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SUMMARY

I. Research Title

Development of Multi-Layered Film by Using the Control of Nano Structured Materials

and New Compounding Technology to Prevent the Vermin's Attack

II. Research Objectives and Importances

1. Research Objectives

O Searching of anti-insect repellent with commercial use for various food packaging
considering characteristic of objective insect ecology, and development of anti-insect

repellent and anti—-microbial multi layer film using them

O maintaining food flavor quality through development of multi functional food packa
ging-multi layer film with anti-insect and anti-microbial, prevent of insect invasion

during consumption and distribution of food

O There are several detailed research objectives to achieve final objectives

* To developed anti-insect repellent powder using impregnating agent of repellent
solution.

* To developed that this studied was decreased for invasion of insect in domestic food
and hazzard of national health

* Development of plastic film of food packaging film through the test methode and
developing method of this study will be exemplary outcome of overall studies.

 Development of maintaining food flavor quality through development of multi
functional food packaging—multi layer film with anti-insect and anti-microbial,

prevent of insect invasion during consumption and distribution of food

_10_



2. Importances of current Research

O Demand of customers is increasing about taste and quality according to develop food
industry in world, generally, kind of food type is diversity and food safety of customer
in Increasing. However, in domestic, insect was discovered in packaging of snack,
noodle etc., recently. most of domestic companies made an effort to increase quality and

packaging technology for prevention of food.

O It is social issue that the insect as indian meal moth was invading in food packaging. It

1s necessary that food packaging develop to solve disadvantage of processed food.

O Thus, we were developed that this studied was decreased for invasion of insect in

domestic food and hazzard of national health

II. Research Methods and Scopes

O There are several detailed research objectives to achieve final objectives
* Analyzation of current food packaging materials and insect impacts
* Process optimization for repellency nano powder
* Developments and evaluations of master Batch, sheets, films and containers
» Establishment of mass production line
* Industrialization of developed packaging products
* Ensuring safeties of developed packaging materials and products (KFDA and FDA

regulation)

IV. Goal achievements and contributions to related area

O Medical herbs with killing and avoiding effect in Korean food Standard codex were
concentrated and extracted. Finally, repellent agent chosen in this experiment was made

with cinnamon, 3|3, etc. with most avoid effect for storage pest

O Aerosil@200 is high surface area, high pore volume and 47100 nm size. We prepared

_11_



successfully anti-insect repellent powder using impregnating agent of repellent solution.

O Antibiosis was excellent for PP, LLDPE, HDPE with silver glass antimicrobial agent.
Antimicrobial master batch was passed in antibiosis test of certificate authority. Also,
antimicrobial and anti insect repellent master batch was not detected in safety test of

harmful materials and harmful six heavy metal.

O To make antimicrobial and anti-insect food multi layer packaging, we prepared snack
packaging film with print and processing. Release behavior of these films were analyzed
with composition of cainnalaldehyde through retention time using GC/MA. The release

behavior was maintained constantly after 24 hours and remained at 30% after 52 hours.

O Antibiosis was excellent for PP, LLDPE, HDPE with silver glass antimicrobial agent.
Antimicrobial master batch was passed in antibiosis test of certificate authority. Also,
antimicrobial and anti insect repellent master batch was not detected in safety test of

harmful materials and harmful six heavy metal.

V. Research Results and Future utilizations

1. Research Results
O Papers
* Four related papers are currently applied.

1) Seung Mo Lee, Won Jun Choi, Kiseob Hwang, Jung-Hyun Kim, Jun-Young Lee, “ Effect of Catalyst
Concentration and Reaction Time on One-Step Synthesized Hypercrosslinked Polyxylene”,
Macromolrcular Reserach, 2014, 22, 481-486.

2) Kwang-Sun Ko, Ji Young Lee, Jin Kie Shim and Jun-Young Lee, “Formulaton of Emulsion Adhesives
with Removal Property by using Alkali Soluble Resin”, Journal of Nanoscience and Nanotechnology,
2013, 13, 7467-7471

3) Sung-Wook Choi, Hi-Yoon Yeom, Tae-Joon Park, Jun—Young Lee, Jung-Hyun Kim, “Fabrication of
porous poly(acrylamide) beads with Macro- and Micropores”, Polymer Engineering and Science, 2012,
52, 358-3%9.

4) Sung-Wook Choi, Tae-Joon Park, Hyun-Jong Kim, Jun-Young Lee, and Jung Hyun Kim, “Fabrication
of Porous Emulsion-Templated Conducting Composite Beads by Vapor Phase Polymerization”,
Macromolecular Research, 2012, 20, 433-436

O Patents

_12_



* Seven related patents are currently applied.

1) “A method for preparation of insect-repelling particles by surface modification of silica”, PCT &<
PCT/KR2014/003075, 2014. 04. 09
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2. Future Utilizations of Research Results

O In the point of view of harmfulness of human and safety of food, performance of
antimicrobial and anti-insect functional packaging material was increasing. this
technology was variety applied in various field. The competitiveness of relational
industry was increased through secure of original technology.

So, In various industry, this technology can apply, get development of high value added

business.

O this technology was contributed in new market and expanded consume through high
safety and reliability of food.
Development of plastic film of food packaging film through the test methode and

developing method of this study will be exemplary outcome of overall studies.
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KP 1 10wt% Iwt%
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X 20T 719A T ASAA 22 vaEds Ve EE
Sample name Surface Area Pore Volume
Aerosil 170.0m3/g 0.429cm3/g
KP1 124.9m?/g 0.630cm?/g
KP2 95.4m3g 0.550cm?®/g
KP3 73.2m3lg 0.440cm®/g
KP4 57.1m3lg 0.390cm?®/g
KP5 28.5m?/g 0.267cm®/g
180 07
Surface Area Pore Volume
160 o |
140 =
120 4 :g 05 - ‘S
ool 2 §
ol & 0e
3 &
B0
03 A
40
Sample Name Sample Name
20 T T T T T 02 T T T T
Aerosil KP1 KP2 KP3 KP4 KP5 Aerosil KP1 KP2 KP3 KP4 KP5
k. W 7)E BE v

a9 16, U 719 SEd e Bl naus
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0.020

0.018 A

0.016 -

0.014 -

0.012 A

0.010 A

Pore Volume (dV/dD)

0.008 -

0.006 A

0.004 -

0.002

BET

— 10wt%

0 20 40 60 80 100

Pore Diameter (nm)

a9 17. KP1-10wt% 9] 713 # 3%
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¥ 3o 7 AEEE SATE 16AIZF 4N E7 FA AAAE wtR%FAE A 3
Agate] vlm vuAE Ao Yl KP1-10wt% 3 KP2-20wt%t 24X 75k 7+
Zgo] Awt%7F A Al KP3-30wt% = 6wt% W A9l KP4-40wt%, KP5-50wt% = zHzt
8wt% 2t Iwt%e] Fae] PSS AT F Uk oY Aa FAE AxE YFTAhA
TEe] d4 B LA E Tes FAYES & 7 A ¥ 14 o aHEe g 3t
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Comparison
name 5 15 24
KP 1 96wt% 96wt% 96wt% 4wt%
KP 2 96wWit% 96wt% 96wt% Awt%
KP 3 95wt% 95wit% 94wit% Bwit%
KP4 93wt 92wt% 92wt% 8wt
2 B aA B2y FF7] BEFA Ax
WEAd 5ol Fold AF 2GAE Az st AdA iAot waaA 2He f
H7) BEAE Azt 29 150 Wz7|E AE7tE Axd wELA Edy 28]
Melting blendingel]l thst Q=5 YERHSITE dRbd o= A&y = WwaaAe] 45 35
o 2N d3ts dHz Agste Zo] A Erlesit v o WEAA U 1
219} blendingdte] %71 B3 FH = Az 49 29 1604 B vkl o] A%
xFAA, 71T 8 5o HAEdR A Eo] 7pEsi
B Ao A= Scale-upe 3 FH| YA ZA Lab scale®] FH|E o] &3l A% #F
7] BFAE Azt 1 5AS BAs9Y STl FoE f§57] stelRrgs AES
A zst7] Yote] WEaA E2S 10wt% T 50wt%e W& %2 PP9} melt blending 3l 2™

. 219 169 Inter mixerE AR&dto] 2= 200ColA E 49
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® 4 AxE F57] 5FA 259 PPe WEaA EEe] vE
Sample Nano .
name PP fabricaton Ratio
Sheet1 180g 20g 10wt%
Sheet 2 160g 409 20wt%
Sheet 3 1409 60g J0wt%
Sheet 4 1209 80g 40wt%
Sheet5 1009 1009 50wt%
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A 7= 120 CTY dry ovenoll Al 3A1%F o] A AZ 3 desiccator WollA A271x] WzhA]
A Ay gtel F2E FEE AAste] AFESATE Sl S Aol A ethanold} & o] =
T HE&S 80 20(v/v%) e ®E o] 900 mlE WHE & acetic acidE AMg3e] pHE 45
2x4d3h pH7F 245 9= 3L Round flask o 71 % magnetic stirrerE AF&3}
o] 300 rpme.2 30 &3t EFsEATE wRko] & & GPTMSE round flaskoll H7bgh %
300 rpme.2 WA A GPTMSE 7heid] At 7hgEs) bt &

18.0 g€ round flaske] ¥ 300 rpme. 2 FTHNE w8 2835t¢ch whgo] By

< AAE87] (Rotofix32A, Hettich)E ©]&3Fo] 3,000 rpmel A 3 FoF

AAS WFH}h Ethanol/® ©]29(80 : 20 v/v%) &4S AL&3iA 33 A
ethanolS AFE3le] 23] o At 94EE $&  vacuum ovenol A 2447
AzxstAn. AZH A GPTMSS Aejrt 119 deps7]Y S&3 ves fFxst”
ate], GPTMS/Si-OH®| En1]7F 5,10, 20 ¥ 2597} H =% GPTMSS v&=& X
= A7 18.0 goll Wit GPTMSE 17.70g, 35.43g, 70.87g 0.2 FUHS
FatAth. GPTMS®] 7FpaRkg Al 604 &<k shlon, Aol 1d
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GSA, GSB, GSC & 9o FT-IR ¥ EA 183 ETF FAHE o83t 5AS
24 3}glak,
3 1. Sample Name
Fumed silica + GPTMS Grafted silica + Cinnamaldehyde

GSA-1 (6g + 8.94g)
GSA-2 (6g + 17.88g)
GSA-3 (6g + 35.76g)
GSB-1 (6g + 8.94g)

GSB
Sample (18g + 35.43g) GSB-2 (6g + 17.88g)
GSB-3 (6g + 35.76g)
GSC-1 (6g + 8.94g)
GSC-2 (6g + 17.88g)
GSC-3 (6g + 35.76g)

GSA
(18g + 17.70g)

GSC
(18g + 70.87g)

- Grafted silica ¢+ W% 713 Al 2] 7]3t-g-

Grafted silica®} W% 719 A FA4 %2 Cinnamaldehydeol wall Z-zb 718 W3S 1 3s)
Ak RS whEo] AAlR W& usd #oh 47
Cinnamaldehyde ¢} Toluene & s ZEfxFo 308 5¢
6g9] Grafted silicas 9 WFg7]9] &L E 3
o wgol FxE F A" HHAES HdHAS F =74
CinnamalehydeE A A3 ¢ 131¥3}
dojnew FT-IR % GC, 9457 475 ol&sto] 2879 &4, 2HZ"H Y Hl& 3
Cinnamaldehyde®] 33 E ZASFA T
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- Fumed silica®] #7712

OH
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\ 0.{-<f 0/‘*—<]
0 condensation /\‘/\ /\/_
-3 \H - T HO“Sif‘o\ g
H
\/ OH \‘0 0

O,' N
OOH -ﬁ

T8 B Fared dhea®t G-Gyadyioxypropy) timethoxysdare (GPTVD)S] 7129 Wk

Transmittance (arb. units)

— GSC
— GSB
—— GSA

4000 3000 2000 1000

Wavenumber [cm]

1% 34, Grafted silica®l FT-IR 2~ EH

Fumed silica®] #9113 GPTMSO| Zj=d wtg2s 29 3 o Yetdtt. GPTMSe]
U= HIEA AE7]o shiafel o8] A" AebEd Fumed silica W9 Aghiso] =
ghakg-sto] HFEH o7 Grafted silica’t @A At AlZE Grafted silica W2 72 54
S Yolr 7] 9& 44 Fumed silica (AEROSIL), Grafted silica 2 GPTMS®e| FT-IR
SpectrumE 19 4 o YelWAY. 29 4, 19 5. oA Fumed silica®t Grafted silica®l
9 AE HlashH 28437 2941cm-19 4 YEF= C-HE Stretching Band € 908cm-—191 4]
Hol= Epoxy 2H&7] WH=7F GPTMSSFe] AEH wkgols AGE A g9 &+ Urth
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6 o Grafted silica®l TGA Z#xZE YelTh 28X B vfep o] &3 A
£l 400CHH 600C 744 dif-Eo] FA 2Hax7F ey o]= Fumed silica &
F71ELe] Fald ot Ao = HAY, F Grafted silica 2] GPTMS?] o] 7
b = Atk Z47Fe] Sample GSA(silian 5), GSB(siliane 10), GSC(silane 20)2 %=
Silnae®] &whE AA F&Fol FaTS IRt + Jdom o]F Sample GSC7t %

19% AE=E 2Askar il GSB, GSC= 27t 12% ¢F 10%6¢] Zavl&S yEF Wl

~

IS A A )
< L (o)
o
o

9} o] 7}zte] Sample GSA, GSB, GSC
Alatskle W 7R @ kel GPTMS
2ol 91ee FAY 5 Uk = oy
2 oA vrER mRe} o] Grafted silica
EAZAN S T3l S7Hd 7H2e 45 &
A rEAROR 10 ~  20%7HA
Fumed silica®] o
(3-Glycidyloxypropyl) trimethoxysilane

L <

1%
o
fru

Transmittance (arb. units)

Fumed silica

(GPTMS)7} o] 9&& &4 4 9t} o= — oPTMS . '

a9 6 9 TGA ¥z # T} v 5 4000 3000 2000 1000

ol % Z7tel i +A% BARAS
)

Carbon %7} dAg-& gldd 4 it}

(]

N
[
I

N

Wavenumber [cm™]

18 35, Fumed silica?t GPTMS®?] FT-IR

Spectrum
3% 2. Element Analysis
Sample Name Analysis Nitrogen Carbon Hydrogen
0 10.3975 1.7627
GSA 0 10.6801 1.9115
0 10.5388 1.8371
0 9.4755 1.6185
GSB Element 0 9.8089 1.6792
0 9.6422 1.6488
0 19.3096 3.2325
GSC 0 19.1648 3.2072
0 19.2372 3.2199
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1600-1580
romatic rig
1630 1600-~1580
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pa: j= aldehyde 4539
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1600~1580
Aromatic ring

Epoxy

Transmittance (arb. units)
Residual weight (%)

4000 3000 2000 1000 0 200 400 600 800
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GEbE el 3360 emo19] A el s
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¥ 4-1. P-AIPS} C-AIP®] W Ew 4 E44 7

Sample name Sger (M2/g) D. (nm)? V; (cm3/g)"

Fumed silica 170.0 9.6 0.429
GSA-5 103.9 261.6 0.729
GSA-10 109 257.6 0.672
GSA-20 954 269.5 0.550
GSC-5 1174 211.8 0.699
GSC-10 112 219.3 0.622
GSC-20 88.7 231.2 0.480

“Diameter of cells, determined from adsorption branch according to BJH method

PTotal pore volume
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219 8. Changes of densities (mean+SD) of Plodia interpunctella larvae in

each medicinal plant extract treatment and non treatment.
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medicinal plant extract treatment and non treatment.
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Fig. 10. Changes of densities (mean®=S8D) of Sitophilus zeamais adults and Plodia
interpunctella larvae in 3 different medicinal plant extracts treatment and non
treatment.

EE 3EF b Bopl FEEIAC AP del we o avtil 4Fe A WE
FFe 2AF A3 3FF RE B FERAM A AN mek £ oAl
A H ge ole e AT 2AE0] ARt Qe AoR tehgor], 4717

of w& ofgdutyu] gdFol Hat FA wiElgeE g Ae FAEFNA 14.68+2.730F
g, Aol e 532+2.73vtg], AN = FAH ol Al 1544349, ] Foll 4] 4.6+3.497}
g2 fFost Aolg Hon 53|, AY FEE A 4§ FAYFNA 17.32+2.34, A
oAl 268+ 234ntE R FElgh AfolE Kol FEE A oAfA e FAT oA 1F o
gaatn] A MAFE AR fog AolE YEhlTHE 1Dl t=12.10,
df=48. P<0.05, ¢1%: t:10.95, df=48, P<0.05, A gk t=22.12, df=48, P<0.05).

Plodiz interpuncte iz SRophilus zeam 3is

B unteated B unteated
=1 freated = freated

£l a El
E)

o|

No. of observed insects
No. of observed insects

=3
=

A.grincens A eapillanis 5. Fromaficunt A grincen s A capillanis 5. Fromaficunt

Medicinal plant extracts Medicinal plant extracts

Fig. 11. Densities (mean=SD) of Plodia interpunctella larvae and Sitophilus zeamais
adults in each medicinal plant extract treatment and non treatment. Different letters
above standard deviation bars in each treatment indicate significant difference
(Student’ s ttest, P<0.05).
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Treated Untreated
Treatment (upper) (bottom)

Control(0%6) 9.8+3.7a A 10.2+x32.7a
10% 4.6+3.6a,B 15.4+3.6b
20% 4.4+1.5a,B 15.6+1.5b
30% 4.0+24a,B 16.0+2.4b
40% 6.4+2.7a AB 13614270

Table 3. Number of the P. inrerpuncrelila
larvae on packaging materials at warious
repellent concentrations.
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No. of observed insects
No. of observed insects

Con 0% 205 30 % Con 10%% 20% 3004 4004

Treatments Treatments

Fig. 18. Comparison of the number (mean*s.d.) Fig. 19. Number (mean=*s.d.) of P. inferpunctella
of P. interpunctella larvae between treated and larvae on treated parts at 5 different repellent
untreated part at O different repellent concentrations.
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0.05% 44+24aB 15.6+2.4b
0.08% 54+28aB 14.6+28b

Table 4. Number of the P. interpunctella larvae
on packaging materials at various repellent
concentrations.
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Fig. 22. Number (mean=s. d) of P. interpunctella

larvae on treated parts at D different repellent
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npEul ] 2F Al A Aol 4 7] Ags Aow Foglon F7]
A & FDAS EDAZNE A ko]l x| 24 F7ddAE A4t
e FDAS} EPAd TEH 24 F7A9 TF7F
A Z A} o Particle | <l
(A=) Grade Type Ag(%) size(m) | W
LJ 10D Silver zeolite 25
SINANEN 1y q0p-, Silver glass 18 FDA
ZEOMIC - - 20~ 30
(Japan) AC 10D Silver copper zeolite 35 EPA
KM 10D Silver zinc phosphate 1.7 NSF
TOAGOSEI AG 300 3.8
NOVARON Silver zirconium phosphate ) 09 ~1.0 SIAA
e ‘ :
. SIAARE
. < b.
GLASS WPA Silver glass 1.6 5.0 2 9]
o FFA FF AU
- Vb ol 2(Agh)el MEe] 4Estel AWBE BRF LSS s 4

- H,O &4 sfe &

°]
WA Aharh Al

9 wajets

2o Zujggow st
o

g
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(1

Bacteria Surface film of moisture ~ Antimicrobial release

Silver
Componnd

FoliojdEof HE

@ wello)gEo AL @ M= SHYx s
2 0|20| 83 DNA &Hd X3}
4/ RNA g3 x{si

CRAARXARY TR HF Aol S5 FUA FTAE FAHLE wt2HuEX AT
) 2

qob oA A AE A=

T VB oREE e mF o] 5%21 N Z]IA et 1ol 10%%] Y EBFY 7
HAE o]&ste] 7IHA w= mpay i 9F o2l A F7]EwA 5 SINANEN
ZEOMIC(it) @] Silver-ZeoliteEt1 €] L] 10D w5 viAejufx] 2 7194 &3 vpEu)
A& A&k

NF Z1g A o] Af @ mpaE A= FA o] EEAS 9 CaCO39 ¢4 &3}
FA e} et wiaEuAE Astgon, darAet &3 v uX = A e}
=3 & A9 &3pste] wiagHuAE A Zs i

ANFA D FHAY A EYES 1R BFAQ 5% 7Fo w2 &)

npaE ] A o Bt A8 AeAE A AL hETIek AE ARETIE ol &kt

o

R e

o Az AE J2E

4 719 A M/B 5% - 5% -
-9 719 A M/B - 5% - -
g4 M/B - - - 5%
HF7 9 A /A M/B 5% - - 5%
9-$-t 7] 9 Al /Zd A M/B - 5% - 5%
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e EH|AE 5 - Staphylococcus aureus ATCC 6538P

A= wiA - 1/500 Nutrient broth

7] - 50 x 5.0 cm

2

g9 HE A7) - 40 x 40 cm, A1HA

=38 - SCDLP

=
o

)
<]

t

~
;.oo

npE 2o A9 ZF 97.5%9F 97.4% = thA v

=

79 7]

el

.U_H

RF 99.99%9] i
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= - AT | T8 P
* 7 H e (A) (%) (log)
Control(PP "] 3] &) 6.8 X 10° - -
A 719 A M/B 446 X 10*| 9752 2.18
3949 7|9 A M/B 46 X 10* 97.44 2.17
S. aureus
A M/B < 20 99.99 6.83
A7) 9 A /F A M/B < 20 99.99 6.83
9t 719 A /T A M/B < 20 99.99 6.83
¥ 7A8(%) = (C - A/ C x 100
W St = [log(B/A)]
A AP Agde] 24X o] Ayt (Pt
B : u g AlgA 24X o] AHSF (F
C: vz AgHAe HEHFo At (

1. Control(® A g Al H)

3.

3¢9 7194 M/B

4. 7 A M/B




5. A7 A /& A M/B 6. 3% 719 A/3ddA M/B

) oo} Ble] | Alsh oA Al viaE WA AL
G50 B WE A9 o gako]
1

oA =3 ufA~E )

5%3} ZincA S718dA 12 o] &3}
=

- 194 EYEL 1EE BxX9 o, &
ZincA 718 Aol EUES ZF JAloA A E S V)Fo®E AT

- A8 AEVI9 AlH AEV]E o] &S
o fAHHBIX AF FYLE

A= w2794 | L] 10D |IM 10D-L| AC 10D | AG1100 WPA | §7)3#A

WZ719 A M/B 5% - - - - , -
w=/3-7F M/B 5% 5% - - - - -
37 M/B - 1 - - 1% - - - -
g+ M/B - 2 - - - 3% - - -
g+ M/B - 3 - - - - 3% - -
g+ M/B - 4 - - - - - 3% -
3+ M/B - 5 - - - - - - 1%

(4) vhzE A o) B4 37}

- QR 7] #ol o] F3Fe] INSTRONG) 2] Universal Testing MachineS ©]-&3le] =

- BE vt o 242 W3l 42 Aor A5

i ) 3 1 5 5 7 8
3 5 | wd (w3794 TP noopn | ac 1o | Agnioo | wea | $o1s4 | pp
5% I 1013 gy 1% 3% 3% 3% 1% reference
IZODZ4ZE |kga/m| 68 65 57 6.1 69 79 63 63
ABZE(FEA) | kg/ar 249 240 245 245 244 242 251 252
AAZ=(FSA) | bg/a | 180 172 140 175 151 124 176 184
A& 9% 151 143 133 130 132 105 105 200
3% k/a | 3% 328 328 333 343 311 326 339
ZZANE | kg/a | 1115 | 11860 | 11100 | 19980 | 11810 9930 10390 | 10100
AE Lsde | 38 7 31 3 31 3 4 4
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(5) vp=EujR| 9] &qtE HAE
A 23k 7F9] vl MES ZEAH ALE7]E o] Este] St AE AAS z
F ZogtrE 5 Ao g FaES HristeE gzl wHEel JIS Z 2801:2000 T4 l 9]
Aste] d+td HAES 13T H2E 3y @ 2ALS olgel P}
o HAE - Staphylococcus aureus ATCC 6538P
Escherichia coli ATCC 8739
o X% wj#] - 1/500 Nutrient broth
o X3l - SCDLPE A
e IE 7] - 40 x 40 cm
o Al¥ A7] - 50 x 50 cm
o 33 HIAE Ay}
- AY APAFL mTA R BF7| AR 483 nhaE A o] e 1A de
X AQ 99%°l E w AR A ©hE upaEu| X 9} VI A e} Al S Ege
nl 2~ vl %] = % 99.99%2¢] i~ $-=3F 4= S e
z % 4 E T | HIST jpre 00 wEE
Control (PPF3]) 32 X 10° - -
w3719 A M/B 32 XI10° 72.24 1.00
w2/3%F M/B < 20 99.99 6.51
s S g7 M/B - 1 X 10 < 20 99.99 6.51
P NS T # M/B - 2 ' <20 | 9999 651
%37 M/B - 3 < 20 99.99 6.51
&7 M/B - 4 < 20 99.99 6.51
&F M/B - 5 < 20 99.99 6.51
Control (PP¥Ag]) 60 X 10° 99.07 165
BZ719 A M/B 13 X 10* 99.07 165
/84 M/B < 20 99.99 5.78
|3 M/B -1 s <20 99.99 5.78
E. coli - 14 X 10
%7 M/B - 2 < 20 99.99 5.78
&7 M/B - 3 < 20 99.99 5.78
&7 M/B - 4 < 20 99.99 5.78
&7 M/B - 5 < 20 99.99 5.78
¥ Faa( = (C - A)/Cx 100
¥ 8¢ E = [log (B/A)]
A A ANPA] U Fo s (FEA)
A AJEAY] 247 T AT (HTA)
M AR PEA T Ay (Gt )
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- HJ’%‘:ﬂﬁ]*ﬂ M/B - S aureus

w279 A M/B - E. coli

v-Z/&d M/B - S aureus

37 M/B -1 - S aweus

7 M/B -1- E. coli




R

g7 M/B -5 - S aureus

3 M/B -5 - E. coli
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o SIAA W74 Alg @ &3 HET 7Aool =4 &2 AF A5 F2@250)9 =
ol 16A17F HA 3 &tAlE 218
e A& 5 : Escherichia coli ATCC 8739
Staphylococcus aureus ATCC 6538P

o AN A3 A HAEES YT AJHE 99.99%9] 473 FrES B

= AESAT | 241N7F | A2 E _

? z Ea

T 4 ¥ © | @ | e | FEE
HF2/3 2E A ¥ ) )

E coli c]’?/ﬁ%'ﬁ M/B W+A4 H Al 17 X 100 < 20 i 99.99 5.20
PP %33 control 32 X 10 - -
H} /3 J AE % . .

S. aureus OTQEJ_-E MW/B W78 H2E A 86 X 10* <2 5 99.99 4.86
PP #Ad control 54 X 10 - -

¥ A8 (%) = (C - A/ Cx 100

X?%‘ELL:.:[log(B/A)]

DAE ATEE ] 2443 Fo) At (B A])
B s e Al E ] 2443 $-o] At (FAEA)
C:mAe Agdae HE45e] A (FHA)

o FJTHHXE A7} AR

W2/37 MWB WA HAE AT - E coli | 9%/3F MB 474 HAE A# - S aurens
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o BS79A vt A e 2%, T R IR kA BT

(D) L7199 vkaBuj o] EXE

- F719el A7 9ol TGARA S AN

120 ——— 0.05wt% 120
TGA -O0owte TGA
100 |- 100 -
80 |
- 80 -
g 60 %’ (
£ 5 60 A
4] 9 0
z 4or = |
40 - |
20 - lI
20 = A
oL -=5%ZlZymB P ___.
5 —5% 7|TH + 5% SFH M/B e
T T T
0 200 400 600 800 0 200 400 600 800
Temperature ( ) Temperature(°C)

[@+t, B, &t/4S v=E A TGA #4427

W79 A e E A o] U E A

- 7] W&ol INSTRONGi)S Universal Testing Machines ©]&3le] A HAEES
s Ay 2 W §leS & 5 A ydekg el EAVF gl A= ddd
=

Q) TF 719 vk EiR o] #EA

w O
S
X 4
& °
Ho
o =
Su)
o
o
ON
N,
H
2
rr
]
fr
X
M
2
i,
po)
ftlo
-I U
re
i)
&
%2
32
Au)

et . a i T I it mmamaawl-mrzsoxsaw N
<59 MAF wF=719 A M/B>  <10% %2+ 7Mxﬂ M/B> <30%+%% w3734 M/B>
[F 719 A vp2E e X SEMAF]
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8 @Azd (A 2¥F) - 2xadx

7. g shaEuA Ag FEA 27 A7

(D) =2t &t A4 2 HAE A3

- oA Al E ZeFAA Az At = 714 A|E 2l Zine pyrithione(CleanBio™

L %
-ZP)3t AR AGEsS A A X wvlets FIIARJ]D -AlSeolE AFS st A

A& CleanBio—ZP Ag—7Zeolite
A ZA 95 7} EESRAR Ak
3 4 WA 59T WA 5}-9-T
B E (FF%) |Zinc pyrithione (95%) Silver (2%)
T 245C > 800C \

V- B FExe 23 2 AH A2 AFAo A K53 kneader(PN-1, 7IWIE&T)9}F heat
press(M2200, 7| ¥iE&T)S o] &3} #| 2} 3} ).

48 =9 48 u=5 AR A=
TR + FTFA Kneader Heat Press
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PP M540
(GS caltex)
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2
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4
2

[e]

2] CleanBio-ZP$} Ag-ZeoliteZ PP Ao &3 A|HY &w#ad& 05
& A% g $e ARrE usgtony, AzEE Ao Aol A

A 7k
BioClean-ZP+ ZHAM o 2 Ag-Zeoliter 3o 2 HM3tE AS B 5 9} o)l HE
35 HH

< WAl 7t s AoR AdE H4E AEFS o83 2Bl A A 2RO
Ad oA a2y ek Ayl A 2 ALe] Ag-zeolite®t Ag-glass Al¥F< &l S
setE o),

<FE-A > <CleanBio—7ZP> <Ag—Zeolite>

2% 3. =4 A

)

SRR

-

[e3

4o BE 7194 2 FEA e aRAFA Y vpAE w A AT
(D 5 7194 224 mZs 2 24 2

TR BoZRE e v S AFAiol BH 9 Ball Mill(UBM-100S,
(F)INREC)S o] &3to] nists s & 25 5A(HAVER EML DIGITAL PLUS,
HAVER&BOECKER)E ©|&3to] Smelste] miwh S ¢ JEs 24 49S 3d g

- 135 -



2

HE71H BT — @R £ (5m ol8h)

sl A A%

e 719A A8

(Mazter batch pellet)

39 (Pelletzing) 274

(Chopper/Cutzer)

} 44 PESAC 10% d7hstel E9 83
4% A7 10% W PESdUAE A4k
ool ol mul thEAEAE Aol Mg R

24 (Mixing) 37

(Henshel/Super mixer)

(Smgle!’l’mn extruder)

a9 5 haEu A A 3

a9 6. 10%

e S E
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(3) 33t whAEHRA] A=}

1A A 2o HES Alvdl A9 il)e] Ag-zeolite?} Ag-glass A%< LDPESFA(LG3}
s MB9205)%} &§ete] 10% 3t whAHwA & Al &stdvh A28 S s 79
A AL mpagulA] A Ao g Tty A A 10% vt EE RS PPEA (G
AR Z JI360)¢} 2, 4, 6% = E3tate] A Frlel AHEE AgpAlES Al A st

33, 9t vty A8 Al FvA B
A& AW10N IM10D-L
Type Silver Zeolite Silver Glass
Silver 0.6 % 1.8 %
Zeolite 83.4 % -
T R
Zinc 16 %
Glass - 98.2 %
Particle Size 3 ~ 15um 20 ~ 40um
EZR T SN N EES
LDPE
No. (LG8 MB9205) AWI10N IM10D-L
1 90% 10% -
2 90% - 10%

728 7. 10% AWI10N vFAE H] %]

78 8. 10% IM10D-L wFAE ]|

@) BT L WF vheEWAE ol g3

T

sk chel A Alsba wWE el

!

A 2 A AR

_VE

./_'[:
A9} it vhaEAE wEA 579 Ppol

ol
ot
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10% W&
10%
10%
10%
10%
10%

PEAE A

10% IM10D-L
PR E H) ]
2%

4%

6%

2E

FS T
uEAE] 8 R
2%

4%
6%
4%
6%
-t

L4

1

h:

10% WErh~Eux 24 PPAE 24
10% AW1ON

gl
£ PP A

l

p2s

PP
(Fdl J1360)

98%
96%
94%
98%
96%
94%
90%
86%
84%
86%
84%
) 4

100%
=

ol 2~

A
&t

o,
W vhe)

[e]
=

]2

L
A

2]

=]
=i
=

5

5. 109
H20.1+IMO0.4
HOL%O.].‘}'IMO.ES

AWION 0.2
AWION 0.4
AWION 0.6
IM10D-L 0.2
IM10D-L 0.4
IM10D-L 0.6

%
*

I

H20.1+AWO0.4
[e]

H20.1+AWO0.6

she] ZelA
1
2
3
4
5
6
8
9
10
11
12

No.

(5) 10%

—_
fite)

o
~dl

il

T

>
2}

eh)ell A Al

Wl JIS Z 2801:2000 Al oA

Z] o]
b RS

B

o

)
o

ﬁo

o

k)

_ﬂo

en
2]

o)
X
Plo
nig

T

T

el
1
e

oF

.Ey

5], 2443 W T

}

o
pal

of 24 HAA

o
jind
A

fite)

faxe)

5

ol
T
s

;OO

—~
o

vzl

N

i
-

ATCC 8739
Staphylococcus aureus ATCC 6538P

: 1/500 Nutrient broth
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- HZ2E 23 10% AWION et ~sujxl & 483 A8 5 6%5 93 AlHvto]
FEEAFrol Al 99.99%9] TR AES B W 10% IMIOD-L twl~EHu &
AEe A|HE EEgFHAAE 2%E T AlEFE 99.99%E HPow gyt
of| A= 4% &3k AlHHFH 99.99%°] 3t drHEEs B

- WErtaEm xR gsow A g9 AME R HOAE 99.99%, T
99.78% 5 Ho dHo=m AL Aldk Aol U= AS AT F Aoy o
et Ze aggAddd e A g Ade] "ojA e S B 7 dr

- WEutag e X & e nt g E g ste] A &S AlEe B 9 g Es
Ao F5% A g ayula] gd5o 2 4835 AlH AWION04 HEe 4
T 99.97% = datAdo]l H=3 EAouy, wEutAHuwixE EFe W350.1+AW0.4
A& 99.99% =2 dtAdol ds As B o oA

T F A EH AFAFC) | 24NTFA) | F2E (%) FHFE
AWION 0.2 1.2 X 107 99.95 346
AWI10N 0.4 80 X 10! 99.97 3.64
AWION 0.6 <20 99.99 424
IM10D-L 0.2 <20 99.99 424
IM10D-L 0.4 <20 99.99 424
IM10D-L 0.6 <20 99.99 424
S aureus 23 X 10°
1 0.1 <20 99.99 424
20.1 + AW0.4 < 20 99.99 424
W20.1 + AW0.6 <20 99.99 424
w30.1 + IM0.4 <20 99.99 424
0.1 + IMO.4 <20 99.99 424
A2 35 X 10° - -
AWION 0.2 40 X 10! 7178 115
AWION 0.4 73 X 10° %Y 1.88
AWI10N 0.6 44 X 10° 9756 2.10
IM10D-L 0.2 26 X 10* 85.56 1.33
IM10D-L 0.4 <20 99.99 445
, IM10D-L 0.6 . <20 99.99 445
E. coli - 1.8 X 10° 5 -
HE 0.1 40 X 107 99.78 3.15
201 + AW0.4 <20 99.99 445
W20.1 + AW0.6 <20 99.99 445
0.1 + IM0.4 <20 99.99 445
H30.1 + IMO0.4 <20 99.99 445
A4 g 56 X 10° - -
¥ a2s(%) = (C- A/ Cx 100
W = = [log(B/A)]
At AR AR 243 Fo] At (A
B w A Al@HA] 24A3F Fo A5 (It A])
C:vAY AgH] HFAF] A5 (FA)
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(6) 10% IM10D-L @tmfEfulx| 9} vlokal

al
- Al A2 10% IMI0D-L &t uh 2~ E vl ]

HDPE, PP)ol] <A
W Al H S A 2

A 9 A H2E

& A4# (ABS, LLDPE,
H 4%= HEst] 54

36. 10% IMIOD-L w2 EH A& o] &5 LA AJE giE

Sample EiSTs ABS LLDPE HDPE PP

No. RAE A (LG HF380) (&3} 3120) (LG ME 5000) (GS H550)

1 - 100% - - -
2 4% 96% - - -
3 - - 100% - -
4 4% - 96% - -
5 - - - 100% -
6 4% - - 96% -
7 - - - - 100%
8 4% - - - 96%

- FHEHZE 74 FAE ARG AR FEAS G5t FAE FEAAS 9
o FHEHAEE JIS Z 2801:2000 2l oAz Pt o
= As AR

o A 1 AR EW o] Eolde ¥ AS 04ml Hoj=d F 1 9l
Yol o] AR wHel] mEA AXA & H, 24A3F wiF F
= 1o FE FASY IdrEs Friste W

o H|XE 5 - Escherichia coli ATCC 8739

AE wi#] - 1/500 Nutrient broth
=389 - SCDLP4 9, 4%

gt HAE Ay

ABSE A3 ZE AHANA

LLDPE, HDPE, PPFA] o= %
v e Re Sed A BEa5e

- 140 -

37] - 40 x 40 cm, A|¥H =7] - 50 x 5.0 cm




S A E HEAFC) | 4NTFA) | #Z2E (%) =
ABS FAg] 1.2 X 10° -
&t ABS 4% 27 X 10° 91.56 1.65
LLDPE 3¢ 26 X 10° - -
2 i gt LLDPE 4% 29 ¥ 1 <20 99.99 511
HDPE -3 2] 21 X 10° - -
&+ HDPE 4% <20 99.99 5.02
PP 74 32 X 10° - -
&4 PP 4% <20 99.99 520
M Aae(%) = (C - A/ Cx 100
%%LﬁE:[log(B/A)]
A A AFAY 244 3F F o] A (FIkA)
B ulAe AgHe 24A2F 3o At (HFA])
C:mAeg ANgae HeAF A (FHEA)
(7) }5 vt2Eix & o] &8 b5 F59 A 7t
(2) oA A= 10% W5 mtEEEAE o]&sto] FE7]HQ (Fedlo]folA WEoZE
HE5& AFete] gares Frieks U4l vl JIS Z 2801:2000 Aol ¢ A3k
gy HAEES 8353
F7. (Follolr A 5 A AE gE
Sample No. 10?%%]-%%‘1;111151%?% UEdE =4
1 T21g PE 3%
2 1%44 (0.01%) W% PE &3
3 3%2 4 (0.03%) W% PE @5
4 5%4 4 (0.05%) W% PE @5
5 8%2 4 (0.08%) W% PE @&
6 3%% 4 (0.03%) PE + W% PE + PE
7 3%% 4 (0.03%) W= PE + PE + PE
8 5%%& (0.05%) PE + W% PE + PE
9 5%%4 (0.05%) W= PE + PE + PE
10 3%4 4 (0.03%) PE + %% PE + PE + OPP
11 3% 24 (0.03%) W% PE + PE + PE + OPP
12 5%4 4 (0.05%) PE + %% PE + PE + OPP
13 5%%44 (0.05%) W% PE + PE + PE + OPP
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- BHI|&E 3t ! Escherichia coli ATCC 8739
Staphylococcus aureus ATCC 6538P

HiA] : 1/500 Nutrient broth

: SCDLP&- 9

of\

[
ofN  mx
Lot
ofo
1=

[e)

oo I
M o
o M o
I )
M N >
iin AN sy
&
= W
@ N
)
o
o> <
L
o~
o O
o
o
M oon
)
o
%0,
rlr
P
o
t

[
o
ol
~N
&
2
=)
[
An)
=
it
)
ofo

Ol
au
o\

&

dehllel gRAe Folsty]l AslA FEobaE WA A gol

2
Kl
i
)
|
X
)
rod
40
[\
NG
M

T F A EH HEAFC) | 24NTFA) | #H2E (%) FrE
Sample 1(+38]) 1.7 X 10° - -

Sample 2 24 X 10" 92.00 1.8
Sample 3 21 X 10" 93.00 191
Sample 4 26 X 10 91.33 1.82
Sample 5 2.1 X 10" 93.00 191
Sample 6 2.7 X 10° 10.00 0.80

S aureus Sample 7 30 X 10° 29 X 10° 3.33 0.77
Sample 8 15X 10° 50.00 1.05
Sample 9 18 X 10° 40.00 098
Sample 10 2.8 X 10° 6.67 0.78
Sample 11 2.4 X 10° 20.00 0.85
Sample 12 27 X 10° 10.00 0.80
Sample 13 25 X 10° 1667 0.83

Sample 1(#+8]) 15 X 10° - -

Sample 2 54 X 10" 89.20 1.44
Sample 3 41 X 10* 91.80 1.56

E ool Sample 4 50 X 10 46 X 10* 90.80 1.51
Sample 5 38 X 10! 92.40 1.60
Sample 6 37 X 10 26.00 0.61
Sample 7 29 X 10° 42.00 0.71
Sample 8 25 X 10 50.00 0.78
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Sample 9 28 X 10° 44.00 0.73
Sample 10 48 X 10° 4.00 0.49
Sample 11 51 X 10° -2.0% 0.47
Sample 12 37 X 10° 26.00 0.61
Sample 13 35 X 10° 30.00 0.63
% A% = (C - A/ C x 100
¥ Jd% = [log (B/A)]
A AHE AFEAL 24A3F Fo] At (A A])
B : uxg AlgHe] 2423 3o A (HAA)
C:wuAg ANgHY HFAF A5 (HdA)
o g vt Hu X o BARFAA, A8 2 FAER A HI)
(1) g+t wpxEulx] o] atA A4
- FAIHAQ] AT EAF L o F o] vl AHEIAY] THS SEMEYS T &
ol A3 & FAME S B

IR, FvkAEuEA] SEMARI (X300)

910, e vkAEuA] SEMAR (X1,000)

(2) Fatvt=ElAE 283 it PPAH S Fl7]

A AT LKTR) A s o= sk

AR
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(3) gt

- 9

=

=]

X ]

=
=70

- EPA 3052, 3060A, 3540CH < ol-&sto] 3l 6tiE4<l

a¢F A4 49 & A ot fal=do] £

] =
2 g}

T PR A E

TEL (02)2164-0011

FAX (02)2634-1008

Kim  Yoolyan

a9 11. &+ PPA

Z
A

&3 I

=

-
CRdl

pPe| waf=d <

718 @ HAE

S|

x%o

LA

719 SGS9F INTERTEK®] 92 3}l RoHS HAAFS Al A dlt),

=

A=

=

Test Report No. Fea0101/LF-cTsAYAR13-08881 Issued Date: 2013.02.25 Page 2 of4.
‘Sample No. AYAA13.08881.001
‘Sample Description  : ZEOMIC IM10D-L
tem No.Part N A
Materials A
Heavy Metal
Testitems unit et Method woL | resus
Cagmium (Ca) gy | W eencs o s €A 30320559, Us P | 05 ND.
Wereury (a1 mgka | Wih rference fo US EPA 3052(1999) US EPA | 2 [
c0108(rss6). IC
) gy | Wi refrence fo US EPA 3052(1996), US EPA | 5 D,
co108(1396) I
Hexavatent Chromium (V1) Mgk | Wih eference t US EPA 3060A(1995). US EPA | 1 D,
7196A(1952). UV
Flame Retardants PBBSPBDES
Testtems it Test Method woL | Resuns
morg US EPA 3540, GCMIS s ND.
mghy U5 EPA 35400, GoMIS s ND.
ngig us e m s D
mohg US EPA 35400, Goms s D
ngig Ers I s D
moky S EPA 35400, Goms s [T
ngtg s EPa 2840, Gom s D
ngka Us ePa 3540, Gomis s [T
ngig U5 EPa 2840, G s ND.
ngka s ePa 35400, Gomis s [T
mgig s m s D
ngka s ePa 3540, Gomis s o
ngig Us EPA 35400, GO s [
o mghg US EPA 5400, Gomrs s [T
ngig 5 EPA 35406, GO 5 [
mgia US EPA 35400, Gomrs s o
ngrg US EPA 35400, GCMS s [T
mohg US EPA 35400, Gomrs s o
Nonabramadpheny! eiher oty Us EPA 3540, GCMS s ND.
OTE" (1) 1.0, = Not detected (<MDL)
@ mhg
(3) MDL = Method Detection Limit
@)-=No regulation
(5) = Quatative analysis (No Unit)
(6) Negative = Undetecable / Posilive = Detectable:

I8 12, A IM10D-L RoHS Al & A

=

o} O

Pb, Cd, Hg, Cr6+, PBB/PBDEY]
Ao = v

= =
Page 2014
Report No.RT13R51691-002: Date hpr 19,2013
Sample o N, 59002
Sample Descrpton a -
Tetiem Ut et Method DL | et
Wi reerenceto US EPA
Coemiom (a1 e | 3052 bysdd dgestonand 05| ND,
crcrmined by
Wil reference o US
Lead o e | 3052 bysdd dgestonand 5| ND,
cetenmined by ICP-OES
Wi reference o US EPA
Merary (o) s | 3052 byacd dgeonsna 2| ND
termined by
Wi reference o
vy | e | VA EIAIG P
Spectophatomeer
Folbraminsied Bphenyl 7685
Monobromobipheny! i s [ wo
Obromabphenyt s s | o
wa s | o
Tewsbromobipheny! s vsea 5| D
wic | 3540C, by s o
eig | and T
s | w
s o
s | no
T
s T
s o
Trbromodiphen ther [ s o
K s With refer Us EPA £ no
Penibromedshen eher | /s | W IE s | o
i S S T
eher | aws s
Ocsbromedpheny ether i s |
Nonsbromodpheryl eher | s s | o
Decabromodpheny! eher s s o
este by - Leo Kim, Seanae Kim, Jean Kim, Misin Lee
Noe: art per mion
o detecied ( <MDL)
Method detecton it
IntnekTesing Sevices Korea L.

19 13. @3t PPAIH Sl RoHS A A A

- 144 -




1

‘XE

al

o
=X

2. A3

&

Fol m}oE ) %

%3

=
=

gk Al

%

t}

o &

4%

g0l wtstant

A=

Al

Aleetol E B

]

LR 2 A=

o} 2}
it) €]

.
-

A i

A

!
2 A A e H)(

4

’

il

o

KeR
T

Al

Az Ao, &

g Blel saguA R B

N et A

o

ol
o

Tioh

M

o
T

o
ﬁo

=1 = e )|

gol qlof A%

=
[}

g 7}

9]

A}
2}

Al

il
o)

wrl~E ) x| 4% 2}

10% 3

-
1

k2Bl A

2+ A (ABS. PP, LLDPE,
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=
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3}

o

DS

el
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9. @A=L (A 2¥F) - 3AdE

T
=

7h 3 2 e

o
—|—l
[
A
)
N
)
»

(D HAF A8 A A4

- 1, 2Ad E o A mpaHE A AzEE e HES s TR 7] dA FelA &
W A8 Al dotH Aol Hojup WA T A HASHA] e 2 FgaAE AA
t A FrldtAlE FAlel wel 24 & FEgA & A2, & ALYlER UE
Aom, o T HF /T AFEQ vF FF A& Al FHEZ AstEA 2¥= & =
A& SINANEN ZEOMIC(ib)e] IM10D-LS A€ gt IMIOD-LS AAdez &
4 & FDA, EPA, NSF oA ¢t S AT 22 vjg 53 AFoz AEFEgA
2ol AFel FFske AFol A& AFoletal Ay o] AR HFHom A st

it mpaguRel A8l Pk,

X1, 4% A BRI

A& IM10D—-L
E} Silver glass
A| ZA} Sinanen Zeomic
I WAy 59T
2 (FF%) Silver (1.8%)
=&=4 > 500°C
AFALS FDA, EPA, NSF

5 v el PR PO 2 000552

I3 1. A4 IM10D-L SEM A}zl a9 2. %% 9949 SEM ARzl

i fo i [ Ay 32 M



of 219 &3ty EARdo] wlg- Fasty] uitol] AWk bEel ®ol AREHI & IA
A5 7F el @913 7](Single screw extruder)”t ol 3| H A=A F{IE F R o] Fof
A o] Z=U=7](Twin screw extruder)ES AFE-3to] ml~Euj X & A 2F3}3 o}
13 3. Twin Screw Extruder(¢]%%E7])

7154 vpagHu Ao 4 3 FAk 9lF] AAE 7] wZed olFUETIe gE ug-
tjo] F4teEE =ol7] 93] BAMAIE F7F AWste] AFstd o, E4A HoF &2 g
A AL FAQJA Al A Gil)oll A AEsE Al 10 ¢ BAEA 19 v &S A 85
t}. "7be EAAlE= PE wax A9 LC-102N A ES AL-gstl o, a4 mp2eluj =] o] A}
&3 FAA TR &S WS rtaHu o E Uk A A5t A ZsEA T

Al EAAlL FRAE v &l 9E T3] Yol st HAoA i vy ¢ WS
o YA A7 7F wf§- Frol FH|9f Ao]X] a Ao Holi= Aol Ao At
o]Z ddst7] Al =3 Al EFVIY UF 22E 9 70 T 0TE FAAA FH x|
-9 7t A e S JEE A vtagHum A A Al A 21 329 %

o] &
3l M Felgd 5= At

i

- AR 10% WF rheEEA Sk 10% Fur vhaEuAE @Ewe dolfr dddte]

F 9% 2 3T BE A% e
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O 4 Fd 9 g vRaEEA Al 2

1% 5. 10% WE vhAEHA 19 6. 10% Tt vFAEHIR]
®2. W vpAEHEA] A 23
Grade LR L F9LE @ &5
B A 2H 1zt 30% 22k 10%
AMPERE 12+ 25A 23t 45A S1 130 C
A 25 12k 70T 2=} 90T S2 130 C
W B 10.0 S3 130 C
LDPE 89.0 S4 110 ©
B2 (PE-WAX) 1.0 S5 110 C
S6 110 C
as / we S7 110 C
S8 120 C
A 140 C
D 160 C
E 35.5 RPM
Al 100.0 F 0.60 RPM

¥3. f vpAEE A A2 24
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Grade it mEAE H X Aoew @ &%
vl A ZE 1zt 30% 22k 105

AMPERE 15} 25A 23t 45A S1 130 C
A 25 12k 70C 22} 90T S2 130 C
IM10D-L 10.0 S3 130 C
LDPE 89.0 S4 110 C
F-2172) (PE-WAX) 1.0 S5 110
S6 110 C
PR, S7 110 C
S8 120 C
A 140 C
D 160 C

E 34.7 RPM

A 100.0 F 0.71 RPM

gt AE AR A e wpxyulA Y 3RS AESH] s AA B3 AdEAE
Kneader2} Heat pressZ ©|&3Fe] H 73 LDPESA ¢ &+ nfAEHujxE A HE&=
Este] AE AZE Aot £ vE2 oA A5 A Ayl A =Gkl A FH

shv FEd 22bd % #Al 8 F AN AIdE uR o 5% 10%, 15% % X3 st
i 4. T AE 2
Sample LDPE 10% &+ M/B
10% Fwtvk2~Ewi A 5% 28 A8 95 5
10% Ftvk2~Euix 10% 28 A4 90 10
10% Ftvk2~Eix] 156% 28 A4 85 15
g Al#A 100 -

g7 Eee] Al 9 Fwd Wk W F IA T
Measurement of antibacterial activity on plastics surfaces)<
Zoick 308 AW AFYSFEEA ABH FEE P 23

1SO22196(Plastic -

3
gate] QAT 2 A

o AFHMH  Alg o] W o] B S 04ml Hojrmd & 1 9o HE
S Yo o] Alg W] mEA HAA 3 H, 24A17F wigF =
Aol &= Y & FA-SY drEEs Hukske W

e HAE F#F — Escherichia coli ATCC 8739

o HF wiA — 1/500 Nutrient broth
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o = 3}-8 — SCDLP&H,
e I= 7] — 4.0 x 4.0 cm
o Al F7] — 5.0 x 5.0 cm
o 3t HAE A3 — % (log) #tol 2.0 ol o S+ AFo=E AF
24X & 37
= PR S 27|74 S
10% 3i#M/B 5% A& AH <1 <1 <1 5.00
S. 10% S+M/B 10% 28 A& = 34 <1 <1 <1 5.00
aureus | 10% 34M/B 15% 24 A= ' <1 <1 <1 5.00
FA2 Al 5.00 -
10% o M/B 5% 2§ A& <1 <1 <1 6.08
E. 10% 3+#M/B 10% A€ A4 - 10 <1 <1 <1 6.08
Coli | 10% 3dM/B 15% 24 A# ' <1 <1 <1 6.08
A2 Al4A 6.08 -
¥ % = log (U, / A
njxg] AlgAe] HFEHGTo Ads (BT
t-ﬂlﬂal A gl 2423 o] A5 (FHwh)
Ag Ag] AlFHE] 2443F 39 A (FHgh)
- HEE g ZE AlEAgA of§- 535 dE S 0 4 AU o] AyE uiE o R
5 7]l ool fFo A AzZstes it BE9 S 5% 10% = FH 3T
(2) 1=+ A1zt LLDPE W% 9 3t B9 gyg H7}

- HAE7I#Q Aol A 10% s vy ulx] e} 10% &+t vl2~Hulx|E LLDPE (ULS14)
of &3ste] WE W At BE FFE A AES wol gty HIHE A AT
% 4. 3 HAES W% 9 3t BF S gAE
No Sample LLDPE 10% W= M/B | 10% ¥+ M/B

1 3% W AF5 25 97% 3% -
2 5% W% 2E BF 95% 5% -
3 5% 3+ A5 TF 95% — 5%
4 10% &+ 25 &5 90% - 10%
5 T A 100% - -
gt Ew AFl oigt gy Hrl Wy F o 3A A 1S022196(Plastic -
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Measurement of antibacterial activity on plastics surfaces)
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e

A0 A5 (BEab)
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T BET T Tm T [ amz | AW | waEs

g FEud 4.97 5.21 5.46 1.25

EIETas] <1 <1 <1 5.46

4E 2 FEud 5.81 5.82 5.76 0.66

gt <1 <1 <1 5.46

E. Coli | . . FEuUd 5.54 5.95 5.65 5.77 0.67

o 7w <1 <1 <1 5.46

4 4 FEud 5.91 5.84 5.67 0.65

Syt <1 <1 <1 5.46

Control - 3¢ 6.46 -

as 1 i 2.77 2.65 2.94 3.67

gt <1 <1 <1 5.46

w= g AR 5.43 5.37 5.22 1.12

e T <1 <1 <1 5.46

S. aureus Y FEud 5.25 5.13 5.48 5.12 1.22

e ST <1 <1 <1 5.46

= 2 4.87 4.35 4.84 1.77

e ] <1 <1 <1 5.46

Control - 3] g 5.50 -
¥ 4% = log (U / A
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3 6. SIAAE 3] 9] Waterproofing Standard Test

Immersion condition

category Water Temp. Immersion Time Applicability (range)
() (hr)

Products that do not come into contact
0 Not performed )

with water.

Products that are unlikely to come into
1 Normal Temp. 16 )

contact with water.

Products that often come into contact
2 50*x5 16 .

with water.

Products that often come into contact
3 90*=5 16 )

with warm water.

X 7. SIAAY 3] 9] Lightfastness Standard Test

Exposure tome (hr) by type of tester
category Xenon ) ) Applicability (range)
9 Direct sunlight
(60W/m?)

Products that do not require

1 Not performed consideration of occasion of light
exposure.
Products unlikely to be used under

2 10 8 )
light.

3 100 80 Products often exposed to light.

- A% AF A% 4F TPE 0FLE ADS BER 0% 4Tl n4R ohe
Age] dEE TS F Ak wEkA WA dig 7S5 H2E+= category 2(E° A
A5 AFDE J1F0R FYsaom, WPy d2EE S S8 A8 JF A
ol OPP Z&5& F7F A & dAol7]d AFgAoz Ho 25 =2HA e 7]Fd
category 2020 AF wE5A P AT H2EPHS S5 U2Es )
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Al 7F 35 =
F = Nz g =VEiaes R 2:1‘;—2; A 3 31.0_‘,—13_
. e <1 <1 <1 5.48
Eﬂi‘; A% A= 9 <1 <1 <1 5.48
CoLeh HxE M= 3 <1 <1 <1 5.48
HE: WZ Yy <1 <1 <1 5.48
auius S = /\gi%: 1 5.15 <1 <1 <1 5.48
i a= Agié 5 <1 <1 <1 5.48
I e <1 <1 <1 5.48
4% AZ 4 <1 <1 <1 5.48
TAE A4 5.48 -
o Az W= | <1 <1 <1 5.78
g A= /\‘B—‘—%‘— 2 <1 <1 <1 5.78
S0C /160 A WZ 3 <1 <1 <1 5.78
e <1 <1 <1 5.78
fo-]j e %_ Ang; 1 5.11 <1 <1 <1 5.78
HAE e A‘f% i = ? ? 5'7:
) x Mz <1 < < 5.7
A e <1 < <1 5.78
A AR 5.78 -
¥ g% = log (U, / Ap
nA e AlgAe] JEAF] By (Fwh)
Ut 2] Alg#Ho] 24413 &9 A<= (H3h)
Ac Al NERE 247 T Qi (B
- U 9 yF "HAEE st [SO 22196 HIAEWHS o]83te] gv#H S g1 2y =
= Ay 3 wel 10% FrfaE A S Aead] ALH AE o it

- ke A A8 FERA AS RA Ao Wi vhrguA L AF AFE
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& Aok o] FH o = S L e R ZX}E of F¥7]
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olHE WAstE S FQl o, ofF ol &3 YA S HF AEAANE AL 5
olF WA AR E HAEZT ot Jva dAdE o olF HUtE PPt o] FH HIPHS
Tlo] HEE wtdHE BHAE W] 7] wiEe Y =S Mt =S AASHA
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@

719 18. Headspace & GC—MS System

E93 AR E4S ¢3 Headspace & GC-MS &4 =4

e GC condition : 40°C (5min, 10°C/min)— 2507 (5min)

e MS mode : Scan mode

e Column : HP-5MS

e Headspace condition : 30C, 5min

o« AE AET 0% WE vlaE A

k itk lM F.. ﬁ i i

<LFA FAE>

Cinnamaldehyde
CAS No. 0104-55-2
RT : 15.172

M

e adh

bt ysisingainll s
=m

sdo 10f00 1500 2000

2% 19, 10% W% vpAEH X9 Headspace & GC—MS 4] Peak

NA BRI EAT AN BN
A MSEAS Fd 4F Hon, 47 2
1729 A& FAshsivt
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[ 2] "= 7]%5 Master batch®] AAF v ghn]

12.05.01 | 12.05.04 | 12.05.09
B B AHE fee--- STTTOT PO PP EETPTTTRTITPres PR STTPITIPDRPS
TR ARAT U Y TR Y i
qE 1 335 2 33 3
Hpel e 2 % 775% 785% 97.5% 975 % | UL814Honam, ,370A Honam
W= el 10.0% 10.0% 2] of
BE R 259% x| 2506 x| FO7IEEE, el S e
npo] @ v CoPo(2007] A1)
S ES 1.0% 0.5%
&7 15% 1.0% Ca-ST
OMI1T 10.0% 10.0% 474 273m
g A 100.0% 100.0% 100.0% 100.0%
[ 3] &+ 2 21X % Master batch®] AAF vl $HH]
12.04.30 12.05.08
:rL .E_ ......................................................................
AXdE F5 1 g "HE 1 H] a1
Hpol e g %l 78.5% 78.5% UL814 Honam
1t Al 2.5% o =<1 DL]J
EH-X 10.0% PR A= AR
o] @ wj 2 CoPo(2007] A1)
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OMIT 10.0% A7 273
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a9 1.
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29 1. Master batch(*}%)

13.01.23 A&

13.03.15 A 13.05.09 A&

o

25kg Bag

A B4 E-UN324

LOTTE CHEMICAL)

UN324 LINEAR LOW DENSITY POLYETHYLENE

HE H&2
o A 49
LLDPE UN324+ Unipol 20 A Mitgjof Mg, S BE =2 ASEE oA 1-251
o 5% HEYLch
UN3245 7|71 ZE 9 71840 943 HEYLCt

o HIH
¢ SEY YA
9 FQ BF

¢ EER EE(UYE EE F=Y)

gy g2

712 24 B CHEX|
88X ASTM D1238 11 g/10min
S ASTM D1505 0923 g/cm?
S22 Y& £’4(40im)
nthy QIEZE MD 440 431
ASTM D882 kgf/cm? MP
™ STM D&8 ago Kof/em 39.2 2
GEEE Mg MD 730
- ASTM D882 70 %
AmMg=m  MD 5.0 200
ASTM D1922
R L) S 9 100 9m 400 9
st 2HLE ASTM D1709 150 g
2 5 (Haze) ASTM D1003 13 %
T E (Gloss, 457 ASTM D2457 0 %

« 7}2=7 : ©50mm LLDPE 222 TE ¢=7|

o
25 :180°C, CHO] 74 : 2.2mm, HAHH| : 2.1, A M £0| : 32cm

Note 1509001, 14001, /TS 16949

g4 §%: 84 DATAE B3 X2y ® NS %2 ohguch

www.lottechem.com
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2 e | WE3% | UE5% | $E5% | 3E10% B
BEMB FF | 0% 3% 5% - -
FEMB FF | 0% - - 5% 10%

A5 o5 9| = < NFMNZCEA7E)
EERRD 9% | 9% B B A"
ST _ i s = i

. 20/30(3), 30/20083%) (N%/21%) 25T

u
F FA(um | 50 | 50 50 50 | 50
o] 2 47 v A% - LLDPE: UF914 2HE AR
2EHY o= =4
oy | 29W | 29d | 498 | 4dd | A | gelz | mels | mels | el
- 1 2 3 4 5 1 2 3 4
o 155 162 163 160 160
(=30
T 162 175 186 170
(Age | 155 162 163 160 150
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29 1. Master batch(*}%)

13.01.23 A& 13.03.15 A& 13.05.09 A%

ok

25kg Bag

O v3sd&F Mol 4 =43~ ¥3 LLDPE 3224

= =
2 3224
SENET ScliEd
EZ2 ZES NS 28N+ 2.0
TR 0.920
S5t LLDPE 3224 o 2BEE et BXE BB J124, IS S50 248 MASAUCH
St3} LLDPE 3224 & 0|= FDA 2 21 CFR177.1520 (c) 3.1.a. 7& 0 EH&s MEULICL
m HE SF = ®H 2 A
o2y JH2 2 : 150 ~ 190
JHH 24 BEH :2~3
SM 30~ 1004
[CE=Ri}
ST H, SR, SRFETH
® HE 88
=X 284 =2 NE ¥ CHEt
2= g/ioE ASTM D1238 2.0
=i glee ASTM D1505 0.920
Vicat HBHE T ASTM D1525 101
288 e ASTM D2117 122
U YE (I EHE) ka/cm® ASTM D638 185
HAMS(MEE % ASTM D638 940
s 24 =8 ] NEE CHER
=3 mm HCC e 0.03
ATAC(MEE), HZ/2}2 ka/em® ASTM D882 380/360
QIFOIAN AL, MZ/INZE kg/cm ASTM D1004 115/120
HAS(MMEE), HZ/I2 % ASTM D882 550/750
HoEH LT a ASTM D1709 80
s3c % ASTM D1009 12
45" L % ASTM D2457 55

= HE o587 Mg 4 Ol3 =
- 40mmg LLD/LD ZE ~3%, 75mme C}0l, 2mm CHOIE, FIE oloig
NBEE(SHE~CHOIF) 170 ~ 190C, BTl 2

P

40le] HE sS4z oil =g ¥ HEe 7XHol o
47| SE43= JISH0IL Ot Z20 Mk 2EE + YL

(@R

NESEAN 57 ZDE 187 3HUES Tel|82-2-720-5345  Fax : 82-2-720-3000
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1) Jae Jung Park, KiSeob Hwang, Jun-Young Lee, “Preparation of Silica Nano-sol and Controlled Release
Behavior of Impregnated Insect Repellent”, IAC 2014, August 28 - September 2, 2014

2) Jae Jung Park, KiSeob Hwang, Jun-Young Lee, “Controlled Release Behavior for Anti Insect Nano
Powders with Repellent”, UKC 2014, August 6-9, 2014

3) KiSeob Hwang, KwangSun Ko, Hee Young Park, Jun-Young Lee, “ Effects of water-bone acrylic

pressure sensitive adhesive using the alkali soluble resin with different molecular weight”, ICOMF 15,
July 9-11, 2014

4) Jae Jung Park, KiSeob Hwang, Jun-Young Lee, “Release Cinnamaldehyde Behavior and Mechanical
Property of PP Film with Insect Repellent powder”, ICOMF 15, July 9-1,. 2014

5) KiSeob Hwang, Jae Jung Park, Jun-Young Lee, “ The Characteristic of PP composite with insect
Repellent/Silica powder”, TUPAC, July 6-11, 2014

6) Jae Jung Park, Ki Seob Hwang, Hee Young Park, Jun-Young Lee, “ Mesoporous silica nanoparticles in
the insect repellent essential oil-polymer impregnated with controlled release behavior” NANO KOREA
2014, July 2-4, 2014

7) Hee Young Park, Ki Seob Hwang, Jae Jung Park, Jun-Young Lee, “ The Release Behavior of Grafted
Cinnamon Bark Oil on Fumed Silica Surface” NANO KOREA 2014, July 2-4, 2014

8) Ji Young Lee, Seung-Ran Yoo, Sang Il Lee, Jun—Young Lee, “Surface Modified Fumed Silica using
Trimethoxysilane as CO2 Sorbents”, WCCE9, August 18-23, 2013

9) Jae-Joong Park, Won-Jun Choi, Ji Young Lee, Jun-Young Lee, “ Effect of the Amount of Aromatic Silica
Powder and Silane Coupling Agent on Physical Properties of Resin Nanocomposites”, WCCE9, August
18-23, 2013

10) Won-Jun Choi, Jae-Joong Park, Jung-Hyun Kim, Jun-Young Lee, “Hyper Core-shell Structured
Nanoparticles with High Surface Area”, WCCE9, August 18-23, 2013

11) Ji Young Lee, Ki-Seob Hwang, Seung-Ran Yoo, Sang Il Lee, Jun—-Young Lee, “CO, sorbents using
polyethylenimine based silica modified with silane coupling agent”, NANO KOREA 2013, COEX, July
10-12, 2013

12) Jae-Jung Park, Ki-Seob Hwang, Jung Ho An, Jun-Young Lee, “Surface modification of mesoporous
silica nanopartkcles controls loading and release behavior of cinnamaldeyde”, NANO KOREA 2013, COEX,
July 10-12, 2013
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13) Won-Jun Choi, Ko-Seob Hwang, Jung-Hyun Kim, Jun-Young Lee, “Influences of surfactant type on
the Friedel-crafts reaction for synthesizing hypercrosslinked polymers, NANO KOREA 2013, COEX, July
10-12, 2013

14) Won-Jun Choi, Jung-Hyun Kim, Jun-Young Lee “Effect of Catalyst Ratio on Friedel-crafts Reaction
for Synthesizing Hypercrosslinked Polymer via the One-step Process”, The International Symposia on
Advancing the Chemical Sciences (ISACS), Singapore, Jun. 18-21, 2013

15) Kwang Seon Ko, Jin Kie Shim, Jun-Young Lee, “Highly porous poly(acrylamide) beads with dual sized
porosity”, The 14" Asia Pacific Confederation of Chemical Engineering Congress(APCChE), Singapore,
February. 21-24, 2012

16) Kwang Seon Ko, Jin Kie Shim, Jun-Young Lee, “Highly porous poly(acrylamide) beads with dual sized
porosity”, The 14" Asia Pacific Confederation of Chemical Engineering Congress(APCChE), Singapore,
February. 21-24, 2012
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1) Ji Young Lee, KiSeob Hwang, Jun-Young Lee, Jung-Ho Ahn, “Preparation of
polyethylenimine Based Core-Shell Nanoparticles for CO, Adsorption”, iL%=}8+3] 49
10711¢, 2014

2) Kiseob Hwang, KiRyong Ha, Jun-Young Lee, “Studies on optical-fiber sensor to monitor

temperature using reversible thermochromic gel type cobalt(II) chloride/polyvinyl butyral”,
st dstels] 49 309 T 59 24, 2014

3) Hee Young Park, Jae Jung Park, Ki seob Hwang, Jun—-Young Lee, “The Release Behavior
of Grafted Cinnamon Bark Oil on Fumed Silica Surface”, gt=+3}t3-8+3] 49Y 237259, 2014

4) Jae Jung Park, Ki seob Hwang, Hee Young Park, Jun-Young Lee, “Controlled Release

Behavior of Impregnated Insect Repellent Essential Oil-Polymer in Mes oporous Silica
Nano Particle”, g+=38}e¥3}3] 49 2397254, 2014

5) Ji-Young Lee, Ha Soo Hwang, In Park, Sang Il Lee, Jun-Young Lee, “Polyethylenimine
Nanoparticle Using Coupling Agents for CO2 Sorbents”, ¢+ & 3}83], 10€9304711¢ 1
o 2013

6) Jae—Joong Park, Ki-Sub Hwang, Jun-Young Lee, “Modified Silica Nano powder as
Controlled Release Behavior and Essential oil”, =& <3}83], 10930€711¢ 1<, 2013

7) Ji-Young Lee, Ha Soo Hwang, In Park, Sang Il Lee, Jun—-Young Lee, “Studies to compare

the capacities of polymeric carbon dioxide sorbents by crosslinking reaction of
Polyethyleneimine”, gt=3}38t3-38}3] 49 249726, 2013
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8) Jae—jung Park, Won-Jun Choi, Jun-Young Lee, “Spectroscopic Analysis of Mesoporous Silica Powders
Modified with Silane Coupling Agent and Aromatic Materials”, 3= 11821813 449 11712, 2013

9) Jae-jung Park, Ki-Seob Hwang, Jun-Young Lee, “Surface Modification of Mesoporous Silica
Nanoparticles Controls Loading and Release Behavior of Cinnamaldeyde”, Nano Korea, 72 10712%, 2013

10) Jae-jung Park, Ki-Seob Hwang, Jun-Young Lee, “Effect of the amount of Aromatic Silica Powder and
silane coupling agent on physical properties of resin nanocomposites”, 9th World Congress of Chemical
Engineering (WCCE9), 8€ 19722¢, 2013
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13) Jae—joong Park, Won-Jun Choi, Jun-Young Lee, “Fabrication of Mesoporous Silica Particles
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