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Effect of Heat Treatment on Mechanical Properties of Cross-Linked Ultra-High
Molecular Weight Polyethylene Used for Artificial Joint Liner

Hyun-Mook Kim™~, Dong-Hoon Kim", Ja-Uk Gu"~, Nak-Sam Choi , Sung-Kon Kim

ABSTRACT

The mechanical characteristics of gamma-ray irradiated UHMWPE specimens were investigated under various
heat treatment conditions. The heat treatment was performed in the range of annealing and remelting
temperatures. The annealing treatment below the temperature of 1307 hardly induced changes in the tensile
strength, the strain at the failure and the hardness. However the remelting treatment above 140°C deteriorated
those mechanical properties. It was shown in an FTIR analysis that the annealing treatment caused some
oxidation of free radicals created by the pretreatment of the irradiation. These quantitative data represented by
the behavior of mechanical properties might be used as basic informations for the design and analysis of
various artificial joints.
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Fig. 1 Oxidation scheme of UHMWPE[7].
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Table 1 Material properties of virgin GUR 1050{9]
Property T Units Value
Density kg’ 930
Ash mg/kg 75
Izod Impact Strength kl/m’ 118
Yield Strength at 23C MPa 22.8
Ultimate Strength at 23°C MPa 61
Elongation at 23°C Yo 401
Hardness Shore D Units 64 |
Deformation Under Load % 0.90

Fig. 2 Transmitted electron micrograph of micro-structures of molded
UHMWPE.
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Fig. 3 R Ve CXp tal stress-strain curves of the UHMWPE

spccxmens with different doses of r-ray.

(2) Untested specimen

(b} 50 kGy

(¢) 160 kGy

(d) 200 KGy

Fig. 4 Specimens photos before and after the tensile testing :
(b) 30 KGy, (¢) 100 kGy, (d) 200 kGy.
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Fig. 5 Effect of gamma imadiation dose on ultimate strength.
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Fig. 6 Typical stress-strain curves of UHMWPE according to different

heat treatment conditions.
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Fig. 7 Effect of heat treatment temperatures on the stress-strain curves

of UHMWPE.
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Fig. 11 FTIR traces of UHMWPE imadiated by gamma rays sterilized

in air, showing key peak locations.
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Table 2 FTIR peak identification[9] %]- .E_i?]_
Peek Location[cm'] Description

19233 Terminal vinyl, Trans vinylene groups, 1) Kurtz S. M., Muratoglu O. K., Evans M., Edidin A. A,

related to scission and crosslinking “Advances in the processing, sterilization, and crosslinking

1464.08 Methylene(CH.) scissoring vibration of ultra-high molecular weight polyethylene for total joint

1722.41 Carbony! groups, related to oxidation(C=0) arthropathy,” Journal of Biomaterials, Vol. 20, 1999, pp.

2908.74 C-H stretching vibration 1659-1688.

3600.00 Alcohol(O-H) vibration 2) Kurtz S. M., Villarraga M. L., Herr M. P, Bergstrom J. S,
Rimnac C. M., Eddin A. A., “Thermomechanical behavior
of virgin and highly crosslinked ultra-high molecular

wsks WEsty] YA FTIR £4& Sdstdy o gt weight polyethylene used in total joint replacements,”
A d3E Uetlie AL Fig 119 ®ASE Adol AL Journal of Biomaterials, Vol. 23, 2002, pp. 3681-3697.
L5 AHE 100 kGyo] ZAMHAZHE 7F2 UHMWPEE 244) 3) Muratoglu O. K., Kurtz S. M., Hip replacement: current
7t o AEE slo] BASIYT} ojdy AHE 3 A|Ho trends and controversies, Marcel Dekker, New York,
FTIR 27| %(peak identification) Table 2 [9]o)lA Lrel 2002.
onl, AR 177241 cm—lg] Bo) A carbonyl7} BE 5 4) Mckellop H., Shen F. W., Lu B., Campbell P., Salovey R.,
oM ARlE w0zl FHEA ARS Folst 2 oAtk Eak “Development of an extremely wear—reéistant ultra-high
72233 em'e] B3 T4 sbmel Hars oL sierx molecular weight polyethylene for total hip replacements,”
o == oo Journal of Orthopedics, Vol. 17, 1999, pp. 157-167.
e Y A 5) olFdl, Ak A4a. RE, AvHl 2Ajo] ol 2
TR Zeldddy ZAA 59 WE” d53AA
5.4 8 5357, Vol. 17, No. 3, 2008, pp. 108-114.
6) Nagy E. V. and Li S., “A Fourier transform infrared
Az Froju2 AREElE UHMWPES] digh A2 technique for the evaluation of polyethylene orthopaedic
2 gt 2Ab B3bE Ao AR ogat g bearing materials,” Trans. 16" Ann. Soc. For Biomaterials
() B 2AMAFS 57148 714" B0l Folxe Meeting, Charleston, SC 109, 1990.
AL ollm, 50 kGy9] Zmpbdskolla 7} =8 QAR Lob 7) Kurtz S. M., The UHMWPE Handbook, Elsevier press,
AXE-E ey New York, 2004, pp. 251.
) FAFYZ s 7|AH EAo] Auidoz Holr 7 8) Muratoglu O. K. and Kurtz S. M., Alternative bearing
o] 9lowl, 140 olAtel LG LT RAME 274 Hol surface in hip replacement, Marcel Dekker, New York,
w B} o 2002.
g‘“ﬁ]i;i :qu;:q:;E%;}%Uiﬁj\xi‘gﬂxﬁjicii]ii 9) Holland B. J. and Hay J. N., “The thermal degradation
= FwoTewe of PET and analogous polyesters measured by thermal
= AdEE el 1407 olgel e 2dofA= analysis-Fourier transform infrared spectroscopy,” Journal
7IAH S0l SAsHA ““’WE} of Polymer, Vol. 43, No. 6, 2002, pp. 1835-1847.
(3) FTIREA 23 ojdg Al oty 2Ry Zejen
H(free radical)o] AFsHoxidation)s Yo 7L< o 4 sk
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