiol dimethyacrylated AM-3l

Waco Chem., U.S.A), 121 azobisisobutylroni-
trile (AIBN:Junsei Chemical Co., Japan)o] A}&5]
A1 4% ahr AHgElE T F3HA 25 sodium
dodecyl sulfate (SDS:Duksan Chemical Ind., Ltd.,,
Korea)7} ASHISIT o o] 4¥e] BAlglol 2dha A
g3}9dv}. 28]l distilled deionized water (D.D.L
water) 7} 2E F8dl AU

Z 8 A ) EFe aheazt ok} 2ol A
#2lt}. Table 1& large particle (LP), small par-
ticle (SP), ¥ mjEgdxg A14-® PMMA 4z A
Z2E 98 recipeg HolFu itk RE FHS A
A t]7] 3ol 2L stirred glass reactoro A zl3s}
Ak GBS 7 LPE Ffst FEHHEE
70 CAlA 24413t Bt FHHAUL? LP Az A9
ZA4de HA pH ¥ WolA amined} carbox-
ylic 71%4 2ele] AdAQ F& HsAA 24
st & AdME 5 7 FHe] SP, poly
(methyl methacrylate-butyl acrylate-acrylic acid)
a8l poly(styrene-butyl acrylate-acrylic acid)
(SP-M, SP-S)7} A}85%led ol= 80 CollM 24
A|7} %<t micro-emulsion £3& F3ld AXHIU
t}. SP-Ss} SP-Me] Zqel|rl= WA {3t AR
g gakxo] g2 wutst & D.D.I waterE H7t
3te] micro-emulsion & A%} ]2 ¥ micro-
emulsiong W7ol A mRkEAA 71 § A}
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gatgct g~z A-E PMMA glxie} X-SP-
M& SP-M (¥ SP-S)s} & aj2 70 ColA] 4
A7t B FE A o|FA AxE dzkEe] 2] F
7] ¥+ Table 24 Fejatdrt. =27 2 4=
37] B¥E capillary hydrodynamic fractiona-
tion (CHDF-1100, Matec Applied Science)2 ©]
£33t FA A

Zeta Potential. AJ=3% Al EH zeta poten-
tial= zeta potential analyzer (dynamic laser light
scattering, Zeta Plus, Brookhaven Instruments
Co.,, US.ANE B3l A o o9 pHE 0.1
N HCl == NaOH &8¢z zdsict Fig. 14
M 2elze] pHE 288718 54% LPst SPe)
zeta potential curveZ Aaldl] Et}. Fig. 1A
B ule} o] LPe SHA (isoelectric point) &
pH 6~7 AlelojaL, Al ME +40mV HH 9
ARE A& 7R, gl Fd9dME -60mV
o] H9E s vk A3l SP& pHel
BAGe] BF -70mVellA -40mV {9 ANE
7He &4 Uth

27| (Heterocoagulation). $8€ M. Okubo’s
methoddl|! 28 olzie}l #e] iz ch: (1) LP%
SP (SP-M, SP-S, £+ X-SP-M)& z% 10%
o] HA 54T F 27e] pHE 05N NaOH
2ag o]gsle 100z FFE (2) 2 ¥ LP
gte) 29} SP 2t AE A2dA] BAFET). (3) £
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Figure 1. pH dependence of zeta-potential. (@):
Large amphoteric particle (LP) and ('¥): small anionic
particle (SP).
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o] B SP2 Zrolu}. AdA oz o] NEHe F3} Figure 2. Electron micrograph of latex particles. (a):
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Figure 3. Schematic description of sample prepara-
tion.
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Table 3. Calculated Apax, Content of SP in
Heterocoagulated Particles, and in the Final Mold-
ed Sample

kinds of SP

SP-M SP-S X-SP-M
185 243 90

Nmax

content of SP in
heterocoagulated particle(%)
content of SP in the

final molded sample(%)

4435 39.48 58.68

13.30 11.84 17.60

Ho|Ae] AFEEL 12% Fxolch. Y UAM
Ao SP (SP-M £ SP-S)%Hg wjE3y A9} Bd
93 simple blend® $|9} @& Hxlz A x3YT
o] uj shite] SPe| s SP AFE-gol 22 10%,
30%¢! F Z79] simple blend& A Z3Qt}.

HetY B4 # welfol2zo HF. Ax§ A|E
of Fed B4 (54 714A E4)L 22E WA
71HA] dynamic mechanical temperature analyz-
er (DMTA) (Polymer Laboratories, Model MK-
m, UK)E &339ct o] of AMH-3F frequency}
exMe = 24z 1Hz 283 20 'C~200 Colt}. 3
‘C/min £E2 255 W3A7)'EA] storage ten-
sile modulus (E" )¢} tangent of phase angle
(tan 8) & F4 st

Al el felHo]l& % differential scanning cal-
orimetry (DSC) (Polymer Laboratories, U.K.) &
ARS8l EZAgstgd o ojne] $& &£:& 10T/
min©°| o},

Zzp 3 0F

Fig. 49lA &= LP, SP-S, SP-M, Z18|x sjEgA
4 =te] storage tensile modulus (E') 2 tan 8&
Btk Zze) AHe 2o feldelexd
3 154, 75, 63, 28] 147 ‘ColA 2] relax-
ationHg HE & 4 vk LPe viEE”: ¢z
o] FERE Fo] MMAc|nz Z}Zte] fa|Hol
Tr His=dA UEid S ¢ JdTh

H-SP-M-30, H-SP-5-30¢] E’ 2} tan = Fig.
59 Aelds] Ut o] F AEE 5 o'8A Add
dAd 70 CcE X Y YAE T U
t}. H-SP-S-30¢] 2%, 70 2} 150 CAlA F 7
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Figure 4. Dynamic mechanical behaviour of latex
particles. (@):Matrix particle (MP), (A)large particle

(LP), (¥):small particle (SP-S), and (#):small particle
(SP-M).
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Figure 5. Dynamic mechanical behaviour of the
molded specimen containing heterocoagulated particle

annealed at 70 'C. (O):H-SP-S-30 and (a):H-SP-M-
30.
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Figure 6. Schematic comparison of structural devel-
opment during the annealing process of hetero-
coagulated latexes depending on the kinds of SP. (a):
with SP-M and (b):with SP-S.
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Figure 10. Dynamic mechanical behaviour of simple
blend composed of MP and SP with SP content of 10%.
(O):S-SP-M-10 and (¥):S-SP-S-10.
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