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£ ¢F:iviAE] HEZH LDPE(HYZ=Elogdal) e 7AY B4E 49 Zo 848
(10%34& 71&)& AR (9~23wt%)9 S7iol we} Z7ishe 3¢S Boly, APEEE
LDPEd] v} 10% AHwel 728 vtehligich vHd, i gL de2gdsd dwt%olAl LDPES
20% 8 At AHBAA 2 ethylene oxide®} caprolactone?] B2 F5qHE A&
0.5-10wt% HSlolA] ALgste] HEZHES FRSIYCE o1 F 471 Y E Fol A AR4 H
O] A AHEAEN TL niAY £ FEPAZE THAelE MEE LDPEY E@sige W d
FOwt% i S 9l ﬁPaAJ"-e— 550~750%, 17wi%oll A3z 300~400% 2 vlxjg] -
a A FAHUH. ol B A= ol AAgel YA aRHor HE BHAUAE
Fo] 4ol M=% 1 "L].Zc}‘ﬁ 34l AAE T AR FEHI ARET]
Ao A€t

Abstract : Mechanical properties of starch filled LDPE films were examined. Tensile modulus
of the composite films increased with increasing starch contents, whereas ultimate tensile
strength of the composite films with 9~-23wt% starch was reduced with a little comparing to
the starch-free LDPE film. Elongation at break was reduced drastically to ca. 20% of matrix
film at 9wt% starch content. Surface of starch was modified by coating with the materials
such as ionic, nonionic surfactants, and ethylene oxide/caprolactone block copolymers. The
LDPE composite films with 9 and 17wt% surface-modified starch showed 550~750% and
300~400% elongation, respectively, that are remarkable improvements comparing to the
pure-starch/LDPE films. This may be related to the modification of starch surface to a low
surface energy, resulting in a homogeneous distribution of starch in the matrix polymer, and
stability of voids, which could effectively retard the crack propagating toward transverse di-

rection of stress.
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Table 1. Specifications of Surfactants Used
Type of surfactant Chemical composition Manufacturer Surfactant type
Poly (et i
EMALEX* GWIS-115 oly (ethylencoxide) Japan Surfactant Co. Nonionic HLB ; 12
glyceryl monoisostearate
Poly(ethyl id
EMALEX GM-30 oly(ethylencoxide) Japan Surfactant Co. Nonionic HLB : 16
glyceryl monoisostearate
Poly(ethyl id L
EMALEX GWIS-320 oly{ethylencoxide) Japan Surfactant Co. Nonionic HLB : 7
glyceryl triisostearate
MIPHOS OL~300 Oleth Phosphate Miwon Co. Anionic
MICOLIN S-430 Sodium Laurly Sulfate Miwon Co. Anionic
. 1 Di
MICONIUM DSDM-75  isieary] Dimetby) Miwon Co. Cationic

Ammonium Chioride

% Chemical structure of Emalex series surfactants.

0
|
CHzOCHzCHg" (OCHzCHz)a» 1 A)C “C”I‘l;,g, GWISAl 15 n= (a+ b+C) - 25
GWIS-320 : n=20

HOCH,CH,— (OCH,CH,),-, —OH GM-30

HzOCHzCHz - (OCHZCHz)r« 17 OH

A ARSGA, F/Sol2A AHEGH, PCL-
b-PEO-b-PCL. £5358A)5Z EZolA &
st} 849 £5= 140CE 7H58] A F8
g AIZHE Fo] A TEEHEE dle] 158
7+ &gt

AlEe] AR g E4EY. 842 &8EY AT
AN8E 4&=A37)(Labortory Carver Press)ol
&4 A¥sigtt. BY=g 140CE fxd =g
2 (hot press)ol]l o 10 23t A7) & 5% 2
Ao R A3 Y& o HFTHoE 12,000 psi
o) QoA gEFYPsATt. FRUFOE FUS
NEo] FE9 E=AE 150 um~450 umo g #
Astact. 7148 EA4%7e e A7 Tensi
lon(UTM-4-100)& A}&3le] ATEE 10 mm/
min, 25CAA AFRE, HANE, BHE&EE &
Akt SR Eo] Y2t 2 AGNEHE F
AR} 7 (Akashi, Alpha-25)3 33t&n] 7

& AHgske) WA

23}

ya

Nk,

TE QA7 FAE B (TR A AE

604

:n=30

Hado] &Aeke 4¢ BHES EFHA (rule
of mixture) (A(1),(2))olvt Kerner?] z@l (A
(3),(4NE FH= gt

upper bound :

E.= vl + v (case of equal strams) (1)

lower bound :
B = E,Vi?frEE{T\Z (case of equal stresses) (2)
E _ Guy/L(7-51G,+ (8-100)GJ+vy/[15(1-1)]
B, Gu/[(T-51G,+ (8-100G] +v,/[15(1-1)]

(3)

Al A y = EFF52]9] poisson’s ratio, v £
B8, Ex gbA & (tensile modulus), G shear
moduluse] ™, ¢ B3, pe LEA vjEYH A,
f= 524 (filler) & Yepd s zjo)tt.

A(3)olA UrkHoz G > G, °oEE Y]
3 ofzf 9} o] FAIETH

5V "

E _ _Bd-yv
E, ~ (8-10w)(1-v)

oz AE/LDPE ELE9 10% A& 49
HHES st A (D) EFEH A g 238 v
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Fig .1. Comparison of tensile modulus against vol-
ume fraction of starch in composites. @ . experl-
mental results, — ! calculated data from Kerner’s
model for the case of perfect adhesion.
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Fig. 2. Stress-Strain behavior of (a) LDPE, (b)
LDPE/U-S10, (¢) LDPE/U-S20, and (d) LDPE/
U-S30 composite films.
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Fig. 3. Scanning electron micrographs of untreated
starch(9wt% )/LDPE film after stretching.
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Fig. 4. Comparison of elongation at break against
volume fraction of starch in composites. @ . experi-
mental results, — : calculated data from Nielsen’s
model’® for the case of perfect interfacial adhesion.
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Fig. 5. Comparison of tensile strength against vol-
ume fraction of starch in composites. @ : experi-
mental results, — : calculated data from Nielsen’s
model for no interfacial adhesion(shape factor k' =
1, stress concentration factor $=0.5-1).
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Table 2. Effects of Starch Content and Surface Treatment of Starch on the Light Transmission of Compos-

ite Films
Type of Surfactants —— Composition(wt% ) Thickness Transmission
LDPE Starch Surfactant (1am) (%)
100 0 0 150 50
91 9 0 150 32
- 83 17 0 150 23
77 23 0 150 11
DSDM-75* 90.7 9 0.3 150 46
DSDM-75* 83 16.6 0.4 150 35
DSDM-75* 76 22.9 0.7 150 13
PCL-b-PEO-b-PCL 90.7 9 0.3 150 39
PCL-b-PEO-b-PCL 83 16.6 0.4 150 25
PCL-b-PEO-b-PCL 76 22.9 0.7 150 20
GWIS-115** 90.7 9 0.3 150 31
GWIS-115** 83 16.6 0.4 150 28
GWIS-115** 76 22.9 0.7 150 17

* DSDM-75 : MICONIUM DSDM-75(Cationic Surfactant)
**GWIS-115 : EMALEX GWIS-115(Nonionic Surfactant)

Table 3. Mechanical Properties of Untreated Starch and Ionic Surfactants-Coated Starch/LLDPE Blend

Films
Type of surfactants  —— pomposition (Wt%) - UTsS modulus elongation
L.DPE Starch Surfactant (Kg/ecm?) (Kg/em?) at break (%)
100 0 0 125 1547 1101
91 9 0 127 2261 197
) 83 17 0 120 2406 107
77 23 0 113 2738. 83
MICOLIN S-430 90.8 9 0.2 118 2338 200
MICOLIN S-430 90.5 9 0.5 119 2253 448
MICOLIN S-430 83 16.7 0.3 123 2511 114
MICOLIN S-430 83 16 1.0 109 2554 289
MIPHOS OL-300 90.8 9 0.2 110 1921 426
MIPHOS 0OL-300 90.5 9 0.6 111 2065 497
MIP.HOS OL-300 83 16.7 0.3 103 2070 223
MIPHOS 0OL-300 83 16 1.0 102 2263 156
DSDM-75 90.5 9 0.5 109 1938 764
DSDM-75 83 16 1 101 2236 314

MICOLIN S$-430 ( Anionic Surfactant)MIP : MIPHOS OL-300 ( Anionic Surfactant)

DSDM-75 : MICONIUM DSDM-75 (Cationic Surfactant)
UTS : Ultimate Tensile Strength

Fo|o] A18A A4z 19943 7%

AateE FAE 78t F%3F Nielsend] 7
(A(6))3% 8l wg Ao},
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Fig. 6. Models for starch-filled composites . (a)
Nielsen’s model (b) modified for starch/LDPE
system.
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Fig. 7. Scanning electron micrographs of 5% PCL-
b-PEO-b-PCL(20-20-20) coated starch(9wt%)/
LDPE composite film after stretching.
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Table 4. Mechanical Properties of Nonionic Surfactants-Coated Starch/LDPE Blend Films

composition (wt%) UTS modulus elongation
Type of surfactants ,
LDPE Starch Surfactant (Kg/ecm?) (Kg/cm?) at break (%)
90.8 9 0.2 119 2192 419
90.1 9 0.5 109 2136 546
EMALEX GWIS-320 83 16.7 0.3 108 2281 235
83 16 1.0 105 2312 337
76.6- 22.9 0.46 102 2327 170
90.9 9 0.1 126 2532 303
90.8 9 0.2 124 2498 362
90.7 9 0.3 118 1578 425
83.2 16.6 0.2 120 2794 139
EMALEX GWIS-115 83 16.7 0.3 116 2640 223
83 16.6 0.4 116 1785 178
76.77 23 0.23 116 3127 77
76.6 22.9 0.46 110 2835 118
76 22.9 0.7 104 1901 141
90.9 9 0.1 116 2170 217
90.8 9 0.2 114 2020 398
90.7 9 0.3 116 1974 274
83.2 16.6 0.2 114 2574 179
EMALEX GM-30 83 16.7 0.2 107 2347 216
83 16.6 0.4 114 2099 187
76.77 23 0.23 110 2633 117
76.6 22.9 0.46 109 2566 155
76 22.9 0.7 104 2341 141

8 Aede 2719 FA2RE JU
Z 31} (crack propagation) 7} doju= L
F A} Fig. 6-& ol BFE =A%
BAR Zolt}, nxjg] A& /LDPE E3H4x)o
QAo 2o} Fao) Yo) Tha AYH = A
Fig. 3¢ll4 ¥Ql vt Qle}. ojuff A|H 2ol A0 &
YA FL LDPEA Y] HAgEo2 <t
22, A9 gho ATt o] FoiA 31 gt
PEol| o3 HE283H Rd4S PEY &
AEZ A3 A T3/ F26k7) o ¢8
EYTH HYPL =EHA ¥R B,
o]73% FAH R FAH B¥I} QYR wt =
2 dARAAME ol BrtE A ol X&AHQ
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Table 5. Mechanical Properties of PCL-b-PEO-b-PCL Coated Starch/LDPE Blend Films

. composition (wt%) UTS modulus elongation
Copolymer cmposition — LDPE Starch Copolymer (Kg/cm?) (Kg/ecm?) at break (%)
90.7 9 0.3 101 2123 449
550 90.5 9 0.5 97 2206 295
83 16.6 0.4 110 2423 295
33 16 1.0 103 2404 266
90.9 9 0.1 97 2044 392
90.7 9 0.3 104 2116 565
5-10-0 90.5 9 0.5 108 2024 567
80.2 16.6 0.2 101 2328 251
83 16.6 0.4 106 2367 276
83 16 1.0 107 2210 239
90.9 9 0.1 113 2171 354
90.7 9 0.3 112 2201 675
10-20-10 90.5 9 0.5 107 1779 489
83.2 16.6 0.2 97 2259 260
83 16.6 0.4 96 2365 308
83 16 1.0 109 2181 305
90.9 9 0.1 102 2033 461
90.7 9 0.3 113 2039 576
90.5 9 0.5 116 2024 660
90-20-20 90.1 9 0.9 122 2563 508
83.2 16.6 0.2 98 2312 294
83 16.6 0.4 96 2330 397
83 16 1.0 108 2444 388
32 16.4 1.6 117 2711 281
Block Molecular Weight of PCL-b-PEO-b-PCL
*5-5-0 : 5000, 5000, 0
5-10-0 : 5000, 10000, 0
10-20-10 : 10000, 20000, 10000
20-20-20 : 20000, 20000, 20000
AR gt Ay LDPES] ERE &9 gl H&/LDPE B9 7|AH 4% A3
go] BAHE AL o)y H3E WA Aolg  wi LDPES] wls| 2 0|7k gigioyt e
nAUNY ¢+ Yok $% FFYA A9 BE & Wl Base A BAE £ Ak ok
Al & ARAFelA Ao R Hehilg AP A AH A Fg" FE (crack) 2 Qs &
o ahgo] Yoliks A% VEUA AVLE T WHEAY B4l /SHHR] W Rz
2712 g20) BURMEAS wo PAPome]  wat. 9E BWS A8 AREHA % PCLb-
& X3 (crack propagation) & AJAIZE 5 UK PEO-b-PCL. &% IF8A T2 3ESH
7] o Witk LDPES} E3siiam ol 24 AdE84A FlA
T A7F ARUZATY, vloj A FollMe HLB#
4 = o] R A7l BEIFVAS ALHYL B
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