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Development of Oxo-biodegradable Bio Film
by Using Biodegradable Catalyst
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Abstract In this study, Biodegradable masterbatch (M/B) was prepared by different kinds and content of biodegradable
catalysts added to oxo biodegradable plastics. The bio film was prepared by adding biodegradable M/B to the poly-
ethylene pellet, and the change of physical properties by UV and heat treatment and the stability as food packaging mate-
rial were confirmed. As a result of the physical property change, Fe salt and Al salt bio film was superior to Ni salt bio
film about a decrease in physical property. However, considering the raw material cost and industrial availability, M/B
containing Fe salt was selected and additional experiments were conducted by concentration. The bio films prepared with
Fe salt M/B 1.0, 1.5 and 2.0 wt% showed excellent physical properties.
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Table 1. Composition of master batch

Function Recipes (%) Materials
Inorganic filler 10~20 CaCO;, talc
Oxo-biodegradation catalyst 0.1~1.0 Metal salt : Al, Fe, Ni
Binder resin 60~95 Linear low density polyethylene (LLDPE)
Additive 1.5 Unsaturated fatty acid
Lubricant 1.0~3.0 Waxes
Oxidation accelerator 0.1~1.0 Organic acids (malic acid, citric acid etc)
Duct Mixer Control
- Box
Henschel Mixer IEE
2% floor Agitator
1<t floor
2. Hopper ntroBox 5.Spare Rear 7. Silo and
Meter
D Gear Box
@ Blower L
A =il
6. Vibrators 8. Sewing
Machine

Fig. 1. Schematic diagram of M/B production.
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Table 2. Composition of Bio films
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Control - 90 10 -
Table 3. Composition of Bio films containing Fe salt
. Composition (%)
Division -
Bio pellet M/B (Fe salt) HDPE LLDPE
Bio film 4 0.5 89.5 10
Bio film 5 1.0 89 10
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Environmentally degradable plastic

l
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mass of k| UV or thermal |—>| in molecular
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|
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molecular weight polymers
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TIER 2
Biometer test for
biodegradation of all
fragments in environment

of choice
Carbon dioxide
evolution/time Biometer residue
measurement
TIER 3
Toxicity tests

Fig. 2. Diagram of Standard guide for Exposing and Testing by
oxidation and biodegradation (ASTM D 6954-04).
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Table 4. Tensile strength and Elongation at break of bio films
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Division UV treatment time (hrs) Tensile strength (MPa) Percent elongation (%)
0 31.05 990.27
Bio film1 (Al salt) 50 25.57 121.93
100 1.67 0
0 30.04 1018.19
Bio film2 (Fe salt) 50 14.51 16.84
100 0 0
0 39.36 917.83
Bio film3 (Ni salt) 50 30.51 877.13
100 22.73 838.52
0 39.65 985.14
Control 50 29.44 1018
100 26.08 949.59




Vol. 22, No. 3 (2016) MG ZOHRIZ Ol= et 4t

SHAH

131

1200
1000
8
=
8
® 800
an
=
]
7]
£t s00
5}
(¥}
2
7
(-9
400
200
0 T = T | |
Ohrs 50hrs 100hrs Chrs SOhrs lwﬂrsi Ohrs SOhrs 1mr§ ©Ohrs SOhrs 100hr:
Bio film 1 7 Biofim2 | Biofim3 control 7

50

30

20

10 I
o

Ohrs SOhrs mmrs Shrs S0hrs 1c>onr Ohrs SOhrs 1o:>nrq Chrs SOhrs 1oohrsi

Tensile strength (k)

Biofim 1 Bio film 2

Biofilm 3 control

Fig. 3. Elongation at break of bio films.
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Fig. 4. Tensile strength at break of bio films.
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Table 5. Tensile strength and Elongation at break of bio films
Division Heat treatment time (hrs) Tensile  strength (MPa) Percent elongation (%)

0 35.03 1007.02

Bio filml (Al salt) 500 13.23 316.11
1000 0.3 7.21

0 33.03 1051.17

Bio film2 (Fe salt) 500 1533 350.10
1000 1.31 6.15

0 34.05 990.27

Bio film3 (Ni salt) 500 15.48 327.20
1000 7.27 6.83

0 29.65 925.14

Control 500 29.01 924.65

1000 28.94 923.13
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Table 6. Tensile strength and Elongation at break of bio films

04 e RRIE

Division UV treatment time (hrs) Tensile strength (MPa) Percent elongation (%)
0 39.82 977.59
20 32.85 1022.59
. 40 25.53 993.05
Bio film4 (Fe salt 0.5%)
60 27.03 936.29
80 23.47 764.94
100 21.5 641.62
0 37.81 956.53
20 28.99 1028.64
. 40 23.41 864.07
Bio film5 (Fe salt 1.0%)
60 12.35 128.17
80 8.60 88.08
100 6.52 37.42
0 38.69 959.68
20 24.56 1022.96
. 40 16.38 105.84
Bio film6 (Fe salt 1.5%)
60 8.41 14.43
80 5.36 7.11
100 3.08 6.37
0 41.99 957.04
20 27.43 1021.23
. 40 10.11 11.11
Bio film7 (Fe salt 2.0%)
60 7.78 9.91
80 2.23 3.95
100 0 0
0 39.65 985.14
20 23.91 1011.4
40 29.88 1019.41
Control
60 29.00 1016.59
80 26.49 966.19
100 26.08 949.59
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o] Ylth ASTM D 695413 7)) w} &, Uve A7
T AT 9 ARE RSl 5%0lst &, AT B
2VgEo] 95% o 7 Aol St A o gl
t}. o] 7150l w2l vl edEse = HaEol 82.76%
B 2 92 FAR RIS & delME 100417 UV
A&, 71E Wl 20047 A2l Alelle 3T g
o] 95% ol 2 Aoz dlFEr). ule] 9 FEF6,72 10047E
A F GAEE SHY F s BER oo 7t
gk Zloz BRlFU.

T3 Fig. 62 UV XAz E2 23480 A S
I e, Hlo]| RFE4E= 10047 A7) T % 3437%2
AE ZH7E 3R] FUAL v FES5E 96.09%, HEolL
ZE6S 99.34%, HIO] LI ETE 100%Z HIo| QEE4ol| Bl

3 vloloBE ST AAE Tav} wlS ST,

3. 2N 44T
37] vlo]| 2P E4-TH T A 2 e AAEE A
slod 71 958 wle] I ESE Aesle] UV HEd & &
S 23 N RE A4 7P HEHoZ AN
e 9= WALe] ZEHolEE AMESl BRIt Table 7).
9] 3ol Bl wpeleAESE F 500417 UvAlE] § &
Ab#Fo] 4,980DaSE ASTM D 6954 2 UAE S 5009 7]



Vol. 22, No. 3 (2016)

Aol ZOHAIE Ol E et chshdEall HIOI2 HE N

50

30

20

Tensile strength {ih)

Biodegradability (%)

aaaaaa
REB8 3

53 =

Biofilm &

;;;;;;;;;;;;;;;;;;;
=====

Biofim 5

£ EoEEoE g
EE"REERE
RE2BRg3

Biofim& Biofilm 7

9]

Fig.

. Tensile strength of Bio films.

Fig. 7. Curves of biodegradability calculated by the average car-
bon dioxide emissions.
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300 6,750 42,000 5. NZERRZN MZ ot EAy
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200 4,980 : 8712 B 1E D A4 o wet Bk Aeds
600 3,920 - £ Table 89 Aejaieith. AQAHNA P, Cd, He, Cré+
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1,400 - 5,010

Table 8. Safety analyses on the bio film as food packaging materials
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Division Content Unit Test result
Lead (Pb) <10
Cadmium (Cd) <10
Heavy Metal mg/kg
Mercury (Hg) < 10
Chrome (Cr6+) < 10
Lead (Pb) <1
Extraction test Potassium permanganate consumption mg/L < 10
Total Extraction < 10
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