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Abstract : Protective loose-fill was prepared with corn starch and poly(vinyl alcohol) as
major components using intermeshing corotating twin-screw extruder. Physical properties of
loose-fill greatly depended on the distribution of cell size and the density of cell wall material.
However, the dependency on the kind of starch was negligible. The loose-fill with even dis-
tributed cell size and less irregular surface was obtained when the feed rate(g/min.) in-
creased at same extrusion condition. The compressive strength increased and the degree of
shrinkage via structural relaxation decreased, which was assumed to be due to the increase
of true density of cell wall. The loose-fill with high feed rate (No. 2) had the lower water
absorption and change of properties. The shipping test showed that the loose-fill had compa-
rahle properties with polystyrene loose-fill. The loose-fill completely dispersed and then lost

its shape when it was on water.,

Keywords : loose-fill, corn starch, poly(vinyl alcohol ), structural relaxation.

Folo| A19Y A43 199543 74 469



4 o d-d & &3 H A
A - of Mg B4 WIE BF vlwigod, UX
FY2Ed 4FAe} g4 vlast.
AAHoZ #HEeGAHA 93 FH A7)
AB2AE HEIEA 288 4F TAAE A 4 9
&l g FA7F A3E 2 Je AFolth 250
M FFAE AMEE R EE F2EHL AR A 5. Seedld (MYERY, 3=)3 gy
9 HrjA] A3 3AH2ES IR go RN H2 JdYE (Kuraray POVAL, PVA-217, Kuraray
FANaE] AHgo] FAET) ol =2t} Co., LTD, ¥&), CaCO; (13 AJeF, Shinyo
o]l#3 AL U¥ ZAEAE AT pure chemicals Co., Ltd, 9&)<& 79: 20:19 &=
e Mg i3 A7 H2 2d AEEHS A Avz TR EFEL AL
S FUSE3 = HE S3A7F 4 8kE7]4 o) DAL ZEWELF (F 80:20) 8 Y=
23d. 4L IR S3A= w74 ARl 3} Clean Green Packing Co. (u]=2)2] HE g
o] Hojua RPERHE, GFUE 5o MOl T Zx)9} B¥ ZalAgd 934 (MIC-PAC , A
E Ejaelded JAAA e s & FHE 7R F(F), =) F Yot LT HPRAANA
3 Lol Bus Jrhl? Xk ol g HE H) w3t ict.
AF A= obd 22 o] 50% ©]/d<] high am- AL $3A9 Ax. 30T MY o1F2aR
vlose starch 2 2 =S FHFZ V] W& 4l o}r&7] (Festina FX-60, 34 ¥4 & o] &3}
o 7bAo] BiMith= DS 7}74"’ Ut AEEZES 4539 AR S43A=E 424338l
2o A7 st &% —wr-r-l_—E-” = gk dEVIE TS AR FIFoEN FF
Ag 23l high amylose starchs S 482 3= = AR L£EFEFS oF 20% 2 A5k
&l AT vt A4S 2= AR AR ¢ thol o) N EL 3mmyPrt. AT GERHL
SAE Azt 28 SFFIE SF3AY Table 1] VERARLCH.
4L 4 2 wE2xd0 yet A SEEE R AL A9 B §4. A5FY HE &A
Qon, 53 w2 AigEe 4@BA7) e £ Table 2] Yebd 259} AHEET ©h2 A
Fol RIF 1L Qlrt.>6 7] 26 =23 F B (FF, Zel, —‘?-31)
IRy ARl EuEdLEE Hrlsle Mad ARyNE, $25e, vhlayge) Wals
&3] Aee o= BEAHEE HaHE F stgrt. Alge] A7, Zole 72 103 ézé-»l %
AFel Busa ok’ Fog siden, Zur) HFe 1g9 9%F Al
I‘Jrﬂ}/‘i E dFdMe Seeded Eupde §& F92 o] Pk Al R
FAass AR SFAE A zsly YL o Fr=27] (MA30, Sartorius AG Gottingen,
-‘—]' ZudLE e FHY5F 3= Clean Green EYU)E o] &3l T3yt
Packing Co.2] AL d43AQE FYsld =&z HHEL A § (resilience) @ ¢4&7}E (compres-
Table 1. Extrusion Condition of Starch Loose-fill
Extrus1 j - Tempergtgrg (<) - - Feed Rate Screw Speed
Sample Condition| Feeding Plasticizing Metering  Starch Mx.xture Watgr (rpm)
Zone Zone Zone (kg/min) (cc/min)
1 \ 40 160 250 1.0 126 400
2 40 160 220 1.9 158 400
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Table 2. Aging Conditions of Starch Loose-fill

. Relative Tempera- ...
Conditions Humidity (%)  ture (C) Time (hrs)
A 50 25 24
B 70 32 24
C 95 40 24
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Fig. 1. Optical micrographs of starch loose-fill ( x50) : originals [(a) No.1, (b) No. 2, (c) No. 3] and aged sam-

ples at condition C [(d) No.1, (e) No. 2, (f} No. 3].
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Fig. 2. Wide-angle X-ray diffraction patterns of

starch loose-fill : (a) granular corn starch, (b) poly

(vinyl alcohol), originals [(c) No.1, (d) No. 2, (e) No.

3] and aged samples at condition C [{f) No.1, (8) No.
(h) No. 3].
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Fig. 3. Dimensional changes of starch loose-fill
aged at different conditions : M condition A, []
condition B, [J condition C; (a) lengthways, (b) di-
ametral, and (c) volumetric shrinkages.
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Table 3. Effects of Aging Condition on the Physical Properties of Starch Loose-fill

Physical Apparent Density Compressive Strength .
Sample Properties Change of (x10% g/cm®) (g/mm?) Resilience(%)
No Conditions Water Level(%)* before® after® before after before after
A 0.70 1.86 1.92 17.5 19.6 83.3 83.0
1 B 4.20 1.84 28.0 80.7
C 4.79 3.07 70.2 78.8
A 0.36 1.75 1.78 32.7 38.2 80.5 80.6
2 B 291 1.67 54.9 79.3
C 3.32 2.37 55.2 78.8
A 1.12 1.95 1.98 26.8 32.5 83.4 74.0
3¢ B 242 2.05 334 77.8
C 4.94 3.56 —d —

* Based on wet weight.
® Values from original sample.
¢ Values from aged sample.

4 T — , meant that compression force was over the limiting range of equipment.

* Sample obtained from Clean Green Packing Co.
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Table 4. Degree of Shrinkage During the Shipping
Test under 21kg Load

Samples |Starch Loose-fill  Polystyrene
Time (hrs) (No. 2) Loose-fill
0 2.0% 6.8%
24 8.1% 11.2%
168 8.1% 12.3%

Table 5. Degree of Shrinkage After Removing the
Load for 168 Hours-aged Samples

Starch Loose-fill(No. 2)  Polystyrene Loose-fill
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