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The crosslink density of a polyethylene network structure can be determined by swelling

in hot xylene (130°C). The Flory's swelling theory is generally used to calculate the crosslink

density, dx = (ln(l-q'1)+<l"1+Xq'1)/(Viq*1/3), where Vi is the molar volume of xylene at 130°C

(136 cc/mol), X is the xylene-polyethylene interaction parameter, and q is the equilibrium

volume swelling ratio of cross-linked network in hot xylene. Conventionally, q is measured

using gravimetric methods as described in ASTM D2765-95. However, as noted in the

ASTM standard, the gravimetric method has a large error factor associated with the

measurement of q (as much as 100%).

UHMWPE was irradiated (range of 25 to300 kGy) using an AECL I 10/1 linear electron

beam accelerator operated at 1 kW. The irradiated specimens were subsequently melt-

annealed at 150°C for 2 hours in vacuum. For swelling experiments, 2 mm thin samples were

machined using a diamond blade. The sample sizes were kept at around 3x3x2mm and the

bottom and top surfaces were machined parallel to each other. The equilibrium volume

swelling ratios were determined using a Perkin-Elmer TMA/DMA 7 (n=3 for each radiation

dose level). The samples were placed in a quartz basket-probe assembly and lowered into a

xylene/antioxidant bath at room temperature. The xylene was then heated to 130°C at

5°C/min and held at 130°C for 2 hours. The swelling was then recorded with the upward

motion of the probe until the equilibrium swelling was achieved. (The experiments were

carried out in 3 orthogonal directions which confirmed the isotropy of swelling). From this

one-dimensional change in height, q was calculated by taking into account the volumetric

expansion due to heating and melting. The measured q values were used to determine the

crosslink density, dx, and the molecular weight between crosslinks, Me, as a function of

radiation dose.

The degree of crosslinking increased with increasing absorbed dose and reached a

saturation level at around 150-200 kGy with the volume swelling ratio approaching 2.5 and

Mc reaching an equilibrium saturation of 4,500 g/mol. The density of crosslinks increased at

a decreasing rate with increasing radiation dose.

P19


