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Manufacturing Multi-degradable Food Packaging Films
and Their Degradibility

Myong-Soo Chung*, Wang-Hyun Lee', Young-Sun You', Hye-Young Kim' and Ki-Moon Park’
Research Center; Ottogi Corporation, 'Multicom Post Korea Corporation
*Department of Food and Life Science, Sungkyunkwan University

Multi-degradable master batch (M/B) was prepared and 0.05 mm polyethylene (PP) food packaging films
containing 0, 10, and 20% M/B were manufactured by inflation film processing. The films were exposed to UV
radiation, fungi, and heat in order to observe their photolysis, biodegradability, and thermal degradability,
respectively. While pure PP film maintained more than 70% of its original elongation after 8§ weeks of UV
radiation, an almost perfect loss in the elongation of PP film containing 20% M/B was observed. Significant
decreases in elongation of PP films by heat treatment (68 + 2°C) were also found in samples containing the multi-
degradable M/B. By observing changes in film surface after the inoculation of fungi using scanning electron
microscopy (SEM), the biodegradability of plastic films could be accelerated with the addition of multi-
degradable M/B. The results of the mulching test in yard showed that adding multi-degradable M/B can
effectively degrade plastic films in natural environmental conditions without interrupting the growth of plants.
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polyethylene(PE), polypropylene(PP), polystyrene(PS) 53 7+
2 7|9 EFraE AolA wEoiXE ALRA o7
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olF3 TR HIAH LTt sHEE AHe ol
Fdol "o 287 BF £Bu Fo I ARgE B
WA H ZEE MRk sk AEXFE 8719 Als=2e
FAget Hrlshe ZalA9 ol AgHolojA EFA
FiEe S5 AR SF2g Blg] o$ = 3o
2 ¢EAL Y SRR} ofd g3l Bl ot
g, AR STagL /EHoR gdBAY AA
ARl oJste] ER A sh FjA £ EEE 44
o] A3tEI FHHOR FEAF] WOl A Ho HaEH=
S T3 H, UH 59 dolFgoled AEEi
Al 2 FSHA & AUkt 1iA FaEel FEES
FoAstAY L&A FF/A FaEe] 352724 cabonyl
718 =93 290~315mm F =] HAUAE 7 &)
Aol oJs FES7E dolubA d Aot BE EiES
o 8 Fxd wet 77 afe §eas £ 7}
AL XA8) FES7E ol Wt A H S Z 290 nm HH
o AP AR e SH2EHE oL Ue Bhe F47
o FRATS B4 FET A BIFHI I o
So] Fdolvt A HAE= o FEE Ade] 9
£ de FE W&ol oS FJHe 2HE /KHe 2L
2 4R AUtk FEAAE ZE2ELe M-S AYSAn
A7A L] ZleZ2e g BT FLo| 73y #H7)
EHEEo] FE A oa Eairt Do) YA
WEA] BgEA-E 222 3eFE AukEQl Wiy R Ao
A BHEH7) P o] A&l & ¢ i)
gk, R &g aHAR BiA SEAEHE Ax
7] i e Fod F5HE AVRE AMSElor stes
FEELYY AZAEE WESIL e A BAFS=
A A= U,

PA AT 3FTFY B EH2Ee §3H 7158

K

P
flo
o
-
_0|4_(l
)
i
Sl
rE
et
ol
2

e oo

K

Table 1. Compositions of master batch

Ao 7R Ee BREHY Seage] A2 A, v, A
B S0 AR MR A, AEEe] AlgE A7
7HAZFQ WA FFs] Trto]r] wiel olH7kA] =
ol AHLE o7t A9 U0, YukHo g EgkA doh}
E B3R vAUES tg AR Uro] A9E
Attt &, A WA GAGME ZSagd FHE AENA
Eae] Rar) dojup Zetxge It thEde] HY &
A7y AREe) Ak BHRY Zr ZAE /R eH,
e Al E AEAC] glsle] AAgAtElst dojut 3
8 Bajj7) o 2xg Mt 2 vdAst 318
g3, vR g @Al mAEot 4 9% EHAQ
AR 7} dojuA "ok ey, A A e o]
3 2o @Az AR dojdtirinde 43 A 2
AzHgA oz APAr)

B ATdgMe ANAE Ed], JA2FE AF &7, 9
2EFE 7] ©AE 47], Hbd, 43§ 3, 438 A
2t 5o Az o] 7hedt BiHtaY EE]|Z2g(CPP)
LELS A AZIAANZAM Y AFFAYH Ew34,
FEA 2 YR 5o AFEAANZE AT £ 4

Aske ABrkekar.
ME o ey

Master batch(M/B)2| M=

3t 715S ze MBY ARE A% ZEEF Wi
29 Table 191 JeRiQth WA Ze)==zdA PP, HEFH
3}8} grade BB110)3} A&, Z2|7Z2HEPCL), FENA,
HzHE 52 87 (kneader)ol ¥ F /M9 B2HE 27
20, 25 ipmo 2 FAATIEA 3087F 13 ¥ ANER
t}. o] EFE ey, SSENEIA, HriAANAIA, A
SaEA 2 A AES P 2087 24 whgE 9
B 170°Ce] &% ZAA single extruder® EFHA|A A
ot cutting)FoZH AE 2~-3mm FE9 pellet FEI=
M/BMCC-103)5 Azt o4 Z2& Whiez MBE
AzsA HE EF7)(kneader)ollH ¥ AHHo] &§ 2
Ao 7HiAA Hol iR AlEe] BojAA HER FH
& 3R grZo] AAEEH o FHEe o]Fd F99
A

tosh Whgsled Ao F4E F e B A4

Functions Materials Recipes
Biodegradable polymers Polycaprolactone (PCL), Starch from corn and tapioca 40~50%
Inorganic filler CaCQO,, CaO 20~30%
Stabilizer Antioxidant (benzene propanoic acid etc.) 0.1~1.0%
Chemical degradation accelerator ;;:te;[:in ;;i?g_iﬁai&%i?gﬁ?&tﬁiﬁ ;ﬁgg?;::gaw’ copper stear- 0.1~1.0%
Oidation accelerator o e D O ety Creecic acds (malicacidy e g 1109
Oxidizable component Unsaturated fatty acids 0.5~3.0%
Lubricant Wazxes 1.0~5.0%
Adhesive agent Polypropylene (PP) 5~10%
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Table 2. Medium for the culture of fungi
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Fungi ATCC No." Medium
Aspergillius niger Potato dextrose agar
Penicillium pinophilum Harrold’s M40Y
Trichoderma virens Potato dextrose yeast agar

Aureobasidium pullulans var. pullulans
Penicillium funiculosum

Sabourauds agar
Potato dextrose agar

DAvailable from Korean Collection for Type Cultures.
£ fESE 9BL ) "oen,

ZEe M=z

T-Die & 4% 7|(LABTECH Engineering?}, Cast Film &
Sheet Chill Roll Machine)2 ©|-§3}4] oA A|z3 §8)7)%
< 35S MCC-103¢ PPE E9171¢l] Yol E3d ¥ 59
(hoppenE. ©|&3}3L 200~220°CS) single screw extruder?} 21
UHE TAAA B3 & Had $A4 005mme] FE2L 7t
Tk MBS EHIELE FAZELR 247 0, 10, 20%
o2 ZAIRY.

AEZAT2Me| MEFQIHM AH
FHEANEETY] FAo wet oA
o oJaf Azd MCC-1039] F+<& ek myL), At
F ¥ (mg/L), & TF(mgkg), T

' Fmehkg) 5& AFFAY 7l ¥ 871 - 23
T A T TRAFARA AGEH g AGe] 2Hjtow
A AFEAAZA 9 HY ARE AAsi )

)
]
o,
=
==
0
o

Al
‘%’..3

i

I~

2 "ot
FEs AlE2 ASTM D 3826-98 #1902 s3lgj o,

A A= 42160 emX 50 cmX 50 cm) We) 352 nme] =
A& 7= 40 W $25(SANKYO DENKI F40T10BLB) 1
T AF2o)A 13X80mm 72 Athet WE A
=5 371 T =29 AER 25 10cm okl 124
AlA AL =

A3 T AFAE ) (Instron 5565y AHE-t AFEHE 100
mm/min Z2719] Zojo| ginjste] o] Eox AF7}
A 7IAASRE Bod & e AEE %2 24 A&
(elongation) W3S 63]¥ =4t HAZES TR, TA
7S ARgste] FRs Al dFel AlHel Aakuis)
g A&}

9
B
>
>
el
tifo
o?(;,"
ol
ol
bath
&
]
e
)
N
o
>
i
i
:>|J—_"4

SN "It

RS Bl Heted A1HE 13X80mm 7|2 H
Tajed, 68+2°C, AiFE 85%2 2L ¥ 7Y T
Ao AHztA AuEe) WIS 638 sl HFFS
TIUAL, A EIEE AME-Ele] GRS A HEY A
Hol Z4usts AEsigich

=H0[0] o5t HWEe| 2allM AlY
ASTM G21-96%] HHMo 7 HEo] RaAL Brs}
W 2 RS o 2 3 SRR Bk uke

o |o

Table 3. Composition of nutrient-salts agar

Materials Recipes
KH,PO, 07¢
MgSO, + TH,O 07¢g
NH,NO, 10g
NaCl 0.005 g
FeSO, * TH,O 0.002g
ZnSO, * TH,0 0.002¢g
MnSO, - H,O 0.001 g
K,HPO, 0.7¢g
Agar 150¢
Distilled water 1L

5859 THo] FFEE Table 201 Yehd zhzhe] wjxlof 2
WA Al T FEY ETAS WF)E 1 loop F 8k
FAGo7t Z RYHEE 59 S A% 0L 7
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MCC-103& 20% A71sle] A Z% PP 2L 60cmX
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Table 4. Results for safety tests for MCC-103 as a material of
food packaging

Items Contents Regulation
Amount of heavy metal Trace . Below 1.0 mg/L as Pb
Amount of lead (Pb) Trace Below 100 mg/kg
Consumption of KMnQO, 13mg/lL.  Below 10mg/L
Evaporating residue 4.0 mg/L Below 30 mg/L
Amount of cadmium (Cd) Trace Below 100 mg/L
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Fig. 1. Changes in elongation of films during UV irradiation.

photolysis of polypropylens

PPen%+MCCLY

PPaGe+MCC209

Fig. 2. Morphology of polypropylene films before and after UV
irradiation.
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Fig. 3. Changes in elongation of films during heat treatment

(68+2°C).
Thermal Degradation of Polypropylene
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PPY0%+MCC10%

Fig. 4. Morphology of polypropylene films before and after
heat treatment.
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Fig. 5. Weight loss of polypropylene films after fungi
inoculation.
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Fig. 6. Scanning electron micrographs of the surface of (a) PP
100%, (b) PP 90%+MCC 10% and (c) PP 80%+MCC 20%
after 60 days of microbial attack.
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©
Fig. 7. Visual changes of PP 80%+MCC 20% film during

mulching test: (a) initial mulching in the yard of Sogang
University (b) after 4 weeks and (¢) after 7 weeks.
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