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Relationship between Crosslinking Processes and Mechanical Properties
of UHMWPE for Artificial Joint
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Abstract

Various mechanical test were conducted on conventional and crosslinked ultra-high molecular weight
polyethylene(UHMWPE) all prepared from the same lot of medical grade GUR 1050 for artificial
joint. The conventional materials were not irradiated and treated by heating. The cosslinked materials
were irradiated with 25kGy~200kGy by gamma-ray andthen annealed or remelted. Gamma-ray
irradiation and heat treatment process were found to significantly impact the crystallinity, and hence
the mechanical behavior, of the highly crosslinked UHMWPE. The radiation dose and heating
conditions were key predictors of the uniaxial vyielding, plastic flow, and failure properties of
conventional and highly crosslinked UHMWPE. The correlation model from experiments would be the

Liner(2}e] 1),

basic information to enhance the were resistance of artificial joint liner.
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Fig. 1 Mechanism of cross-linked UHMWPE and
occurring free radicals
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Fig. 2 Comparison of starting stock materials and
processing conditions used to produce contemporary
thermally treated and highly crosslinked UHMWPE
materials for TKA and THA[1]

Table 1 Heat treatment conditions of UHMWPE
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Table 2 Material properties of GUR1050

Property Units Value
Density kg/m® 930
Ash mg/kg 75
Particle Count<300um Number 0
Light Patch<300um Number 0
Izod Impact Strength kd/m? 118
Tensile Stress at Yield 23C MPa 22.8
Ultimate Tensile Strength 23C MPa 61
Elongation at Break 23T % 401
Hardness Shore D Units 64
Deformation Under Load % 0.90
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Base on ASTM D 638-03

W, width of narrow section = 3.18+0.03mm
L, length of narrow section = 9.53+0.08mm
WO, width of overall = 9.53+3.18mm

L0, length of overall = 63.5mm(no max.)

G, gage length = 7.62+£0.02mm

D, distance between grips = 25.4+5mm

R, radius of fillet = 12.7+0.08mm

T, thickness of the specimen = 2mm

(a) uniaxial tensile test

-

(b) Rockwell Hardness test

Fig. 3 Dimension and shape of specimens
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Fig. 4 Comparison on stress-strain curves of
UHMWPE along to heat treatment conditions

(a)100kGy, 90°C

(c)100kGy, 130°C

(d)100kGy, 150C
Fig. 5 SEM micrograph of fracture section after
tensile testing(1000X)
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Fig. 6 Effect of temperatures on ultimate strength
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Fig. 7 Effect of temperatures on elongation
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