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SUMMARY

I. Title

A Study on the Biodegradable Packaging Material for the Agricultural Application

II. Purpose and Necessity

[t is very difficult to reduce the polution due to the plastic materials such as
polystyrene, polyethylene or polyurethane, because these materials are not degradable
naturally. Recently various kinds of packaging materials were made of these kind of
plastics. At present, emphasis is on the development of the substitute for the plastic
material. Therefore, the purpose of this research is focused on the development of
packaging material having the biodegradability in nature, resilience and open cell
structure of starch. This study also has a strategic objective to positively cope with the
worldwide environmental agreements such as “Green Round”. Especially, the discussion

on the maintenance of freshness of the agricultural products is necessary in this project.

I11. Contents and scope

The contents of this research is the development of the packaging materials suitable
for the agricultural products which can substitute the polymeric foams and minimiz¢ the
pollution. Hence the scope is decided on the formulation of the starch and additives, the
optimization of the processing variables of the extrusion, the level of the
biodegradability, and the evaluation of the freshness. More comprehensive contents are

as follows.

~Review of the state-of-the-art of manufacturing technology for the packaging

materials

-Study on the manufacturing processes and properties of biodegradable
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starch/pulp sheet

-Study on the decaying mechanism of the environmental favorable packaging

matenal

-Evaluation of the properties of environmental favorable packaging material in

terms of freshness maintenance of agrcultural products

~Study on the extrusion process and hot press process for manufacturing
biodegradable packaging material

-Optimization of foaming condition and study on morpology of expanded starch
-Study on the optimum process for manufacturing packaging matenal having
multi-functional properties

-Study on the molding process for the development of the three dimensional shape

IV. Result of the research and suggestion of its application

1. Starch/pulp sheets were manufactured by the hot press molding process. Through
the experiments on the mechanical properties and the degradation properties of the
materials by UV or heat absorption, the feasibiltiy and the necessary function of these

materials are explained.

2. The freshness of the agricultural products was measured by the physical methods
after storing the products in the boxes made of various types of materials including the
starch/pulp sheet. The freshness of the products in the box made of starch/pulp sheet
was resonable comparing those in the other boxes made of pulp or paper, or bare in

nature.



3. The pilot manufacturing system was constructed to optimize the process conditions
for the continuous extrusion of biodegradable packaging material originated from starch.
The system consists of a supermixer for mixing the components of expaned starch, a
feeder, extruder, and a control unit for heat and dynamic variables. The configuration of
screw, the composition of mixture, and the optimal temperature of the barrel in extruder

were established by these system.

4. The various types of environmental favorable expanded starch such as loose-fill
type, sheet type, and filament type were manufacured through the optimum design of die
nozzle attached to an extruder. The research for adding multi-functional properties(color

or water resistance properties) into the expanded starch was also performed.

5. The characteristics of foam packaging material from the pilot system were
examined through tensile test, compression test, SEM, X-ray, image analysis of
cross-section of the material, UV test, and soil test with parameters of machine
variables such as temperature, speed of screw, etc. and the composition of mixture of

starch.

6. Comparing the developed biodegradable expanded sheet with the plastic packaging
material in case of storing fruits, the effect of the materials on the quality of the fruits
was examined. The results show that the function of biodegradable expanded starch
sheet is equal to or better than the function of the plastic packaging material. It was
concluded that the developed material could substitute the existing plastic material in

terms of freshness maintenance.

7. The mechanical cutter was devised in order to cut the expanded starch extruded
out continuously. Then the chopped particles were put into the three dimensional mold
and they could be stick together in the presence of water particles. It was concluded that

the various three dimensional shapes could be produced by developing this principles.



The development of an biodegradable and environment favorable packaging material
is very important because it can reduce the environmental pollution by substituting the
plastic packaging materials. This research shows that the biodegradable expanded starch
can be used for storing: the agricultural products of which the freshness maintenance is
important. For the commercialization of the development of this research, further
technologies have to be needed and the technologies will be improved by continuous

investments and researches.
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Polysaccharides

|

| 1

Homosaccharides Heterosaccharides

L Glucans

| s
f—_l——l

1 Amylose i Amylopectin

Cellulose

L

Figure 1. Classification of starch in the polysaccharide

Table 1. Impurity Levels in Native Granular Stach!)

Impurity (w%, db)

Starch Lipids Protein Ash Phosphorus
Maize 0.75 0.35 0.1 0.02
Waxy maize 0.25 0.30 0.1 0.01
Milo maize 0.75 0.30 0.1 -
Wheat 0.80 0.35 0.3 0.05
Rice 0.80 0.45 05 -
Potato 0.15 0.08 04 0.08
Tapioca 0.20 0.10 0.2 0.01
Sago 0.15 0.10 0.2 -

1) Ronald Hebeda
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At

55 salts®} sugar 55 H7ISIA gelatinization €58 FolA

Figure 2. Starch seen in the Microscopy (250X).
{a) under white light, (b) under polarized light at 45° from
extinction position, (c) under polarized light at extinction
position

Figure 2= 933} A% ojefolA] £ AEYAIe] do]73 2FO2 (a), (DA e 2EYA
o] A& (hilum) g, (©)lXE 2% ddol digt FRE YehlFE maltese crossE £ +
ot AAEe g R g FAo] AWUslA] £33 non-polysaccharide E3 0] ¥ 3HE| o]
Qe BROEAM AR dig 2 - 3y wgo] AAHe Xor dAA Urk EI SEM #
o 43 JE A FARAM ol 1-10m FE HE holeo] EAgte A& LAY, o
holeo] AaA o] 9% Aoz Aztsln itk Potato YzolA HAE hole2 ARl HEHA
S ) FAHEAT ohA] £31A1719 ALkt @ Hole F¥olE growth ringole} B8je +
#7} glon obx] U] oMy F1n gk Fho] ¥HEE vepdrh

tolHlA ¥ Mol FEE amorphous 73t semi- crystalline #3to] W& packing ¥ ©}
el Anlz a2 ok A Alge] B bquy?'ﬂ amylopectin®l cluster® ¥4 sho]
crystalline lamella® A3y, oj2ig Al 2 AR AT YAYL 2 wEsY U3 S

R F oo

2242 JehlE maltese crosst Y29 spherulite2 2xie] Ha wigkzo] gk Ay
E 98 # dota g#A Aok ol W maltese cross® ZEE v REHE oW, dE A9

packing©l loosedttid EZHo] yolxE AN ZRE AR dab9] packing structure?t ojw §t
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AR AAFZE A A, B, C, V typel2 YiolAt}. A-type cereal(corn), B-type

€ tuber(potato), C € smooth pea$} various beans, VH-type2 A 223 EdoA
TE G FHE % -E—% XRD ztgo] 2A3%td EF Reg, o]59 XRD A8E ¥9¥ 4
zto)l EA peak-d FHEHA &Qd + et F A-type 26=17-18" peake| doublet2.2 %
2|58, B-type& 26 =6" ol 54 peak& JEN3, VH-type 26 =8" oA 54 peak} 2
6 =17-18" @ peako] shift=lo] Yephs o] gtk 2], heat-moisture A€ W&
o A gz w4 ggdo] 25 2 W3t FE59 molecular association©] 73tAl sl3,
B-type?] ZA4 F&7} A-typed ZF7ZZ Holdth. Corn starch EMAE Hx2E F
7holl we} o]2d Wolst BEEHAEH, A-typeRt B-typed AATFRI} oAy FFo] 7
Wiog By A Holm AU FAEHE BoE HoldE AoR A= qich

X-ray crystallography Zztol] ojspd AR ARF=E F /M PP FAH7F M2 K
3] A 5o helixZ tA3}A 71 double-helix 12 & YEM 4, o] OH-group?td] #44%
3 T Bzt ¥ hydrocarbon Alejol| A 9] hydrophobic interactiono 710%ch A-type2
lefthanded £+ parallel stranded double helix 7Z%°o| &4 125 monoclinic(a =7 =9

. B*90° , a¥bxc)og AASEY B-type2 right-handed double helix 73§ Bojy
hexagonal( e = 8=90" , Y=120° , al=a2=a3+c)2 ZAAstdd. o|FA ¥4 double-helix
crystallined At#t &4 7Mdd & AYHS #e

2. Amylose? &4

Amylose 1,4- a -glycoside linkageol] o&] A%E AT EAZ cold waterdl E842
vhebdth  Figure 3o yebd mEo] 2apalolA C-69Aol 7HAZARE A Fe Aol
amylose 24, 7} A¢o] Y& amylopectin® 22| - 3183 AN Z AolE HolA €4
(Table 2). 2&jv 29 ATRI0| B2 methylation 74289 E2 752s) 240 o
sto amylosedl © %7+ branch(~3%)7F EAE 7bgAdol glde] WALt &, 7tz
2.3-di~O-methyl-D-glucose, 2,34,6-tetra-O-methyl-D- glucose, 2,3,6-tri-O-methyl-D-glucose Al %7 <
T &g dojon XA Bzl Mgt vehyE 23-di-O-methyl -D-glucose® A #sle] 13}
Ak

A a2 amyloses MEAZES] 4718 53 A3t helical complexS &4 3]

amylopecting YA A7t 27] Wl 2¥A X3t} ojf, complex& ¥4 % amylosed X-
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d 3)4-& VH-patterng YERYRE 2 2| Qo). E3], et JMg HEe TP E
%748 amylose®t amylopectin® complex @4 s3] tt27] g F | amylose/amylopectin

o] EA g Al 5 AUk £F amyloses ALY F2ZAY A3 filmE FAH3E T
[e]
A —

N

o} 9lom E3| high-amylose starche strong film2 #AZd 4 o] WE&HA Zel2E Az
of gttt <de{A ot

o]
!
S CH, CH,OH
o o]
5
—NoH 2 OH o+
PoooH OH
— —4n

Figure 3. Molecular structure of starch

Table 2. Characteristics of amylose and amylopectin
(from Roy L. Whisler et al.)

Property Amylose Amylopectin
General structure Essentially linear Branched
Color with iodine Dark Blue Purple
Amax of iodine complex ~650nm -540nm
Iodine affinity 19-20% <1%
Average chain length

. 100-10,000 20-30
(glucose residues)
Degree of Polymerization

) 100-10,000 10,000-100,000
(glucose residues) :
Solubility in water Variable Soluble
Stability in aqueous solution  Retrogrades Stable
Conversion to maltose by

-70% -55%

crystalline 8 -amylase
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3. Amylopectin® &4

Amylopectin® glucose 25 units vt} C-69 X|9A 16- @ -glycoside Z¥S 3 74X &
22 cold waterdl]l 7H-gAjolct. Bulky$ 72 & a3 7] gl 2ab WolA ZA wj@ge
wajsly BE HAA ZAEE F7MAAFAR, brittleness7t ol Eog29 S8 AIE F
t 8oz 2gsid. R 727} bukydted 8250 dig A3t E7t amyloseR Tt 2] ¥
of RS ZAHde Wyd 825 MYl ALRHI|T 3}

R

Amylopectinol= 6 &6 71x|Age] Ea1%ttn delx gled], amylosedts G2 &
g - stety AJAe dosy) Aste o7 712 mdgo] At dck(Figure 4). Haworths
€ Jaminated structure(a)®, Staudinger®t Husemann< herringbone model(b)-& A|2&t3d
t}. %o Meyer® Bernfeld= randomly branched structure(c)E #¢Hag a2, 2ol = tassel
on a string structure(d)7} ALHUT. A AE2 reducing end groupE MY dZ2€E A
o|i, B A}&2 AALE R TR 71AE 2§e AolH, C AHE-2 reducing end group< X
e ez AHodg, u 71X Bd FolA dA ()9 random branched TF&7} 7H3 A&
ity Table 29| amylose$} amylopectin®] &4 2+eF3] Yt

R

[¢] A R R
laminated (a) herringbone (b)

oB

randomly branched (c) tassel-on-string (d)

Figure 4. Model of amylopectin structure.

_24_.



Nay
it
o
g
o
ox
K

22 2429 &8

MBI F7HsA e AewE R F7 Foll diste dsA AR oY A F
Axoz go Aoy i Bk Uy Fol FLHA YA ¥ Jhed z el Exxo0 g
AfpEa At 2351 e ARtk Baj7)d] wet FoEan e BANEY n i A
Hel 4 FF, A8 T Table 39 Yehidth

AEaA nEae g Zeld e g3 HAY Balise 2EAE s, AL 2ol A

dxez $sse DA 248 PE PP, PS 53 404 DE 122 4374 224, B
spe] Apedol o8 REA Relst Fold £A9 T2A 4ol AAHn FIHoE PR

o
g TPen AT oA HATEADoZE BEUVY THL /)7 oW A =R A
el uls) Y53 w7 WTolh

Aol B nEA ZopllX 2 B dido] H1 gle Ax ol2F B 23l
£

2 gle HAmBAly] WEolth  MRol A7td R4 UEY Ba ATL

Aol FHE HEol EY Ko uid=H FHoly vreelol T vl o 2=

287 Feol B3 dsEel Bude] dxsh 5719% Addez B
Fx7F R 2 Pl o3 4A St FE ol AH e AF LAY
Z3AM o8] #atstEo] WAL o]Ro] REA AMEE Hst A EAZ oligomer
e Astech HEAZ oligomere PIAEC] AL 8o o) 4A &7t =9 EjAE
2 CO; % H:0E BEAA AA FollA 443 Bslsle Reldh &, A FollA 37t ol
GAdngast AEe Eaol wet B 2abd BAE FAHD, BAF] 1000 o2
A5 oo o8 HFHoz FAHAIRAE ILdHT Helth oleig #d wWEl
composite, blended film, graft ¥F¢ES A2 o FEo| Al&EHE Aolrh

Jeu, ARE BRRADY 649 -OH/E AT YoiA BE W54 Uehiy] dEa) 4

2R Agdol 27 28 ol Byoz NAHT Yok oY wye
6 X0l 4 TEAE graft WSAYLZH AFHS o= HE Pa
SEERY *g%*g% Fol: wyoz sFan AUtk

&z ATEE Starch-based plastics-S 7t oj81d graft 78S 71X AEEA, PE,
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PMA, EAA, PANG graftSle §4318249 57 2 graft$o] wat Exo] aA #¥sA "ol
T HEo BAE F amylose §3F ¥slo] a2} E4Jol E o2 Widy ¢ 9o £3§

amylose &3] ¥&5+8 AYo] 251 4 FolAgn B3y 3 Yo}
s 483 Ao QE Ao MRS Algsle BE AL AFF U ojRe
gelatinization A1Z1 HE& WIEA|A UE Ro=2 J&EY A LEEH A9 v|=3 EXHS Y

21
PR gtk 8 A2 g 9 b Solmel ke 242 A Ao Rusa glon
23] +20| Azt 2o| ¥ W Fuzt 47 $AAE ol Aol

olXy o 7tx] KA "“?MI upel Aol i E8FHol Hak Wolxln Yo, #4313}
3 LEA AsEopNME HEe HEA v]Fo] P FhHI B0l Folx2 Uk

b

Table 3. Classification of degradable polymers

7 ' F  F q & A

A& A biopolymer PHA, Polysaccharide%
biochemicalpolymer PCL, PL, PG etc.
Az RA Polysaccharide, chitin Oil

T2 R

A8 24 ME T H7HE PE + A&
A%= PE ¥7HY PE + PCL

ZFEsd aHoleA ngA PE + g&o]&

M/B #7}3

Vinyl-Ketone’2 &% &% PS, PE, PP + Vinyl- Ketone
M/B #7+¥ % IFTHE

Ethylene-CO% &% %% PE + Ethylene-CO% T5%
M/B #7t3 g
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Figure 5. Degradation Mechanism of starch-filled plastic
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A 33 AFE/EE sheet Al 2 EA

o
A
=)
oX.
o
R
2

B89 AE/HI FFAE TAAY APAD R AdEd B ATE A
AE BEEZ o] 83lo] sheetE AAsIATh AH8d AEE A&} BZEH Starcht amylose
stako] 25-28%2 powder FEIQ U comn starch(4% AY2)Hen, v3AZ ALL3 pulp
= (F) AN 7Y Ao A EFHRLLE F4E AAE pulp Mot sheetE
Azatz] g8 b e Az PS AMgsih

;-lr

Starch/pulp £3E< gelatinization A7 ¥ sheetE A2tat th(Figure 6).  Starch/pulp
o] W] gL Fy 60:2, 80:2, 100:22 WIAH oY FFHFE 42 150me ¢ 200me, HF 2=
170°C, ¢=&-2 500psi® 1000psi, ABAIL 18, 3%, 5822 3en, starch/pulp EFHE
gelatinization 17 §| WZAIA soft gel Fel2 HAE @ hot press plateZ 44 st
(Talbe 4). T3 A2 84 sheetd] B2A - 883 E4 F9L s B 22 AF wye A
£t

o
E]

Starch Pulp

Mixing of Starch and Pulp
60:2, 80:2, 100:2 by weight

Gelatinization of Mixture by Heating
Amount of Water : 150ml, 200ml

Ageing at Room Temperature for 24hr

Fabrication by Hot Press Plate
Pressure : 500 psi, 100psi
Temperature : 170TC
Time : 1, 3, 5 min

Figure 6. Sheet Fabrication Methods
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Table 4. Fabrication Conditions

Pressure(psi) 500, 1000
Temperature(C) 170
Time(min) 1,35
Water(ml) 150, 200

2}

7.

ASTM D 1708-93 (microtensile testing Type V)ol ue} A¥s9.29; 16mm X 40mm
AlHE w5 A 7](Universal Testing Machine, Zwick Model No. Z010)E A}83l4 grip to
grip distance ; 25.4mm, test speed ; 10.0mm/ming] £=2 AZARE FAHs9. a4,
toughness& 78 dl, ztzte] A|ze) Srl7t @g7] WSol vlag 4A 317) st Zze] A
Holl djate] FAZ Yol Foo], Pavdelz Wasly] 8 ddy ez Yrglm o|AS
specific toughness(]3t ST)& stAct.

re
oX
i)

R

Sheet?] EtxE Auiny] &) Fdn| 43S AMEsded, 48 & Aol dg #2249
71 AAEAE A7) Y HM EIHFT-IR, M series, Midac co., US.A.)
T} Al# A2 KBr pelletyol] wateony ZA387] Aol 105TCTaAlA 2417 ¢ Ax3te] 643

scandFi o

. &3 =

A2 sheetd] £l i3t S & dobR nA o33 o] YAt 100ml FFT7 €
Ae TZ EFdxad AWML W3, water bathollA AlZbE @eldte) shaking 3t
Shaking € wtx 2 YA aspirator®} filter paper(Whatman, Cat No 1002 110)Z E#3&ES& A
2 g AzFAE ZAslgen(Figure 7) 4 (ol &) &8 Tt

2
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U= Hx 24 Shaking for Aspiration H=x HE 2H
105¢ e >  2hr > Xg4E e 105C [ =3
2hr ) . 3hr, 4hr & A 2hr W)
Figure 7 . Procedure for solubility measurement
. Wy — W
Weight Loss (%) = % x100 (%) ----- (1)
» d

W4 © initial dry weight
Waws © dry weight after shaking

3 As

e

2}

A ZZ7A W sheeto] A FS 4HE7 Yt € FF E471(Rheometric Scientific
Ltd, TGA 1000 PLUS, 10C/min)& A48t G288 A5S Anugton, dHUV)dl 9@
A E dotr7] k] UV A 4388 a3tk 254nmo) 3elA Hdl Z=E vehi
10W germicidal lampE AH23t9o® Lamp9 Al##}9 7gle 25cm, chamberdle &5 &
25T 2 A3t AlHel UVE A8 | JAAAE S Padrh
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2. AB/HI gheeto] EA4 1%
7k Pulp #H7tel 2 4 7}

£ starch sheetoll B8] pulp7t 78R o= Az o) BREHNE Jeld 4 x| doly
71 f15t] pulpel ¥& HSAAFEA sheetS A&t oW, pulpel Watde] w2 sheeto] &
AWsts gobr gt

Figure 8ol A& eted & AjAe FAE Yehlded Aol 500psiol A 1500psis
F7hetsle W Ao FAZ A Zaste 43S dehidoh 150ml FF52 A2 sheet
2t} 200m! FF5E AZE sheett EFEY F=7F ¥AS Holm, e Frz Ay
sheet®] F77} zold Aoz AZEt z2iu, YoM BZol EFE AN S
wehd FaahA GRee A a7t oAU Sheet HHA FRol ZEHAA F71%
o] 2A&le hot press plate?] ¢3< 7‘5\-*]?\19—“1 AEE ok | o7] T2 AUUS o
presste] 2%(170C)¢ th71F o] 2ol oate] Mol QI Aoz Mzbslo] £ A2
A Bass i 88 F58k dd REA HUL, sheetvtrh 2 FEo Aozt JAU7] HE
o Figure 8] ZA#& vehd 2oz F5d0

Figure 9 (a), (b)oll &8¢ w}E elastic modulus® specific toughness& VEh 2T},
3@ zUol we} sheetol FAZE WAV WFo AJAES] HRE A3HA 317) 918) toughness
FAHZ Yrdon A gdHHoF yiro] Pa §9 &2 HEo] specific toughness2 E7154
o0, @9 KPa ol

wfu

a), (b)ollX Hzol Ay <tgo] F71go]| wel elastic modulustE 718t specific
toughness= #43dte 235 AUk 224, HJLEE pulpd 4ol F718t9S W& elastic
modulus @} specific toughness?t 715l A3t wtel £718 elastic moduluss A)#H
o] brittles 7] W&o 2 AJzt=lo, pulp M7t W& elastic modulus®l 7} pulpoll ¢
R oz A4ztdd.

it
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0.5 -

0.2

Figure 8. Effect of fabrication pressure on thickness as
a function of pulp ratios. (starch 60g, pulp = l Og, @ lg,
A 2g, [—] 150ml water, [--] 200m! water.)
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51 A
150mi Water 1160
_ %01 o °
) 4 140
X 45 2
€ 1120 B
£ S
£, 40 =
5 4 100
35
{80
30
500 1000 1500
Fabrication Pressure [psi]
(a)
55 J
i 200ml Water
A o | 160
= w-
=) a 110
E 45 - L
{120
£ £
4 3
401 o,
5 4100
351 A
o 180
g
30 4
500 1000 1500

Fabrication Pressure [psi}
(b)

Figure 9. Effect of fabrication pressure on specific toughness
[---] and elastic modulus[—] as a function of pulp ratios.
(starch 60g, pulp = Il Og, @ lg, A 2g.
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Figure 105 A3 AlZtel] 2 sheeto] T4 W3S Yeld o2 Azt wely AlH9
FAZE 2E BAEE ¢ F AdRen, 500psi2 A A" sheetB Tt 1000psiZ A 2HE sheeto] F
A7t A% AL Figure 89 A¥ L] Frto ©pg T4 WA S vlxstAqrh. %, sheet
FAE QYA 2 AEdE st 4gS AT FAo & o 2 FF¥E wede A
& 5 gk w3 AEAEY dFPoMe A F UAAAY FHFY Fel 200mlcIAS 9
A& FAZ FAHOZ 150m] THRTFE AZT sheetBthe 228 ASE Fstlon, o
sheetZ TEUS 9 starch/pulp EFE #H7HE FFFY dol 2FAM 23 EFE9 5=
of zto]7} QU7 WEoz Mzt

Y
rlo

A3 x)7kell ©}2 elastic modulus® specific toughness #3132 Figure 119 (a), (b)¢}
Figure 129] (a), (b)oll YeIUAY. =EE Al5olA ZFAZte] o} elastic moduluse F 713}
Ao} specific toughnesst Z48e 23S YEASY, Figure 99 43¢ <3k g3}
o} FAIEE BoF 3 Yot Elastic modulus?t 7k A2 AlHE0] brittlestAl 43 =7
uj Fo]m olo| w} specific toughness® Z4sle Aoz Azt

A48 <k=lo] 500psi(a,c) @A™ sheet®th 1000psif¥ sheet(b, d)7} &2 elastic modulusE
ety o] starch ¥ol B2 ol 713 2 &g Yehld =8 FFF dol F7H8ds o
% elastic modulus@te]l E%oH, oleit AMdE g 4Y A2 starch FF 2571 A3 o]
brittledt o2 HYHHEE &S FUL Aoz AZdd.
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Figure 10. Thickness of sheets as a functions of
fabrication time and pressure. (starch content:
B -60g, @-80g, A=100g, water content:
[—] 150ml, [---] 200ml)
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8 s55- 448
< m
2 =
£ %01 Z
Z 146 &
a5
40 - 14
1 3 5
Fabrication Time [min]
(a) Fabrication at 500psi with 150ml water
90

g m
: A 70 =
% 55 4 Ao DB A ) E
: o T 3
£ | /8
b “ I*
/ @
sl g O/
' ........... W [ ] 1 50
40 - 2 :
: 3
Fabrication Time [min]

(b) Fabrication at 1000psi with 150mI water

Figure 11. Effect of fabrication time on specific toughness
[-] and elastic modulus[—] with water content 150ml
(starch content Il =60g, @=80g, A=100g, pulp = 2g)
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(c) Fabrication at 500psi with 200ml water

75 110
1 ]
704 TTTT——a {1
_ 65 - 1100
% 60_
N {95 E
55 - —
< jo 3
> 50 2,
= 485
45 -
%
40-] 18
35 475
30 70

Fabrication Time [min]

(d) Fabrication at 1000psi with 200mI water

Figure 12. Effect of fabrication time on specific toughness
[---] and elastic modulus[—] with water content 150ml
(starch content Il =60g, @=80g, A=100g, pulp = 2g)
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o IR ¥4 2 EW Pz 23

Sheet2 A8 ¥ ¥9 FT-IR spectrum¥} starch powder? spectrum-2 Figure , o YEeh)
2tk 3379cm-19 YeEbd broad?d peak& -OH stretching€ YElWE Aoz HE BEapzd
X (Figure 3) C-2, C-3, C-6 &< 2+ hydroxyl groupel 7113 Aot} 2933cm-1 &)
E C-69 methyleneZlol = C-H9 asymmetric stretchingo] 23t Zeo|o] 1414cm-1,
1363cm-1914 2}2} CH2 symmetric bending® C-H bending &+ th7t Yely Ut

Glycosidic linkage®t #&lg@ C-0O-C stretching2 1155cm-1914 velue C-09F C-C
stretching ¥4+ 1076cm-1914, C-O-H bending &5+ 1016cm-1914 yeldc}, o]g]
ol %= 900cm-1 ~ 690cm-1°lA4 o2} 7o Feh7t Yehedl o] R fingerprint region 22
a2AA ot IR £F BAeolA doJA starch®] 82 peak& Table 5o Felsted ehli

Figure 13, 14914 & 4 3150] sheet2 H¥H H 2Boj2 spectrum starch? 54 peak
(3379cm-12] -OH stretching, 1250 -980cm-12| C-O stretching vibration)@ & zloj& B
o3 A ¥t} Fingerprint regionol A Y¥ Wt REE & F AU 2 Y gelatinization©l
ojste} BElHo2 ¥AHE Az Azdo

a2 HAH 2R IR spectrumlA 2pol7} gioke A2 AJHEI ] FEEe Hshrh G
Tt Azbe 5 glon sheetZ AZEls #HAo] st wislg FukslA g& =
ols} starch powder’t &= EaAFEAM M2 vjdo] P SAA WAAAZLE v}

thiFE ZA%D 4zec
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Table 5 Assignment of IR peak on starch

cm-1 Interpretation
3379 H-bonded OH stretching
2933 asymmetric methylene CH stretching

1641 absorbed H>O

1415 CHaz symmetric bending

1363 CH bending

1155 glycosidic bridge C-O-C stretching

1076 C-0O and C-C stretching

1016 C-0O-H bending

900-690 | out-of-plane C-H bending, vibration.
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Figure 13. IR spectra of starch/pulp sheets

(a) starch granule, fabricated at (b) 500psi for 1min
(c) 500psi for 5min, (d) 1000psi for 1min (e) 1000psi
for Smin (starch 60g, 200m] water)
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Figure 14. IR spectra of starch/pulp sheets (a) starch

granule, fabricated at (b) 500psi for Ilmin, (c) 500psi

for 5min, (d) 1000psi for 1lmin, (e) 1000psi for Smin
(starch 80g, 200ml water)
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Figure 15% gelatinization®]l A3 € Fo| ¥-& starch/pulp mixture® &uv}7 Al o2 (a)
Mg ol A, (b) HF ofol|A T2 Roltt.  Figure 2914 2 F QAW B9 2
ddo digt B maltese cross?t & AlgtAa AFojAMut B2 Qo (b)9 o

% 22e Sasts sk Ae Wyl 2BUL UHE pupd ehdit

3l

rln

W ol A B38o] Q7] WBol AA vehd Fo] WA ofefeld 2R HE U
Sol $AA YANE AT % (D)9 U AFoIH &AE + 3ok

o] 22 maltese crossE BAF 1 e R gelatinization 5 F& HAL Ao
5, swellinge Y Y7 £3E AL maltese cross?t AlgtActn Azte = et o]
© 2 gelatinization AolA el A& 727 FAHI MEL SAuGo]l oA =AU
& =390, starch/pulp sheet® ©|¥ A gelatinization°ll 2} £ WA AHHS A

A5 HYe Aoz ALY F en, FT-IR spectrum ZIAME A8 + Uk

o

[

»,

Figure 162 A&<ta o] 500psiol Al 1000psiz W3S o FUAIHS] FAEFZE HHE
ZAolth, YoM Bols FEEL AHYA F£R ZuHAHdM 47 Aoz Aztsn] ¥ o
H B F Qe 929 cell 729 FA8IY AELHo] AW AHAA BE 22 728 o}

Bln Qo RE ool dhao] F ARAFT Ut

Figure 17€ 4@ 1tHe gejste] Aztg Alde garRes JPAzho] LA Ao
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Figure 15. Microscopic view of starch/pulp mixture
after gelatinization 250X (a) under white light
(b) under polarized light -

Figure 16. Microscopic view of surface of sheet
fabricated with 80g starch and 150ml water for
Imin, at (a) 500psi, (b) 1000psi (40X)
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Figure 17. Microscopic view of surface of sheet fabricated at
500psi with 80g starch and 150ml water for (a) 1min, (b) 3min,
(c) 5min. (40X)

Figure 18. Microscopic view of surface of sheet fabricated at
500psi with 150ml water for 1min, starch (a) 60g, (b) 80g, (c)
100g. (40X)
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{b) Specimens fabricated at 1000 psi

Figure 19. Weight loss(%) of sheets as a function of shaking
time in water. The specimens used were fabricated with 200ml

water. (60g starch for ll 1min, @ 5min and 80g starch for A
1min, ¥ 5min)
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Figure 20. TGA curves of sheets of different starch contents.
The specimens used for test were fabricated at 500psi for 1min
starch content (a) 60g, (b) 80g, (c) 100g.
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UV chambertldl M 1, 2, 4, 653 B A|Ho] ohsled elastic modulus, specific
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E=hy=h%= % (cal m/ml) —- @

A 3E (m)

h : Plank A4(663X10 J - s)
c: B4 (3.0x10° m)

1] = 0.24 cal

lmd = 6.022 X 102 7H

2% UV 33497 200nm-400nm HEol22 oF 14350cal/mol - 7175 cal/mol9] ol|uix]
= o2 EdANAFE 27 don, ¥ AHEHAD Lamp?l 254nm 3L 4] (2)]
idstd ok 12.3kcal/mold ¥+=

oA ¥ 4 )t bond dissociation energyE AHHB®E 25T gas Aeols H-F
3l radical2 TEEdl ol oUR|7t 136kcal/mol2 Bl A 2 gt& el
Lozl BalEe ojrtt W oy A FojXih

X
o
rII
e "‘ oo

ol

AF 12.3kcal/mol9] oA 7} sheetol]l FA1ZF £YHo] starchtt pulpoll &8s C-H %
C-0-C Z%to] BojAA 531 2x% 722 2 embrittlement’t AHHAN Aoz Aztg)
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Talbe 6. Specimens used in the UV-Irradiation Test

Fabrication conditions

Starch(g) | Water(ml) | Pressure(psi) | Time(min)
sp-1 60 200ml 500 1
sp—2 60 200m| 500 5
sp-3 60 200ml 1000 1
sp-4 60 200m| 1000 5
sp-5 80 200m| 500 1
sp—6 80 200ml 500 5
sp-7 80 200ml 1000 1
sp-8 80 200ml| 1000 5
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(b) Specimens fabricated with starch 80g

Figure 21. Effect of UV-Irradiation time on the elastic modulus
(see Table 6 for specimen description)
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(b) Specimens fabricated with starch 80g
Figure 22. Effect of UV-Irradiation time on the

toughness. (see Table 6 for specimen description).
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Figure 23. Effect of UV-Irradiation time on the extension at

break. (see Table 6 for specimen description).
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Figure 24. hydrostatic compression apparatus



Aepgo} AlZtell wel FafA bulk modulus ®3ghe o] &3l Kelvin model® Maxwell
modelo] 8% 4 element modelol &3l M ED bRl ¥3lE Yoy grt

o Azxolvt EFNA wet Walste AEFY F&EFEE FA87$8 Rheometer
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TAA o7 Asled 7427] (Dae Sung Scientific Co.)ol ¥l 100TCH A 24A)7F FF AZA
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AEY ZEAAA g FA, ARE, an Ho AFHe) FAAARE 22 Table 7~8
o] et 200mle FFFE ¥ starch/pulp &3 sheetoll &3l (500psi ~ 1500psi) &
FUE ol FAE 1.981mm~2.098mmE 4¥ Gt e & ¥Wae Aoy 250mlY F
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Table 7. Thickness{mm) of starch/pulp sheet

Starch + Pulp 30g/200ml % &% | Starch + Pulp 30g/250m] & &%

dHE =A 500psi 1000psi 1500psi 500psi 1000psi 1500psi

Thickness 2.065 1.981 2.098 1.49 1.35 154

Table 8. Elongation{mm) at the maximum force of starch/pulp sheet.

Z %4 274 | Starch + Pulp 30g/200ml &% | Starch + Pulp 30g/250ml &%

ad=x zA 500psi 1000psi 1500psi

500psi 1000psi 1500psi

Elongation 0.396 0.34 0.344

0.288 0.354 0.288

Table 9. Maximum tensile force(N) of starch/pulp sheet

A | Starch + Pulp 30g/200ml % &% | Starch + Pulp 30g/250ml &%

e x| 500psi { 1000psi 1500psi 500psi | 1000psi 1500psi

tensile force 2118 2.759 2.073 2.053 2.423

2.031
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Volume Change(dV/V)
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Figure 25. Change in volume of potatoes packaged in mesh, paper
and complex film bag
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Figure 26. Change in bulk modulus(K) of potatoes packaged in mesh
paper, and complex film bags.

_.62_



Elastic Constant(kPa)

70 A
80 @ No packaging
—~O— Paper packaging

50 —up— Complex film packaging
&)

30 4

20 4

10 4

0 ] T
o 4 8 12

Day

Figure 27. Change in elastic modulus of potatoes packaged in mesh
paper, and complex film bags
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Figure 28. Changes in viscous constant of potatoes packaged inmesh
paper, and complex film bags
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Figure 29. Changes in bulk modulus(K) potatoes packaged in mesh
paper, and biodegradable packaging material
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Figure 30. Changes in elastic constant of potatoes packaged in mesh
paper, and biodegradable material.
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Figure 31. Change in viscous constant of potatoes packaged in mesh
paper, and biodegradable packaging material
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Table 10. Changes in failure stress(kgf) of potatoes packaged in mesh,
paper or complex film bags during 12 days

Control .
day ) Paper package Complexed film
(without package)
0 6.54 6.54 6.54
(0.48) (0.48) (0.48)
4 5.58 6.525 5575
(0.51) (0.36) (0.72)
8 5.69 5.93 5675
(0.43) (0.37) (0.35)
12 49 487 35
(0.3) (0.35) (0.2)

% The value in parenthesis is the standard deviation.

Table 11. Changes in failure stress(kgf) of potatoes packaged in mesh,
paper or biodegradable packaging material during 12 days.

q Control p " Biodegradable
aper package

i (without package) per p £ package

0 7.22 7.22 7.22
(0.3)° (0.3) (0.3)

4 6.72 6.58 6.48
(0.4) (0.56) (0.41)

g 6.48 6.65 6.12
(0.45) 0.41) (0.36)

12 5.32 53 5.32
(0.82) (0.6) (1.22)

% The value in parenthesis is the standard deviation.
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Table 12. Changes in moisture content % of potatoes stored in mesh,
paper or complex film bags during 12 days

d Control P k Complexed fil

a aper pac

Y (without package) Per package omplexed Him

0 86.51 86.51 86.51
(0.01) (0.01) (0.01)

4 84.02 85.77 85.32
(0.04) (0.02) (0.006)

g 83.12 84.85 85.23
(0.02) (0.02) (0.01)

12 82.84 83.10 83.43
(0.01) (0.01) (0.03)

% The value in parenthesis is the standard deviation.

Table 13. Weight loss(%) of potatoes packaged in mesh, paper, or
biodegradable packaging material during 12 days

Control Biodegradable
day . Paper package
(without package) package
0 0 0 0
4 161 1.56 1.38
8 3.06 2.80 2.45
12 457 2.99 3.01
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"1. Gelatinized starch/pulp EZE¢ 4% A3 sheetz WEUS o, pulpe H7tFo|
Z7}84=2 elastic modulus$®} specific toughness?t 7166t £3F A&t & 500psiol A
1500psi7ZtA] EQE W elastic moduluse F7hsHE B &L, specific toughnesst #asdts 73

e Jenitth

2. Sheete]l Edg @v|7oz AT AR, Fo FLAPAM 4Jd AR AgsHe
.]

pore7ZE B & ANoH, 4¥gEH P00 /L E 223 starch FFol Wold+ %

3. IR 23 BAdA starchYt9} sheete A9 AT AXdA FFdE Yehliod,
glycosidic linkage &5t ¥ 58 peakel & o]zt gtk °]RE sheet7} starch Y=t 7
ZH|A 2 zto]7} UtkE RE LAIEH, sheet A F A o] 3HEHA Wzt 2% o] ohj 1
223 g A% AYE Yerd

4. 2o 9J8t &35 = shaking AlZtoll Wt Fulste o2 AFHULH, starch FFol
2ot A|Hol A EALAE] AUt o] RE starch FFo] B A|Ho] L2t XLdA A
57 wEolg &7 BF ZAne} YR

6. Goll 2% sheetd] 23l A% 300CE AuadA 27k A=A 330TAN A2
&7t dolues vd TME Yehlon, dyzde et 2 o7t AUSE Fdste UV
ZAtoll 93] Z7)9l = elastic modulus7t AzF F7HtAA W, A7 Aol whet Pxiz FasH
t}. Specific toughnesse 747t 243 AYPHJew 65 UV kFol & %27 ghel &
90% ol ZAstAY. EF UV kFd o8 Aue AFHE ZidAen, 65 Fol= o
60%7HA ZAastdd

7. FEF Fol X3, Zelddd (PE)XLFE o] &3t F2(25C)AN AE Az e

(<) a
Azt @2 B3 W3 9 bulk modulus ¥stel Az FEFF Fo] X 4 73 W %
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bulk modulus® ®3tell lojA FAIG ZA3E Hojn EF BE TH] Ffolle o2 E3A

vl 2 W33 JelD A Aol AUSUA $3jel walel sl ohartAR XA Fol
£3e) A% $AP 27E Urhile] B¢ B8 T Aol AR Aol the T4

2

| 248 Alnrch ol FEE Bolu 9l

ol dAsHA +4 ]‘Ri°f‘1 FolxZY BAte Bfolx A9
3 oz 34

2Eg3) Fo| T4E B A% BahE 3UE HA
D % BE 249 ASdE B wagel 244Rel $A5LY

10, AEHAH £ZAAYAG o] &t AYF 74akz 29 AlZte] ©hE bulk modulus ¥} 23t
= 23 P29 ALoA doju= FAE wslglo] FEAo|Y Fo|EFY A5 FA AES

11, AP ANz £49 gake] gddse) 24 A0g B, TR FolxH I

99} mrtA 2 F7} AEE HoAFdon Y] Aol FEFR FolxH] B4t #
Abg wigt g BolFitt oz AFo NS AA dovle FUAM B o AR X
Aol Abgol FHAHoR A7

12. ke BEREE AR7\20] Al Bt TP ABglel YNHo Pasts
A Jehit, 24 W) A9, AA7Ie] FUEA BE A (FEA, BT
A, Ars £3WE 4P 2Ae] A9ut 4% WEE pdFoAch gebd, 24H 3
RS A FHA0] 713 B FolTRe Aest FERAMY A% FASHA BAURe) £

Mo Jatg u]xE Ao Holsl, 7] Fa4o] olg 2e Bg Yo goiME e A

13, 54%S) AMEd Fa8 249 FRUPe Wshe TP FPTIHE o8 ¥
Eol 497 M Be £4E ndon A BA &4 FEYY A7 b Aowl Fol
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M 3 & dEold =X HM=E /et A" 74

Al A ML

A 2ol WY/ sheet MZ3T 2 BAo| vel DAATL ATAY BR/BIY 5
AE AN £RAZY S5 P40l thsted Boiugich 1 Ast B sheete] AHGO2
Q8 sAES AZEH} Folu BE TIAY AF AHuT $58 Ao dedch B Bl
HE olg e slseldl AR BAMRY AL ol§aked FAY Aol ¥t BEEYA
2 Mzs7] 9 pilod =Y Tl dhsh AHE A

iz WEAAY FAL dnldAL 71E FEolY 53 F AR dtdl diF =AU JlE
ool @ A3FUL BHog AR HEHA 72 2t A4 Holy R R T
o] 838 packing material® AEEZA ] diF 5 F FAAEE ZFHMs US. Patent
5,106,8805 % 38H9 E£3]9} Packaging Technology & Science (vol 7, p229, 1994)5 %
269H 9] #AAEE ZAISIAC

229 WEL zERstAl s, AAZZoA H#AAd 22 FAZA wet o)ES
$7AsAQ 222 Asted 2L FHEL 7180l ALS dFdRol AgEHAY A
88 2 YYste B AP FFE o]Fn U #HY XY FFL Yol FH A 2
+~803 ¢ty u gon dA £39 4Fo B UFS FAHAUL FHAME dIEE
HF), M8, (F)Z2FEA, AAJAN2EL, HEAA FolA 3 9 vdE Bl &
2898 Az - Bojstn ok 2y ABs D gle ARHAY S22 7t vid E4S
78st7) st PRAAM A8 AL Foloh ZejodAg EFE Ho] iRt A ’%‘
24 Aae el g ATE g2 AN 83 DAl =2 @ At A9 U
Az Fdolyt MM 59 FFAE THLIZ AL 2t E4S Ad A AR ERANE
o] 7jte o]Fojz)x| ¢4 wAlojth 1Eu HE AIE G A&7l QoM 25, ¢FH F2
AW 47} 7bg2] u)x] = g3 o] 5 Wl @& AlEE 9 rheological property S 29 st
A7E o HuEHo] gl

I’

H’.
m*

of4

O

HAEE o1 e 7|8 849 amylose® amylopecting 318 723 FWAAM AHHEH
712 AQ ¥HE @97t o -D-glucopyranoseZ ©|FoA 91&& & + 3o °|= 6-membered
ring2 24 Z} monomer @¥vtt}t 3709 -OH group (C2, C3, C6)e Tdstn U -OH
groupe A& 02 hydrophilicdt 42& 7tA 1 Q7] WEol olejst FErde dF BiG
AEL B tha] o}F uizd wgS YellA o AL9 hydrophobic property= A% 34
Aeg HEA € o 4743 FAE LA He 9UAS AT F hydrophobicd HEo2
o]0z ArE 23 4A vSild BARY B4 HAid E 4¥E A € 22z &7
ZAlM Bl o= AE HFHE 7t AEE AzsHAE A& o] hydrophobic property

[
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A7t Atk AR #F AF 9 hydrophobic property & 233t z}E BAd7) gk
= ZALE o331 2ol At

ATE 44 218 elA g2 &3 A7 HE AE9 -OH group oM 4 Yz 4
{2 Al 51 o] ztejell -R groupo] 4l $}x]&HA %E} alkylation® Al 7} Qlch o|& A
alkylated® A& -OH group 9 Z42 93] th4 hydrophilicd A Aol 248 Aoz Az}
s A== -R groupd] FFH0 wtME I Zdo] v Aoz Azbed a2u} -R group
o] A bulkyé}ﬂl W HETHe] 8k3-A] steric effectol] & wr&o] & APz & Ao
Azkelo S =1 & methyl ethyl, propyl7}2] Tto 2 |33l 7o) of @x}dola} Mztat
Atk 219 WRo] Mol g A Mol 2rdA M FELHE MAH & + A
- S BFH A A FolR 4 Q=1 ol HRE alummumJ—} octenylsuccinate 2 #} 2] 5t
octenylsuccinate starch aluminum complex& FAAIAFTE Rojoh. o] A &H HFe A
2+ hydrophobicdtAl 7§ E = AE WFde & Fdo] u]z]x] A HB2 BRFAAM it
A A o whyo] 9g sfAAA B o wEA gzt Azdn. AES dialdehyde
starch@ 7HA sl tensile strength, water resistance® F7HAA F& /42 & A4 + Ut
ol Mol 7w 2eE FE¥ F gle MEAZA RN -OH groupe AAE FAld A
Ae Ztudgez AEo 23 AA(tensile strength, water resistance)& FHYAA &

A= oA o

S

il

e

P P
=T %

e
iy

oze Hite EAY ARE MBI AHA AHelzR HE
(cellulose)#}2] blend, =& &5 A& tig /|3 Yo g 84 A5 & AYsd oh53
Zoh WA g8 FAS 9% sl WS AWEd oda 2o dEeR gheojd wExEe
7120 A BE o v B2 AT 4A MEHY GEA dANR HEokRHe B4 A
Aol AA AR Q& A AMdolth 2o AE I £ B4 HAE FHAA F71 9
g iAol gastA Hed ol MEWA e -OH groupdl CH“’L 7} wk4-(dialdehyde
starch 5)& o] &3ld e A2 =UANAFE AN 7tuZeS FAHANA F= ol A

t} w3 33tz A & AR tuE YAHAA Fo2A LH-"%X—'LQE BEE FYAA 5
el Mo 7tnE T£U3HA W swollen granuled ZEE FAAA F1 BAHET FAAA

ra

4 olrh. oleid 7tnE =Yste wYols adipic acid, acetic anhydride & 2|3t
distarch adipate® 9Hgo| F74 phosphorus oxychloride € 2|8t distarch phosphate®
utgol £ A 5ol 98 RS /M 5 Utk ool HED EA=s| 2olA He AE
2o xotol ANAR 7tug B FE PYHE AAY & A o ¢F ARULRZE F
F AgAdo] "olxA o AE2 e x0e EIEA T IR BYAJN EFUVeRE

EHE 48 7heAol dusly] gioln) 2ejnR g7 AoE M2 v dEgRo X
o} ME el slatAel A dsME HE sHsAdol dth

At Axs) ARel HE TRZAI] AR o3 BRNHY YRAY AR AZE
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A% 4E 2 71t A¥ formulationol] B FAL sk o] IS
extrude systemol] @3 W82 B A7 22 #4334 AL AR AZE A 42
2 719t 4% formulationd] $8 7Fsd Aol 88 AH8E ¢4E719 24 A
g27] g & A7 AHPHo2 HEa7Ie AYAT 4E71E o] §F LEA 2 P
Be BE £9o| HE ASold 1 Wee ps aokad ted po

71t 2 AES A EFEY T4 dis) M RY, starchE 383 e 7143 Wyeg
dredsld EFELS ALEY oY HEE HHF amylosed /T ARoIY FIHE %
o] oo AHEB T 18~2%HEst HA3 . dextrinized agentZE acetic acid,
hydrochloric acid5°] AH&5™ binder2% PVA, polyethylene glycol(20%)°] A&}, of%}
ol 7}4A (mono- and di-glyceride, urea, ethylene glycol, glycerin, polyvinyl alcohol,
poluethylene glycol, polyurethane 5)9 #7AI2 4 AHEdAl(fatty acid esters, trirthylene
glycols, chlorinated paraffins), & (lecithin ¥ 2 #FXA), MgCl2, glycerin(0.1%), &% 4
(sodium hydrochloride, 0.19%)5°} A7HAS o 2A E§std AR EFEL AL
Ao 3224 ethylene copolymer® AMEHE d ole] FHPoze Yol IAsn ¥
el a4y starchst A84 Hole dio] v} 7kA4A| 2 & glycerine, polyrthylene glycol,
ethylene glycol, propylene glycol, sorbito or °|E EFEo] AHEHH 1 v &L EFE FA
o] 5~18% AZ7t AHgsith olf AAAZE=  cross-linking  agent(formdehyde,
paraformaldehyde, paraldehyde epichlohydrin), UVstabilizer, flame-proofing agent,
fungicides, herbicide, antioxidants, fertilizer, opacifying agent, stabilizer, plasicizer,
antiblocking agent, lubricant 59°] Ab&=A A& 9 destructuring & #3) W& T2 20% &
=9 ureat} alkali® AH&3tch ol9jol® HE D} mild acid ¥ carbonate E3E°] ALEET
mild acid2% malic, tataric, ciyric, maleic succinic acidg°l %2™ bicarbonatett
carnonate°| AH&€ch H7HAIZE borax?} o]8€t

a2 7t A8 S Y8 twin screw extuderZt Bo] AlESE D Jlon FEEd F
oehle 71AA AW A= 024~027 hpAEYel BuH1 ot exit die2H slit die7t AHE
51 died) $}EEE 30~60 ft/min HE7t A28t 452 o|WZ 4EE Y extruder FIFHAIZL
2 A3t Y} extruderd ERAUL 80~240CHEZ thFsiA AAIH2 UG

2

B ur¥ Ao 24 e Yl gt ArASe] AHEEel BadHu Y. & dFdMe

letoz AR L¢X A AZE A £ dFoME Mgz £71E o] & 2R
17} AE7)E o] &3 A& LTA2YS TG FAHE A2EE AT AR EE
AL Azst7) A Hze FHzAY AR recipes FHIA

o

>
wlo
1o/

>
W)

]
]

o

X

o
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4238 A L 87152 Po] AHEEE EPS(Expanded Polystyrene)E AHdA ejol A
& PeiEA g 9HS A2 gt agEg B dFdAs EPSY #E T A

e 435 Y SN ALS sl EPSY vl 247 34 S Zon nYEd

B AREHRENE, 92, H7H)E 988 8o Az o o

& 7IgZel 27 E o) 8t EFEY 2AY], IR, BEYY R I} AR} T2 FAHRA

= T3 HAQE AES Y982 Az BPLEAsL EPS

gzAE AN 2gdH A4S 21 AE AE FotR7| Y8 SEM, density meter A7

o

A5 E gt

L o

lo d fr Jo 2

s TAA L L71F2 Zo] 2ol oyt AAA A Ao RaHA EPSY BHE
ZEE AR 3742038 dEA) L 879 LS Bxog ARy YL g st BIHA|
moldZ AH&3ted Table 149 2& A8 248 AAstd LEANYS YA

Table 14. Experimental conditions

A8 AELYA + HE
HE+HE
ApUTL R
A pellet
2o Wre) EPEA
@7}1«1 sebl 92, NaHCO3, 44%

THF

“ﬂiéﬂ

Alg 74

Mzel Hxe

f'

kA& 7GR Hot press

Azzd | LE &Y, KM

A3} HEzo] EPuE FAVEE 100:0914 50:507H2] 23T hot pressE AH8-3t] &
AW ¥ E Table 159 28 4¥xA02 P39 100% AL AHETE LEASY 7|&9] 2E=R
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Z ¥ AAEPS)2e] W% morphologyE SEM(Scanning Electron Microscopy)® 8] st}
Figure 32& ©|59 i3 At2g Jdedz 9ot 28aM & + AXo] EPS7 closed cell
Fz2 98 57142 el Rt vhE dR/HE EFAIAE open cell®) Fdog F7]
Aoe FxE dedn ot d¥/Ez X EeAZo) AR £ o] aHAHY

2 ofulgth Table 16 28 S B3 Aoj {.3_4 sizel 2

vpebd Holth

+ 9
72

Z/3u)el 2 XA YA

rulu glo

Table 15. Wet expansion condition for the paste of starch with pulp

A B2 W 8

< = (T 140~1807C

hot pressolA 2000lbs 7F¢$ WF <ol 3000bs2
A5% Ay
X 7EA (wt%) 5/100~10/1009] A €%, 2/100~4/1009] NaHCO3

4 & (lbs)

case 1 : 4~6min
7+& A1 ZH(min) }
case 2 - 1~2min

molder hot press molder

AgZA8(FAN)| ARFE 71F22 100, 82, 7.3, 64, 55

Fio

T & F(wtX) 30~50%
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L a0 m [ s
R f‘hﬂ K ]

(a) Expanded Polystyrene (b} Expanded Starch

Figure 32. Comparison of morphology of expanded polystyrene
with one of expanded starch

Table 16. Results of expansion phenomena according
to the composition of starch and pulp

MEZEHZ U8 (Wi%) LEHY
10:0 100~300 1 2f open cell
8:2 L 4N
7:3 WEH A
6:4 wEAH 4
55 ut 3z obE
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Al Ao} 2L Ay AFAE ol gsta] YT Y27|E AR, A LA AL e
EUEAE Az A& YZo EJEY vl 642 Y WX ZU L Table 159 A&
usich HApYge] B g Ase g9 2& FANA BFLEM H& AzsgcHFigure 33).
a2jn Azd 22 24 54 AxE FASUYT B 2xAY UL E FH3 93
o density meterg AM83l o, AL EFulst 6:40]n HEGM BXEd F& AR
AHgstglh. ©hg o) Table 17€ #¥3H 9 F9d e ¥¥U=E Yehda Qo

o] 4z gol 7AUZ27|E ol Rt thYF Alg9 EITEA Azo diz FAsHo

oy
Birs
i)
e}
)
N
32 Wy

AHEYT Yt oz WA WY cell F2E XA FoF HEY 93 7

th. closed cell 727} open celldl Bl3] 7R 859 HolA| KT Wo] Jlopz AFY
A o] vpEAR Fz & £ g aY AAE FA7 FLE FAFY AR
open cell& ztx glo] F714jo] gl LA olrt . B AFojAe o] pYEH 278 717
o B3R E A Az, dE9] destructuring?] AJHFLE As LEAY cell 7Z2E 2H
olgytt e oy FAHEL FE3] Y8l ME 9 destructuring®] 1AL Z 753
A4 T s HXA Az} 7HEE AE7E SEXAA A X pilot A2ge FAFH
t} o] F& WEA W cell 7R AAE AU
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Table 17. Density of starch expanded cup

AVAFF HEAE (g/em)
e FUHEE 0.5844
2o iR 0.8713
e FEE (wax A2]) 0.5316
e sgEE (wax Ad) 0.8817

Figure 33. Appearance of
starch expanded cup
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A3 A FE7IE ol 8T TIANLA Y 74

#73sle dle] sl Set29 43 EPS LAAYE diAs] AT F54E 7HAY o4
7t 7}‘-5‘-'""2} *é*%’:éﬂ 3 E"WH ik ":1} S 98 twin extruderE A2

o
R
S
2
BN
i
i
(T
>
[T
o
31_,
2
e
ofj
ot
_&;.,
..\,.’..
bat)
[
o
EE
e
2
&
o
&
oY
s
by
0,
r
Bl
o2
o
ofo

1. Pilot A= 9 +4

7}. Twin extruder

A 1 Ao zAY BFuFPG vieko2 dubAQl HE(amylose content:25%)& HEAA
A48 TAAS Azsl7] 98 twin extruderS AA3Th Starch, & % ZF H7HAs
g < 2o Yubxog ALRET e YEVE UEFY BT, EAC ZEd 2
= xgiake] z™ol 79 ErMsdln §tEo] 483 olFoAA g& FAR Jderr AT
z Q52 ALED UE starchd EFHA] "o g 43S torqued EXHLZ Ao
3 &= 9l= Twin extruder® A zstdck AZE extruders ¢45 twin extruderst L/D 32
element’} 288 FZ2A DC 30kwe] motorZ 7EH ZHE mixing® 4% S B
st} Figure 34 2 A7E 98 A2E extruderd &8 Yehz

Figure 34. Twin extruder system with compactor



L}, Supermixer and mixer for sample fabrication

A2 EFBL oxtruderdl FUstel RITAS AR el WA Sol 4ol s
ERBL B FYH) Aol AP MR W2 4R e AW dobo] T

T H

| 42 242 2EE F 239 4EEL 992 AR T 4 UL sample A2E mixerE A

=

Astel 4P WStk LYol o) ARY THEL A4S Aal WREZo] 50,

7tg 2 Wzto] 7b53ts 143 A st mixer bladeE A3 supermixers A ZHEt g tH(Figure

Figure 35. Supermixer and mixer for

sample fabrication

o AREFE BT

Supermixeroll A dAsA EFY AFEFEL extruderol YA vlg2 FTTHF7] A8l F
7HAe F8 "*ilf% stk vpdule] gHez Qs F53 A ¥& A5 uiEl=R
o Hog FFEE AR feedingdle compactor(Figure 3637)9} extruderd EEo]
L2e Aol THES 2737 & FFE + A FA(Figure 3732)E A 2stA.



Figure 36. Compactor for feeding of
mixture into the barrel of a extruder

Figure 37. Feeding device of starch

mixture into the barrel within extruder
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¢}, Heating system

2
2
He

ETEES REANI] A8 &
: 22 Iz o2 AEsstd €& 7HA
TH AAHE AT € FEWEE AEEY oF F27 He vidd &

hAE Edelel GEANE 5

)
U4, 23T @A, mixing @A, LEAA dA|,

L

Fe= 4 Mg ¥
Bale] 1202 A5 F AL §Yn 7 dAEE 258 H3 300C7A 24 5 U=E
slAt} Figure 389 2= sensor®t EAlo] Ritd extruder? 3 H#&S Jehliict LE A

I
of d¢& gAoz FFEF7] Y8l dieg extruderdl EAAAFE= R Ed Figure 399 B+

5 Aoz HAsEn 4PAR, of $Re| LEst %S Ao vz
H 25/ 458 A2 4229 4% LA JHASH BEE] F Yolubx gt F42

1

Figure 38. Heating device of the barrel

within extruder
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Figure 39. Heating device of the fringe connecting die
and barrel

o}, Screw

AR ZF HAAZ U4t 4E die WEFOE AT A8l barrel WiFol A 5o
AE screws screw element? ZFol wel ¥ FTF £ 4¥ Ao F8E & It
B pilot AME F29 screw A ZolE 1340mmE 60/60(screw lead/screw with), 40/40,
40/209) element®} 45/40, 90/409] kneader2 Z#Ho] Ut} screw HYAEE AR EFE
71414 Q) destructuring 3} EFE] &S AAE T 84022 o] g AFPAHQ F
A7t B AFolA A olol e nFE FHAAM HFF Holoh Figure 400 & HFof

M AR ® screw elementS9) /HFAQ Are Uehidch



T Kneader
element(45/40)

Screw element(45/40)

Screw element(40/40)
element(60/60)

Kneader

Figure 40. The description of screw elements

v}, Die design

Ae 2
2 9l
o 9y

AESE A A

twin extruder®] 93 WEE &5 AL BAolY, YY), annular 522 Z
AF E7) EEFRo & dieolth WEEGA AMEA HEAY ¢4, 55 T 483
B AP A BEA MRE Y3 Figure 41904 A F slit died A - Az
olt} o FeNE Y&l Figure 429 Sle AAH Y dieg daAlstAnt ool widh
Zo #3 =9 T AEE Holnt

M,E lo _\9_‘ o

o4z} o] FAHE LEH A2E 4E7] A2 AAMHY Figure 439 2.

Figure 41. Slit die Figure 42. circular die
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Figure 43. Pilot extrude system
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2 oM M99 pilot extruder system$& 7}X| 1
FEZ AgEYct Figure 4904 Bole FAE w2} twin extruderdl A% 2 4% 3

7HA &

6}0 Z

99 £92e ST +8, 9E7 L&
zApshA Y,

Dl
=

LEEYA AEZE AT HY FRZA

screw %%}, feeder® 5UA, die o 4

Super Mixer: Starch,

Hox e 2

Volumetric feeder
(288 Y2 & extrudere feeding
holeol 2 XspH 5

s

ggigol pe mixingt iAol og
= crew configuration

ngtstolA dieg

B3 &&

ciotst 3 atel 2z x| (Die design)

Figure 44. Manufacturing process of

expanded starch
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7}. Screw configuration

FRZYE Fo 2] U AE 9 destructuringo] Qo] F2E 247} screw element
o wigojct HE9 7IAIAA £45 53 amylose contents®] THL £ol7] 48] screw vj
84E ¥ kneaderg BAsA 4o A 45E 93 reverse screwE wiIsld}
screw?| BiEo] met HE EFEL EH viBUY Yol YD WL FYUFH B T
BE §% screw?] g 43S ved B AN F7E screwd 2§ T Fdo 2
s 488 T3l 2 d7AM A2E pilot AlE Al g A screw WIS FaA 2
FgollAs B vid Foll 383 B7HA 27FF WS d2 3 of 27 F wido] nj} wE A
g gAste EFES Asd vlAe 43S dYHoz dysucn

A WA Figure 450 2+ A7 20] 45° kneaders}t 90° kneaderE ¥ 7§14 4~54, 7~
8 B Zo dAatY 1 reverse screwE AAHAT EFEZE M (amylose content: 25%)
TS Al 85T EFEL barreld] 3 WA 229 feeding holed TS| Figure 37914 A3
€ feeding Aol o&f FFa|FArt ol 5«1 T3 9= kneaderd] 93 destructuringg 9
GatA A8l kneader’t A Ho] 3l EF Ao vl4s holed W= flowmeterd] 93] 150~
250 mi7tx] #Aste] FF8 FAG Screwd £ 150~300 rpmo g AF5 S Fo] AgL 3
A3 barrel WollAo) HEe] 3E4UNE 2AB] Aal 4E7]19) 22v AR LAdt o
A8 A9 hopperd] A= Ue screwd T3 A9 AFA FFo ool Utk 1 ol
E barrel®] 4~5¥ Aol QI& kneaderd| X HE 5&S AotstA aAdste T ¢E7] Wil
zhehgt gbEo] Rojs]ry] wfolct Eg o FFHAN ALY FFHAY YR /Y B2 F
Y2 £ gRsln 4FE 8ol AEH TAA FE FEFUF B8l AHE 2yt

5 HAZ Figure 46014 B%o] A ¥R 273 F wdoA 4 Zel3Ad kneader £

F 709 kneader& UEH screw element& AMEd] THEQ FHo] AANTE st
SEEE %11_. ol&]e] PVA(Polyvinyl Alchol)€ #7138t §4% 388 =& 319 &F
FAAE A WA A8 Y8 HFYeH 27 F9 ££2 150~300 rpme A
3t T?&C}. EYE 983 587 EFNE ol A& bindinge T FEF 2EAYS
7] Y13 PVAE #7131 1 o] binding S $18) uldg) ece A3}l heating systemol| 4] A
i 2 sectiono] we} 507C, 90T, 1107, 190C2 AAste FUh o] Az 1 @Al A2
Mgt Zo] EFE] W&ol AFE}R] R TBE Bo] GFHd}H EYE SR 2T
Y2 Rale 4035 AR

2
=]

q"iﬂ&’l—%
m{a
l_.

fy n2 o Mg b ofy

j+9
F
1) A1)

2

Al A Z Figure 47914 EX0l 29 AAE 3UA E304 5 U £822 ojF A1A
EEL 2 428 FEo] FFHAANLE 89T kneaderd] os LAz ‘_% 289 Ade
A AF 7] A8 kneader®] 75 & Zol1 kneader Alolol 27 F 828 Hstsich o &
Feo 247 A& 7IAY 84E W SYHA AFAD 89 FE 100~250mi7kA] 3749 A
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g 7ol T8 FAG F AAS} vlast] dEH HrpAY EFEol €3 viwA F HAxn
HE Fdez Y 7 AUk 2y 277 £28 RFW So] AFs B Yol A
o Fddo] B g @2 HHE SHEo] S AL 2ASAT £ A oA Mol WX
at7] Slal g F3719 BY Foll AT B3] FHo] A |, 20| FFE Fo| AL Y&

dl HAZ Figure 48% %ol 90° kneader 84% 27§ Ax&lx Fol| 45° kneader$}
reverse screw, L ©]%ol 45° kneader& Z{std & 33 AXo & EF ol Eo HX
o Futh HrhA2E PVASH &ibdsEd Akt 89 ¢ 150miz MAsqich
barrel?] 2% 50T, 90C, 180T, 210CE ¥WaA|A FAUh o] A% ¢&7] Wl EdE9 &
25 dFsA & F AAoH olof wat 2o FHE FF Gl BARlel A T FE

Aol 7he gt w3 bz g, PVA 58 F3l MEE S ¢ASANZ 5 AU

HJII
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Figure 45. Example I of screw configuration
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Figure 46. Example Il of screw -configuration
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Figure 47. Example Il of screw configuration
— 96 -




8|1220N 21Q

43 3 JocJ Ov J O [ Ov [ Op | OF | OF | Ob [0g] Ov | OF | Ov Joc] OF [ 0F | Ob [ O [ OP | 0P | 0P | OP J OF | OF | 0% [} [ 0 ] 0d]
fand WA ARG A MY
Lt 0l L ) 14 |
1104 uonoalu| Ialepa
o] ozt f Jopasd
|eldieN mey

+*

Y

0sel

Figure 48. Example IV of screw.configuration
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Y. Dieg| ¥ dAg Az 33 47

A oM screw?] configurationd] & HH3E MRt & FojA & olel 22 A9
screw HiE L 7}x 2 MEA 9] AL ABAE die] HAl FH =oaAt B AFME
ggd deg 7Rl 2XA AZE 48 2A A7 die FAE 2ASAT loose-fill R
Z %13t hole die, HHAEY XA AXE YT slit die?} annular foam die, YA THFAY
A¥Y e AT A% Y82 AEHE YANEY REAE 9% fine hole dieZ M A

s

1) loose-flld XA A=

Loose-fill& 714 da] Al45H 1 e Juief 2¥ g3 Aott. Died] H2isle &L holed
B3 T2l AEHY F& AR d43o B¥ g, B dF4AE Barreld] 4FAZE
F Sl fringecl ZYstd 2 F UEF 4om AR 458 24 A2del A 2mm(EE
25mm)9 orifice® EFE BFo] YFIHEZF Figure 49°0X% Zo| die inletFEIA
orifice7hA] 7AAFE Fof sy A 7HEsA old die lande 9 Zol7t A4 E o] HoA
Wy Zasts o] BEYn2 05mm HUiF A kdch Die inletol A orifice 7449
7o, orifice diameter, die land 2 AN E AX AFHoz Hojd A BEEAE
€ F 9l die2 Figure 499 Zo] dAsch

olgA A AAd die nozzleg' 7FA 1 E3HE9 A& Starch+ PVA 20%D + CaCOs
1%2 8lod ¢t U AYss 3¢ ARvhe 92 IS o 2o 25 L AyA] 84
o] }5d WEEZL IS T JUUTh ojdf =AM Fo PVA ¥& F7MMA Starch(FEEE
10%) + PVA 30% + CaCOs 1%9 #o] &3t AY3tAE W PVAZE 20%Y o 2ot 3z}
Ay Breixe Aol F4EUD ZEE FH FPHNL flexibility £33 F7h= ATt 18
U, PVAE UF Bo] Y& Z4E Z5e =Y 2 Fo] 2x o] 748 HolAx d4
= AL #3285 AU o] YAE CaCO;¥E F7HA12 24(2%) HE B9 g
gols) »w 2Enjgo] Rolyr LEH celld] A7} o} BYYo] B} %"“EM o}
o # R2A 0 FYAE F AYE AL & 4+ Ak FW, YT g 2% AT AL
AE A= e A QA E £edoy T E ¥ Y%L oo} njus] —m;%i o] & ¥
FEE & F ARG oo dig AAAJA HEH =9t 4F0M MestAh Figure 50
Starch+PVA 30%+CaCOs 2% 2™l loose-fill®] &S BT

-{n rir

—{o rl[O o

1) Ao E %3 28 FAlel did AdiHYd ¢e vdeidg
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Figure 49. Design of die for extrudating loose-fill type
of expanded starch

filament type of

—6 f
Loose-fill type o expanded starch

expanded starch

Figure 50. Appearance of loose-fill and
multi-filament type of expanded starch
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2) sheetd 2EA A

skl B A AZE Y3 A 719 dieS HASS $X2HE ZQPSAT LEA F
o] 10cm ©}4+9] sheetd #ZAS A BA loose-fill F LEAE & A & hole died
S 83t &89 Zo| 2cm? slit dies BAsAHFigure 513%). £ 2 A9 £& Sol
9)& &8l Zo] 5cm slit die(Figure 5238 %)& MAlIste sheetd o LXAE AUt #FZ o LX
A2 A7) s o] A|2d FAHRES Figure 53 A AT 22 diet annular foam
die(Figure 53%%)& nstd 48& et

Slit die2 8 ¢Z 229 sheetd LEA S AL = loose-fille] % ¢ okat7bA 2 Starch
+ PVA 30% + CaCOs 1% o ZAH|E 71202 3o CaCO; ¥& 2%7HA F7HA2E B¢
o 453 2AHL Hol: AL AYL Fi #FI¥ F UAR(Figure 543 Z) 53| annular
foam dieZ o|&& 2X A3 A= Starch + PVA 30% + CaCO; 1%9] vl &2 4E3Re
= BE 7} o] Yo|d sheetS FE T AUk o AYa o} Sojd Y& Starch + PVA
30% + CaCO3 1%°l 2MUL 15% A= o 7t 42 d L2AE $EH|go] A3 2
o]Eo] Yyt Fo|9} ul£3d Ael(Figure 55 (c)&Z)9 sheetd LEEo] Wsojion Frx
AN FAEE AYgS 2ot
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Figure 51. Design of die with 20mm slit for extrudating sheet
type of expanded starch
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Figure 52. Die design of die with 50mm slit for extrudating sheet type of expanded starch
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Figure 53. Design of annular foam die for extrudating sheet type
of expanded starch
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{a) 20mm slit die

(b) 50mm slit die

Figure 54. Appearance of sheet
type expanded starch
with slit die

heee

(a) side view (b) top view (c) glycerin

Figure 55. Appearance of sheet type of expanded starch

with annular foam die
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SRS GFd SR(FAEY vlE, A4 AN AL o8 WANER BIAE Az
8171 9% fine hole die st o] YIE LX M= I A2 "’&%—9] XA ALR
g 4 den 71 22 FY AZAFEE §85 A THA AxE A 982 AEd
ok 2E|2E 9| Az AL polystylene chipg S4AH ‘*‘FE*]?‘ T E 5 U8 58
of 4¥3ted AEL AU o] AZ (S S&57] ) UHWEY Ly AL AxsHn

o] 2 A A oy rle} YEte RYo 23 Hdste WS TUsky] A oed ge
multi-filament® die nozzle& QALY loose-fill dieE ¥WHE A orifice’t 57} 671, 1270
ol dieZ 44 - Al&sAc} Figure 565 0.5mm¢e orifice diameter& Z& multi-filament 3
die€ Figure 579 0.3mm9] orifice diameter?] ZAXE eI Y. Figure 589 °lE die
o ¢S et} Figure 599 0.3mm 9} orifice diameter® 2= dieE o} &3t wxsl
ZAAey 2¥Ao g Uehddch  Loose-fill ¥X & $43 ZolZ2 Starch+ PVA
30% + CaCOs 1% ZZelA F5# 249 BEEL L 5 YUY, BE F4E 93 PVA
& 40%71A 83 CaCO3& 3~35%7HA 3ty EWo| ofF sjuydn Zert 43k ¥y

22 92+ A

]

oAt T} o] died] H2 AMAEZ B IdUF ¥ ARE A% FHZA(screw ¥E, B F
2, &85 ¥4, €5, die design)E9] HH 2A4E A0 A% AELS PslA). o) FA
Z7ol W Aol B4 vjxE Gl g MAHA AFe 4F0A =o€ Ao}
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Figure 56. Design of die with 6 orifice for extrudating mul-filament type
of expanded starch
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Figure 57. Design of die with 12 orifice for extrudating
multi-filament type of expanded starch
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(a) 6 orifice (b) 12 orifice

Figure 58. Appearance of die with multi-orifice for extrudating multi-filament

type of expanded starch
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Figure 59. Filament type of expanded starch
extruded with the die of 12 orifice.
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A4 A 2o

L AR 2233 ARE A3 /GZd s A2dS FASEY. 488 T8 QR4
12 B3I AZ A2 reciped FAFYL dY3 moldE 7HA 2 A LxZ 59
A AR5 Azstgoh

2

1A

2. twin extruder® AHE3td FEAIA 2" FAsETY. HAEF YA £FE A8

supermixerS A&t &3 HAHA FFE Y8 feeding FAl, die nozzle, die9}
barrel2 AZ3FE fringes < 24 AeAct APL &) AdAAHY ¢¥xAE Y 5 3l

= ZEE| recipet B FFHAY %4, screwd vlE, extruder?l €% Fol i3 FH 21
stdsislo.

3. 2] 742 #HA 9 die designe 3 loose-filld WX A sheetd LXA, LAWNEY 2L
AE Axstgon ols tPd REAES ARE7] A3 THZAN 3] AFHA
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M 4 2 MEG|M dEgtxdel Hxef 24
A 1A XM

B ARoME 3B AR XA AZE Ha) 743 pilot FRol] 3l Azg AFY
Ao dig A7E FYPSFAT 3NN M A2 G Fe(HY, loose-fill, BHIE &
loose-fill §)9 FE LIAEZ AZT F o o2 B AFE Y& /A9 Hejo A
B 2YAE 2 Ao g A WS AHEsted BEA Y EAS AT T8 ol
o BAE Fo TAA £E2 /MY TR AFAHAE MAHLE SR olw, F4E pilot
Az]o] 71AAHS HAAAHLE, £5, 33HE 9 4 F)50] XA EA4d FE 93e
23t7] 93 °lE ZIAA JAE fr2 3 2EA AZ2E A8 TS Aa(HEIH ¥}
Al oa Ay wEAY 24 < A8l S ¥ 3o AEHNE TAAE AxsI
olo] EAS A1t olE vigoz 2 dAFoA FA4HE pilot A28 547 raw material 9l
ZA0 9% XA 5E4E AART + AU

_l

iy

material® ZA9] 4&& G1stAch loose-fillo] Wg oMo AFEL F
o og Bz e} EAol T E 7k FAHWUS Ui 4 5 Mestn Yok 2

o} o] FA M9 raw materiald AL BF AAR o AE LEA 9 S Ak HAH
ol AFE oMol QAT oAy AFEE FHoT Hdysid vH g

22 dFtE2 MBS VIR AR st AA AN ZRAHs THA AEE AP o
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22 AP BEAHS e 2IXHE UE F oy Bty Qok B2 53HEL HEE 7R
o2 3 fFA Az ML LYPE AL Joy o] HA] amylose ol 45% o]
° 258 AIAE UHE 5 A2 Bustn o 23y Lim $2
HE HB(amylose &% 25%)22% t}Adg A loose fill He LXAEZ A=Y 5 Qo
o 2¥ye BAE nFER HEe] 2XAY HxFE RuPyt

142

Z2Z A o3t MEo Wy HAo g 7] (mechanism)E Donovansol &) 2 HHs]
t} Mo} ¢4&7])9 ule(barrel)E o2 FFE wel 4E719 die2 A wpASte] ghE
Aresity, 1te] videre B3 MR EjFEo] TRl died T3 EFE o o ¢

2

[«

]

LTI

Aelzz EFE W FEol 73tetEA HEe BRI} o] T I Fof BEA
shxlo] ¥ FAAE FASHA dot o] o ¥ g FHE HEW HEY BESES W

AR
o
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e 2 slold vhlle) 2 Z7lel Wet 27l8Ta naatn Yok o] WAE YE ned
Hel WEgS 94 paloh Fzo| F5E A% edle Bavgn LA Aok

ool d Amugtsol hEEe WRYLAS THo BE ATE WP VA Az Y

whalel et BA(QPY AT AF2 FHHo] Utk 2HDR B AT BEA) B
2 AWrAste Tl o8 Alojalod thard A (soft-rigid)e e LEAS Azshs W
245 34 weshel AunAAel dal AFskdeh

A2 A ARAZ R AP

1. AlRAz

2 ATl A FAH pilot Al2Fe 943} AR DEA AFA] ol ¥4 ¥4 raw material
T2 3o g3 22 A4S T 2¥A HAF AES 4% ":‘i%% A z3tsioh pilot

W32 = screw speed extrudergl Ay 2% 3’:—@%( 71%7}*1])°l IEEE

Py
L ooX
o

o3
R
lo o
Jl’) ol (E
o}:’.

n-,x,n

&?JOIC} 3x‘°ﬂ/‘1 Hed 3}9]' Fol HE %ﬁiﬂ extruderoﬂ*i €-a . "a‘Eil"i <
Az517] A extruderhel &3 died S8 wo) tAxrL AL Folof s

ko] AEHE WE Az FEE Part ok o|BH oz vt tHE 5 Fel v
?3'P-‘—§ 2o RS Tt At A5E AL F Joy o]2 JF AN EF LI T
AR e 483 35S Adetd LXAY AxE Ae 8%0] HUE ¥
AT E FesE gz FEglel ‘3}%‘4]—4 dHo dsg 7HA s ‘1?8 4 3o
A7l 218 AASAHE00g/min). °]94°ﬂE S 3N A S SEY £ F
: . 3%olA A& uie} o] B 7‘] g outAyle] EES 55 FEAE
B FFHXE 3P HA Hxli FABAL TEBFS T2 FRFo] ¢
20%(100~120m)/min)7t =2 AdAsH o] F7H FAHETE LAAFID Uz @5
259} screw speedE F FAWMFE AAsY AES A

= e

o Morie
ﬁ
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3,1
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i)
s
fu

ARere 7421 BRI AE AZEYL o LXA BAo] XA Mo BAE 2| £
shohe AR e AE9 #8490 amylosed] T3 23 AR 3o AF3 v} Uk &
A7k ZRolAd f8 9wk BE, amylosed] #Fol o 26% AHgEAT ©lE
22 3 BEAE §AXYo] WolA T brittledt 4 AL UERATE o]a B4 Aojatd T

5tet WEAHE ARs7] A8 Polyvinyl Alcohol(PVA)E AME3t4tt PVAE
bl -?—%—"o aEAtel2E AR FHIE A & "“{}
o & ol &t o= PVAE o83t A+
EAoleg g AF9 F FAQ #7335y 55’0‘7}]
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AR Aol 42 o8 ¢4 484 E Yehdle 2028 A BEAH 9 {dgd B
A BoAE A8 A ol PVA AA7L B2A4E 7HA2 Jlemg HEH PVAd o
& Dy s AE LEA U cell?l 2718 F/HAA 4F542Y A5E HALNE stER
olZ Alojslz] Hal SR ES HIMAZ ALEStHth 2 dA7dA s SR kA e4
Zrgol o3 AE A9 B4 7| 3 AHANE ugo st & 2FNA
A" ARzAL F 184 e B Qo A AE RS HE FA g HrtA
o] A ZAE Yetln otk loose-fill MZE Y& 25mm A% 9| nozzle die® AHE3IA
c}.

B paMely ARolele ArbAel e HE FAS AUHY Hl(part)2 Uehigch A2
PVA7L 20% B7HEIdthe e AEe) $AE 10002 23e § 209 PVAZ BrhEgicks 2
2 ofwl@t.

Table 18. Preparation of expanded starch

H A
PVA 10, 20, 30 parts
CaCoO3 1, 2, 3, 4 parts
230, 220, 90, 50(I1V)
Temperature 215, 210, 90, 50(ID)

(Ist, 2nd, 3rd, 4th section) 195, 155, 90, 50(1I)
180, 140, 90, 50(I)

Screw speed 150, 300 rpm

water, mixture feeding const
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[\]
ax

‘Eg] u} tH

O

A o e

o} APzANA Az REA EAE A7 A S 2L WP AHEEHA
ch. WA AzE wEAe] 223 B4 19HS A 2xA Y dHBoiFe] FA, Htstd AE,
Ve 2y} ojH BH EXE dE vl o HEA, HEALS FHE] A Fag
A o] Thejziolyd RAE LAY cell TERE o3l dl SEM AR I A ALS

£ HEQl B¥Ae AFS LXAI FAF Yol ohmR T Zolg} Hx
o] Aol HFo g sttt LEE density meterE AMR3dly ZA3H )

l

M
32
Ru i
mﬂ',
H:l rL“

TA AR kg dldlo AzE LEA(PVA 20~30%, CaCO; 1~4%)ol dist H&t
HAQ dolry] st tensile testS Alsich ¢4 Zzo] ME s 40mme| 2
cuttingsted AZ8e stk 150rpmolA Alzd WA 9 jEFE 5.5mm°]”1, 300rpmoll A A
2% Blends® ¥74< 75mmelth. Rheometric Scientific, Inc.olA A2t Mini Mat& o] &3}
of Ao 20mm/ming £E& AZAAA ABAHAE ZAHsAY. 4 MEF 5709 elongation
at break, tensile strength, modulus® A3t HH oz T3t

A
A
o]f‘r

[;}, b}"-/l—! 21

AR Bz PNz SEoM AY TR AR AFAHHolth TFHE AFol 23
A A & F2 TAA AEAFE AT TRAE AR (ERHE AF
o slghel els) ERAsL ARST Yol AAUNL W A Jeiz BAHAD s B0l

s TRHE AT 4L FolA He o] Aok auz IFAL AFAF Al
zesiolol & 242t & W] AYA, LFEA JEAE P F+, 5UTH ol Ao
LA old 5L FHE] Al AFAET S SHAL loose-fillF BEA = F2 gl
M B2 WY&

HHeEz 2 Yol 93 FE75e HHL WEAS o= weh
Ao o 93 YEAES 2T £ Ut 79 deo] Fostd sk B ATAME low
stress levelld BB, Fol, 129 YEAT £4A 483500 AH8HE KES-FB3E AH43%)
o ol A7 A7l oA AR Des v

2K 02} 5= MES Figure 609 BE A3 o] AE platelol st ZEol| o3 7
gt compression plunge A8 £E2(d, Imm/50sec) MES °J=75]'7l Hal eierct of
plunge®l ® & potentiometerol 28 HES 1 vlal AHE o] force tranducerel ZHEHHA
cgto] RElE AFFHE B2 $3q dao AAZ HEo 7he d oldf A7|FAE o] &3t
of Wgl-3zte) BAZE FAAATE o] Aol ofs) 2AHY AA-¥S) FHe| o7t Figure 610
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e sl Q4714 Te Al89 F4l(cm), Tox A& 43A(d, 05gf/cm2)dlX 9] Age] 7
(cm)E debdd 223 Tm 2 23E Jd 4FF(Pm)olM9 ANz $A47 €. o] ag=
A 73 F Adv AFPE2ZE 27] modulus, LFAUA, 4EHE S, 38 H(resilience) 5ol
At 7] modulusE 7] ¥EFstFol g A5 A4S Yepd = oy A8 Yy
AEYE A 7Y, A5 7]87] Tl d&¢8 Py a¥Eg AR ¢ 5439 vy
characterization®ll A< a5 @o| RFEAFIEZ E dFoME ¢F SAHAZ A1tz
grotct hAle] dE5AEAS 4 (DA g3 FalA = LZvl(compression rate)E Fat= Lo}
Btk AEYol did Aol EFZ(LE XA A, W9 cell 72 o8 2R ¢
Fu|7} Hoeg WFol A% x7] modulus Bt tf YA ZFgo] & ML sMEsA g
ch. =3 k& A19) toughnessS 2otrz] &l (2o F&A FAdAE AN T3x)
o 9l Fag AL HEHL 4F F 1% FY FAE Ao A FAu2 AN
o B AgdMes 98 AE HIAESE X F Lgo2 Iem(7hR) X lem(H £) X 0.5cm(FH)
o] NWg WEo] 340gf/cm’S HNtF o2 A 02mm/secd] £EE 454 S ZH3
At

T,—T

EMC(%) = —"71:—1 x 100 o))

where,
To : thickness at pre-pressure

Tm: thickness at maximum pressure

1=Tn
WC(gf - cm/cm?) = f Pdy (2)
x=T,
where,
P: Pressure at compressional process
T: Gap(thickness)

x - Displacement of plunger
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| motor
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pluger for
|__—1—"" compression
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{ R
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Figure 60. Schemtic illustration of the compression tester

P, gf/cm?

Figure 61. Compression curve by KES

compression tester
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2. UV =& A ¥(Exposed to UV radiation)

Tensile tests} §Y$ oz ASE WEHYsY, IFE2H7AAFRL0M A3E UV
Lamp Chamber(HK-IB072U)ll 154 753 Helstynt. o] Fold s 4352 £93%
W o2 Tensile testd . dtd UV Mald MEo] dld modulus®] H3HE A5y

ul. &3 = A (Solubility test)

Aol Ztzte] AzzPd @& AE9 Bo g g A sy 4 2443 F
BT TVFLEAA Z2te] HES WX F 4 1gBEE &3] HFseld, 200mle] FF+74
Solgle AAEgaad FA)8 ¥ Shaking Water Batholl Al 1 ~5A127bA] Aj7He &) a4
Shaking3t94t}. Shaking*rl 2%+ 25CE FX3t9d. Shaking¥ 2tze] MEE aspirators}
filter paper(Whatman, Cat No 1002 110)2.2 ZF+EE AA, 80C AF oA 244173 A
23 & RAS A 2Pzt 2o A 9 o] Weight lossE T34t

8} Exposed to soil environment

AE I 39 soil environmentd] HEF biodegradationd AHB7] 98l soil testE Al
et ol Y8 4 500mm X 300mm X 150mm(7F2 X M2 X Fol)o] 42E A&}stct
Zpzke] Ax zho] we AzE MES 80T AFEoA x2S ¥ of 1g =& BE| A
st 9ol A2 Aatell soil layerE 9 100mm, o2} 20mm FAZ 154 55714 &0
FAc} testing time ¥ Z ME S FHFE AHIA 80C I3 204 24A17 dxg ¥ HE
5 Hgslo] oMot 22 202 weight loss(%)E T3

AL FEEA

HE WY FaAe] A (cushioning) E3E A9 A5 ARBpE AFo] LEEo]
vEolxlE WX Wie Fo 7] XN YR FRE cell FRE WA Hed o]
cell?] Bgo] daiglert @3 Y=rtel we} open cell +2Y closed cell #2232 YHoi I}
ojR o] go] 7tsfAH WEYZE cellol Myt o] AAHE WEYHE cell +27F BHH
of ¥ A7} Y HAg 2 €l closed cell?) 2-¢ FoM JteiRlE go) YA o
29 cell2 HolH|22 open cell®] ZFHET F49 237 o€ 2A €22 3840l a4 &
TEE AN EAd df Rgsis 2zl d@d. olg AAE duHry Hd)
SEM(scanning electron microscopy) AFAE Zo} sjMsigdct T3 R o Hol(load
transfer)= cell 7%9} ti¥o] closed cell] compactness®] &S $o2 2 joose-filly TE
Aol gdS A F o ol 9 imageS image analyzerd] A43le gHe] cell £XE

!
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)

AgHog =AU cello] ol EE5H "a—’F Ao 715 & (pore ratio)e] AHojrm 2 t}

Zol 71F8% celld BE ALY HEZ o oo o]2 wyae A& Hae 7y
st d ALEEdch E3E WX A9 E"é’? #2493 Wide-Angle X-Ray Diffraction
pattern ¥z}

[

o o

(o2

B Aol s AR ST} thorst SE(soft-stif) 2 AHEE & AEE s 98] 2AL
Ao & e HAAES ALSatTh & HolH AFE ule} o] WE o]9)e) PVA, Bl 4L
W72 st} LEHNE AR extruderdld 12 - Y xAAM A BE 2 Hel
o shggol BEo] A 4 2loE2 ol Yohrsl A% IR spectrum@ Fokol MZE 432
gt 7bs A s dFakeoh

o w
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240 M AdFF AY 28L 72 Az AE wxA9 X Hgd dig 2y EAS
TEsl7] Y8 BE A sl PVAE 10, 20, 30 parts, 84 2&2 1, 2, 3, 4 part2 3l &
FES USof pilot X0 4 AR LTAE AZSHADL old 7AH FHESFE screw
speed 150, 300 rpmo g 891 2% 2L 249 Type HIZ HAsYh 3% AF&
u9} o] amylose content7t 25% HEQ! Auk AR He LEA 9 BAL bnttledt 2L
A" o2 #43st7] Y8} PVAE ¥ flexibilityS Y93t Az 4L d7stact. PVA
AA7 BEAHL 7R glem2 AE+PVA TEE9 XA E PVAYL 8IS 9 B {3
AL Vel AT EF 29 o2 ¥ A E cushioning AZE URE &= TAAY g5
Hetsha 2k 2elEE o] FLE A4S ARz Aolsr] 9 £r122 Wl wa
Zgo] EJPE HI A vXe YFS Fotdr] As HEAY linear density, 27, density
ZA35Ac B Ay 3 283 7/l AES FHBlA S8t o] FoAM Y E &

7HE e e A 5749 dole e AAHPE e

oo

Figure 62~65014 B vie} o] &idada S Hrtgel ue} BXA 9 A go] Zaste R
< B £t 2y &L gyt ¥¥ S-S Yehyoz ehildgol ML E AJasi=
< Fgn A4ZE 5= ok PVAE 10 part 3718198 oo SE@LS 49, Sitzge] @
| Z743bol| mpe} 227} JAlFo £ compactd 2§ YEPdY dEVA ESHE &F
B9 ¥ aHHAAYD TEFo| ZAFo MAR(GFY ZolFd FA)= F7iste ¢S vt
Wl density® $71sHe Z&& Jehdth o]d A4 38 2 e tibdge 8L
g A A zto|t}. o]d it ZFo] XA 7] F(mechanism)S T3 Zo] I H g AZtE
F Uck. ¢E719 o] =28 FHstd BEHE BAA ) FIEA giBge] ETER FE
sto] By o Y Wgg T g A4 F Atk 1Y HY R B ERo] AEUXA
of o F71AQ eddge oA 717 As 2 U A2R 383 HA 25
v AL & £ otk olo digh AW 33l AA3] Med Zolth A E S 1~4% 713l
Ae wo] B H 9 oo Figure 63 Yert qloh @itzge] do] o= dAHS dojMH
¥t QA e AFgolefolz AU A BE}F AR EFYT BEPLS Hole RE
ek ol e Axz BEE AAsle @AdZEY ¥ M EAFUE RS FFE F U

o

PVA$ 20 part®} 30 part 4715192 W) HEXAYS YW Figure 649 Figure 65
A B F olxo] eakztgol o] | partd o So]d AAS Yehd e & 5 Qo eabago)
T loln2 eatztggol ol Zylgte] wle} WXL Z1 density’t AR YA A
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o Ebzerel ool lpartol M7k obuiet 2 partd WRE UedE A B 4 Uk olH YL
Uehie o142 49ste oo 2o

PVA?] H7te HEA FA4E 54T A0 PVAS A4 2xgog g3
Fol7|k gt} QtE7lel 23 AR EFE WX /)FE MMM AFF 7;1 3 Zo] ujicl
A&7l 979 dHEAet U SAste FE 7I3l2 dudd aejoz aay 48 o
ol dA of £& 71gto] &l Ak FR9 7187} Polxw h‘“‘iﬂ AF A= S E A9}
T 2 Aol od) BEAC] FHo FHS FAHNA Fienz xaE Lx A YL
Blck 2228 PVA 20 part, 30 part #718& o @ibdge 2394 d&o] 353 PVA
o] ¥ Aol o) BAHA Rte Aor APt FBIEIL dojyd 2 XA cell FZE open
cell 728 Holn cell B AAE YoM Rojy KaejE3 1 cell FHA &80 27Y
A EX3A HER gibdgol BEYAA IS ¥ gry Y=y} FUkske BEE Hole
Aoz At @ tHFigure 75 #11). Table 195 AA &322 FAlC g HriAe 4 2&S
UJehlle 2 99 2e 73S d9ste d 3 o o8 AHRY PVARS Flo) uel
ehbzgo] ¥ A EFEY Yol dal dHHez I Bgo] Folso. gatzgol | partd
WE AA TS| g ebdge ¢, PVA 10 partd 4% 0.91%°l1A PVA7I- 20 parts¥

7% 0.826%, PVA 30 parts¥ 2%, 0.763% 2 S EA @t olof v|s] PVAS 282 ehibzd
% 1 part® 7S ], 9.1%(10 parts), 16.5%(20 parts), 22.9(30 parts)2 SojUA ==z
b el 482 PVAYZL soldd wet E01E 4 Pl 9loh. 2322 &4z | parte] 37t
to 2 PVA 10 parts H7Hsh 8o 2E AAE & 5 YU ¥ PVA 20, 30 partZ =
ol wel g4bzdE 1 partw o WEAA d8E 5 gl A9 2E FYgL Hole Ho=
A8 Eth(Figure 66 31). o]l Af2 AE EFEY LXYAE Al di diddge &
o] gk | % ol4tel Fosire AMEE & F Uk

Table 19. Weight fraction of additives relative to starch

mixture( unit of number in shaded box = %)
QaCO3) ) part 2 part 3 part 4 part
PV A parts parts parts parts
091 1.785 2.655 3509
10 parts
9.009 8929 8.850 8.772
0.826 1.639 2439 3.226
20 parts
16.529 16.393 16.260 16.129
0.763 1515 2.256 2.985
30 parts
22.900 22.727 22.556 22.388
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4

Diameter, mm
S

CaCO, part

0.044

0.0% | /
0.032 A

0.028 4

Weight, g

0.024 4

0.020 - ' .
¢} 1 2 3 4
CaCo, part

0.040

0.036

0.028 4

Density, g/cm?

0.024 1

0.020 4

0.016 ¥ T v
o 1 2 3 4

Figure 62. The Effect of CaCOs on the physical properties of expanded
starchwith PVA of 10 parts and with screw speed of 300 rpm
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Figure 63. Appearance of expanded starch with PVA of 10 parts
CaCQs 1%: left upper, CaCOs 2%: right upper
CaCO3 3%: left lower, CaCO3; 4%: right lower
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Weight, g

Apparent density, g/cm?

Figure 64. The effect of CaCOs on the physical properties of

Diameter, mm

16 1

14

12 1

10 1

CaCoO,, part

0.044

0.040 A

0.036 -

0.032 A

0.028 A

0.024

—a— 300 RPM
—o - 150RPM

0.020

CaCO, part

0.040

0.036 4

0.032 4

0.028 4

0.024 4

0.020 <

0.016

CaCOS. part

expanded starch with PVA of 20 parts

- 122 -




16 -
£ 14
€
5 ~
o ~ -
2 124 ~e—— T~
8
[af
10 - —a— 300RPM
—o 150RPM
8 . . .
0 1 2 3 4 5
CaCo,, part
0.036 -
0.032 -
o
£
=2
@ 0028
<
0.024 - ' \ / —=— 300 RPM
\./ —e  150RPM
0.020 . . . .
0 1 2 3 4 5
CaCo, part
0.028
-
€
o
2 0.024 4
>
B
c
[
©
€
2 0020 4
o
Q
Q
<
0.016 . r . ;
0 1 2 3 4 5

CaCOJ. part

Figure 65. The effect of CaCO3 on the physical properties of
expanded starch with PVA of 30 parts
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—e— CaCo, 1 part
16 1 ..0- CaC0,2 part
—w— CaCO, 3 part
€
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o
[a
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PVA, part
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0.028 L} T T
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=
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0.016 T v ¥
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Figure 66. The effect of PVA on the physical properties

of expanded starch
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ox
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T4 3tekat screw speed’} 247 8 SPC(Starch+PVA+CaCO;) @ X aie 914 Ay %4
A3 Table 20~Table 23914 Rozj& uiel 2t Blends® J&2 AH2L tensile
strength @} elongation at break & Z43l9 modulus® A4S F3dta 23ttt SPC WA
o] S-S curve® #ES A 7ty TR EAL XAV AdE A7t AFolth e ¢
¥z ¢l material®} S-S curvetr Hdo] o]FoA f7tR] BF ZHAA HHE Bojed W,
2 d39] SPC Blends® 752 ABA7HA] Al&Ad AM AFE Hole Aol 5538 Fgolgt
2 & 4 ok o|gA AR AN AF AFESUERT] dAE Blends«] modulust A
A9 strength®} elongation®.2 A3 Alite] 7bech

Table 20. Mechanical properties of expanded starch
containing PVA 30% extruded at 150rpm

CaCOQ; | Tensile strength | % Elongation
Modulus{KPa)
content (KPa) at break
1 % 75.36 0.959 78.623
2 % 86.22 1.722 50.070
3% 126.25 2.291 55.107
4 % 134.40 , 1.958 68.641
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Table 21. Mechanical properties of Blends containing
PVA 30% extruded at 300rpm
CaCOs | Tensile strength| % Elongation
Modulus(KPa)
content (KPa) at break
1% 70.08 1.191 58.841
2% 95.59 2.958 32.316
3% 168.50 3.291 51.200
4 % 134.05 2.292 58.486

Table 22. Mechanical properties of Blends containing PVA
20% extruded at 150rpm

CaCO3 | Tensile strength | % Elongation
: Modulus(KPa)
content (KPa) at break
1% 73.57 1.459 50.425
2 % 83.73 1.958 42.763
3% 103.90 2.291 45.351
4 % 140.00 2.958 47.329
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Table 23. Mechanical properties of Blends containing PVA
20% extruded at 300rpm

CaCOs | Tensile strength | % Elongation
Modulus(KPa)
content (KPa) at break
1% 98.12 1.958 50.115
2 % 7150 2.291 31.209
3% 125.60 2.958 42.461
4 % 180.70 3.624 49.862

Hzg SPC XA E8ty 2L AAS) F= modulus@te A¥H o2 PVAS} CaCO;
%

o gl JFeln NLe % & ek
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Figure 67. Modulus of expanded starch containing
PVA 30% extruded at different rpm

—+— PAD/ 150pm
—e— PAD/I0pM

n T M T M T M T M T 1 4
10 15 20 25 30 35 40
G0 artat (%

3

M ()
8

Figure 68. Modulus of expanded starch containing PVA
20% extruded at different rpm.
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A ggko] Zhy) b2 RE BEANAM CaC039l 4744 d&Fol 1| % & A& yoiz] 2, 3,
4 %M F7tete ZEAEE Bolx gk CaCOs; | %A 71 2 modulus@ g 2ol e
F4 ol CaCOs o]l B Ao A3S vl & Qe 7I&2 vAA] Zaly] g Fo|nt F,
B odols 2 oA JEoZ AMEE CaCOy7t Beie ARG 4T + A& HEo o]
ofyr] wWiZo] ZAapxog SPC WEAe] B¥ Jalo] E FAL £ 5 gl oz dAnkdt F
T CaCOs 1 %9 HxAe BF A4 78 7o Holx £sto pore size7t 2 XUsA £t
zxg ztA Hol o2 98] W elongation §4E ZA "ok £ $9 Table 20 ~234M %
4 9l%0] CaCOs 1% XA 2 Tensile strength?b 3%, 4% Z 373 L EA o] v|s) 2%

%Ll B3}, elongation at break7t W& 22 8] modulus7t o ZA & Aoz Hotd

o} 9l CaCOs 2% E1E CaCOxt 2o 25 WE oA &3 st AAHoE nr}
AU 228 27 v, elongation 54 E& FriHoz Bek vobxls Pk, AT HAW

of 2¥ oA a¥

i

9g 4 9l CaCOsl HBE 2%0]AFololo} & Aoz Burgct

%3 screw speed®l 9&E 4uE® 300rpmolM AZ® EIX A7 150rpmol A AxF
ZARG f 22 elongation B4 2=t ol screw speed’t €45 extruder W9l &
o] wolAA dieF T wWxA WEA BE7L ¢ AXY, o] I x| LRI} YA
A} elongation®] WolxlE FoR wekgoh

%018k CaCOy §Heke] w¥AE viwshd PVASY #3e]l o §84% modulus?t o LA v
EfvEd], o] PVAS starchztel A8A45 Aol g Aog Azt oA L3I, screw
speed®} CaCO3 &HaFo] 59U% A% starch9t PVAZHY] Hojd 48422 Qs PVA 20%9t
starch 80%2 LEAHT}E PVA 30%% starch 70% SX A7 8o} A 2218 HAd3e
Aoz swagh o volrh, starch®t PVA7P«I A+ A o] starch®] ZFE T modulusel PIAE
gl o Aty AEXE + doh

_\2 mlm

Elongation 42 ZA&g AHEH PVA 30% Wi Ag-oll= F718tt7t CaCOs 4 %
ol A 7+43in, wtde] PVA 20%% 76’—°r°ﬂ”' AxHoz Frste AES zed, dAHE PVA
20% WEH 7L 30% WEAB} o 2 elongationg Zeth

o 5o

rlr

3, pigment®l 717t modulusel wAlE B¢ 4HEr] H8td 0.1%, 1% green
pigmentE d7}sl AT elongationo] ¥zt F7HHS B, 7 Z 99 modulusst Al Bl

&g uehfo] 58 dgo] goks A S ¢ 7 AN
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Figure 69. Elongation of expanded starch containing

Elongation (%)

PVA 30% extruded at different rpm.
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Figure 70. Elongation of expanded starch containing

PVA 20% extruded at different rpm.
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3. 9%H 4A-4543

g o} 1 F2F 7S R dFY steE uf o] Fosle TAE
T A¥olth dRF EFAE 4F85Y T A PAHEZ LZA7) dFeF L
- wo] A A XA SEAAT ¢ E/HEE g0 agjEg B APoME 3}
St z2100 A5 4E7FS £33 5 e KES compression testerE o] 43t AU ¥ )

| A3tA dd disf 4R

b
ox

o
flo n wmjo

1

ot amjo 19

{e)

Figure 712 ARLIXA 9 AEAFY YA dojt). tt2 34 A9 g AE 2IA
= WY cell 722 U8 2L Yol M E F4 WHo] dojyn 7t3A dt5o] MASAS
u loadingAl&tE th2 FAL wa) unloading process?t Yojubs o8 #AMS Uebdith ¥
AM B Kol AE LAY AFATE A 47 E22 o] HT F ok 2 A WA
7b hEAY] 27] AFLE ole R dFo] ted of 27]d A =S el o]
229 712718 ¢%F modulusZ Aosht HE LA go] 22 Fo oM E FAtS
AL e A5 BA ey A5 HHA FFS B FYold. a=g o
AEATA 7Y Adgel Qe Bl HY gtk 5 iA ggE 2719 #x] 20
Fgo] ATA L EEA HF- cello] FF &Fol AYste Fioltt o] L A&
A7 QAL AT FHE e FEAV] o ©do] AUt dFol Frheel wet R
celle] 2do] 5o} atFo) gt Mol A3 Fol=& A|FHo] 3t} o] Ko AFEATF
Al Al WA FAo Aol "t o] & Ay o] E 3tFo] FX W dtF S wol YA cell
WE7F AESA = 45 5ol H¥sA He FEo] Frok s wez o 33 =estn
AEstEol AAE do Agor ALLIA 4FATS FEY + Uth ol LEA 9 EY
A Yehdle A=t g o)dn) Zo] hEAF TS HRE2R Uyof ARt EA 9 ¢
A& A £ Aok 2y A@Zodt FHo F&/E FEo] A ¢BE HFststrlde of
egol otk a2 £ dFdAME Y RE A4EAT 49 AVIA AR 5 Ao ¢
A H8A AFS AFHoz nAsch A AA AzxE sF A G271 5E HstF 7t
x A7}t sk o, ¥EFo YR (compression energy)©lth. ol 93 Adss AT FA
EE F4e £ de Fxst ¥d F HA dxZ= ¢ES(compression rate)S AM&313
G HostEztA o] WS DAY A2 YA Y ste o]t} upxto g
GEAES EAANE QA2 2T A 35 AAAY 4% 35 B A (compression resilience) S A
£33t AR BEAE 2EA 2 HAEYEJA AFS deidd a2 4FdFe] AA
F23 Aol Aol ¥ A9 FEAS Frtg & Qv B dFoA T 5ol AAE £

al
ZRE A HAS Fo TS #F3U A2 el A¥YE FrrsA,

e
£ [Hr oz

Mo rk ro rr

- 131 -



- 300

T
nN
[=]
[=]

Pressure, gflcm?

- 100

r T T T

6 5 4 3 2 1 0
thickness, mm

o

Figure 71. Compression curve of expanded starch by KES instrument
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PVASl &8s AR FAY 10 %2 30& o ekl Adzlo ©p2 ¢t Ao wals
Figure 720 Yelidth 2YolM & & xo] &ibdg9] o] Zrlgo) we} tZojuix| g} ¢
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Figure 72. The effect of CaCO3z on the mechanical properties of expanded
starch with PVA of 10 parts and screw speed of 300 rpm
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Figure 73. The effect of CaCOs; on the mechanical properties of expanded
starch with PVA of 20 parts

- 136 -



100 100
o] O——>
E 80 - I 80
L2 R
; o ° 5
> - =
% 60 AN e 27
& D N ]
a:) \ cCc
c N Q2 o
9 40 4 La0 @B
a o9
9 A N aa
a8 —e— compression energy EE
g 20 - O - compression resilience Ny 20" [SX &)
o —w— compression rate T—-=—>
] . T T T 0
0 1 2 3 4 5
CaCo,, part
(a) 300 rpm
100 100
o —>
o
€ 80 o - 80
S o &
5 , g
S —@— Compression energy c 2
- : O Compression resilience Q0
- 60 " Fr 60 =
& —v - Compression rate nl
o o
o 85
S 40 F40 B D
7 o0
o Qaaa
5 EE
£ 83
[*] i -
8 2 20
] T T T T 0
0 1 2 3 4 5
CaCo,, part
(b) 150 rpm

Figure 74. The effect of CaCO3; on the mechanical properties of expanded
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(c) CaCO, 3 part (d) CaCO, 4 part

Figure 75. SEM photograph of expanded starch with PVA of 30 parts according
to the amount of CaCOs
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Figure 77. Variation of compression properties of expanded starch
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Figure 80. Variation of pore ratio of expanded starch with pigment
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3. Effect of UV radiation on the degradation
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Figure 81. Effect of UV radiation on the modulus of
expanded starch containing PVA 30% extruded at 150 rpm.
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Figure 82. Effect of UV radiation on the modulus of
expanded containing PVA 30% extruded at 300 rpm.
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Figure 83. Effect of UV radiation on the modulus of
expanded containing PVA 20% extruded at 150 rpm.
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Figure 84. Effect of UV radiation on the modulus of
expanded starch containing PVA 20% extruded at 300rpm.
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Figure 85. Effect of CaCOs; on the weight loss of
expanded starch containing PVA 30% extruded at 150rpm.
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Figure 86. Effect of CaCO3; on the weight loss of
expanded starch containing PVA 30% extruded at

300rpm.
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Figure 87. Effect of CaCOs on the weight loss of
expanded containing PVA 20% extruded at 150rpm
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Figure 88. Effect of CaCO3z on the weight loss of expanded
containing PVA 20% extruded at 300rpm
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Figure 89. Effect of green pigment contents on the weight
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5. Soil Test
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Figure 90. Percentage weight loss of expanded containing
PVA 30%, extruded at 150 rpm, after exposed to soil

environment.
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Figure 91. Percentage weight loss of expanded starch
containing PVA 30%, extruded at 300rpm, after exposed
to soil environment.

_150_



Weight loss (%)

0 T T T — T v T T
1 2 3 4 5
Test Time (in Weeks)

-

Figure 92. Percentage weight loss of expanded starch
containing PVA 20%, extruded at 150 rpm, after

exposed to soil environment.
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Figure 93. Percentage weight loss of expanded starch
containing PVA 20%, extruded at 300 rpm, after exposed to

soil environment.
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Figure 95. Comparison of IR spectrum of expanded starch with those of additves
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Figure 97. Wide-angle X-Ray diffraction patterns of expanded starch
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Figure 98. Comparison of Wide-angle X-ray diffraction pattern of expanded
starch with those of original materials

- 157 -



A 42 A3 goF

1. SPC(Starch+PVA+CaCQ;) 2 X419 223 EA4& zABIEY. o] Z3 PVAY CaCOs
o £t gy fxo stz EX(softd ETAARH stiff EFA)I FZ(open cell or
closed cel) & 2= @3338 IAAE A2 = e formulationd S U5

2. d8 279028 9ojx SPC(Starch+PVA+CaCO3) 2 XA 9 modulus®} elongation 4
S 2o FA Y FTHAFE AR o] nAHE PVAS starchsbe] 2840 X
A Fxo AYAME Agos, B A L st CaC0:9 T LEA LI 4AS
E3 =29 AU%(compactness)dl F&E WA BAD, TAAA X AAE A CaCOs
7} ek g Azdstaigcth F3 ¥ AT SPC XA A9 S-S curvew BYA7A AMH AF

g e AMEol Hold Helnh

3. PVAS 333} ekl #rlel @e A A e ¥ste KES ¢FHAES o] &3t
2384t A AT SR Eo] Fol Frgel wet FFAUA G dFEo] A9 dEHoR 7
2%e ¢ 5 3 ABHL Friste AFE debdln o9 Zde dddg TEAAZ A
WEA PR cell 729 XUl o RozH B AT F £ Y E4(stiffel
A soft7hA)z} cell +2& RE LEH AZS A EFE 249 Y& 9|k

E

4, 2o BE A% AFL FUHoz de 2 UM E open cell T2 Bl
2P0z ) %o A% 43¢ uon 2Ev} Zhgel U 840l Stshe BPe
el z ook 23y 257 08 71842 A8 £49 degradation 22 &) 3]54d 0] Eof

5 WY gdHg CCD 7tvlztg o|v| X 8A|A o] Z Image analyzerZ si4{std WEA ff
Bo| 72& Hussld 223 - H8d EAY AR WRY cell FE%49] AAE THAL

6. SPC 2 ¥ 2 UV radiationd 28 modulus® &3 A3, Az ZAd #Agle] 757}
At Folx AulH o F TKPa ~ 15KPa B2 74% Aoz Yeyed, o= UV 9% A
Bury o] ARz} dwrzog I A= Frrt 2A 2aES g9

7. SPC 22 A9 Zof th& &ATE weight loss £3& F3td @RS A, Al we}
BlendsWl 9] starch®] 4338 o] Bajgtie ALY S &Ad & AU E£F screw speed’t F
teE2 2o WF Zo] FUlstd A9 XU}t oY, o]2 sl weight loss7t F718
S o F Uk 28T CaCOs9 G2 AHBEH, gao] 2 ~ 4% B9 v5d & #ATL,
1%0l vl 453 2 weight loss& ettt

8 B ¥ soil environmentol 9 xZo| 93 weight loss 3 A7} starch &0l
ES5E tJAEd 9% AR O AL & F UNeH, 557 soil test BFH 25 ~ 30%

_158_



o] BE7F JAHAH. ol SPC ZEA7 ALY #3433 LAY S vehd

9. IR, X-Ray 59 #4& %3 SPC 2EA 9 383 EXANS jFHsIGDT REYA «es
3= CaCO3z mechanism$ 783t
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by HELE BF AR T E80L 77 FoE st AEMEM 35S ALsis 4
TE A&t w3 74 QA BHEE LgdHo] S5 vty oz FAA S} Wy dojd}

Yoy ok ES 75-95% 9 =& FvERI 8% HAFEES AT Yok watA Yukzel
FHRBAM aAEL S A2 Yol 1 A AlEAY RIS 3 ZE(rigidity) 7} &
ofErh ¥ T o &4 g APPT FHde FF ¥ ol “’\E°ﬂ T G
gAled visg EntEs epta ohdt R 3y &5 EvtEQ 79 elute) o) ofs}A)
gk olFA AFEd Aok Hde] FAELL 4G IS *}%3}0‘1 BE7|7ol A
Ag FUAZ 71 on QAlols YutH o2 flexibledt B2 A gtol 4 plastic filme A
481 Uk ey FEEHY AxY #%o £A4 ¢ ZEWslE plastic TAAE
water-vapor §3Eo| wet gz

HYof Adee AU TFF JF& o I FFEE APLRo] Y¢S P
8% olate] AAFEE FA AU 1401’5“] AT FLFTEE KA Al 4 g
o, &9 EA4E 3l7] A Hiro AhFeE 2%0|8 1 ol BSdEe 714
AaAEE doivh IRl &4 @ AMEY HIZ2A A 23 g ¥sE doy|ed
HAEE ALAF Al 2 8hgo] A dojuy 7z} spdoly ofxfol] upet 2 HP2E7}
o EutE o] 734 44CoAA [ Al £40] doluA| ¢gon EvtEe] 9= 10T o3t A
A A He Moz Wsig 7tab= 5T olstol A sweet flavorg wHEo] Wit

%
}o[r
LI
o
[ R U

pad

2

vl 3= de] EvtE S EPS trayol @} polyethylene2 2 & XZajzo] 2 ALE-H
I ok 53] EvtESt e AL i FUEYS 3] AEsE polyethylened AHS Al
&€ 2 L vAY 2o et AMEY ST of - AASHA 28817] gl 1
FEE AL Fort Qv @A) nEol 8RN 4L TFAY AS FAN /1E9 tray
9} FA13 HE BoFY % L3 machine direction2 2 A|Z7} 7b5dtn AFHo] 7] g F
o 71&9 tray9} 22 cushioning 22§ Yeld 4 glon 389 &Aooy mechanical
damage < Y F7F AR FA 87 AHA TFNA HEE olF +7F AT

gapq Aze 87 A8H TR 92T 2L ol Y& EAstd B89 B, A
Suse} 2e Ao AMEe nAE dge ZAEeZA 7129 polyethylene HAEL
2 Ag7HSAE ZANI TR STk B8, EvtEY AMEY SHEE A Lxo| T3 B
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wome ALHFUT)H HLAHBTIE T3 #39) B5AA 24, 249 R&gE, 4
o Wst $¢ ZASRA s, oS ZAoIHY AAHA WHE AAHLA stk

A2dL2FA8 R 24ILH

1. 488

B d7o Algd A5 EntES HEEVIES JEA PN FYEA e 10T} 25T
o] Mt dAA AL3tdtt Glucosest BE A2} Sigma (US.A)NAM 796t A &stdnt ¥
FAA2E PE E3AE 2 ARE o] 7 B THAAR 33dM AHE annular
dieg ©l8439 WA sheet Fo2 ANZE APLIXZAES ARSAT 3FAA AFdAR
SPC(Starch+PVA+CaCQO3)9] &€& 2elMA 15%5 ¥oAA ©T Toldue 453 SPC
AEFIAYE A& F UAE dl(0]2 SPCG EA A Bd) o)A ZejAdo] 7tz &L
AR E¥ IFNSPC EFAL 33)9 F F/HE AR AL 2FAA (Y] 5
mm, Zo] 12 mm)9 <1&A$&L 10 kgf2l tensione ©}43l9 rheometer(Sun Co. Model
CR-200D)e}A 200 mm/min®| crosshead speeddir ZX3lgn &0 3t EalidL Als
(7}2 2cm, A2 2 cm)E 200 mle] S0l ¥ 3 magnetic bar2 200 rpm o2 A oHA A7}
o2 FFHA

2. 434y

b A EviEe #9932 3¥s &3

o] §ake DNS(Dinitrosalycylic acid) BlM¥ o2 &34t &, SHFTE 1504 3
Mg A8 & 1 mlg DNS Al 3 miE &3l B B 58 ¢ BT F WIAA
spectrophotometerE o] €3l9 550 nmelM &F3F=& FAsqch FHE FX:= ¢ EE
glucose standard curve (Figure. 99)ol 2 &3}¢] glucosed] Y22 AAtstn o]& #YD &3
(g/mDez Yehiidch AAEe Hslele EvlEY @ 3L 0-32% brix T Al(Atago,
Japan)& o] &3l¥ 2 747} 53] FAste IS FA
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reducing sugar content(mg/ml)

y=0.15x - 0.0867 -
. : R? = 0.0843

0.1 . 02 04
absorbance

Figure 99. Standard curve for reducing sugar

determination

L A& EntEe 347 % (punch force)el &3

o] AZgzAolYd EZAAF o wWase AEFY HEREE FHE s
rheometer(Sun Co., Model CR-200D)& AF8-3t% punch force® A3ttt YA + 2o
o] EnlgE A8 10 kgf load celldl #23 plunger(diameter= 5 mm)& °]&3l9 200
mm/min cross head speed24 EvlE FHA AFA|ZI & 300 mm/min chart speed®t A
oM HEREE FHA

t}, AHAS EunlEo M =23 9 xpz

Mz b2 RN A3 EvtE EHY color 3L color difference meter(Minolta
801, Japan)& ©| 434t £& EvtEE viyste] wiRo] A wistE 2L WRoR2 SAEAC
72t AR ¢ 10W 2-sto HFghe Faigc. TRAANAES ol gt 10T 25Tl A gt
Eulg 2 B2 EntEe] MT W3}e} cushioning A AMRE o] 8319 2™ cushioning &3

L.

£ E0lEE EReod 5 mel Folold Wolmadl ¥ EWS crack @4 ZAISYT
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A3E 2 L nF

1. B23ll43 SPCG A3 SPC EZ YA E4

F kA AdEg B ARRAY TAAA(SPCG 2 SPC)Y Q1A sAR 8 BaA 7}
Table 243 250 YelWct. SPCGHe AEHA AR AL 7}2(cross direction)?] <13
ZE+ 193 Noll 2 A Z(machine direction)®] AA74=E 11.72 Ng Yehd v, SPCa 4

4] EFAAS] A stRe] ZH9E 1.29 N A29 % 462 N& Uehdo] SPCGo| 2
AEEHS el o9 ge FAz gozo LE AP 4¥ S SPCGH L o] &3}
2 AEE o +& 84 54 A=(Table 25), SPCGH o) 45-48 = Alo|oj| A
571 Aztate 28 BTolle 357 AAsies daEe] BF £Rd] 5o} o} 9lx
o 22y SPCE Y Z5€ 60-75 % Alololq 7} Alztslo] 32 A} Aud 12
T H7] AR QWA T4 YA S AP wgog Yolglo] SPCEo| ozt
od &7t A He #E ¢ 7 U

o

Z

flo
N

o
e

g7t

1

e Hde 8 40 A
2 2]

o

2

&

2

an
4
A 4n 38

Table 24. Tensile strength(N) of
biodegradable packaging material

A (N)
72 H=
SPCG 1.93 11.72
SPC 1.29 462

Table 25. Decay characteristics by water of biodegradable
packaging material

SPCG type SPC type

0 45-48 sec Atolol M E 2] AlF 0 60-75 sec Atoldl A £l A%

0 110-120 sec AlelolA] ¥ 3) 0 160-180 sec AlojolA 23}

o ¥ ¥ Y7t Fo o 4&7t 237 At

o 2l x7]e A7 BF S o BalH7] A L Fox 7]Es}
o qlch £z 3,

0 2 A F YARE]l A9 o YAYRE Fol EA
Fob ARl &gt 0 2 A F YRS HEe

2oz Golglnt
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2. A% exol wet TRl EvtEo wAE Y

FE7% PE 2 A2 TRAEE o] 43l 25Tl A HE JdvtEntEQ] TALEA A W3}
2 =(penetration force)¥ 3}, #Ude] Wsl= Figure 100~ 1039 YebNAtt 25T~ A 2sh
EntE o] FAEAS] 79 (Figure 100), 8 X33 Evtge] FA&EMo] 150 HA59 55%2
7b¢ Zen] ool AR ETAANEZ &4 43%01A2 PER # EulEs} 30%2 718 BAE
dol Ak EnAo] Aoz ARANTIANIRT B PEY A B{U9 $ES
FES A B RAo2A, olg 2oy A AZATAME YeltRo], 352 st 2AE
of AN EREst SR A Fad 242 A4ss AT 9AFGS JEbATD EoES}
=45 AH(index)2A Mo wztE g 4 glon, a(redness) gol 2% 2 4¢ v}
o negative #t2& YElZTE SAS Ueliit EnfEE £ ¥4 PEXH 2 ARG £
ol o}l 10Tk 25CollM A Asted a ghe] WalE A% AnE= Figure 1013} 10500 vheh
Aok 25CAAN A EvtkEe M =(Figure 101), 271 A% 69 $L negativedt &S U
Ehflo] EvtES] 27] wAlo] vl $ M) WP BAFYD 69 o]F = a go] positivedt 3o
2 Wil web Aak B A dehddoh 2y 37kA19 £ Aol p2 Mewisie] 2 9
e BoFA] gdokrh 25C oA A3e EvtgEY Zxe %7] 43 kgfE BAFUAT a0
BAgle] 15Y olFoly= ZF 06-08 kgf2 ZAsdct #92e] wsls TAAQU X A7)7k)
#Agle] 02 mg/mle] YA g BAFYD FEE 15U F¢ 4% brixE dAGA RoFY
ch. wtebA 25ColA AR AEvtES] H9 FASMo] T JgS wgton o £4

FEA> ATHAELA> PEQ] ¢2o2 Zasides yrx A Hshg 25 9 ge] Wl

ERANRN e wA d Ao yeHch

8
Hto

—_—
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Welght loss(%)

Storage day

Figure 100. Weght loss(%) of tomato stored at 25T

a value

—a— Control
—O— Biodegradable
20 T —a— PE

] 2 4 6 8 10 12 14 16
Storage day

Figure 101. Variation of chromaticity(a value) of
tomato stored at 25C
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Penetration force(kgf/Smm dia. plunger)

Reducing sugar content(mg/ml)

—@~ Control
—— —{ —0— Biodegradable p — — — . _ |
—a— PE

2 4 6 8 10 12 14 16
Storage day

Figure 102. Penetration force of tomato stored at 25T

0.5
—m— Control
04 +~— — — —{ —O— Biodegradable - — — — — — — ——
—— PE
03 F— m—m —— e —_—— e
3
J
02 +— = —-— — — — — — —]
o—————————— — — — —
0.0 T T T T T T T
0 2 4 6 8 10 12 14 16
Storage day

Figure 103. Variation of reducing sugar content of

tomato stored at 25C
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10CE A% QurectEel 2 $(Figure 104), FASAL FEYe] B4 42%, RAHE
AR A 37%, PES A% 154%2 AL AE 25T Aol el Waiel u]
Aoy 2% 2 &ME 2t 2y AEe) B$(Figure 105), a value7t 1589 2471
gt EAAe EFe] BAGlel -1504 209 WAE we] Ael Mol WEE o)A Ygkn

4g dehidich Betd S4sE AEE ERARY 42g Agel ARLEs} MY F28
290 etk 10T2 A3 EvlE Z=9 3% (Figure 106) 104 7Xe RS &
(35-45 kg e Ut ® 109 ol ¥ FAT 228 el 13-22kefe) & vehiic,
339 A$2E PER 4 EvtEs} /by 9o 2Eg vehigon, 4¥sy T3ARe 4
EojEe] A9t B 2EE Ushio] Aol A3E A9l ARAY TyAL F84
£ Bk 10CHA A3 EvtEe) 8999 39 E(Figure 107) 25T shdzx2 24
3 227120 ALl 02 mg/mle YHE e BAFUL
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4 —a— Control — . ——— s — — —
- O Biodegradable (o]

Weight loss(%)

Storage day

Figure 104. Weght loss(%) of tomato stored at 10T

-5 1 —a— Control F—
—O— Biodegradable
—a— PE

a value

-25 T T v T T T T

] 2 4 6 8 10 12 14 16
Storage day

Figure 105. Variation of chromaticity(a value) of tomato stored at 10TC
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Penetration force(kgf/Smm dia. plunger)

Reducing sugar content(mg/ml)

24— — — | —=— Control - —
—O— Biodegradable
—a— PE
1_,_________—___._—___
] T T T y T v v
o} 2 4 6 8 10 12 14 16
Storage day

Figure 106. Penetration force of tomato stored at 10T

0.5
—a— Control
0.4 +— — — — —O— Biodegradable - — — — — — — — —]
—a— PE
33— ——— — — — — — — —]

0.0 T T v T T T T

Storage day

Figure 107. Vanation of reducing sugar content of
tomato stored at 10C
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25°C (Figure 108)%} 10C(Figure 112)dlM AA§ wgEnlES] B9 FAEHLS YutEn}
E9 A 39 G 8(control> AEHNEZASPE)S BAFAOY FASHS

E7F 34 d 3¢ RAFAY Az sty A9 25T A4 HEEES] A ¢(Figure
109), YutEvlE Q] W3lel o] A7z 5Y olFdE BELAMS wr| AR oy 10TAA
A&s L EolEe] A9-=(Figure 113) 104 oo wg Mo o] wiglE HoFo] YrE
Rt 4 £ASE7 WES BaFon ALY YA WIsH e HoFA Fourh
9] Bxe #Msk(Figure 1109 114) #9429 ¥sK(Figure 1113 115)% A 37143 32
Fol e YntEntEs}t FAISE W3S HoFlon AU F WIHH S BT G}
c}.
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Weight loss(%)

12

8 +—{" —a— Control B — -

-O- Biodegradable

—a— PE

6 +H— — — — ——_——_—— ___:./#i‘_
"
7/

44— — — — — — — ]
2—_ - ) —— ————— —
0 . v

] 5 10 15

Storage day

Figure 108. Weght loss(%) of small tomato stored

at 25C

stored at 25T
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Figure 109. Variation of chromaticity(a value) of small tomato



1.8

1.5 = —— — —— —] —g. Contro! — =
—~O- Biodegradable

09 f— — e e e

06 fm — e

Penetration force(kgf/5mm dia. plunger)

0.0 v v

Storage day

Figure 110. Penetration force of small tomato stored at 25T

05
— —a— Control
€ 04 +— — — —{ —O— Biodegradable | —— — — —r — — — |
=y —a— PE
3
5
£ 03— — e s e e e e e —— e —
o
[3]
@
o — ¢
2 0-2:___:_:_;_;3_,(/*5-__‘____-—5
o A
£
3]
3
°
&’ 01— —— e e - — — —
00 T T
0 [ 10 15

Storage day

Figure 111. Varation of reducing sugar content of
small tomato stored at 25T
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12

wH+—-——

8 +— —a— Control
O Biodegradable

Weight loss(%)

Storage day

Figure 112. Weght loss(%) of small tomato stored at 10TC

a value

10 —a— Control

Biodegradable

-15 4

Storage day

Figure 113. Variation of chromaticity(a value) of

small tomato stored at 10T
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18

15 - — e — ——— — ]

Penetration force(kgf/smm dia. plunger)

0.9 1 _—
—a— Control
—O— Biodegradable
—a— PE
06 +— — — _——— — ]
03— — — — ———_———_——— — — —— —
0.0 T T
0 5 10 15
Storage day

Figure 114. Variation of reducing sugar content of small tomato
stored at 10C

0.5

4+ —— —— — — — —— ——— — — —
—a— Control
—O— Biodegradable

0_3_____+PE \ - ]

02 +— — — — — —_—— R )
‘%a

o+ ——— - ——— — — —

Reducing sugar content(mg/ml)

0.0 T T

Storage day

Figure 115. Variation of reducing sugar content of small tomato
stored at 10C
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3. ZFA A v} AP EvtEe] Mes Y cushioning £

YuiEolE P WEERES M ¥ PEY tray ¥ AL EIZAZER 238 10T 2
5TColM A= T Mo wWsls dol¥ AFE Figure 116~1220] Yefidoh B LERE
ol 7%, EFAUCl AP WLEvIET} 10T 25T AF2EdA 25 s44e =7t o
2 Z&AAo| s Evfgnct ¢ wgkon(Figure 117), PEZ ¥ &3 Z$(Figure 118) %4
g ATy 7)7e] 7B 250 A& BAFAY v AL 423 B¢ (Figure 119) %
SEvlES M ¥z 10CAAME PE TAAATY FA1E 28 HAFUoY 25T odXe 54
St A2t o BEE BT o] 25T A 204 EntEE XA Alols £HA 2EE
H7h e v 10T 22 AeAAdME TR anzt Jebgt YutEctgEe B¢
(Figure 120~122)% ¥2EvlE9 22 ANE HaFon 53] 10CAAM A% A PEX%
(Figure 121)% AEAZXZAZE 2 A7t LS RAFAL

AU AL}t EvlES A vlX& 93 9ol cushioning 75 ZAIS 2
7= Figure 123~1269 Yehict Cushioning &#& ZAs7] 98] SPCH 2 SPCGE A
2ol EAAAT Qo AFoA A HE stylofoam TS MsE T 5 me Eolod £
stslo] BEH TS dolrgitt BE EvtEY A9 YA oF gtEo] gojytoy SPCH AR8)
A EZZANY Ae #E2d 98 2R &S Jerdrk(Figure 124).

n£4¢ EvtEe Z$(Figure 12504 4% EvtES 7§, SPCGEERAZ
cushioning E37F Hojg& BAFo] 71&9 stylofoamd] A FL2 EXo] QU5E BAFYY
o
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(a)

(b

Figure 116. Chromaticity of small tomato and general tomato during 0 day
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(a)

(b)

()

Figure 117. Chromaticity of small tomato stored during (a) 5 days, (b)
10 days, and (c) 15 days at 10TC(left) and 25 (right) without packaging

material
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h

Figure 118. Chromaticity of tomato stored during (a) 5 days, (b) 10
days, and (c) 15 days at 10C(left) and 25°C(right) using PE
packaging material
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(a}

(b)

Figure 119. Chromaticity of small tomato stored during (a) 5
days, (b) 10 days, and (c) 15 days at 10C(left) and
25C (right) using biodegradable packaging material
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{a)

(63}

(¢}

Figure 120. Chromaticity of general tomato stored during (a) 5
days, (b) 10 days, and (c) 15 days at 10C(left) and 25°C (right)
using packaging material
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{a)

(b)

(¢}

Figure 121. Chromaticity of general tomato stored during (a) 5 days
(b) 10 days, and (c) 15 days at 10°C(left) and 25C(right) using PE
packaging material
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(a}

(b}

{c)

Figure 122. Chromaticity of general tomato stored during (a)
5 days, (b) 10 days, and (c) 15 days at 10°C(left) and
25C (right) using biodegradable packaging material
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Figure 123. Packaging material used for testing cushioning property
left: EPS, middle: SPCG sheet, right: SPC sheet
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Figure 124. Packaging material used for testing cushioning property
(a) EPS, (b) SPC sheet and (c) SPCG sheet
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(¢c) (d)

Figure 125. Packaging material used for testing cushioning property of
unripe tomato (a) widthout packaging (b) EPS (¢) SPC sheet (d) SPCG
sheet
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e re——

{a) (b)

() (d)

Figure 126. Packaging material used for testing cushioning property of
ripe tomato (a) widthout packaging (b) EPS (c) SPC sheet (d) SPCG
sheet
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A4 H A3 29

1. YutEnlES} WEEVES 7 ¥3 polyethylene(PE) B 454 ALsA4 THAZ ¢
3 10CS 25°C o) AL Eo| AASAN BALA, ME(a value), 7% (penetration force), 2
g g s AT 28 AT 450 AR} HE AUEnIESY HEECIEY Mk
ol W3S 10T 25T 9 AFLEAM 159 5 AP Aoz YetgRAa 7j&d AHS
€)1 Q)= PE tray$ cushioning$ Bl@3tuxt 2 X320 g Evl&E FaREAES AR
2 Jehlidn.

o

ujn

2. AR ERMRe A9, WE+PVA+DARHl F4-o] F7hY SPCCHol Y
JPVA+RAREoZ AZY SPCHET Hold A388L /D ddou FeaglMe
2 sjol7}t gIih WA BE ARHH TFALL SPCGEE ol43gich

3. 5CAA AP EvtEe] FAEHY A9 & LAY EvtEe] TASM] 7HE o
t}eo] AEHA TARAZ 4 H$ED PEZ & Evlg7} 713 FAEA] 7Ha AU a8
U 25ColM A3 EvtE MEE 27] A% 69 A2 S4E YehA L 6% olF& At
2o Mg uglout TRARE A A B BTk BTAN AP Evjee FE: ¥
A A BAQlol Aasddot &9 2o Wste XA WAl IR U HAFAH

4.10C2 A3 EvtEd] Ze, FALEHEY Axe 25T AF2Eol 9 Wil vls) 3
oy 1 732 control> AR AL EZAASPES] M2 2t 22y MEe] F 5 a value
7b -15914 -209] WS B 7o Aol HsE HolA Q%km XM Uehlos A7
RANE2 A3 A7t b 2 sl A 10C2 AR EvtE Zx9 7§ 109 743
= YA P(35-45 kegf) & HEMIUR 10Y olF& AT FaE Wbl 1.3-22kefd @&
et 2349 Z92E PER & EvtEZL /b @2 FEE veghligled, 424 1%
AAZ & EotEe] Z9E & ZEE Uehlo] AR oM APE B9l BEHY EZAE
o $84€ BTG 10CAN A28 Evlee] $4YY ASE 25T vhh2 AR
BAlglel MetE JetA] gkt

5.25C9 10TCAA A BEESIES] ¢ FAESHLE dNECIESG FARE 23RS o
g5 doFot Axuste] 3¢, 10T A HEEIES Z9& 109 ol we 3
Moo Wste BoFjon IFAYIY YAY HHPL BT AUt 2 9 FATe| W
U Zedsis dUHErtES fAtg WS HoFon EFARNY E WsHdE YT
23kt

6. 10T 25T AZzANA o8] TZAZEZ HFF EnEE A|ZHoz A A3,
Aol A AL$-E = polyethylene £ AR ARHAEZANAZ T3 EvjE] Mo w¥igly
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Uehils AMEY S4SAE 2 Rolst el ggton AFLEs WA O 2 Fge v
qe ¢ 5 Ugh

7.71%¢] PEY AEHAHALHNEZ £33 EvtgE 9] cushioning E}E 0l d A3} 5438
BulgEL vsA Evtge] AL EF SEAPCE Hold cushion A7E BAFe
& AR TRl 7]1F ALEF stylofoam EAAAT FABIAY o Y& &

jo], AT AR o] 87bsA S RoFA
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(a) frontside view (b) backside view

Figure 129. Hot cutter installed in extruder
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Figure 130. Schematic diagram of closed type of water coating device
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Figure 132. Schematic diagram of drum type of water coating device
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(a) frontside view (b) side view

Figure 133. Drum type of water coating equipment

Figure 134. 3D packaging material manufactured
with expanded starch particle
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