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< SUMMARY >

| EELES | D-02

1. Purpose
Design of Oxo—Biodegradable Film Having Anti—Microbial and Anti—Funngal
Chracteristics Suitable Halal Foods For Export

2. Contents
Q Development films for anti—bacterial, anti—fungi properties using polypropylene
(PP) of olefin material.

Purpose& Q Development of processing techniques to continuously antimicrobial and
Contents anti—mucous performance of oxo—biodegradable film.
O It has a combined function with oxidant film by adjusting the antimicrobiotic
persistence according to antimicrobial prescribing.
QO Evaluation and analysis of antimicrobial and anti—mucosal oxo—biodegradable
film.
Q Preparating films for halal food with anti—oxidizing film applied.
QO UV & thermal degradation, technical indicator analysis.
O Suitability of Anti—bacterial food film for rice base foods.
O Meet the needs of each customer: Mother/Slitting Roll Type
O Estimated price: 6 $/kg — 5 $/kg
Results O Secure domestic and overseas customers
QO Securing domestic experts about food safety related.
O A rich workforce infrastructure, such as food professional engineers and food
packaging professional engineers.
O Consulting with a number of domestic enterprises.
O Training of the specialist personnel (doctor, master's degree).
1) Technical aspects
Q Developing eco — friendly oxo—biodegradable film
Q Securing oxo—biodegradable film with antimicrobials performance
Q Certification of Environment—Friendly Materials
2) Economic and industrial aspects
Q As of 2014, the export amount of halal food products to the Middle East from Korea is
Expected estimated to be 730 billion won, of which more than 10 % of packaging materials are
Contribution

expected to make up for a large growth in the environment—friendly.

Q Creating technical employment

O Reduction in the social and economic costs of waste collection and recycling due to
oxo—biodegradable film.

O Replacement of plastic film for farming and fishing villages(Replace 300,000 tons per year
of waste plastic for agriculture)

QO Replacement of various film packaging materials such as lifestyle, industry, and medical
care

Keywords

Arab |Halal Food | cPP Film | Oxo—biodegradable film | Anti—Bacterial film




)

x

or

2. =] VeAE @

1.

o

12
45

lg_r)\é]_,:_ 1;_; %Eﬂ%o]:oﬂg 7]04_1_]:_

ee

I
==

45

ZJE

49

<
=

6. Aol e a2l atetr]

56
56

8. = 7}a}s}7]

56
57

AN LA el

9.
10.

AN LA ] o

58
.58

t')‘O]—

11. 71EkA}

5 7ho] 214

<HAH> AHA



AT LAY e

1.

D-03

"
M

7F A7

or

2012+ 1% 800

HAE A

sk
=

O

1% 62609 E2j7tA] A

of 2018Well+=

A %

=}

o
ol

0

O =ul 1209971 A% QAT 430997 F5 o

3l Al

SHA A2 9l

SRES

_?4
2 AME 2

9]

w

ol
oF
ojy
il
i
1Ho
Nfo
)
bR

—

<
Ho

7

)l

g olE 4

B

&

2
Ay

9] Spoilage® H3= W

3T
=

AEHe 23

O

Eidsy

ofell A&

3 Y
W o

Al
&l

& A

Hlo

A

Ak Eg

O UAE+= 20149 1€ 195 1670 #l&ol

UAE

T
.

Falom, dA

O UAE+=

KeX
=

A (Polypropylene, PP)

P

Il

g3 A

O

el

ijat
el

o

ofi
%

s

Risie

=
| .

O A1l u}

g




. AL 2o
O AF %712 0|59 HEF AApHel B (HalaDo] FHL e F&
[e)

et gEe sty Qov ©e & b A% Ue F e s 948 PR 9
- ) T

o o
N
&l
539
=
30,
)
=)
gl
=
il
fu
g o
>
o,
9
o
T
>
e
>
o,
flo
do

O A7 A7 Q179 S7HE R Rey Qe
$E 20108704 209§ Al FLY QAT
9 QAL 200 L W] FEES AT SAHENC of 2ol WER 7} @ Aew

=51 L

o
rlr ofN
N

N

-?‘i

it
o

b
=

Y

30

0

5

@)

(@]

"

crel: B = 109499
o {1  magmy a7
S mpq e
sk
7T
6
5
4
3
2
1
0 .
1990 2010 2020 2030

#*A 8 & *]: Pew Research Center

TEH QT TUkR 2 Aol i earh SUkE B ot i Akdle] W 3
FE, A IEE, JokE, AR 22 AxfREoR g d Aow o,
O FE99 A9 s 2l Feoprobst ofefjxoe] A 62.1%, $& 9 Holze|7}
290] AA ] 19.9%, FolZel gt o] 15%E A F Fdolrlol 9 F & o] &
2wl T 2vAdE & 3




stl=. ol 2012d A AAl A% A 63 5,5009 €89 16.6%E A48t T2
7

2 2018W7kA] &
S5 oAk,

foig

Agol A AAl AEAEel ] AR sk HlFol 17.4%% 4 & 2

<2012¢ T71dE g HEF AL

GOHCR=E)

A9 Al TR
AZ U Ao} 197
El7] 100
}7] g 93
OHE 88
o] gt 77
tpo] A 2o} 53
bt ot o} 44
W=t Al o} 43
QI%E 38
2] A] o} 34
olg}=a 26

#* ZF§Z% 2] : Thomson Reuters, State of the Global Islamic Economy, 2013

O 2014 7] 2 A A
I AR (GCO) o 39 30007t
2, Bl 80001 &

Hd 71 69 8,0009F 2 (eF 7,300

| SEA9] ok ot H7lE Ap=rellA AnlEE A" 80% o= el 9

[)
SO

o N
Moy

o

ol
o

2013 UAE+ &% 39 U ol&H 4A

9L WESAGO, olF F A Y

2=~ 0
= T]:]
4 555 AW FA]sta, A RS ZEA"H S AR AlEers o9 2¢oF st
SEX
=i
— 23 E3 (Oxo—Biodegradable) &A% UAE 94 ¢ ¥ 7% 715
— AEXF] AY W, AYF, AT 58 X9etes 438 AlE A




<1570 A3 AFE 55>

mr ey
S
L %
T il o
o) P BK
" B Hin
ul = e
! A -
= o o e
o
2y mﬁ am & %
e
o | o ol WI % o
o | A o 0
B | o ™
olo " i
W or [ X
—_
o il s IR K
do | U | B | %o 5 | o F G
| ook - | Wo | —2uis | O K
D | < W FHL | S =
= | o | Ho T | o | %o | B ~I Lﬂﬁl = |z .
3| B | o B | [we [wp | o [P = | VF
SR RN A S O B B R = = A A
2l oL s s 0| NERERE AR
o | ® | O|W | AN AT E W RN | RO N R || .
B | RE el T | B | of | K] | &R AR | W | <] [ W | T | 2O
— N ||| bvlo|l~|o|o|S |2 ¥ 2T 9

g

ECAS (Emirates Conformity Assessment Scheme)®] 55 <153 3lof

O UAE&=

St
.

HA=

3 == 2012

=]
RUn

gl

gpag Abgol 9

B R

FEEA Akl A A7

T
L.

o] gl
- 20139 old FEHHE &

Zer g oz v

3

3l

|=]
= &

52 53.3%

9 AFEA 2

uH
2l

iy

o

ojiy

ST A =

e Rl

Foll Al Akl =% Al AbeE A

S

s, 12

T
& ©

a7r 7}

j=]
Run

)

Eas
H




AL ofd 7|92 Huekw 55 T, HIFEE 90%% AvkA<l 715 =1 o
aopgeitt, webA AFo] 71 e AZF =EEuets 3Fol g} nAE
WA 5 ek GRS F4e A 2ol YA A FA 493
Hog A% EAS a8ste] YEE ke A wAst 4 9l 7]eAdo] Fold
EAAo] Aol e steh
<HFE Fo AAA>
& 5t
23 T Bacilus, Pseudomonas, Alcaligenes, Proteus, Serratia,

H7A At Escherichia, Enterobacter, Flavobacterium, Micrococcus,
© = | Streptococcus, Lactobacillus

A2 Al Pseudomonas, Flavobacterium, Alcaligenes, Chromobacterium,

Enterobacter

714 A+t | Clostridium

o] Aspergillus, Penicillium, Mucor, Rhizopus, Neurospora
ay Saccharomyces, Torulopsis, Zygosaccharomyces

55°C, 85 RH%

_—

at Middle East

Microbial and Fungi Spoilage Foods

<A g Fgoldd g Fo AFY FAd>

om F¥o] FHE AFY ASE WAL wEel JHNE MA@ FgololA o
e 5 9Tk AFol FRFL Yk el dJatel AT zdo] AW A




O &, A4F 522 98kl FuelA 5 A7 Awe Ba olF Al 2 ~ 379 o]
A F)go] 2 olule] 7% @4 L% 50 T AEE 80% ol4ke] x7io] 4
F o] w2EW A RAARE 5704 AEn o] &R Sol AFaA Hol AF

o (o

lo
)
_>‘i
r
2
o
o
M

O AFEACHY, SABE, RS dbE EAAE T2 GEAEe] AgHTh 5
3] Z2|= 23 (Polypropylene, PP)oly} Zalodll (Polyethylene, PE) 59 &3
s BEow v 12 0F 0 kol A5 T Yk

O AT A Sold Felge 22 AFUE, BAAE, UE 2% 5o 744
243 gy, B9 Bo) Yo 54, 1dn $E, £ 5o A4F 444 A
£ Holuh 4% ZARA wol AHgHTh

Atk AAA ez A5E wi7iAY (food borne
A mdE W el AR 242

Atk 2 Aol gk i of7o] Utk

O &A= A=Y AR Alge] A
disease) ol thst #FAH o] Frrstar Qlar
al

T e sl i .7k S7ks)

O AFEZN Ag37] QAL nrA Sekage] FEA FAG FFYL AP
G Qe sberlEel EdHelor sy, FREA Aol B olEgol Y Zo] A
Aolut.

O Azl 7154 21Ee Behage] mlstel /A ARy, ARFRY, FTYS ¢
o sk vhet A7} ¥el WA ek,

O & AFgAME= & &g330] 7S FA9357] Y3l 2Hydroxypropyl 3Piperazinyl
Quinoline Carboxylic acid Methacrylate (HPQM) ¥ UVel| FHokdt Zg| x4
of zte]M 2715 Ft7]s0] A= Zn0OE JXF AFZH Lol Vs A= HUb
atod, A w=F AN F BAQ WEE #stal, rPP/d2w®/Zn0 YA EAE A
shitsl] 59 =4 ¥t 75 7tsd A% A4S A8 S APS Foko

GrretaAt ek,




o

ol
%

A%

Kixis

o Al whE

&

O

D-04

(O UV/ thermal degradation, 7]&=%4 =

[0

B

H

B!

K

5 0719
Lok A FEIt A,

/E}

1990t ©o]% SK, dj

| —
R

A AT

7

}

=
RS

1x]
A= A AE37F o] Fo %] A]

ko=
pii

o
]_

-

golrt. Aol 2]

A]
=

T

hia

bl o] 7014 31

°©

s %

e}

=13
=

£y

A okl A ARg-o] H A

T

-

il AFsd st

=

o

0

]

o
R4

o=

2
»Y7] &%

7}

o
L
\=

=

Al
&

—

0

™

~
o8

Jth olel uheb g 5 9l

\EO

ol
ﬁo
o
)

o xobxl o4 F =2

B A

e

i

= [
"o

B
,._AO
e

—_
1o

o A%

o

=

1 3}

=L

o,

(€]

HE, 4

€]

o

=N
o

el E

=
)

g,

3z

=

- = =

Rius

2]

o] u].E

O =




JﬁNO
<M

)l
R

=

file)
~
NJo

o’

=

AL ik oRE, S 138 ] e

o

b steto] ¥4

S

O S ARTEE 95

il

g A= chAl

3

=]
o

HA

ay

H 285 &

S

o] = 497 g, Frnt g

go] o2 g Aot

A& o

Eix

o]

sfeh

=
[e)

19k A7 7F

.

W

gk A 7E A%

F4)>

<Y 138F AR 2348 L8R A

Lo o (=]
(@) (@) o~
o | | N
(& © <t
o | O
M o | O
o | M| N
N | ol m
o | O
% o | O
o | © | M
AN | <« |
[a\] o (]
@) ) -
S| 9|
a < —
X0 | o
rale
)A
B |
M oo | =
1o
o} il
—

Thy
Bl

wAbg A 5

Ho

i~

e

blo

1o

o =e] A%

=

“Degradable Plastics to 2008" H 1A o] u}

(O The Freedonia Group©lA]

Fol 2008 d7k4] 4.69 <

S

d 9% F=H 7t

o]

il




rlr

ARG TFAIZE AEEEA 2EAd AEel dist ot ssstal Yl FAlolth

O AFH9 Zgy AlZ FEE A7 3,8127 E(2002¢ 7[5 o2 F2 4¥ Ay
21%47], M (wraps), U E (nets), ¥ (foams) T2 XZAF 2% 2d7] FA 4
THEA § ZetaE W AolHE AE(d3E AAs ), v, A8EE Folth
ol A WAt F WA IF0 2FAL EekaE WMo diste] fHe Eekay A
oA e AEREH Tbed AR/AE HAS F5e AlsEe AakdtE s g
Ae Wwelomw Fo 7 AA 52 BASF(59), Cargill Dow(7]=), Novamont (]

B2]), Rodenburg Biopolymers(ME@#E) Fo|t}. (%], KOTRA 2005. 4)

O FdoA= 20059 6L5FH AldE = Ayt 2HA A wet 2 §7)15F AAida &
BUA 9 aA Al Bald BEaE A4 AL A 2] AuE EE
2 A& Fervt gla, vhole 27 ) B Awk 27 E (@) el 7t v
Qo] Md Qs st glormw e i AF W ¥ 4R e »

[e]

HE 5
oksk = Q). (&3, KOTRA 2005. 7)

ok

o Sue #E 4A 9 58] A%
(D). =gl =t A7k A

No &

43}k Anti—Microbial masterbatch < A}

http://www.dongbangcolor.com/

MST: AAEFE A8 FFALA(EEI), F714 G vhaela ), g2ay 2 32

=

=
http://www.biocleanact.com/

http://www.mst21.com/

Green T Industry: http://www.greentindustry.com/
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St wpAEEA], S H7EA
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#+71&+ A ( ZPT, TCS, TCC, OIT, DCOIT,MBIT, BBIT, OBPA, NPT),
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contact 7}&
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O #HId+= 71648 F71&8s ZaAgd =6t 714 2, AAAasad, ddAds 5
oJ st oFst A7 el XY E A Qi

O ©eFst 7714 dtAs Atstold 2 53] 29)d AdAd e S-S 7HA L QoA
HA7 ¢} sEE Ve 2 AA T 71 Y E F8E 3 gl

O A YeEgqadls T2 gofst Aol 489, sz, 733, A2 2459
=& AHE HEdH, ditdoR ARV MUAE 2%, F7], wE2ATL, A 73
ojtt debgAl, UV BgA, 2554 58 H7F A8 5 &4 o8 Q40 &St
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O ZY=Z=H-(PP) ejedel ds] B Faeol S&FHAL e 2T shuoltt
V o dste stetA 24 VA dAS HSATIA Hol, dwtg o g ke PP
=]

O ZYZ244 FA= 74 2d/gdo] vhuh Abshie] s do7|al AbaFart goletr g,
5ol ASEAHIHAE Hrbskd v a7t gkl o Sloh

O Zl2xd 92 280 ~ 390 nmo A YA E Fste] Bafik-go] dojupm,
ozt L F3lerA g stErdry] ¥kgolgty &= Norrish I (90% ©]A), Norrish
I(10% olah) "h&eoll ola dAitsterart A Ho] WEHHA FEal= A7k 4

O #a ZA4Ae] hF 27 A4 PR 1R A A A v gEe] g% ¥
B2 Ausht, Az A1FS 77 AeAG A% Bavk ol BUA P
g eFeA F9th 53 F5A9 Al AgHn, o] Ade Ay YREF

10%7) EepaE oz FAE WF A wFe] wor], g dy)Ee] MYt 3
Bz Al el EA7E st

O o]el UAE& 2014d 1€ 1d = 1570 AFdtell dish Ik =%
AF U 29l D FE5E AW FAS, A% AR Behade A

e 2go® skal gl

o
il
N

O @A UAES obgd 57h W ol Aed 5 2
U= AbstAR&] St AE #d fAlo 293 oy, g2 AtsAEs] E2kAEY Af
=]

S JAEHNT, AR HE

O 20209 400x ¥ FR=2E A3t TE A|FoA 55 A3 £ 5 AR &
Aol Mol Z AFY FHS A @ Aotk 1P R AEFE7|Y AJE FFo]
WﬂEOM =84 Qlor WHANA oA zALskstel w7 2 S e AFS
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=

— 3M petri film

37}

RE

Eat=s)
= =1

o AA A

=
LN

T

A%

(Thermal), UV degradation

oJ
=

b Ak,

S

59 Ex1&F H3H(5,000 Dalton ©]

)
=

- =3t

bx 3, Abs)

o] #3&

0

A

71

6(}

=

G

760

N
Bo

. FT—IR, DSC, TGA, Tensile test,

Zhell whE B3 B

3

B

.
H

=, UV

A

Pyl

7
ﬁo
JJo

Gl

/ArsHEE) o] AA/Ax B oL
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ERIE

2

s

33 7eMEs 9
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o 47 WY
(1) HPQM/PP €& Az 9 H7}
(b Atsh e 25 0T
- |z EAqNe Abst AR 7]5E H-ol s Master Batch(M/B) %
— M/B 3% Ao mE Arst AR BE7H0.5, 1, 3, 5 wt%)
A5 A g abs BEsiA F7HA5, 45, 120 m)

b A= A Ats Awe A5

- GRS A% WB AW L T )% A

=

- M/B A% &% &8 VI 22 34 Ve A
— Pilot AH|E o] &8 AAIE A= F F7HAAE 103] A1)

— A A& & 500 mm

(th ot A E o]g-st AlA|E A= 9l 7}
— A% *%: 3,600 mm
— SML CPP Line(Austria SM Liit)

— Double side Corona Treatment(Line Speed 350 m/min)
o L e R

ZE Ax F8>

FE O M7 E Ha g @2 Y-
=3 2ul o "7t ﬁ;mﬁ: mll o
¥ -
or& 7| 20| TN SEE HEE UFSHE TN
-
A3e EE HEE U W 50| FUS AL WA
= =
izez A
HZhE s282 F4d ﬂg}?—s} 'a!llt 1A BEE
B 537 WES| SN E WY SXBHE WA
¥ -
i;'—" I_l EI?] HE HHO| ﬁﬂ'ﬂx?eﬁlﬁ}a”l et AB|LE
¥
eol wylo] WER WS TN
¥ =
=AM 4 BEo| B4E UHE APIE 40| PHsd 27
-
&2|E OHC o) AREH Y WAL 2Hs s =AY
-
=% HE SS9 RS W RIEY
¥ -
| HE &1 ﬂ H HE a9 vl Y
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<SEM Image of ZnO Powder> <HPQM>

<FH/F71A F=golA>

= IZ4A » | ES » 2 3 Eal]E
« 22 2(PBC) . 2233 « 2H}EIE
E cHEARAZEE HY HE]
- HeEAR3 WA
« O[S AR A
2 ah
=l see e R RERE
51« Zmo|o AROT E1} 28 P ZTOINTE AP0 ZIVF AT« STOIETE AF0) 20 AR
doEy gl .z cxs
A7Ed  -HDHEH =S cE4us “Eyus
. I (ST W, AT )
) = o S A4 E bl Ch g gl 1) = 2 SO E(HAAEA W, A2
ﬁ;ﬁi HTAALED DR 85 Y T - 2P B} 2, DNASHS] 2]
T UM ED 24 « AHEIEJEH (2T 240
«O[UTIEAAAADA ]

<& 2 A3} #3] Master Batch>
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< EZAZH Olefin Rubber>

<Lab Scale AlAIE A|Z>

<Compounding>
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<{Multi—layer Casting>
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194 - MIEH =3
BAH~T0T] FAS — HEL, DENQ
QIUUST Sof 2 =l Ny
V0C 2 SR SHENR 2 THYL

HINAESE 20

SESINMEE
SAmAY SEME =2

207 - MRS =X
OIAIDIEl A WiE M0 NEE

30 : S0 IS S0 SA AEUAES WS &2
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JIS Z 2801

N WOMTIRE
i vow

Calkialathim

RS Il Valid i (IA-BYAIKIN = Wond wder ol
Vil fest = 105 el ey A
Effectme oglC/D) =20 and over Test cer ed vl
{ Msdoction ratio = 9% md over)  LE(T.9)
o) LAY 3 S . Y E1ANy3
— Fago] A 1 2—4F3 7HA o]

17

7

(") HPQM/PP Composite Film®] &0

O A8 T4
(D) A& gz 14, AT 14 (HPQM Z3)
(2) A ek tA (chloramphenicol) 7 24

AHRBZ> A
Cta (Escherichia coli) ATCC 25922
MBS AR (Staphylococcus aureus)
ATCCB538
=3 (Pseudomonas aeruginosa) ATCC15442
3R (Klebsiella pneumoniae) ATCC 4352
4rgdat (Salmonella typhimurium)
KCCM 11862
HM AR (Streptococcus mutans) ATCC25715
MRSA (Staphylococcus aureus subsp.
Aureus) ATCC 33491
2icict (Candida albicans) ATCC 10231
B=4 (Trichophyton rubrum) ATCC 28188
|28 (Acidthiobacillus thicoxidans)
IFO 1370

1308
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# KAy H] 3

1 Aspergillus niger ATCC 9642 ol #eA
2 Trichothecium roseum KACC 40956

3 Fusarium oxysporum KACC 41083

4 Sclerotium rolfsii KACC 47750

5 Rhizoctonia solani AG—1(IA) KACC 40105

6 Sclerotinia sclerotiorum KACC 40172 A& W
7 Collectotrichum coccodes KACC 40802

8 Sclerotium cepivorum KACC 40582

9 Colletotrichum gloeosporiordes KACC 40804

10 Botrytis cinerea

O A8 H4
(1) 7

@ Film
Test piece [50X50 mn (£2)]
2] A 60 E@O] AglEo] QA 2 ES AR
a2 B9 2t 7 34y F)
DI Autoclave% ol g3lo] W4t (121 €, 15 1)
@ %It

- PDAY 25 £ 1 CAA 7¢ ~ 204 nj%k
10 m¢ B4 (== 0.05 g/L SDS 7} E8ke Har)l 2 IAE A
- Vortex mixerE o]&sto] At A} AN A= (5 ~ 108)
z2F et v 1x10° ~ 2X10° spores/ml & ZHdto] A&
(2) A9

ofN

O FAEN 100 wZ nutrient-salt agarol] =%
@ = Jhs 247 Adgdo] =2 nutrient-salt agard] 5% %7
@ 25 + 1 CollM 28%3F v (79mic} F7+ 23} =)
(3) Xt =+ 54
D ¥A} AENS Serial dilution® = 108] 341 3+ 5, PDA iAol 100 pl=2
@25+ 1 CAAAM 78 ~ 1447+ w1k
© Colony 4= 54 (30 ~ 30070¢] colony”} 1+ platel~] 54)
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it = Akt
(Colony 4=<3]48&(259)XPDA %] =8K 4% spores/ml)

(2) ZnO/Pre—Oxidant/PP & A= ¥ F7}

h Ad AR

O abghEs] H7HAl (Pro—oxidant) & FHolA %% 3L United Arab Emirates Standard
5009: 2009) & wE3st= F7AIQA d2w®(Symphony Environmental Ltd, UK) S wu}
AR AElE Frujste] ARg-sESlTh

O UV a7 752 Aes ddS 9 Atglold (ZnO powder, Nano, Future
and Life, Inc. Gunsan Factory, Korea) & ujdlo] AF&-3}9it},

O gvpAeux Azg 35 ZgZ22PW (homo—PP)S WX, 0.91 g/cm®, MI(Melt
Index), 8 g/10 min® HF400(Hanwha TOTAL Petrochemical Co., Ltd, Daesan
Plant, Korea) & Atshi-3] 258 222490 dHY B EZY (random—tPP) &= 2%,
0.890 g/cm® MI, 7.0 g/10 min® SEETEC PPT3410(LG Chem Ltd. Daesan
Complex, Korea) &% —ujsto] ARE3ITE AREA QL HI7HAI= Al FAbel A Allgrbot
AR T

O AA ZAF AFESE X = UV B(USHIO G5T8E, Low Pressure Mercury ARC
Black light, Ushio America)+ 14.7 W, 306 nm2 mid range Fluorescent lampE
Tufste] AFE-SEA T

R =ate L R I B [

O Fd7e& 2t PEAEEA (Zn0 MB) S 474 i &e] uhet xﬂ a3, ZnOE
S 7S Al Tt F 140 T ol de] hE2EE E8 THA7IAL, Tl

7ol 51 mme E +E7](JTE-50HS, JINSAN PLASTIC RUBBER, Korea) &

o] g-3to] Atstotdd Fut R HIAE A 2SS

i

O 29 AFFE YA A8 W4 0e 2 ~ 3 mm A2 A, AR,
5719 W RS 919 ATl g nakstel ALgsiat.

o) AbsbEa| Sl E -3k r—PP/Zn0 nanodomp031te U FAZ2 59 A%

O AFAAS] FAHCZE oy E4A vlus fstd], Abshes Fuly F4MBE &
F3HA] S HAEE ZYxz A5 S F‘lo}oﬂ‘jr

O Z}7] & 3719 ¢=715 &35k "PQTOHiUH% sl AsHEs sk, AEF4
o] 753t -Er ZnO MB7} @?ﬂ o}ﬂ lFolle ZEUAHYE stof, ghrly]
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T—die Extrusion Film Production Line, HANKOOK E.M LTD. Korea) oA #|%3}

2h) AbshtsdEe 3 A9 =S E
O Rl 771] (Peacock, OZAKI MFG.Co., LTD, Tokyo, Japan) & 50
7F= 9lske] 13X80 mme Z7|Z A& 55 80 CT7F 1

pm o
FE ovenol ¥a dF HACw MES AFHSATH

O FE&] A1del A ASTM D5208—1¢ +=3Fa1, AlHS 13X80 mme ZA7|Z A&
Sz} UV B (14.7 Watts, 306 Mid range Lamp, USHIO G15T8E) 6707} %
2hE UVEARSR] (UV-X000, Dong Seo Science Co., Ltd. Korea) ollA 233}t

Ago] AW U9 UV B A o}y
=g AH sk,

O AFg FAHE2 FT-IR, UTM, GPC, SEMe.2 A3} zojxe] =& AAHIE =
skl ok

up) AbstslEEo BA HUt

O AR d3 AgH =E= =3t AR A AHEFHS AtstEal Ay 7
AHEQD FhRd R (ZHElE, AT, JIEEAA 5o SAR FUrEA, o]s52 &4
4l F2o] 7 ¢

O =37 189 =5 2D 9 Wie] et AJHAAAEH A & A=z 7tRd <l
d 2 (CI, Carbonyl Index), sfo]E==4 <ldl X~ (HI, Hydroxyl index)i AAbst] &3

sheieh,

O Y4yt FRAgd o2 = A5 FA7F 50 pm=E FAY 59 ofzfgo] glof, &
= ATR(Attenuated Total Reflectance) HAAEE o] g3to], AtslEe] =
ZAAWM3LE FT-IR (Frontier, PerkinElmer, United States)&H]Z 4000 ~ 550 cm
H el A A 8T

hﬂ mz

)
hm g
= 9]

-1

ClI = A1725/A2722 and HI = A3500/A2722 —————— 211)
O w3td AlH9 A=} A& kS ASTM D882: 2010 Algwutsef whal 2
&st, UTM(Instron 3365, Illinois Tool Works Inc. Great Britain) #AH| =2 =743}
ot

O w3} AHe mWe olnx W= SEM(FE-SEM/EBSD S-4300SE, Hitachi, Tokyo,
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1 A A zArE d3td AHe A HAEVFE AAlsSlTh 12 GPC(Agilent
PL-GPC220, Agilent Technologies, United States) = AH 2 x PL gel mixed—D(7.5 X
300 mm), &vli= TCB(Trichlorobenzene) & AFg-alSith. 7171 27 o2& FYUF 9
AZ719 5= 160 C, =42 A=7]E, 7% 1.0 ml/min, Y% 200 plo]t}.

Japan) 0% Btela, AWE e PyPd 2YAAY F olv]AF sk 17
2
o

FAl 82 polystyrene? Ex% 364,700 ~ 605 g/mol7kA12] 107 EAA A&
TEAE B 7‘40}04 dolH A stk AlRe AAg = dFZFS FHAste] &0 TCB
A3 = F 0.45 pm PTFE filter® o3 & EAAE 2 AFESF T

O

b

2

Hh) r—PP/Zn0 Y= HEAE AbskEe:

O Azxd AshEs v
How Haerley v
st ARgET AR dFE ASE
6538P (Korean Agricultural Culture Collection), Escherichia coli ATCC 8739 (Korean
Culture Center of Microorganisms)< -} &l AF&-&F3ATh

o 7b= JIS Z 2801: 2010 Al@%
& Bl ARES Fyske] YL BA

4

= Staphylococcus aureus ATCC

O vrg ol §95 HEZHA o 2 AZo ndd A&33th. AEZ HA EE’@% 1=
Al @7 Aol AFEEES Wit A el¥® HE (stomachre 400 Poly bag) © = Y3, 3
25719 UHFEE 35 £ 1 CoAA, 55 90%= F-A8F 3L, 24413 v ksksl
=3

O welgolt $48 2t Aw, 98 2 A=Y GA) 2Ue FREAoE AHsta, A
F A g e deeob: sk

O = A& 3 22)o w2} viable bacterias =43}, r—PP/Zn0 YXxHAIXXE &
S A13) o wet dtA] A X [Antimicrobial Activity, R(%)] %2 AAFS}

Viable bacteria = CxD x V)/A - ——————————————— 212)

1714

N: 1 cm® 9 viable bacteria

C. Colony 7+

D: 34w

Vi Ao Ap§-E SCDLP £ (mL)
A cover film& 3 (cnr’) o]t}

R=(U1_Uo)_(At_UO)=Ut_At _________________ };];8)
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o171 A

R’ antibacterial activity

Uy untreated test piecel] WY v] & F& 29 viable bacteria log#t

U, untreated test piecel] &Y v & 73 244/ 7F ¥k = viable bacteria logit
A, test piecel] HEY ] E F5 24A)7F HIYE F viable bacteria logit

of

O o] AyzA & F Y= AE A7) 10142 A9 90.00%, 20]14< F$ 99.00%,
3o0]AFel A9 99.90%, 4014 A 99.99%0]4e] At aHE YR = gto = Ho}
sk 4= Qi)

=
=4 (mg/ 1), & $E%(mg/ )= 30 fAb n- g
e ARIA T, FLHALE A (mg/ 0) S AFTAY T D /€LY AE
FA F FAFAA ABPHA AAG] SR T, AF ZFAZAY A§I5 o
B2 By

: H7F= JIS Z 2801 Aol uet Z5o =2 A4
— 22 A Ao Agste] AFFHIHEA AEHo] foiA AlE <kd, AlE W

%]
— 9 (Thermal) #38: &% 80 T 2rAFow ¥ 7H5AE
— UV degradation 23: UV B 307 nm 14.7 W 67}7F A" AW YolA F7]
314 glo] BAAIHE B
- x3bd FE BAEA WEH(5,000 Dalton ©]sh) AR UAE 5009: 2009 7]
o] 5,000 g/mol o]3teld], ¥ Ao AR 480A1%F =& o]F, UV B 72413t
= % Mn 1,294 g/mol ©]2, Mw+ 5,920 g/mol® 1E¥Ap7} Fa =it

N

O 2F48E 7154 F/AksaeE 259 7}
— Pro— ox1dant(d2wo) ﬂ%b rPP/ZnO (=2

=8
ol
Rl
N
[
i
ulll
Flo
o |t
ﬂ"
2
v

Oi%_o—iﬂi 528 s wds
2 A+ 23
(1) HPQM/PP Z & H7} A3}
O Ak s
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2 @Ol *P%ﬂ—t— 45 m FAL A= VIFoR s AbshEsA
5

O 0.5wt%2] M/BE 713t 59 ZA9ol= 0 hr, 48 MPaolA 528 A7, 34MPaz

O 15 mFA e HFAM= FAel nliste] didoz M/B &3] x+

O

hulbalA 7Fasledth o9k 7o Au= M/BY L7t wtonw A A= oA 7
AdetA AbshBRe 7 A kS AOE AR E}.

! £ 384 Aol Apa AN QA4RES] As)
b 57s) Aol B 5 gtk ol 1 wi% M/B FEeld AE el #AstA
7

3, 5 wt% M/B s%xoA+= &5 Ul =g Atshis] M/B7F wAts o] FE4 o=
FEO Ead3brl WAoo BREA O 7 AR Fujo FEUF wolxly] wiEe AE
o] AbslESA] B LA WA Ao dAkETh
; -sé q_-_‘——k\'xq___‘ .‘\I'-
= = __*_‘“‘\1‘\ .
- J‘|£1:.|Ill'i . - h ) - ) : - :-]I-,?.}‘.Iw".“ ) -

<EFRYE ASAESAE 37 <FAE AR AE Fo>
T AbshRE] AE vig o R sto] 7B LA AbsEE 7 S 1wte %
2 J|F0 7 o] "AE9 FAE 15, 45, 120 m= WA 7|E sty EE EAS @

o=
7] A== °F 16MPa F&ol e, 5283 B35 °F 3MPa olst ++2
s eIt
20 im T FEE E¥H matrixel] Blste] AE LS M/B3E FEAQ1 AFSHAY
Sz Qs 45 ym FF KU ¥ AAVIE FHE UrE‘rHJ"*E}

SO

M
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;gﬂ_y:_ ( ok

A3 &

100

o Y

(%5 e el Heks

27H (b) 47H
ﬂﬂ_ tﬂ—}\gﬂ-& _1,].;(1- 61— Z,:

7ol A2 (chain scission

Z % (roughness) 27} 41 &l

45MPa) ™l =4 A8t vj&s 171E @92 dEsisit
249 a7t yEhg o 12702 Ao dE9 BA HU}

P eEow AspRat s,

& T B
Lo 7| 7o)

SRy Bk

Azrrdn o=
7 2 gtel| weh Z
|+ Z2™ A4 (crystalline)
3l (degradation) o] WAysto] x4
o= yog

o

(morphology) 2]
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(W) A Hot

O &+t Mater batch &&ol W& AlAEF A2 9 Ff F7F FH]

O 6 7FA AMtel gt 3wA Pt X3

O 1wt% ANAFAA Fido] HAFHA R, dAgoz 3wtrd 4% HAA do4d &

A2 sl @

Viablebateria (N,Cell/cm?)

i) 0 hr 24 hr
FE
Reference 1% 3% 5% 10% Reference 1% 3% 5% 10%
P;g;‘ﬁgﬁg;‘f 9.80E+04 6.80E+04 | 5.30E+04 | 6.40E+04 | 5.50E+04 4.20E+05 4.00E+05 | 4.20E+05 | 3.90E+05 | 4.20E+05
Salmonella
ent%rica subsp. 8.50E+04 4.70E+04 | 4.20E+04 | 3.70E+04 | 3.80E+04 6.00E+05 8.40E+03 | 7.80E+03 | 1.00E+04 | 9.00E+03
nterica
Bacillus cereus 8.80E+03 7.60E+03 | 9.40E+03 | 8.20E+03 | 8.00E+03 8.20E+05 6.40E+03 | 6.20E+03 | 4.20E+03 | 5.20E+03
Escherichia coli 2.20E+05 1.6OE+05 | 2.20E+05 | 1.60E+05 | 9.70E+04 4.10E+05 4.20E+05 | 4.60E+05 | 4.10E+05 | 3.90E+05
St?}fﬁgggggus 1.60E+05 6.20E+03 | 3.80E+03 | 4.20E+04 | 9.80E+03 2.20E+05 8.60E+03 | 6.00E+03 | 1.10E+04 | 1.00E+04
Staphylococeus 6.50E+04 | 6.20E+04 | 4.00E+04 | 4.30E+04 | 8.A40E+04 | 1.60E+05 | 1.50E+03 | 1.30E+03 | 1.40E+03 | 1.20E+03
ek (wt%) Salmone%iiggecrécasubsp. Baclluscereus Streptoceccuspyogenes Staphylococusaureus
1 98.60 99.22 96.09 99.06
3 98.70 99.24 97.27 99.19
5 98.33 99.49 95.00 99.13
10 98.50 99.37 95.45 99.25
= S3lmonella enterica subsp, Enterica = Bacillus cereus
— SIreplococius pyogenes - Staphylococous aureus

100
98
%
o
ﬁ-}
W Z
1 i 92
3 i’o
5
M/B (%)
10
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RG]
D A 5 54 2
# T Spores/mL H] 3L
1 | Aspergillus niger ATCC 9642 3.4 x 10 108 55 3 AR ol H¢A
2 | Trichothecium roseum KACC 40956 2.0 x 10° 108 5% & AHE-
3 | Fusarium oxysporum KACC 41083 4.0 x 10° 108 5= & AL
4 | Sclerotium rolfsii KACC 47750 6.4 x 10
5 | Rhizoctonia solani AG—1(IA) KACC 40105 3.3 x 107
6 | Sclerotinia sclerotiorum KACC 40172 9.5 x 10° 108) 55 5 AR AlE WA
7 | Collectotrichum coccodes KACC 40802 4.0 x 10° 108) 5% & A
8 | Sclerotium cepivorum KACC 40582 2.2 x 10° 108 5= & AL
9 | Colletotrichum gloeosporioides KACC 40804 3.7 x 10° 108) 5= 3 AR
10| Botrytis cinerea 2.4 x 107
2) I 24
O 48 N7t
AlSE
# ¥
=7 Cycloheximide 10% HPQM
1 Aspergillus niger ATCC 9642 4 1 1
2 Trichothecium roseum KACC 40956 4 2 2
3 Fusarium oxysporum KACC 41083 1 0 0
4 Sclerotium rolfsii KACC 47750 4 1 4
5 Rhizoctonia solani AG—1(IA) KACC 40105 4 1 1
6 Sclerotinia sclerotiorum KACC 40172 4 1 2
7 Collectotrichum coccodes KACC 40802 0 0 0
8 Sclerotium cepivorum KACC 40582 1 0 1
9 Colletotrichum gloeosporiordes KACC 40804 0 0 0
10 Botrytis cinerea 0 0 0
- #% 1,2 3,5, 614 10% HPQM Z5°] I dAo] 9= Ao &<l
— % 4% chloramphenicol® H|3 A] @xI4t Aol fo] "Hojxm Xyt F7A]

2= Ho 50% oo 9e

—

T

% 6 chloramphenicol¥} B A] @7l EAJo] wo] "ojxn] A A= 2F= Hdf 20%
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Agergillus nigar ATCC
OR42

Trichotheoium roseum
KT 40ANG

Fusarium axpgoorum
KACC 410B3

Sclertium rolfei KACT
47750

Ehiznctonia solani
Aa-HLAY BT 40105
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Sclerotingy solamdionum

L
KANCC 40072

. Codectotnidhum coooades
KT 40B02

9 Selerotin cepivornam
KNTC 40GRZ
Codetolrichum

g9 Bhoengpanoides KA
40R0

10 | Bokrylis cinerea

O 72 N7
# % A%
=7 Cycloheximide 10% HPQM

1 Aspergilius niger ATCC 9642 4 1 2
2 Trichothecium roseum KACC 40956 4 3 3
3 Fusarium oxysporum KACC 41083 4 1 1
4 Sclerotium rolfsii KACC 47750 4 3 4
5 Rhizoctonia solani AG—1(IA) KACC 40105 4 2 3
6 Sclerotinia sclerotiorum KACC 40172 4 2 3
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7 Collectotrichum coccodes KACC 40802 1 0 0
3 Sclerotium cepivorum KACC 40582 2 1 2
9 Colletotrichum gloeosporioides KACC 40804 4 0 0
10 Botrytis cinerea 4 1 1
- #% 1, 3, 9, 10914 10% HPQM ZF9 &xld &40l Sl Zow &<l
— TF 2, 4,5, 62 483 B} 1] AR o] Felxo] FAdo] HojR =
— % 1, 4,5, 6, 84 FxIgAl wlg) &do] o 30% o= Hogls

Agergillus miger NTCC
it

Trichothecium rosedm
KT 40ANE

Fusarium axpsparum
KACC 4IRS

Selerotium rolfe KA
47750

Rhianctonia solani
M- 1A KACT 40005
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Sclerotiniy aolantionm
HACT 40172

Collectotnchum coooades
KAOT A0BOZ

Sclerotium epivorum
K0T 46RZ

Codietatridhum
Boeogponoides KA

Bobrytes cinerea

A R oA <l HeE AR )
b s 0% 0
ALl AeA FE 2 10% 1
OFZF AbeF 10 - 30% 2
o HT A7 30 - 60% 3
wol A=t 60% ©17 4

_35_




(2) ZnO/Pre—Oxidant/PP 25 H7} 4
(7}) ot 7]** Tr@P ’\P@rl‘ﬁ:ﬂ o3

e
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>
)
1o
O
S
X
o
2
F

& A2l A BAe A
24 AR ATRES AZE
thoolel@ A9 Fhe 5
5 sstn 299 YUz WebA Hol, YRAH FYOR Bk U S| =R S

O @ =T T2 80 C oM EA gt Alde] 4d 4 AEY ot A=

O doll 93t o)A AZAREE rPP/A2w®e A9 19247 wZo]| %o F23] 7
Holgal, A&S 288A17F 7HA] §X8k =, rPP/d2w®/Zn0 Wi LA E 9]
ANAREE 40% A5atelar, 384A7F
AlJU A Algo] Algte] 7 st A

= 288AI3H7HA] %Xlé}%i%} O % pawke 7421% dE&S Hol 2 AFoA )
p;ur zpol 7k Qlglth. o] Ad o)A rPP/d2w® 9 rPP/d2w®/ZnOAlH o] 79 EA 4]
o7 e AHE Al

%
600
500
—4—control
w == control
5 compared oxo-
300 s~ compared oxo- degradation film
degradation film
200 == P P{d2w/ZIn0 —a=rPP/d 2w
= PP/d2w == PP/d 2w/Zn0
100
§ 480 hr 0 96 192 288 384 480 |y
O ZALA FAE £33 EAMI A= UV B #3Zold 255 cme AgE T3 FAEH
a, Adiel A 371 3 glol, 2447k dRA AEH ] A& JAFEEE =4
skl
O rPP/d2w®e] 79 24A7F0) 5 B2 E7F AR, rPP/d2w®/Zn09] 3% A7
A ARl wher ZEAE YERIo U T2A13 1A, A Eell s 48AIRWHA B By
shof, Abshial wlwAlAIe] =24 &40 AolE &Rlsklil, ZnO0 YxHEAES)
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(th #x=F H3t
O rPP/d2w®/Zn0 YxHAZANE 29| xS 7247 A3 & Mne 1,294 g/mol,
Mw+ 5,920 g/mol® e

O vl AA2l A% Mn 1,359 g/mol, Mw 6,522 g/molZ 2A1¥ o], UAE S 5009 7]
Zol}, ASTM D 6954 71592 5,000 g/mole] 243 A= Aot}

<EAE AaH7H

Reduced molecular weight of rPP/d2w/Zn0O after UV exposed

rPP/d2w/Zn0O Compared
Molecular nanocomposite oxo—degradation film

Welght UVtest UVtest UVtest UV test
(g/mol) 0 hr 72 hr 0 hr 72 hr

Mn 85,431 1,294 34,715 1,359
Mw 144,317 5,920 125,293 6,522
Mn 187,100 24,083 178,905 22,715
PDI 1.689 4.575 3.609 4.799

O gutdow Bia|e Ashgel MAUZLS elr2 B watahy, T2 modx e
YA FEo| SJakAY W Frete] FRAUNA WS vl FEH e BeR
o EAz A P

N

O Agelli= Wefl oz o7] | gt Zol gsiA E™ Ab&o]l Ao daglo] Hty
+= "k-$(chain scission reaction, Norrish type [ ) o2 ZtR Y152 <u}9 X439
Aoz opd gir)Ztyt &t Zo] A Ert=2rds)t kg o2 JAiksieba
2 ojol Rt}

O Norrish typell+ unzipping reaction® @ 1.4biradical A4+S 9 A= 71Hd
gfstzol oall Y—hydrogen® 33tstd FxU ] AAE Snlstn, o] EoAHF
B zE R 7| 2sdER ddEe] FI19 dst d EAE Ak, st A

o] FtAadt ZeEwola, Y A|shh= A EAFEA o] ok

() 7F2RYd & FFo|=2A QU
O Za=Zagde Bage An A=Eou o AHZ, Ay 2o Fudr)e o]tz
Aol =7F A

O Z99 Wp] AndiFol Y9 Fasta ot %e Ak FT-ReIA %
dregele] Fara BgelA dehs AR dlAEE, A e hud]

ol
-




Carbonyl index

ol=Z HZAlo|=rF PAAHEY, o] Bl AAdES F4yaR HAAgAEFETIY FH T
= 1725 cm™! A=

=
=

9 EYE
=4,

b d ol ehbas, 3500 cm A Stol =279 £4)
Uepdnh WEde] AETae) 2722 eml §REI AL AspRalel Erhac A
| oie wWas Ravbgeld RuEPste], AdASe sol =S a4

a) {RCOOI™M s (RCOOPM  + RCOO
0;
L]
RCOO+  RCOOH . o7
|
v, b Oh o S Ch_ CH  CH g
“of o of ™M — " o o 2. "“%f%m{m‘m{%m
e
i )
R
o Qs
. o o ?ZGH
5 i Wy
'*’um/ S o o o o ™ -OH v, O GH o
ma oy o ey W
i
v CH; . CH. -C0 CH CHy
W, S . il +
Morrish Type 1 o C"';/ cH” i M‘b‘i’f o, T ow”
(=Chain Scission reaction)
Q
o) "bs’%b.f’lw"’m

Morrish Type I

L
(=Unzipping reaction)

H CHy
o “r:M,"r‘r

A cH * oy
oy =“t:ﬂ,/ ey

=0

OHs . oH CH;
— Q”tﬂf T ey, ouf e h

Fig. |. Mechanism of polyclefin photodegradation a) pro-oxidant. b) oxidation. ¢) degradation

a
028 Heat v
—e— PP/d2w 0. —e— compared oxo-degradation fiim
——compared oxo-degradation film [~ rPP/d2W/ZN0
0.20 arPPid2w/iZn0O o —a— rBP/d2w \
x 0
015 ;
E
= 0
010 g
€ o
]
0.08 s
0.
0
0
5 0 5 o LE] 20 25 30 k] L T 7 T 5 ¥ 0 T2 ™ L]
days days
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o7

——rPP/d2w . i —s—rPP/d2w
- gompared oxo-degradation film r'./"'/ o7 - compared oxo-degradation film a
o Wt r ' [+ —&—tPP/d2w/Zn0 f_ -+
E 04 / E 0s _ .‘_____-‘:__ Z
g 03 .:/ § " : p
02 +__'.__j e o; «
—
i ’.-/._..n —a = = a 01 J,-"
L o —*
’ f 4 8 1z 18 o 4 B 12 hr 3 * 8 12 1 hr
Ghud Aers) sol=SA Aens
O FT-IReIA Eelszgae] Basl sgelA teps Agol olxaz, 4 g
7R 7)) sfol=R HEAbe| =t A ET o] wal el FvaR AoAEd
719] F8 9A3E 1725 cm ' oM E FhEdIFe] YEbded], YIS UV F
Abstabg o] MstE AFEHO R leqit
00—
E]i ::3 1739 rPP/d2w®/Zn0(uv)
—— 8 days l
0.02 12 days ;
g
2
<
-U?é
Wavenumber (cm’’)
(vh Alxd AEHE st E s Ftdsd kA
O = 1%‘%‘—1%‘@ % ZnO9 s 2Eld AlgelM E dE5A8e] A9 dadol
99,9%%=, F & AEE AF 99,99%9] #Fade Hede T2 3E AUt
O Azd BE ES P A% Zn0%ol 05%, 192 443d=d), $akol wolds=
FRE7E oA R Ax o] AR A FUEo] FAHHIR Aol ATho] Ht
O @rARAR vAE 2R FARERTRY S 29%10% AR AT
3.6x10°0] 24A|Fo]Fof| SFASEEATF T Tt 2T 99.9%, 99.99%2 VA=
28 R%, Reduction) = HEROA o] Sla= &8t
O Zn09] 7P} 2248 484e TR, d3 Addadanz s Far7]

| —

R

2z 2gsivh




O ZnOE H7Kst A5 71417 443 4 k43 A dxdAd S Yepdglch Abst
e 80 T 2%oflA] 480412 & A st &, UVEALR 72412 =& o] F AlA
o] BExEe R Aol 1,294 g/mol, FAE A=A 5,920 g/molZE #3l H+=
A7g Aok

O o]7 o2 UAE 5009: 2009, ASTM 695492 7|5 #3 HES Ax = A}
Hl DA 52 AFESE Absht sl B FHor Expgo] 42 daig dojA, =5 A Esl=7t
O 52 AL Aast F ot AEEA oA AR E FUY F AEHS
Zepae ZexzRA slEe] ARedr

<Safety Analysis on the Pro—oxidant contained r—PP/Zn0O nanocomposite
Multi—Layered Film>
Sample name and MFDS B. Control E. Pro—oxidant F. Pro—oxidant
Safety analysis items Specification (untreated PP) /r—PP/ZnO Film /r—=PP/ZnO Film
. . Not nore
Migration Pb(mg/ () ND ND
than 1
. Not nore
Consumption of KMnO4(mg/ {) 0.9 2.2
than 10
Not nore
as water
(mg/ ¢) than 30 5. 45
as n—heptane Not nore 9.0 8.0
Overall (mg/ ¢) than 150 ' ’
migration as 4% acetic acid Not nore
as 50% ethanol Not nore . .
(mg/ £) than 30
Staphylococcus
aureus
Control 2.9%10° 2.9%10° 2.6%10°
(inoculated) : : :
24hr after r
bacterial 8.3X10” <10 <10
reduction
Antibacterial
Activity Value 0.12 5.0 5.52
Antimicrobi Reduction (%) 24.5 99.9 99.99
al Activity o .
Escherichia coli
nitial bacterial 3.6%10° 3.6%10° 2.6%10°
24ha after _
bacterial 1.1x10° <10 <10
reduction
Antibacterial
Activity Value 0.10 5.1 5.57
Reduction (%) 21.4 99.9 99.99
Appearance Transparency Hazy white hazy




AEFZHL pro—oxidant (d2w®) & rPP/Zn0 YxAIAE Fd A&

& AzART, o9 AAH St FiE) 5 2ARAT

O At EafdE5S d4xA2e Heat and UV HEYE AR T EEXOT FT-IR,
SEM, UTM, GPCE FHsleo] 24 WstE #&3sk5

O 7krd A s} sto|=mA Agofa o x4 o]
atglth. THEA A= rPP/A2w®/Zn0 YA IZAE F29] 4 |
sted ZnO2l H7b7F mwzke] A4S AR, E ALdA A anE FilEs
AanNgle anz 2

O @de ARt 197 dEwor 1HEe FAEEATEOR FFY
& =939

O A#=Z =, ZnO= Aol ARES sioolA 32014 mAEdAES YERSlT 1
Ay 7 BEECRE Zn0f X7 mokd s FREETF HojAER ARGl A|jho]

AT,

O rPP/d2w®/Zn07} 3H38t A A QAZZFEE 40% AEatgda, V&S 30% A
Atk Zn0E H71e A 7144 BN A kA Ao AAdAd S el AT

O A Bal5S 80 T 2% oA 480717 =& Ayt & UV FALE 7247 =% o]
| B aEApEFo] 1,294 g/mol, FAH HFEA=o] 5,920 g/mol=

O oA Z UAE 5009: 2009, ASTM 6954¢] 7]zl
H WA 52 A3 Aksl 2o "EHo Expgfo] A
7Y =5 RS A4 5 o AEFxEFoRA <t

2% Zepay Femeaael sz Agatac.
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(F1) HFEEY 7Y 2E3Y NG EA AgHES 9

1. AP 9% rPP/d2w®/Zn0 YA ZAE £ 319X

O BE AY (183)

919 AANFE] BEH A ALE EFol(AF
S

2]
sk £7]) ¢ 4wt LLDPE W &3t

o

$} Ziploc® A3 W (LDPE/LLDPE)

27] tray: rPP/d2w®/Zn0O Yx
)

=

For Rludd - A8 F

18 C A2 »3{AF L, A W3 7 C 3FART AP dA W3

O———

24 rPP/d2w®/Zn0 1 T8: N LLDPE Wg & 871

e

HIAELSS g3 87
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27} R A%
=] SPCR 141 SP <l
UAE UAE S 5009 ECAS

* SP : Science Partnet
ECAS : Emirates Conformity Assessment System

g A4 - Al 54

=
O UAE®] wlis) Zekae) o) 58] 3P4 2Xe) mek 2u $2A4059 +% 49,
mE Ade] GRS Fasjor & 2 P A F A%

o

O ¥A UAE ESMA (Emirates Authority for Standardization and Methrology) %<1 3%
A A7 90917 AAZE oy, i Fuko], ofF-oin] 5 UAE YAlo]ar sh=
S A AE 9=

O ZY B2 4F FF 57 3 o
A7F AR 10% ool wlaw A% e ARs] BE AR = Aol 4 .

O 7% 18 3% 297 43 APALE &9 wasl Hol od olge vgow
s AR Al g AAY 9 Tk AserE @5 A Aslvel dd}
o]F01d 4 A1, ole] wet #As D +F Feivh b, WA AT AT A 9 A
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2 Q1 go] FUte Aow ddd
O AFsh RS BEOZ A% FA U ARG 9% AS - AAF vE AW B 8]
H7& A4l adz st Ay &4 2 AlE 75 Ths.
O Thare Booll 48 7k
- FoEE ZEtAY EF AFE A 7he(sdE HAnld A3t 307 B uiA 7He)
— A A, Y8 T Oekst 35 28A A A 7hs
O AFA A 23 Fo4dS ¢, 53] & A Lof st Wl Atstgta] Alx
Hs &g, UAES &80 = 7Y
o 2% 52 7Y
O 2017d@ 11€¥€ <= A “Film Expo Shenzhen 2017 ] ¥ 3AS] AH3EZA
Strategies to penertrate the global market for food

industry

- Development and
Strategies for Halal Food Packaging” & X2 4 “SF4f dF30]A]
A5 AA].

2 2 abeh AR
O A4 % 20179 129 5% 2 AR GAZYE AE AT QA 9 T 9P
AT gAY W,

O F7 A% oy BIHUQ AFATE A%t @A vhF ol&HAY helo] #
wata 9. o2 Ad ol&y BY A4 THARM B A AnEel B wiS
e

20,000+ 2,500+ - 17,500+
Tteast e

Rord Eaiistions Cusanan

817,000 fﬂlm-ﬂ' H

,"_M The Leading Functional Materials
EXPOChnG  and Equipment Exhibition in Aisa
2017.11.24-26 R WD o

a
-

Visitor, please contact:

In Conjunction With

-

FILM EXPO SHENZHEN 2017

APFO EXPO SHENZHEN 2017

2017.11.24-26
Shenzhen Convention & Exhibition Center
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Strategies to penetrate the global market for food industry
Bevelagnianl sad Sirategy Ciralsgies er Maial Teod mEckioy

“Faadk hald contare strinnts that ks the Beudy's phiggitbiss sositd, s shastd nrt
baes slamiants dutrimantal t bealth ot Gha ema Gre”

A rAvepEn

B4 A oL iy S
o MEfhEEaSTRANE
WFatl  RERGEZWNS (Korea Food Safety Asseciation)
A - E B oMER L
P —— AT ¢ b HRATEREENN, :
SRR 20175 118 275 BT 06 T 5 7 2 BT S | TESRMIAR S Ll Linpo Shenzhens
AT AT R, R,
o ]  RTFHalalEEHEOAMNEEEZER FA R L R A E A R R
i
ML B
B EEFMRNSEES - RETNEN - RESEHE rii@
TR R AR B -
HEREE2017 Film Expo Shenzhen BETHIHalahe R O HAE A A 2017, 12, 6.
ORMWN A5 SRR RN REH A - MRERANE - BE /
FRRESTNENRGSE - A7 H—S5F  ADUATRUERAKG
! WAEE L R
SIS
EmEEH
3 y A
j'ﬁé?
Yo s
I 7 AT 26
/

_48_




o , YUHON JAPAN Co., Ltd.
Taraya g I 1.3 1 Shitaturs, Ulsats fu T oo 303 (012

MeR TR BAITIANE AT AXTLANE

# MrRocky. WITNIZAIA
| Fitm: Expo Shenzhen 2047) SR Staln il 57T

WRARE S
zuR Wim
HUBTEER BTSREETET R
! wE T AR EL
P 42
1. Sample; 0mic™ B4 * 500 1
2 Sample Typer Rail Type
S0 A LRI T
* TRERTEROY SampleiifAd size SO L PUELEA P08 2 (A Lt AR L
BT TR B T
SRR RN, WL T,
ST, SIS BREATUL VS kol BTELRRARRNE - B 53N « WLy "D LRI
8. LT QM TRRIRIDRIE ML LIFLT,

L TR 20w (F) * 1,000mm :.m *1,000m (R2)
2. mm N
- | trol
YUHON JAPAN €O.,LTD.
6. ATHGANA AT AR
F=EWS D-08

7t e 53
(1) Al o

No

W&

Antimicrobial and antiviral polymeric master batch, processes for producing
polymeric material therefrom and products produced therefrom (2015)

— The Cupron Corporation

— US 20150218321 A1 (WO 2006100665 A2)

— water insoluble particles of ionic copper oxide

Nanometer composite antibiotic plastic master batch (2014)
— CN 104804320 A

— nano-—silver plastic masterbatch

Antibacterial polypropylene masterbatch (2013)
— CN 103509246 A

— silver zeolite antibacterial agentE PPl A&

High—transparency nano silver inorganic antimicrobial master batch for polyolefin
plastics, and preparation method and application thereof (2013)
— CN 103601959 A
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— high—transparency nano silver inorganic antimicrobial master batch for polyolefin

plastics

Polypropylene antibacterial plastic container and preparation method thereof (2013)
— CN 104119603 A —F=3]A}

5 — (PP) 64~84% high melt strength polypropylene plastic particles (HMSPP) 10~
16% of nano silver antimicrobial plastic masterbatch 2% ~ 8% titanium dioxide plastic
masterbatch 2% ~ 15%.

Improved antimicrobial effects in polymers (2013)

o — Basf Se
— WO 2014099923 A1l
— zinc, copper, elemental silver, colloidal silver and, silver compounds
Fruit and vegetable fresh—keeping packaging material antibacterial master batch
(2012)

. CN 103819778 A

12—14% of nano—montmorillonite, 7—9% of nano—titanium dioxide, 6—8% of a silane
coupling agent, 6—8% of oxidized polyethylene wax, 4—6% of glycerin monostearate,

3—5% of a hindered amine stabilizer and the balance of polyethylene resin.

(2) St 34 o4

No

W&

Shanghai Xiner Low—carbon Environmental Technology Co., Ltd. (=)
Sulfur antibacterial masterbatch and manufacturing method thereof

o 3}

T 7o

Ed¥E 201210090485 (2012.03.30)

Antibacterial polypropylene masterbatch (F3)
Qingdao Yishibao Plastic Co., Ltd.

Silver Zeolite

201310469204 (2013.10.10)

PolyOne Corporation POLYONE CORPORATION (v"]=)
ANTIMICROBIAL POLYMER CONCENTRATES AND COMPOUNDS
silver and zinc pyrithione

15/024881 (2014.10.01.)

International Classes:
AOINb59/16; C08K3/32; CO8K5/09; CO8K5/46; C0O8L23/12; CO8L69/00; CO8L101/00
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o] =%

No &
Composite polymer antimicrobial masterbatch structure [Machine Translation].
) (2016)
— CN 205474152 U 2016081
— nanosilver core
Antimicrobial resin product obtained by mixing natural closed shell—derived calcium
5 oxide powder with an antimicrobial masterbatch
— Jung, In Ho; Jung, An Hyeong (2015) KR 2015021218A
— calcium oxide
Antibacterial master batch, nano antibacterial super tough plastic added with the
antibacterial master batch, preparation and application thereof (2014)
5 CN 103819787 A
nano—montmorillonite 12—14, nano titanium dioxide 7-—9, silane coupling agent 6—38,
oxidized polyethylene wax 6—8, stearyl monoglyceride 4-—6, hindered amine
stabilizer 3—5%, and polyethylene resin as balance
C.Citterio, L.Mercante, M.Rodighiero, K,Brocchini(2010)
4 | Innovative Antimicrobial Thermoplastic Compositions, @32 : LATi (e]|&go})
ohekst T2 =5 T4 F7HA test, 1SO 22196:2007
Sangmook Lee(F=d), Jae Wook Lee (A7dh)
- Color Stabilization of Low Toxic Antimicrobial Polypropylene/Poly (hexamethylene
guanidine) Phosphate Blends by Taguchi Technique
Macromolecular Research, Vol. 17, No. 6, pp 411—-416 (2009)
PolyOne Corporation POLYONE CORPORATION (®]=)
6 ANTIMICROBIAL POLYMER CONCENTRATES AND COMPOUNDS
silver and zinc pyrithione, 15/024881 (2014.10.01.) , International Classes:
AOIN59/16; CO8K3/32; CO8K5/09; CO8K5/46; C0O8L23/12; CO8L69/00; CO8L101/00
Anh Quoc Le, Van Phu Dang, Ngoc Duy Nguyen, Cao Tung Vu, Quoc Hien Nguyenl, (ME)
Preparation of Polypropylene/Silver Nano—Zeolite Plastics and Evaluation of
7 Antibacterial
and Mechanical Properties
International Journal of Composite Materials 2016, 6(4): 89—94
q Douglas N. Simoes, Michele pittol, Vanda F. Ribeiro, Daiane Tomacheski, Ruth M. C.

Santana (B&4d) ,
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Antimicrobial—properties—of—sebs—compounds—with—zinc—oxide—and—zinc—1ions
International Journal of Biological, Biomolecular, Agricultural, Food and
Biotechnological Engineering Vol:10, No:6, 2016

Nicola Cioffi(Dipartimento di Chimica, Universitd Degli Studi di Bari,o] & o})
9 Investigation of Industrial Polyurethane Foams, Modified with Antimicrobial Copper
Nanoparticles, Materials 2016, 9, 544;

o S I H7HA A

No W&
Plastika kritis : http://www.plastikakritis.com/ a8 X
1 antimicrobial masterbatch - combination of a bromine and antimony trioxide
Photo—Oxo degradable masterbatches, 213 ZA3k X
) addmaster : http://www.addmaster.co.uk/ UK
antimicrobial , & ©]&, ISO 22196:2011
3 imcd : http://www.imcdgroup.com/ UWE#HE Antimicrobial
A NASSOLKEM, BULBUL MASTERBATCHES : http://www.bulbul.in €%
antimicrobial additive masterbatches, combination of Zinc dimethyldithio carbamate
- RTP : http://www.rtpcompany.com/ V|3
Antimicrobial Masterbatch 2°]2 EPA - pr2000—1
6 Clariant : http://www.clariant.com/en/Corporate =S¢
antimicrobial masterbatch 29°]&  JIS Z 2801:2000
. Smartpolymer : http://www.smartpolymer.de/ 5%
antimicrobial masterbatch zinc Din en IS0O20743
o Ferro—plast : http://www.ferroplast.com/ ©]&go}
antimicrobial masterbatch F7]A JIS Z 2801:2000, ISO 22196:2007

Bl = Te] Ay E A, A kA 9

GHS BostEHE F Yol sl oy, Ak AEE] e 74 7]E9] ASTM D

695404 AbstAlEsl el Ao A3 W Fo] FAEHAOY, HF A 7]|to] HAH
= o)

O FHT UAE(IE g E)dA At AEsidd 12471+ UAE standard
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http://www.plastikakritis.com/
http://www.addmaster.co.uk/
http://www.imcdgroup.com/
http://www.bulbul.in
http://www.rtpcompany.com/
http://www.clariant.com/en/Corporate
http://www.smartpolymer.de/
http://www.ferroplast.com/

5009—-2009 (Standard Specification for Oxo—Biodegradation of Plastic bags and
other disposable plastic objects)E A4 3} T}

O 20149 19 196 A9 Agstol, W3 s 44 8 AFW UAE 9 9%
sgsta, vis A AES FAREA B AEARE Hehagel AxgEw
9\t

O At A= 4F4 7]+ UAE S 5009-2009+= o8] 744 = Al4t47] Edj= gk
So gvt

(1) ISO 14851 (Zet~E 48 A Wik 5714 Awse S99 — #d4 $5AE ol &
z‘;} o]A}g;;].];}/\ ulz\gakzx—])

(2) 1SO 14852(Zet~g &4
Ho— R oikst 'AH S

(3) ISO 14855—-1(HEAE =0 W 37144 Aisis 2 Sdo— o|as) gad 54)

(4) 1SO 14855—2(73%-3)

(5) ISO 17556 Plastics (Oxo—Biodegradable Plastics associations 7]5)

(6) ASTM D 6954 (AF3} AJ+-3))

(7) ASTM D 883(Ze}~E #d &80 A9)

(8) BS 8472(Non Toxicity, ASTM D 6954 A} — 9= %593 9 7158 AR AA

2 foFsk@ ARs7} olel e Ay]Fel UAEE 43 UVE %
sk Akl AEEE Vo2 skal glowH, %d UAE 7] J,Z_Oﬂ*i Absh sl 7t HU%,
1 = A

o Oof
ol
P~
ofy
aj
tpx
r ol
i
4]
oX
o
o
X
gS
N\
oX,
ok
rE
=
N
AN
o
0
rlr
o
ofl
<
>

O o]¢} Z2 o]fF=Z & Ao Fu = Akt Al gl dskdrte 43 UVE §3 At A
PaE /EoR sha, AsktE B QAL B olatsieka 9 vlol v AR ReHi Ag &
AR, B, TaS5eoR FbE Sl A¥A Adh 75 2 AE settingsF3it

TE B7F 24 =4 B7HEA U
1. A%7: 68 C, 85 ~ 90% &% ZA6|A Thermal
A s degradation

ArE AR dA ASTM D2565-89

24714 2. UV =&%74: &2, UV A BLB =& Photo degradation

ole]l 10 cm %71 AA A3} ASTM D3826—-95
3. Y™ §71/%7] H7HA= gy /dRky ESMA | FT-IR, TGA, DSC,
A, 55, SRk 55 Tensile test
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—FAEA Eal UAEAE oA Eal =4
el G =) &l
O 7ARZE: s AGE 5%013t=Z € A
@ FAFFH: FHFEAF 5,000 Dalton ©]38f
® TARH BAF gel LA FF: 5% ol
@ FA=A FAF AFEe T8 FF 1A
o) 5
Element ppm Element ppm
7n 150 Cr 50
Cu 50 Mo 1
Ni 25 Se 0.75
Cd 0.5 As 5
Pb 50 F 100
Hg 0.5

CARSRR e JAE AR 2, AR E, TS

o

33] W& Al (Biodegradation period)
@Ars} s GAE A (ASTM D 6954) 1SO 14855
— 1A Ak 738 54
A (20 ~ 70 C), FAFS - A kst
f715E 2el 2 B3 A9 ASTM D 6954
VOC ¥ BAY 24 (@A 8 A da)
- 2@ L AR S
olabsbeiA: WY, I AFE
- 39 QRS ARE S UAEAE Q)
k. ECAS A% & 55 2
=0

O 44 AH55S AAAE ek Aud Az

=
NA 95 ¥He

¥ ¥ A (Approved supplier)

o

O 2014 A 9% J7H T34 8= =, 9=, =, By}, UAE, ~919e]
T 9 APAL 295k Y= gAold

Symphony Environmental Ltd. A} d, w

SYMPHONY ENVIRONMENTAL
TECHNOLOGIES PLC
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d,w

Wells AF¢] reverte

reverte

Reduce, Reuse, Recycle, Reverte®
making ordinary plastics biodegradable*

EPI AFS] TDPA

e pi@iDPﬁ

P-lifeAl2] SMC2360, SMC54 (Catalyst
type)/NA207—-66PL—-10, NA207—66PL—-20
(Master batch type)

Willow ridge plastics bin hilal enterprises
ALl (BDA/PDQ-H/PDQ—-M/OxoTerra™)

. WILLOW RIDGE
PLASTICS uc

EnerPlasticsAte] OBD additive

m
g7 <

7&cr. O

KAUKAWALA GENERAL TRADING FZC A}
9 (OxoEliteF Food
Oxo—Biodegradable additive.

grade
OxoEliteR
Oxo—Biodegradable additive for non—food

applications.)

4

ADD-X BIOTECH (SWEDEN)AFS] Addiflex

Biotech

Add-X

Technology naturally

Addi
Flex’

Nature’s solution
for plastic waste
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O 98 HA7HZE o] &sto] #AFme AFstar, oA FJAE FaztelAl Bd HAE A
H 1A (test report) & o} UAEW 44 (Trader) ol Al S3-3foF ot
- UAE S 5009: 200998 FAE4 HAE HIlA
spebtel] & EallE A 2 HFEL shsh4 E4

5719 sl A8

O UAEY ¢ HlAE A3 Bua @ Ak a A} A52 (Trade Licence) S %
53l ESMA®] ECAS A5 AlFslof 3
— AFHE AP Eﬂ*Eﬂlf—L 2171 (600 UAE ©23,
(2,500 UAE tI=3, °F 682%), 1% 19 F87IE2
F7HE sigE, SHA 25E (500 UAE t23, oF 137%)
— 2QA7 s APAY BaA 35t 2709, ECAS <% ¢ 54

7. AFARAAY BASF

8. 7t T A RA 2R 5T ATAIE-FH] E

| EEEES \ D-10
TaNw| Gy | Gaw | F2 | Teead | TR | G @B TRdE
9. AT NEHA o WE AT T FHERA o]PLH
| SEWE | D-11

FH7 - AT D5 FAATE AT Bl AgHE AA, J17, A7), ok, WA 1
el W s gl Pelde 5 Atow ¥ W AW AL BEE AL e
wjel 18] 414

A2z 789 oJAst] AME-E= A, 7]

2) 471 A sfstetad e
T, A7), o, BEAl o] Radd) B BE gue] #Ady 55 HdAATI7E ol &5t
mid 13 44

3) SHkidA — FAba, AL 5 AT 5"}X}«1 Aol A4l AEs op1g




2. 747] 9l A QbS]

1) A7) REE - A BE SAA] wle 1A o QA bl 83 24 el B
A, ATAN KA ool B ARG, AT AT AL BB B AFY, B A4
(@

Alzol 3t AL
2) Al S - AR AN S Fojshes AT 5 FARPE *!4717%1% 03_31141%01
A

=

o =
D 7] mm AN -
1

2) A Zﬂ%}@?ﬂ WA - AR AT Bl FAE AT W SAVPE WS ST
Ao A% AT Fe AR Al AgHSl f19 26 wE2E SIge] v AT
2 v o e} >~
Ao A (A7 AR o] dsIdiS 7ol Al A7 A
o
10. AT ALTA] JEH AT
| EETES \ D-12
AR |
T P B SPRIS| S7A
ME| o | mpa/maae | | e | SV pmeact | EIAIE gy e
i 718 E315SL| Factor | /53155 | = i
FEAD °
A ENE e
o rPP/ZnOY=AXAE F< . S =137 LB 5
1 = NEZADE Az 2 24 dstdgta | A1AAL | 5 E 8] A] 2017.12 H]SCI
4 AT
L. NEESY WS A aF:AES |
215 gm w ooy Az | oanm | OO0 w
L |[BEREE A 2T A @IAFS| .
3 g wee as ags | TUE o
we ey BEE A
g | me [FRE I Amww wamaze) ..
ol fal AxsE ¥4 AR
o usbRay BE
ey FE BEE
5| sy |[FA EAE Ol ATBA wEAES ) e
T ool gs) AzsE v A o o
Ry I DS
EEREXT ,
GRS R RN R LS A @ 2016.00.22
TT s T4 AN 2| eRAEL | ‘
7| ARG e e g A o= 2017.09.20
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11. 71EpAM

12. Fa83

| EEE \ D-14

—

. Hwang, D.S., Kwon, D.H. and Yun, H.S. 2012, Multi—Layer Film and Method

For Manufacturing The Same, Korea patent, 10—2012—0108271.

2. Espitia, P.J.P., Soares, N.D.F.F., Coimbra, J.S.D.R., Andrade, N.J.D., Cruz, R.
S., and Medeiros, E. A. A. 2012. Zinc oxide nanoparticles: Synthesis,
antimicrobial activity and food packaging applications. Food Bioprocess
Technol. 5: 1447~1464.

3. Kim, D.W., Lee, S. N., Kwon, H. O., and Seo, J. 2015. Water resistance and
antimicrobial properties of poly (vinyl alcohol) composite films containing
surface—modified tetrapod zinc oxide whiskers. Macromol. Res. 23:
1134~1143.

4. Choi, H. Y. and Lee, Y. S. 2013. Characteristics of moistureabsorbing film
impregnated with synthesized attapulgite with acrylamide and its effect on the
quality of seasoned laver during storage. J. Food Eng. 829~839.

5. Tankhiwale, R. and Bajpai, S. K. 2012. Preparation, characterization and
antibacterial applications of ZnO—nanoparticles coated polyethylene films for
food packaging, Colloids. Surf. B. Biointerfaces. 90: 16~20.

6. Kim, I. S., Lee, H. J., Kim, D.W., and Seo, J. C. 2016. Preparation and
Characterization of Low Density Polyethylene (LDPE) and Flower—like Zinc
Oxide (FZnO) Composite Films, Korean J. Packag. Sci. & Tech. 22(3):
85~93.

7. Allen, N. S., & Edge, M. 1992. Aspects of degradation and stabilization of
polymers. Fundamental of polymer degradation and stabilization (Chap 4).
London: Elsevier Applied Science.

8. Massardier, V. and Louizi, M. 2015. Photodegradation of a polypropylene
filled with lanthanide complexes, Pollmeros, 25(6): 515~522.

9. Ham, C.S. and Yoo, J.K. 2014, Polymer composition for oxo—biodegradable
film with high strength in early age and method of manufacturing the same,
oxo—biodegradable film thereby, Korea Patent 101365615.

10. B. Singh and N. Sharma, 2008, Mechanistic implications of plastic
degradation, Polym. Degrad. Stab. 93: 561—584.

11. You, Y.S.,, Oh, Y.S., Un—Su Kim, U.S. and Choi, S.W. 2015. National

Certification Marks and Standardization Trends for Biodegradable,

_58_




Oxo—biodegradable and Bio based Plastics, CLEAN TECHNOLOGY, 21(1) :
1~11.

12. Enurates Authority for Standards & Metrology (ESMA) —UAES
5009/2009:Standard & specification for Oxo—Biodegradation of Plastic bags
and other disposable plastic objects.

13. ASTM D 5208-01. 2001. Standard Practice for Fluorescent Ultraviolet (UV)
Exposure of Photodegradable Plastics. USA.

14. Carvalho, C.L., Silveira, A.F. and Derval, S.R. 2013. A study of the
controlled degradation of polypropylene containing pro—oxidant agents, 2 :
623~634.

15. Wen. Z. Q., Hu. X.Z., and Shen. D.Y. 1988, The FTIR Studies of
Photo—oxidative degradation of Polypropylene, Chinese Journal of Polymer
Science, 6(3): 285~288.

16. ASTM D882:2001 Standard Test Method For Tensil Properties of Thin
Plastic Sheeting.

17. Japanese Industrial Standard Jis Z 2801 : 2010

18. MFDS “ Standards and Specifications for Food Utensils, Containers and
Packages”

19. Esthappan, S. K., and Joseph, R., 2014, Resistance to Thermal Degradation
of Polypropylene in Presence of Nano Zinc Oxide, Progress in Rubber,
Plastics and Recycling Technology, 30(4): 211~219.

20. Jang, S. H., You, Y. S., Lee, Y. S., Kim, J. N. and Park, S. I., 2008, A
Review on Photodegradable Plastics as a Packaging Material, J. Korea Soc.
Packag. Sci. & tech. 14(2), 81~88&.

21. Liu, J., Hu, J., Liu, M., Cao, G., Gao. Jianguo. and Luo, Y. 2016, Migration
and characterization of nano—zinc oxide from polypropylene food containers.
Am. J. Food Technol., 11: 159~164.
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