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THERMAL DEGRADATION OF UHMWPE 
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Abstract 

The thermal behaviour of ultra-high molecular weight polyethylene (UHMWPE) of different 
molecular weights was examined by thermal analysis methods. The melting temperature T m and 
the heat of melting AH were measured by the DSC method. The thermooxidative degradation 
process was investigated by using a MOM Q-1500 D derivatograph at various heating rates in air 
atmosphere. The initial decomposition temperature T i was determined from the TG curves, and 
other characteristic temperatures of decomposition were calculated. It was found that T m and AH 
are higher for UHMWPE than those for HDPE, i.e. 146~ and 195 J g-i for UHMWPE as com- 
pared with 133~ and 166 J g-l for HDPE. The thermal behaviour of the investigated UHMWPE 
samples is not significantly influenced by molecular weight. 

Keywords: thermal analysis, thermooxidative degradation, ultra-high molecular weight poly- 
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Introduction 

Ultra-high molecular weight polyethylene (UHMWPE) is a thermoplastic mate- 
rial with an excellent set of properties, such as good abrasion resistance, the highest 
impact toughness of any plastic at cryogenic temperature, good corrosion resistance 
and environmental stress-crack resistance, a low coefficient of surface friction, and 
noise- and shock-abatement properties [1, 2]. Many applications in different areas, e.g. 
in mining, foundries and transportation, have been found for UHMWPE, due to its 
unique properties. Morever, UHMWPE is used in medicine for the manufacture of 
artificial joints in most orthopaedic replacements, especially for hips and knees. 

Extensive studies were recently carried out on high-strength and high-modulus 
UHMWPE fibres obtained by various methods, usually the solution-crystallization 
method [3-5] or the gel spinning technique [6--10]. Morphological [11] and surface 
[12] modifications of UHMWPE fibres have been reported. The influence of the 
molecular weight of UHMWPE on its microstructure and mechanical properties 
has been studied [13]. Thermal analysis methods have been used to study the melt- 
ing and crystallization behaviour of UHMWPE fibres and gels [9, 14-17]. How- 
ever, no data have been found in the available literature on the thermal decomposi- 
tion of UI-IMWPE. 

In the present work, the thermooxidative degradation of UHMWPE of different 
molecular weights was investigated. High-density polyethylene (HDPE) was stud- 
ied for comparison. 
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E x p e r i m e n t a l  

Materials 

Hizex UHMWPE (Mitsui Petrochemical Industries) in powder form and HF210 
HDPE (Idemitsu) as pellets were investigated. The molecular characteristics of the 
samples are listed in Table 1. 

Table 1 Molecular characteristics of polyethylene (PE) samples 

No. Sample rl/di g-l Mvxlo-4 
1 HF 210 3.2 26.4 
2 Hizex 145 M 7.8 89.6 
3 Hizex 240 M 16.8 256 
4 Hizex 340 M 25.6 456 

Note: Intrinsic viscosity in decalin at 135~ and molecular weight of UHMWPE according to lit- 
erature data [13]; that of HF 210 according to our measurements. 

Measurements 

The melting behaviour of the investigated PEs was characterized by the DSC 
method. Measurements were performed with a Perkin-Elmer DSC 7 instrument. 
Samples were heated at a rate of 20~ min -1 from room temperature up to 200~ in 
nitrogen atmosphere, and then cooled at a rate of 20~ nfin-~; the second heating 
cycle was performed at the same heating rate. The sample size was about 10 rag. 
The melting point and the heat of fusion measurements were calibrated with indium 
and zinc as standard materials. 

The TG method was applied to study the thermooxidative process with a MOM 
Budapest Q 1500D derivatograph. PE samples of about 40 mg were heated from 
room teml~erature to 1000~ at various heating rates in the range from 1.25 to 
20~ min-L All measurements were performed in environmental air atmosphere 
without induced circulation. 

Results and discussion 

Details on the melting behaviour of the investigated PEs are given in Table 2. It 
has been reported by many authors [11, 15, 17] that two peaks, corresponding to 
the orthorhombic/hexagonal and hexagonal/melting transitions, are observed in the 
typical DSC curves for UHMWPE fibres. One melting peak is found for 
UHMWPE powders. 

In our experiments, one melting peak was observed and the melting tempera- 
tures T m were in the range 145-150~ The melting temperatures were higher for 
UHMWPE than for HDPE. It was also observed that the peak values of T m in- 
creased with increasing molecular weight of the PE. This is in agreement with the 
IUPAC report [13]. The Tm values of UHMWPE were 6-7~ lower on the second 
heating (Table 2). 
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Table 2 Melting behaviour of PEs revealed by DSC 

First heating Second heating 
No. Sample TmfC z~r--//J g-I Crystallinity/% TmfC z~r-//J g-i Crystallinity/% 

1 HF 210 130 166 57 134.7 178 61 
2 PE 125 M 145 221 75 139.0 157 53 
3 PE 240 M 146 195 67 139.0 148 50 

4 PE 340 M 150 197 67 140.5 141 48 
,1  

The crystallinity of the PE samples was estimated by the DSC method, using a 
value of 293 J g-1 [18] as the heat of fusion of the PE crystal. The crystallinity on 
the first heating was higher for all UHMWPE samples than for HDPE, while on the 
second heating it decreased to approximately the same values for all investigated 
UHMWPE samples. 

goo ~ ~ ~ ! T 6  

... DTG I k X  .. 
. . . . . . . . . . . .  , ,  ; 

. i  "~,< 

,o, i / -  
, ~ l  " ............ 

r : ...: ! l  

~ 5 0 0  - - -  - ~ . . . .  - - "  "t "V 

t00 J 
20 60 400 

t,min. 

Fig. 1 TG, DTG and DTA curves of PE 240 M (heating rate: 5~ min <) 

TG, DTG and DTA curves obtained at a heating rate of 5~ min -1 are given in 
Figs 1 and 2 for PE 240 M and PE HF 210, respectively. The thermooxidative deg- 
radation proceeds in one stage for both types of PE. It seems that the thermal be- 
haviour of UHMWPE does not depend on molecular weight. 

In order to determine the thermal stability of the PEs, the following tempera- 
tures were determined (Table 3): 
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from the TG curves: 
Ti temperature of initial decomposition, ~ 
Tx~ temperature corresponding to x% mass loss, ~ 
WT mass loss at a given temperature T, in wt%; 

from the DTA curves: 
Tpeak temperature of the first exothermic peak in the DTA curves, ~ (cf. Fig. 1). 

This distinct peak may be ascribed to some oxidation process since a slight mass 
increase in also observed is the TG curve (cf. Fig. 1) for UHMWPE. Such a peak 
is not observed for the HF 210 sample (cf. Fig. 2). 
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Fig. 2 TG, DTG and DTA curves of PE HF 210 (heating rate: 5~ min -1) 

Table 3 Characteristics of thermooxidative decomposition of PE samples (heating rate: 
5~ rain -l) 

No. Sample Ti/~ Ts~PC Tlo~/'C T2o~/~ W3ooOc/% W3~ooc/% To~.~C 
1 HF 210 240 341 370 382 2.4 5.5 - 
2 PE 145 M 240 320 362 384 2.9 8.5 195 
3 PE 240 M 242 330 367 387 2.7 6.8 195 
4 PE 340 M 248 318 358 380 3.4 8.4 200 

Similar characteristic decomposition temperatures were observed for all the in- 
vestigated UHMWPE samples, Hence, it seems that the thermal stability of 
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UHMWPE is not influenced significantly by the molecular weight. However, there 
is a small difference betw6en UHMWPE and HDPE. The temperatures Tx~ are 
slightly higher and the mass losses Wr are smaller for HF210 than for UHMWPE. 

Conclusions 

Overall, the thermal behaviour of the investigated UHMWPE samples is not sig- 
nificantly influenced by the molecular weight. 

However, a difference does exist between UHMWPE and Hi)PE. Tm and AH 
were found to be higher for UHMWPE than for HDPE, i.e. 146~ and 195 J g-1 
for UHMWPE as compared with 133~ and 166 J g-1 for HDPE. 
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