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< SUMMARY >

| ¥ \ D-02

Purpose&
Contents

oCost saving
- Improvement in directions of Bonding agent(Hereafter ‘Binder’)
- Increasing power between binder and efficiency

°Qualitative Improvement : Waterproof, Texture, Functionality

To raise competitiveness of quality and cost by Binder R&D

Results

o Binder Improvement
- To diversify direction @ Add interactivity to as much as grain
- Cost saving : Reducing Binder ratio by increasing bonding power,
Finding material with more efficient and low price.
o Improvement in manufacture efficiency
— Production increasing with lower temperature manufacturing

— Functionalize : Microwave cooking, Long—term storage for food
o Quality : Binder Improvement —> More functionality —> Value increasing

o Economics : Binder Improvement —> Reducing unit manufacture cost
—> Increasing productivity

To secure market competitive power with increasing of value and
productivity through Binder improvement

Expected
Contribution

o Marketing
— Diversity of marketing strategy from entry to High—end
- Develop new fields called ‘Green food container with long—term storage’
— Use of comfort hospitals, baby dishes, feeding bottles, and play blocks
— Disposable cups, eco—friendly textiles
— Application of orthopedics splints and Casts
o Virtuous cycle of R&D
— Reducing unit manufacturing cost —> Revenue growth —> Increasing

investment in R&D —> Securing market competitive power

Keywords

natural

| grain disposable food container | eco—friendly
polymer
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O ¥ 23] AFg3 PLAE Nature WorksAFe] PLA PolymerE AF83}91 2™, Polyethylene
glycol acrylate(PEGA)2} 2Ft]Zt 7R Al 4121 Dicumyl peroxide(DCPO)E Sigma AF #|ES A&
itk PLASFA 9] 42 HFo] 1.250]aL, frelde]2%(Tg)7F 58 C, 3] 176 Tl 4

2 AR 42 KSM 3100-12.2 5433t PLAGER] ez FAA4S &F4A17]7]
A& AR WEA A9 IS PLAS PEGAE & ks Qto| A Zhzhe] X5 Hkg-7]

= &
oFol Al 150 CollAl 24 hrs, 100 rpm, 3 7/WAA] DCPOE F9lste] FFFA AT, dAa 29
715te] &5/ E el A WS- AT
PLA, 7} A2l PEGA, A, SFFdE Aty &
ol

12712 WEG A A AZeA FAE AU

2

TS wRkstHA 80T, 150rpmo. =

3-2. 4 ¢

3-2-1. Al

WA WPU @A Al o83 A]FS Poly propylene glycol(PPG, ¥x#FaF 2000, 3H=rZz]2),
Isoporon  diisocyanate (IPDI, Bayer), Dimethylolpropionic  acid(DMPA,  GEO),



N-methyl-2-pyrrolidone (NMP, BASF), Dibutyltin dilaurate (DBTDL Aldrich),
Triethylamine(TEA, Fluka), Ethylene diamine(EDA, Fluka), BYK-080(A 4], BYK chemi),
Abget o, 4 milk casein A9 A S #8] Milk casein(Fonterra), &&= U4 o}5(35%.
Samchen chem)& ©]-&3} %t

3-2-2. 717

Fourier transform infrared spectrophotometer(FT-IR 430, Jascow), UTM (Universal testing
machine, Instron Co., U.S.A.), Scanning electron microscope(SEM, CX-100S, #Al), Taber
abrasion tester(TO 830T, (F)H|~E9), Sun lamp(DW-300, &4 3}3}h).

Milk casein? A= SdAFEAH BEHA ANE=HE resing o] &3 Aol et Ak &<

Ag AFEE7] stolBY = filme] §4 B VIAA &4 w3 AFE st AoE =E353

o .
caseing A 3d}d oS 30%7F 100 rpm o= %—1‘%6] A Al AE O F#H)E G R Y ol(35%)
2 F48) =+ uS 1A sk abkste] =4 casein FAE T 94 F 40CE WYL T F
Hl3 £t} °o]F 84 Zsde A4S %’4??_ Jﬂ*‘fﬂ‘ﬂa sl el 44 E8aa

U a2 IPDI9Jr DBTDL—% A8 ks Hshet 7 85TolA 4413t &<t ATt
o How FAstel bR NCO ol AibA|

o WS- «] NCOg %< dibuthylamines 4 %
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X A(BYK-080)= 0.2% ¥il 1023+
Ao ~HZ Hybrid resin poly alkylEster milk casein resin)& 3F
nucleation agent(¥4])= PLA + PEGA + X Afume silica 7AEZ A4 F
AHA 1Al Gom AR JAAAA GES ko, 77 o] hdAdo] Rl
AEald WESe 34 342 Fig. 1o YeEridtt
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3-3-2. 71AA EAQ 54 &4
A G A~ 2 A 42%]3= Hybrid resin® W&AAHI} AF470 = Urlrx dAES
=235k 71AA B4 =Ho Algx= #vbd PLA, PEGA, corn starch, rice Starch, gelatin,

q

o
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SAS0=Z KS K 0815, ASTM 1175 AlgdWHel ol Aldde FAE S48 § Urtie =
A Aulo o] &| A4 Wheel number CS-10H 2.2 1,000 #olF A & 74" FA =4S 3}
Atk AFAE R AdE A4S A5 AIFEAES FA 02 m YH] 30 nm 2 F=HF ohS 1
A7)l osiA ¢1FEE 100 £ 20 mm/min® & A on, Ao = ujo] AlFH A

g stsS Uedle 54 Aoz dAl&ES Allstdth
wa YIS A, PEGA, fume silica 528 A H 0] 60TolA W o] dojib= PLAYF
C U&= d4S DSCE SAste] 2135kt

CH;
s HO-CH-C-CH;-OH + po = > o

COOH

NCO

IPDI DMPA PPG

$ 85T 4hr

TEA(Neutralization) 40T

¢

Dispersion (H,0. 40T)

'

Chain extension(EDA. 40 T)

- Milk casem resin
Hybrid resin(waterborne polyurethane-milk casein resin)

Fig. 1. Process of synthesis of Waterborne Polyester resin.
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Fig. 2. FT-IR spectroscopy of Aliphatic poly alkyl polyester resin.

@A old 171%*3 AEE71S ALY diHE FA= = R vw 5 3 7he 7l
M Ak glom ol Eo] wAl AFE Awstal = AAeln ED

Tk O HAE g v

o) = 3} 7} 01349f Agoltt, wepa & v AT ol ="HE X

= Jidslr] YEte] AMAES A, PLA, PEGASF wH$-A1A hard segmente] fume silica’}
&

FA5 Aol F4E FA BYL BA RES sl WY, WIY ¥ FEE F
ANA ARANAE 22 Go)] FEIA FAT Bk YRAY FAE oA JAE
ALGAA eANLE Folm DPE WEAHS F7H17 S Aol 28T F A A
2 BET 5 Qe ARG A2HE FA BHFIS A9 B0 FPsan

O. Axre1=] x4 7Fs@ 45 F7IEEY 74 34

B Ao A AFE3 Z] 22 AldrichAte]  polyethylene  glycol(PEG)400, PPG1000,
polyesterpolyol, polyETHERpolyol® polytetramethylene glycolPTMG)ES T 3&te] AL-&33
‘:}.

Ele RS AASH] st EF &S 5AIZEEQE 100 TollA Azxsk T AREsA )
IPDI= ICI/\}-J AES ALttt Zuiel dibutyltin dilaurate: Switzerland FlukaAbe] A&
S AFEER A AEAQ AYEE ods FZYAN A FAsAY. =5 RAA

(reinforcement agent)2 AFE-3}$ T 7FalA] ethylene diamine®t 5 3}A] triethylamine(TEA)+=
Junsei Chemical AFoll A G- 83t}

27171+ Lab-Line Instrument INC(Germany)AFe] =dw 36082 AZ~7|¢F FT-IR 460
plus®} Philips(USA)°] XL-30E SEM< AF&stAth & 4% ZFalAlof] QoA whs A vk
dZdo ~8H 2, PLA, PEGA, fume silica, &+ i, & A&, Agel o2 5FH £7]9
WS DSC= gHlstsitt.

St AR 7FE 7], 21 AA wer], Ak sbR Wzby], LEAVF FXE 47 Zeb~Ho) IPDI
2 93 AA7AE FAEA 65 CalollA wwstd A PEG-4002 PTMG S9¢ Z3 &9 &

A MAE AsEA e A9eg
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Fig. 3. Experimental Apparatus prepolymer of waterborne polyester resin.

FAF A A #n A ( Scanning Electron Microscope, SEM)S. 2 WA o] atd g7]99 %
WS #FgE Aoty ojuf Hl& S0xo]del A 7hEASHS 100KVeldth 91 1™HeA (a)&
37

(b= F84 dz"Hz%de  7huA|, A, PLA, gelatin, corn starch, rice starch, fume
silica TAEZR AE UG €719 dxEw A Aoz (a)Btt & ¢ x2dEst A x5

E e 0D
DAEJIN UNIVERSITY .‘ DAEJIN UNIVERSITY

(a) (b)

Fig. 4. SEM of food vowels for microwave use, (a) nucleation agent + PLA + PEGA +
corn starch + rice starch + fume silica biodegradable PLA, (b) nucleation agent + cross
linker + PLA + PEGA + corn starch + rice starch + fume silica biodegradable PLA.
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Fig. 5. FT-IR Spectra of Model Compounds for food vowel of microwave,

(a) nucleation agent + PLA + PEGA + corn starch + rice starch, ( b) nucleation
agent + PLA + PEGA + corn starch + rice starch + fume silica biodegradable PLA, ( ¢ )
nucleation agent + cross linker + PLA + PEGA + corn starch + rice starch + fume silica
biodegradable PLA.

59 SEM< Fig. 4914 #2232 ( a ) nucleation agent + PLA + PEGA + corn
starch, (b) nucleation agent + PLA + PEGA + corn starch + rice starch, ( ¢ ) nucleation
agent + PLA + PEGA + corn starch + rice starch + fume silica, ( d ) nucleation agent +
cross linker + PLA + PEGA + corn starch + rice starch + fume silica biodegradable PLA.
(de] Wad FA7F v 2dg 224 WdAo] e dAAA LR AHEE & 3
o 150TC =ollA WMol A7IA eFstom fFafjEdo] s A FArh
Table 2.= &9 o2 ~9} o 2o el ol hako] whz} nucleation agent + PLA + PEGA
+ corn starch + ZFuA|o] o]sk AEHA F-4] 9 HPQ”—% Cream Time, Gel Time, Take
Free Time°l wet YeEbH AT A3 od~vHz2 FAoA A3 iheEHes ey 35
A So 2 s Fu, AA FA A A nucleation agent + PLA + PEGA + corn starch +
ZhaA + A AR S wNeERT mME Ay dREEEE AdfA = Aol dey 554
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thaksl S ¢Jel, CMC(carboxymethyl
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ANEL7] SO e FagEy iy .
9l vparticle sizes FANA  AA=A7I7F 38 mollAd  FI7F A yER o™, PLAC
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A A FA= 28] F7F 2 o]l oliAotlolEg EeE T T4 =
o] kg o7 A= B4 55 F5EA(segmented block copolymer)o]th. A &E3]A o 2~ H]
2 FAs JHJAA, 7144 24 Tol et HAA, Z’A SoRFEH v 74, §AA
ol ol27] 7}

starch + fume silica®] gFHE & Z7F & W mAEE A7) wE ZgA
AEANAEL ol 2 ~(helix)$t obd ZHEl (branched) = A ETH =53 & 7heA 7138}
WA gele] I

Table 1. Mechanical properties and components of various starches for melt

flow index
F A (%) | AR () [ B3eE W &Y

PRI ‘ N
ST ohzslopyzanly gly g (C) (0O
L. 4 £ oA 2 24 76 5-26 | 15 | 62~72 | 24 25
A 08 4 4 ox B 1 99 525 | 15 | 63-72| - -
motw 2 AR 75 25 3-25 | 20 | 66-92| ~— -
£ =% A & 25 75 2-35 | 20 | s52-63| 21 41
A A + 18 82 3-8 5 | 61-78| -— -
I 1 99 - - | 5565 - -
O S R S 25 75 6-30 | 26 | 69-75] - -
2+ F o3 # 1 99 6~30 | 26 68-74 | — -
O . 2 23 77 15-100| 33 59—68 | >1.000 82
B os] e g 2 18 82 10-35| — | 58-79| 71 48
o 2 A 2 25.8 74.2 | 15-70 - 74| 97 | 39
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content of starches in PLA at 160 C

Fig. 6. Melt flow index versus content of starches in PLA at 160C,
( a ) rice starch , ( b ) gelatin,

( ¢ ) corn starch , ( d ) carboxymethyl cellulose
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(¢ ) PLA, (d) PLAcoPEGA.

Fig. 9. FT-IR spectroscopy by the PLA to be included starches, ( a ) PEGA ,
(b ) PLA + PEGA,

el
W

2]

ol

RIS

3.
H

I~ =
T=

€}
=

9] Ao A PLAcoPEGA7}

Uebg o)

e
=

Az7le= A7kel vy A

}

o
pal

o]

O vl Alx=d7F A -3t

, A

<
e
o

4
i

G

A= 150 #WA] 1:19 v &= T4

PEGA 200g, corn starch 100g, rpotato starch

o5 wA

3

PLA + PEGA + corn starch + 2 A& + o|X3lEjely &7]
A

e

skl &7 200 W= 5

S

A

g% st

=

=
RS

=

[e]
o]

o =

-

3 7]

|=3

§4 nucleation agent +

o] mEEHI
B 20004 2 ¥4

=

]
o] nucleation agent 100g, PLA 200g,

Al 12718

[

iy

o

A&
ol A

o}

100g, rice starch 100g, cross linker 150g, fume silica 20g ©f &"j=A & 510g

Ak

7]

fre

_EL

el

ol
ol
o}
ol

o

WAl 30 Al

=]
RLN

skal 20

o

o

uzel

ol

il

0

Nd
ojo

do
il

e

X

A 2AAES 1407150C=E 71g 9 714E 71 AP 712 05 8kgf/cm22] dEelA 175

gomm AR

ol

o
i

dlo
iz
X
oo
H‘Mﬂ
0

X0

"o

Lol e At

ST
it

3l7]

S

=

=

F7] Aol whet 25g9] 13]8 Ay &7]9 A7t

N

corm

A,
22 A+ 1 Kg

s

)

PEGA 400

1

[e]

)

1kg 800

137

A
vl

\_,%1_

<)

. PLA 1 Kg 4000

Ry

2

-

, fume silica 1kg 400

]

+

o

, nucleation agent 1 Kg 300
o] WE 2AE 2Kgo & 80719 138 7y &7]=

, 7FaAl 1Kg 400
oF 12¢1 o] Aot

A

=

1

|

L)
ke
T

1

=3
-

T

Z

_(')4
o w7t

)

Ry

[e)

<47 1 Kg 200

starch 800

650

e
M
T
o
N

7
Nlo

ol

71l WA

1
T

oA d £7]

)

o

7 A
)

H

Z]
]

A 7}l

<

|mt
i)



ZFAZE oA = A7 AT

ttolzh 871 il vide Foldks WRlew avte] AR FAA ZES 5EE T

o ghudloldstal glo} FEAd A, A B strekA] kil e dAelth
AEA &710) ALgEE dutsld dEE FUEEA AB(SFFAR, 2R E, 248, B
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S RA o)A, FA, AHA Fo] thFEA AREE AL Sl

voly] A¥Eas9 IS 98] nucleation agent + PLA + PEGA + corn starch +

polycaprolactone + cross linker + rice starch + corn starch + potato starch + fume silica ¢
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Fig. 10. Scanning electron microscope by the food vowels for microwave, ( a ) PLA, ( b
) PLA + nucleation agent + carboxymethyl cellulose , ( ¢ ) PLA + nucleation agent +

casein, ( d ) PLA + nucleation agent + corn starch + rice starch + gelatin + fume silica
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Fig. 11. Differential scannining calorimetry by the starches, ( undrawn ) PLA, ( 70 ) PLA
+ nucleation agent + carboxymethyl cellulose , ( 70-100 ) PLA + nucleation agent +
casein, ( 70-120 ) PLA + nucleation agent + corn starch + rice starch + gelatin, (70-140)

PLA + carboxymethyl cellulose + casein + corn starch + rice starch + gelatin + fume silica
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bAoA Aol ThEA el AEe A= 9 fAdde FHE dAs=
nAEA Q) VEor AT T s &8 s ATt dkAlEE HA Sol A8t
= At $ 38T Fx FHMA WM LS + e T2de Lot i Hdd2 8l
o, AT AbY e EfsEl] Al 7Ase Ader S Zelste] tAE E
Aohe e 3714 £ 84 @714 Als Adsdn mebA The A Eel A dubAl st o)
Aatao]l AEEAYE AL v er Aed Aer FAL £ glon, AEFeddaME
ARbAIEFS] 75 100 CFU/mLel s}, el 4% 54 woltt

o Arddels dutAlte B g o] AdAds vaa 2 A2 298§
o $-#F5 Yol d3 23 gAcIAu. 28 diAEES 759 T 54 AEHA Fge
L, Alghol Aol whep 24A13F Foll 587 T 1371(224%)°] A=HAT. o] T AnkAlEFIE

10-20 CFU/mLe°] 47(6.9%), 21-30 CFU/mLe¢] 471(6.9%), 31-50 CFU/mLe°] 27(3.4%),
51-80 CFU/mLe°] 371
gurx o 7 ANt =

o)

22 B gQlor %o o) TS wWol ek 53] 20-30T
Abolo Al & Al AWbAlre] A9 Ao Bt Bautyel uel Mito]l 543 SUME
$2#7F Atk PLASGA = fAto 2 pH4R SA4E o] ditrgo] glom o]its}l ElehS $Hf-5}o]

Bielol Q5 B,
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Fig. 12. Antimicrobial activity by mole ratios of biodegradable resin-Ag complexs

in long—-term storage of food.
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W2E ol 2 w98 2EF87] /iR Bisphenol A 9 §Fo] AFHHA ¢ oA FEsta
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AEFANE TFE5 S0 ICP-AES9 ICP-MS 71715 o] &3t} o5 F ICP-MSY %
=7F b $4y) diiEel o F s A4S 9)ete] ICP-MSE o] £33t

ICP-MS(Perkin Elmer, Waltham, MA, USA) 7|7|2 <¢tdAd A& &3 2o o, 7l=F
AT 1000 mg/kgel TEEAE 1, 25 5, 10, 20 pgke® 31415k Abgatglon], 2o
AgdEs FA
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Fig. 13. CFU(%) versus storage

Fig. 14. Storage state of Egg in Antimicrobial vowel after 7days.
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=SE7HF A7) W& 5549 Ass syl fste] 555 ATE SAHSUH 4 5&
carboxymethyl cellulose 200 mesh’} €8 35 A7} F7FshS &9ld 4= om, 53] 20
phr Aol % glo] FASHA S7hghs <& & vk efu & die] 49 200meshel A
E]—E AR vustgls v ddde® &35 A E37F 458 & F AT o= &

ol 4 xR Qg AoR A do|rt vgE dEErRd 47] "id §8§3F Z9Ut
wow—z Aog gadch 53 ¥ A AE TE, BAY 12 s 9FS w
=tk ole AR 1EA AAEEH BEEE st AlEEY A S HEA AR FIE A
71= FAo|t}. wEtA] PLA, PCL $9 12} AR 4847 falvs g74ed =3

wgel 43 2 AxE #EH AT
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Fig. 15. Melt index versus Temperature by the polymer resins, ( a ) PLA + nucleation
agent + carboxymethyl cellulose + casein + corn starch 200mesh + rice starch 200mesh +
potato starch 200mesh, ( b ) PLA + nucleation agent + carboxymethyl cellulose + casein
+ corn starch 100mesh + rice starch 100mesh + potato starch 100mesh, ( ¢ ) PLA +
nucleation agent + carboxymethyl cellulose + casein + corn starch 50mesh + rice starch

50mesh + potato starch 50mesh + fume silica
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Table 2. Harmful chemicals of food vowel



HCHO Benzene VOC Toluene Ethylbenzene Xylene
pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’
ND 0.007 0.0018 0.0063 0.00045 0.00003
Table 3. VOC measurements of food vowel
A A S A EE719 Alg 20gFH A 22 50mL 34t 5mLE FEtx=3o] Yol % &<t
WA $-o] 7hdete] W&o hEAo] W] Alzbstd HAbs 273mL F7F A7bebdaA 7t
& A%AEA 2ol @ dol TR ol TR 2L +ARY,
Total
Ethyl m,p- Form
VOC Benzene Toluene o-Xylene | Styrene
benzene xylene aldehyde
(nC16)
=4 pg/m® | pg/m® | opg/m® | opg/m’ | pg/m® | opg/m® | opg/m® | pg/m’
PP 100% 92,759 13 1,571 18 43 17 4 ND
3% 91,537 6 1,076 15 37 15 4 ND
EH-X 4% 88,882 5 1,047 16 37 15 3 ND
5% 71,000 5 1,043 14 32 13 3 ND
Al Sl ISO M402 [2011-N]

oA 2= A Rir)sAd B

AbE-3F PLAE Nature WorksAte] PLA PolymerE AF&31% 2™, Polyethylene
glycol acrylate(PEGA)¢} #tt]Z 7HAl A1 ¢l Dicumyl peroxide(DCPO): Sigma AF #|&S A&
aFlth. PLAFA 9] &4 2 g o] 1.250]a, #eldeo]==(Tg)7F 58 C, §4°] 176 T 4
2 AR FAS KSM 3100-1 EHj stz Eat=ge] 574 Al s A5

PLA‘%” 01_3 JJ,]. 731 1/\-10 6]:/\l/\]7]7] ,ﬂsﬂ xg.b}sﬂ q}oﬂxg _),:7\]4 a/\-]_o_ PLAQ]- PEGA
S FRBuackdA ZhZbo] x5 HkET]cte] A 150 ColA 24 hrs, 100 rpm, 3 7HAIA

DCPOE F9ste] T FAIZeH, di E97]ete] &5 dHolA vhgAZth websd PLAS
PEGA7} ©]2 &% 3H(graft coplymerization)® A& PLACOPEGAE At
Asie AP A Egdiuzs Addo=m & GfAziva dHx
(Pseudomonas sp.)E& ¥ Ad9 g4 ARSI

uebA 2 A dq 59 %—&7_}5\_3
buffer(pH 7.0), 225 7kste] AA ¥-371 1 } HEE 3
7C, 180 rpm& rotary shaking incubatorol] 4] ¥ 7l o
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AFEA 7] (Perkin Elmer DSC-7)& AF&3ste] HA 71/ stollA ZA3stAth

(Tg), 2432%(Te), € (TmS AEZ 200C7HA 5238t 1 XA A=}
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modified electrochemical impedance spectroscopy) AlAfell 2lsf] 7} At 5 kV 28] 4
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. . Standards &
Test item Unit Specifications Test result
Non detection
Pb (Detection limit
1)
Non detection
Cd (Detection limit
. Below 100
Materials test
' (In total) Non detection
Hg (Detection limit
0.1)
Non detection
Cré+ Mg/kg (Detection limit
1)
Heavy metal by Pb Below 1.0 Below 1.0
Potassium
permanganate Below 10 1
consumption
By 4% acetic Me/L Below 30 10
Migration test
By H.O Below 30 4
evapor B
ated n_hegtane Below 150 9
By 20% Below 30 3

Test method

Standards and specifications

f

packaging of appliance and containers

or food
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HA HE e ZH(degradable polymers)e] gt Aol o] uYela 9l
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ghof 3tch. A1E W I} active biological agentsol] whEkA ol 8] 7} thokdl 2 Eo] A E S
Aol d&FS 71 A =dH Ald 2702 gy 22 AES Ay stojof s}

temperature, humidity, concentration of substrate or biological agents, type of organism, pH,

physical properties of sample, test duraion, method of exposurel(ie, buffered enzyme

solution, agar plage, slurry, soil burial, suspension, etc)
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FA(C6-C12)¢] diacid=ZHH FEs = Eg o8 E% Aspergillus niger, flavus &

T E= elastaseo] ols] HA AEs7t dojdva sioh. FRA SR AFA (a4
TR Ade dFo] st dojvb=d A AdeA ol F OV% LofoF st & Ao
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2y o] gl 9l §-&(biomedical application)®™ ol 4] poly(hydroxy acid)© 7H4 83 A4
aFzpolt}t, b3 poly( ~hydroxy acid), poly(glycolic acid)(PGA), poly(glycolic
acid-co-lactic acid)= AEHA BN AFHoR ALEH L Qrf dubdo g HFEA F
ko] F+E(PGA) v= 3157 A9 poly( -hydroxy acid)”} typeX.th A AEs] wc}.
B3 lactic acid® A& T A= tS A chymotrypsinel o] a4 &a @t}
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A et die® olAxAo=m Atgd 4 Adrix Hi ® vF Qlth. alkane diol¥
alkane dicarboxylic acidZ25-H #FL23H = ZfdAH 2% AES EAS YWY 4 A
e Az st AgtE HeAWelA AREEa vk 1 Wrel] poly(ortho ester), poly
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enzyme accessibility7} #|3H& WA ¥ o
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O Polyurethane®} Polyurea

ZYFUe o a2 Eotn=e] Fx2 545 Zta lonz AR kel A
M=t Eo|~H 2 Ejotn| = Hlzaln WX Fa X zbolrb drh iR E 5
A B2 poly(ester diol) T+ poly(ether dio)9] XA QY Zgd~HZ 7| 2EF 254

Elo] ZloHE fFEART mE S22 AR/ dojyr 2 uAE (Aspergillus niger,
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oA A7l A E acyl group®] Hwhe] 2oy phenylalanine & ®FE WHEolA A
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ol o7k deko] A dojut FallE o= AtgE

a4 n A FZ(morphology) 8 AR o] JFS A= Aol m B o ot
Ao R FA9 accessibility’} A ZHgste] AEA F=X7F fGA +AE wol i &%
welzl Avlg A

NAHE nEA L7 2o nRA RS B £-2 ZA7E 938 s
Z Hg wE AR dTFS VA= JAAES 1HEe B o AREd A

(biodegradable polymers)© HA, FiLslol s AEAdF =22 Fal7t 4 doAyA 3

S BA WAE Fw3 TAL F YA LEAE fragmentatlon A7l etk =4, A3
HAE FAo] A& groupES LA AbECl FFE ol AHZEFE Wl o =A]7)
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(a) (b) (c)
Fig. 1. Overview of Bowl biodegradation after being buried in underground.
(a) Original bowl made of PLAcoPEGA before biodegradation, (b) A bowl made of
PLAcoPEGA was biodegradable after two months buried underground, (c) A bowl made of
PLAcoPEGA was biodegradable after three months buried underground.
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- Effective in fresh food - Absorption and decomposition of ethylene gas etc. :

=~

o off

Eco-friendly similar bio-membrane research subject (Korea Food Research Institute)
— thesis published - 213 ZA A& 5, AE4 &H] 7bs3 ofolglo] A& A%
- Encourage application for rice packaging and sustainable consumption items
- @t A"EA Ax, 2 2= 5 i 48
A PLA A9 54
o &3t7]% / Antibacterial Function - 23 &4, 23] %A, vlolgl 2~ AHd
—-. Gram negative, Gram positive, Virus extinction : eco—friendly similar biomembrane
research subject - "= 2 9
o B3 7% (VOCA %) / Deodorization(VOC reduction) - A&} WA, +8& SL o =
— 833 2 2% 5 el AA a3 7 H3)
- Car interior material, socks (military use), underwear, etc.
— removal effect of harmful germ such as deodorization and athlete’s foot
(sterilization effect as well)
- VOC A#E @ xgddsl=, Addl, 559 & 74 - VOC reduction effects reduction

of formaldehyde, xylene, toluene, etc.



o 214 % premium : Freshness + Antibacterial + Insect proof
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