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Effects of the Addition Pro-oxidant on the Physical Properties and
Degradation of the Petroleum- derived Plastic Film
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Abstract If petroleum- derived plastic like a bio-based plastic was degradation, awareness like a global warming and
environmental disasters will be decreased. Plastic film was produced by adding ferric ions according to concentration by
using a pro-oxidant in polyolefin resin. Changes in tensile strength, elongation, and molecular weight were evaluated accord-
ing to the UV irradiation time. Increasing the amount of ferric ions resulted in more significant declines of physical prop-
erties, and also resulted in greater changes in molecular weight. After 100 hours of UV irradiation, tensile strength declined
significantly in the film containing pro-oxidant as compared to the control. A similar effect was also observed in terms of
elongation. The film containing pro-oxidant showed a 73.8% decrease in molecular weight after 100 hours of UV irradiation.
The appropriate use of pro-oxidant can not only degrade plastic film but also control the time of degradation at the petro-
leum-derived plastic films. Further studies are necessary to investigate the conditions of plastic film degradation.
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1.1. MAEXNNE A5t masterbatch MZE

2¥8lEZ1A41 = Deke Daojin Co.(Beijing, China)2] Model
DK-Fe-0012 =X 99.9%, HIEHA 20m%/ge AME-3IT).

AVBlERA ferric ion(Fe?ye 10%Z 3 7151] master batch
£ Table 13} 722 w2 AZFAIL ©]AE O0XO-
100K=F A3l 5% 7K 21S 0XO0-50K, 2.5% 7}
3 1L 0X0-25Kz A5t LLDPEE Lotte Chem.
Grade No ULS814(Korea)S ARE-3192H, vi§7]e= of| 23l
Z2HEARS] Model 300L(Koreay2 53l wWiEsHr &1

£ FIRIH2EDAL2] Model D-200(Korea)e] EQ 4=
@127 20 mm)E AHg-sle] BEE Az
U8 Table 2= HHIYE 328 #2317 98 267

421 LDPES} LLDPE) 4Hs}&A1A7F 7k OXO-
100KE = 0.5, 1.5, 2.5% FH7lste] HEAZXE ¢
gk S JERAATE B ASIEIAIZE 0.5%H 71 AS
0XO PE-01, 1.5%37F Z-& OXO PE-02, 2.5% 7}
Z1& OXO PE-032 A3}l LDPEE Hanhwa chemical
Ltd.2] Grade 5321(Korea)s AF&-3}it).
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Table 1. Mixing ratio of pro-oxidant and materials for making
the OXO-100K (Unit: kg, %)

%ﬂ/\l?hﬂ} elEAlE BETAEE Hrrete] 2l Mixing volume (kg)| Mixing ratio (%)
7 Fol F Felee 2hshe AR A7AdE B LLDPE 120.5 81.09
i), ol de] AFAFASS HEoR S FEo Wax 6.1 411
ABIEZAE H71et)] wata] QAR AAS 9 Bal Zn - Styrene 55 3.70
o] W32 Eg] P29 BEE o= & &= = v Anti-oxidant powder 1.5 1.10
sto] 2 & af;— Aow AlREe], Bl A7 & " (ferric ion) 15 1000
2EQ] LLDPE )0 2k} 1418 sz d7)siol Total 1476 100
Table 2. Mixing ratio of the pro-oxidant in LDPE and LLDPE resign for producing the mulching films
Control OXO PE-01 OXO PE-02 OXO PE-03
LDPE 10 10 10 10
LLDPE 90 88 88.5 87.5
OXO - 100K* - 0.5 1.5 2.5
Total (%)? 100 100 100 100
Concentration of pro-oxidizer(ppm) 0 500 1,500 2,500

*Concentration of pro-oxidant at OXO-100K was 100,000 ppm
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- Twin extruder®] AFFE @ 75mm, L/D=48:1, rpm max
= 80031t}

- Twin extruderol] 271 ol #dst wigks fI8) A
HME o] & 471 HAst wiehE E5ts £ A
A e 80CE sl y&o= 253087k wigslict.

- Twin Extruder %3712 hopper block 100°C, chamber
130(2~3 block) 135(4~5 block), 145(6~8 block), 150°C
(8 block), adapter 155°C, dies 160°CE 3}, feeding
speed 240 rpm, main motor speed 300 rpm, dies <
2 5.52MPaZ 351 blow & YEAY A AY
259} FAKEE 271 (100~160C)0 2 A 23kt

1.3. UVZEAL

Focus AFe] 29l FC - 201 AH|S A}g3le] ol =A
slollAl UV 2AF & 48 438180 Alxd 5ol uv
Lamp: A Type (¥F& 350 nm)S ARE-&to] 50417F, 100%]
7k, 200417F ZAFSI O ZAAIZR mE 154 (MD
W) Wske o] A gde s AEEIgIT

Direction)'? Wke] FE-S 25 x 100 mmE ATE A]Fo
teir dEHE EAS ST 4%H= Instron
Corporation*F2] Model 3367 UTM(Universal Testing Machine,
USAYS AMg-3k] 24519991 Load celle 50 kg AH&-3}
AT 71Al12] QAL (Testing Speed Range) 100 mm/min®
2 st APS st A Wike dlxas 4
OXO PE-039] A& 0~100A7F UV ARSI o, AT
2 ASTM D6474 (HT-GPC)¥ Flow Rate: 1.00 ml/min,
Column Set Length : 650 mm, Temperature: 160°CS] =71
o7 AT A 5782 el Al °F 0.10 g2
TCB 10 mliE ¢ JE F AFEA 07 AR5l o A
gl EAlste 22 FA9 EAFS L2 GPC(Gel
Permeation Chromatography)2 =439t} GPCE47]7]=
PLAF] GPC 220 systemZ ©]-83F93 ZH-2 2 xPL gel
mixed-B (7.5 x300mm)S, §vlE TCB+0.04% BHT (after
drying with 0.1% CaClL)E AM-3SIAIL injectore] AELT
= 160°C, f7%+2 1.0 mlmin, T4 7S 200 uLo|ATt.

=

Rk

1. Master batch & HFLE NHZ
HALE A x| %o] AHE5E LLDPE (Daelim Industry,

OXO_100K 0OXO0O-50K OX0-25K
20nm Fe? 10n Concentration of Concentration of Concentration of

ferric ion ; ferric ion ; ferric ion ;

100,000ppm 50,000ppm 25,000ppm

Fig. 1. Appearance of resins added the ferric ion after masterbatch.
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Fig. 2. Appearance of mulching films added the ferricion.
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ABERAE HTbete] Axg g UVE AIZHEE
ARt QI WstE S-S A Fig. 33 ) o
Z39 LLDPE ZE¢] 27|X+= 1,320 Nlem’3 2L, UV &
A} SONZE B oA EE 1980N/cm2§1_ VERE 1004]
7F 3= 1,430 Nlem?3 2™, 200417 F& 1,490 N/em’*E
Uebdt). 0XO PE-01 é%A 4 Z71AE 1,596 Nlem?)
Ao 50A17F F 1,603 Nem?, 10047 T35 1,400 N/em?,
200A17F F= 30 N/em?S.2 7HzF Yeldth. OXO PE-02
2o X7|XE 1474N/em’E YEFESL UV A} 5047
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03 29| Z7|XE 1,285 Nem’QA: UVEAF 50/17F 3=
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Fig. 3. Tensile strength of films according to the UV irradiation time.
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Fig. 4. Elongation of films according to the UV irradiation time.
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Fig. 5. Changes on the molecular weight of films according to
the UV irradiation time between LLDPE and OXO PE-03 film.
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