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Abstract: The effect of thermal exposure time on mechanical and thermal property behaviors of high density poly-
ethylene (HDPE) used for plastic pallet under an outdoor environment condition has been investigated. As the thermal
exposure timeisincreased, a proportional increase until 36 weeksin tensile strength is observed, while an increasing ten-
dency in impact strength at the early stage of thermal degradation and then a drastic decrease after 27 weeks are shown.
These results can be explained by the increases of chain entanglement and crystalinity at the early stage, followed by
theincrease of crosdinking density, chain scission and the decrease in chain mobility at the late stage of degradation, due
to thermal oxidation. Microscopic observation using digital microscope indicates the increases of micro-crack and surface
roughness as thermal oxidation makes a progress. Fourier transform infrared spectroscopy result suggests the increase of
carbonyl index vaue on the surface of thermally exposed HDPE, indicating that the hydrocarbon groups on the HDPE
surface undergo the thermal oxidation. The long-term life time of HDPE could be predicted by carrying out an accelerated
life test using Arrhenius modd. In addition, the lifetime equation of HDPE is suggested in order to estimate the failure
time at various operating temperatures.

Keywords: high density polyethylene, therma degradation, oxidation, accelerated life tedt, lifetime prediction.
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Table 1. Effect of Thermal Degradation on Mechanical
Properties of HDPE Samples

Exposure time Tensle strength Impact strength
(week) (MPa) (Jm)
0 27.0£0.9 70.4+1.4
9 30.1+0.4 Non-break
18 31.1+0.4 Non-break
27 31.3+0.3 Non-break
33 - 32.5t6.9
36 32.0+£05 26.416.2
39 - 25.8+2.9

All specimens experienced thermal degradations at 100 °C for a given
time.
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Figure 1. Mechanical properties retained vs. thermal exposure time.
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Figure 2. Optical micrographs of the differently thermal degraded HDPE surfaces: (a) neat HDPE; (b) HDPE for 9 weeks; (c) HDPE for
18 weeks; (d) HDPE for 27 weeks, (€) HDPE for 36 weeks. All micrographs are magnified with a 140 times.

Table 2. DSC and TGA Results of Thermally Exposed HDPE
Samples

Exposure T T. X Toeek
time (week)  (°C) §®) (%0) §®)
0 1335 1215 55.4 455.3
9 1339 1215 56.1 460.5
18 1345 121.8 57.0 464.6
27 134.7 122.0 59.8 468.0
36 135.3 122.1 60.0 468.5

Tm: peak melting temperature; T.: pesk crystallization temperature;
X Wit% crysallinity; Tpe: pesk temperature from derivative
thermogravimetric curve.

All specimens experienced thermal degradations at 100 °C for a given
time.
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Figure 3. DSC spectra of thermaly exposed HDPE sample.
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Figure 4. TGA spectra of thermally exposed HDPE sample.
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Figure 5. FTIR spectra of thermally exposed HDPE sample.
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Figure 6. The variation of carbonyl index measured with FTIR of
thermally exposed HDPE sample.

JtEd A F$E 1714cmt 3 7tRE 3=9 HW3E O
1470 cm™ 9 Zejolldel 579 w39 WA vjgE A
gt dsirlzio] Skl wel 7hed Aew HrFow
S7FeRe S Holn, 365 Fske AgHAAE ds) A
AlH thu] oF 40% 718k

JEETEAIE F B7| Y o=, RS M 0042002 A4 E
el we}, HDPE &A1E 32 X714 7Hslste] Es)
AZATH 7HEAI S ZH2F 1009} 120°C =ollA] o] 395
5o TAAEAES E3} Aol =& TE HDPE &A1 <)
I 715 RS M 004200 AAE %7] F47=(704 Im)
9] 80%2] 56.3 ¥m= A2lET). 71 EAE 3 HDPE &
Aol A7) 1 =L Q8] A& 5A Z23<l Minitab
165 AHS-SISIT dlolE] 8 2L 7IEFHAI-ENA
st A3 dolE F WPOE Fole 27 4742 80%

=] NCe)

eIe] dlolel

(Welbull) H_n_i‘l‘ =5 4l 13}011:}521 *Uﬂ oS 24

S A9EH, WA = 7P~£+°ﬂ*i PR TY8 AF
< Ak, 7 RN TR0l AHES g}l
STt Figure 72 715730] A9t A stoll 7154
EE)] e Agstd AMs vepdth o714 3 3F
PRS2 29201, $-SF0 Al 7] A A
HDPE Z2Aj2] ARg-L1=91 25°Co)| ] S48 gA7Htime
to failure)=} 41 2]1-7H(Confidence Interval, Cl) 90%S e}
At} Figure 82 259} B =1 (10, 20%)¢] #AIS UrEM
o} oS 59, 10% &5 (percentile)= By FH2 2]
st 07 FAAEC] 10%7}F He A7k ofm] g
HDPE 241 €] AA| ARE-E%] 25°CollA] TS o553t 2
= Table 3] Fzlate] LERHATE 25°C AHE- £H73 ol A
F4% HDPE £&A19] By FHE 487, = 86402 o=
= At

=

Polymer(Korea), Vol. 39, No. 6, 2015



878 ALl .

120°C 100°C
a

Cumulative failure rate (%)
N
o

102 108 104
Time to failure (week)

Figure 7. Weibull probability plot displaying an estimated line at
25°C and confidence interval (Cl).

-
o
@

102-

Time to failure (week)

-
o
1

0 20 40 60 80 100 120
Temperature (°C)
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Table 3. B Life and Lifetime Prediction at 25°C of the HDPE
Sample

Confidence interval of 90%

B life Percentile
(week) Lower (week)  Upper (week)
By 448 189 1059
By 579 242 1385
Bes2 969 394 2,383

HDPE 2:A41¢] 848} olUiA (E)e AR5 918 2] (1))
ool AR (NS e 2 (29 o] f=H)

Ea
Inty(T) = InA+ =2 @

4 @ Inteh UT Aelel] 2% (@A §45)7H 982
Uehlls HowA, weod /EEsAE AnE tds
QA9 727 (FEJRZHE B45 oUAE 7 5 9
o} A4t 243t oluR]= 0.38 kdImoale]tt
A0 B Avold FUE TESENRL

2o &

3ll, HDPE

Zan, 413949 A63, 20154

A A AN FES 2N 5T 5 9
B A A (9 2ol 28T 5 At
Int(T) = 4442.6(_%_) -8.82 ©)
2 B

duEeloga Ao 93t 54 % ga
AT, a7 F7hel me 1A

Rl Ul Kol YUu o AR i
o= PR A%H Fot Bl =B A

(O-H) #571¢] S7H= EO%E_E’H lf’E‘E%—ﬂﬂ]E‘E“ A

o ©
z#%s}oﬂ z%lzziaoﬂw el
= 25°ColA FHE By T

o sodolse, b u}om PR
4 4 e LA o) £ AT,

A 2: 2 ATe & ATAG” 2 AR
“ZHAI ol SLolx=m] 0]/ 71371111.}/\}?3 (412-112-011)"¢] A
S W7l HA=HU T

)\]_ “ o]

mk

1

o
ror

. J-1. Weon, Polym. Degrad. Sabil., 95, 14 (2010).

. R. K. Krishnaswamy, Polym. Eng. <., 47, 516 (2007).

. J-I. Weon and K.-Y. Choi, Polym. Korea, 33, 446 (2009).

. M. Raynaud, A view of the European plagtic pipes market in a

global scenario, Proc. Plast. Pipes XlI, Milan, Italy, 2004.

5. J-l. Weon, Y.-K. Chung, S.-M. Shin, and K.-Y. Choi, Polym.
Korea, 32, 440 (2008).

6. R. H. Boyd, Polymer, 26, 323 (1985).

7. T. Qjeda, A. Freitas, K. Birck, E. Damoalin, R. Jacques, F. Bento,
and F. Camargo, Polym. Degrad. Sabil., 96, 703 (2011).

8. L. C. Mendes, E. S. Rufino, Filipe O. C. de Pauula, and A. C.
Torres, J., Polym. Degrad. Sahil., 79, 371 (2003).

9. W.-Y. dung and J-I. Weon, Polym. Korea, 36, 712 (2012).

10. W. Ahan and E. A. Elsayed, Qual. Reliab. Engng. Int., 21, 701
(2005).

11. T. Trankner, M. Hedenquist, and U. Gedde, Polym. Eng. i, 34
1581 (1994).

12. S K. Seo, Rdiahility Analysis Using MINITAB, Eretec, Korea
(2002).

13. L. H. Sperling, Introduction to physical polymer science, 3¢

edition, John Wiley & Sons Inc., New York, 2001.

A WN P



rEzZeogd 2o d g3t

14. N. G McCrum, C.P. Buckley and C.B. Bucknall, Principles of
polymer engineering, 2™ edition, Oxford University Press Inc.,
New York, 1999.

15. W. D. Cdllister, Materials science and engineering, 3 edition,
John Wiley & Sons Inc., New York, 1994.

16. H. R. Allcock, F W. Lampe, and J. E. Mark, Contemporary
polymer chemistry, 3 edition, Pearson Education Inc., United
States, 2004.

17. J Scheirs, Compositional and Failure Analysis of Polymers, John

E49: 71A1A

C G A B A7) 7 S 879

Wiley & Sons Inc., New York, 2000.

18. J-I. Weon, S-M. Shin, and K.-Y. Choi, J Korean Eng. Ind.
Chem,, 20, 511 (2009).

19. J. V. Guiming, P. R. Janissek, H. M. Heise, and L. Akcerud,
Polym. Degrad. Sabil., 79, 385 (2003).

20. Tubing for Water Purifier, RS M 0042, 2008.

21. D. G Kim, S. Y. Pak, and C. R. Park, Polym. Korea, 24, 58
(2000).

Polymer(Korea), Vol. 39, No. 6, 2015



