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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 130°C hardly induced changes in the tensile
strength, the strain at the failure and the hardness. However the remelting treatment above 1407 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] ARE3ERLaL, ASTM 14219] ARt o] Asto] Aldskgint.
Property Units Value
Density kg/m® 930
Ash mg/kg 75
Izod Impact Strength kd/m? 118 = T T J T L T
Y.ield Strength at 23“C° MPa 228 g0 | 100KCY Inadkation and Annealing(100°C) ]
Ultimate Strength at 23C MPa 61 _
100kGy Iradiation
Elongation at 23C % 401 il ]
Hardness Shore D Units 64 T \
Deformation Under Load % 0.90 = i
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Fig. 3 Representative experimental stress-strain curves of the UHMWPE
specimens with different doses of r-ray.

(a) Untested specimen

Fig. 2 Transmitted electron micrograph of micro-structures of molded
UHMWPE.
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Fig. 5 Effect of gamma irradiation 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. 8 Effect of annealing temperatures on elongation (a) and ultimate
strength (b) of UHMWPE.
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Fig. 9 Effect of gamma irradiation dose on Rockwell Hardness(HRR).
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Fig. 10 Effect of annealing temperatures on hardness|[HRR].
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Table 2 FTIR peak identification[9]

Peek Location[cm™] Description
Terminal vinyl, Trans vinylene groups,

722.33 - N

related to scission and crosslinking
1464.08 Methylene(CH>) scissoring vibration
1722.41 Carbony! groups, related to oxidation(C=0)
2908.74 C-H stretching vibration
3600.00 Alcohol(O-H) vibration
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