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28 FAH Foksh AR FAZ Behry Al PR was) ATE 2AZ oA Holopaih, £ A7
Febay w/1B9) 7PY B B8-S AHshe ABA F22H 3 polypropylene(PP)S THIZ AT FO 2R of
¥isl} Qofuper] BRlskazr sigiet. B, A9E PP 2AISIE polyethylene(PE)e] EAIEI0] 2lgich. AEHg 41<]
L mARle] Y AR 4E, A, SIS 2o R 2L HgoR tEiA ARG AR A7
V55 a0 Baol AstEIgion], eFd B0 mE W BI1E 8l A w3} AP st
Ultraviolet(UV) =3} A7ko] 27F8%% ppe] B4 Astsl A 2wl dge] waskgich. A9 Wgws} we
AFE PPE BHHO SHuct BA Ausisl ek 5 OO BAE oA ot A B4 ek A4S
Aol chFs H/AIS] AHgel BanS nolzn,

Abstract: Due to international agreements and government regulations, plastic materials should be replaced with
recycled materials as soon as possible. This study investigates how the physical and mechanical characteristics of
polypropylene (PP), which constitutes the majority of household plastic waste, are altered through repeated recy-
cling processes. Despite being classified as PP, the presence of polyethylene (PE) contamination was detected. The
recycling process was simulated through consecutive cycles of extrusion, injection molding, and crushing, closely
mimicking industrial recycling operations. The results showed that the mechanical properties of PP noticeably dete-
riorated with an increasing number of recycling cycles. In addition, accelerated ultraviolet (UV) aging tests were
conducted. Prolonged UV exposure resulted in significant declines in PP’s mechanical performance, accompanied
by surface chalking and powdering. PP exhibited not only material degradation but also surface discoloration and
cracking, underscoring challenges beyond pure mechanical property loss. These findings highlight the necessity of
incorporating appropriate additives to improve the performance and durability of recycled PP, depending on its end-
use environment.
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Table 1. Changes in Melt Flow Rate With Increases of Recycling
Cycles

Sample name  Recycle number  Melt flow rate (g/10 min)

PP 0 6.705
PP-R1 1 11.584
tPP-R2 2 14.048
rPP-R3 3 28.229

PP
rPP-R1

127.87 164 .54

Heat flow (a.u.)

T T
50 100 150 200
Temperature (°C)

Figure 1. DSC curves of PP according to recycling numbers.
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Figure 2. TGA curves of PP with increasing recycling cycles.
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Figure 3. S-S curves of PP with increasing recycling cycles after:
(a) tensile test; (b) flexural test, respectively.

Table 2. Tensile Strength and Flexural Strength Values of PP
with Increasing Recycling Cycles

Recycle Tensile strength Elongation@Break Flexural strength

number (MPa) (%) (MPa)
0 29.16 335 37.4
1 27.01 22,5 35.2
2 25.98 14.5 34.1
3 25.69 15.0 35.0
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Figure 4. DSC curves of recycled PP with different UV aging dura-
tion.
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Figure 5. TGA curves of recycled PP with different UV aging dura-
tion.

Polym. Korea, Vol. 50, No. 2, 2026



278 DR

(a) 40

(b} 50

40+

(]
[=]
L

w
(=]
Il

20

—rPP
—UV-1wW
— Uv-2w
— UV-3W
— Uv4wW
D L T b T T b 0 i T T

0 10 20 30 40 0 10 20 30

Strain (%) Strain (%)

Tensile strength (MPa)
=) 8
Flexural strength (MPa)

s
o
1

Figure 6. S-S curves of recycled PP with different UV aging dura-
tion after: (a) tensile test; (b) flexural test, respectively.

Table 3. Tensile Strength and Flexural Strength Values of PP
According to UV Aging Duration

e et g Fn
(weeks) (%) (MPa)
0 29.16 37.1 374
1 28.96 325 40.6
2 28.29 23.9 354
3 25.99 24.1 323
4 24.94 22.0 30.3
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Figure 8. Optical microscope images of the surface of specimen on
recycled PP with different UV aging duration.
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Table 4. Surface Changes and Contact Angle Measurement Due
to UV Aging

UV aging duration (week) Contact angle (degrees)

0 86.5
1 98.4
2 108.2
3 121.7
4 108.9

Figure 9. Pictures of the contact angles of water on recycled PP
with different UV aging duration.
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Figure 10. DSC curves of particles decomposed from the recycled
PP specimen with different UV aging duration.
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Figure 11. TGA of particles decomposed from the recycled PP
specimen with different UV aging duration.
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Table 5. Percentage of Elements on Surface of PP and Powder
According to UV Aging Duration

UV aging Surface elements (at.%)

duration (weeks) C 0 C/O
0 89.07 6.57 13.6

1 87.59 8.81 9.9

2 87.56 9.27 94

3 85.56 11.07 7.7

4 86.85 9.59 9.1
Powder 93.81 54 17.4
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