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Tribological and wear properties of PE-UHMW/BN/PEG composite for protective applications
LYU Yingzheng, WANG Xiaofeng, LIU Songzan, LI Miao, ZHENG Xingbo, DENG Haojie, LI Qian
(School of Mechanics and Safety Engineering, National International Joint Research Center for Micro-Nano Molding Technology, Zhengzhou University,
Zhengzhou 450001, China)

Abstract : During long-term service in fields such as personal protection and engineering wear-resistant components, ultra-
high-molecular-weight polyethylene (PE-UHMW) is susceptible to the coupled effects of frictional loading, environmental media
and Interface state change, which can lead to surface damage, interfacial degradation and material aging. To improve the mechanical,
tribological and wear properties of PE-UHMW, combining hexagonal boron nitride (BN) reinforcement with polyethylene glycol
(PEG) modification, the PE-UHMW/BN and PE-UHMW/BN/PEG composites were prepared, and the regulating effects of anneal-
ing treatment on the structure and properties of the materials were further investigated. Friction and wear tests, differential scanning
calorimetry, flexural property tests, surface hardness measurements, and worn-surface morphology observations were carried out to
systematically evaluate the influences of BN content, PEG content, and annealing treatment on the tribological performances, ther-
mal behaviors, and mechanical properties of the composites. The results show that, in the PE-UHMW/BN composite, the specimen
containing 3 wt% BN exhibits a lower wear rate and more stable friction response under water-lubricated conditions. After further
introducing PEG into the PE-UHMW/BN composite containing Swt% BN, the specimen containing 1wt% PEG shows the best over-

all performances, with the flexural modulus and flexural strength increasing from 56.90 MPa and 15.80 MPa of the specimen with-
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out PEG addition to 63.68 MPa and 18.07 MPa respectively. Meanwhile, it exhibits good friction-reduction and wear-resistant prop-

erties. After annealing treatment, the crystallinity of the specimen containing 1wt% PEG increases from 53.47% (without annealing

treatment) to 58.11%, while the flexural modulus and flexural strength further increase to 79.51 MPa and 21.05 MPa, respectively.

Although annealing treatment helps improve the crystallinity and flexural properties of the composite, it is not conducive to enhanc-

ing the wear resistance under water-lubricated conditions.

Keywords : ultra-high molecular weight polyethylene ; boron nitride ; tribological and wear property ; annealing treatment ;

polyethylene glycol
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Tab.3 DSC data of PE-UHMW/BN/PEG composites before and after annealing

. AH /(J-g™) Crystallinity/% T /°C T /°C
PEG mass fraction/% T — — = — g
Original Annealed Original Annealed Original Annealed Original Annealed
0 153.8 180.5 54.80 64.32 134.69 136.21 109.1 111.94
1 148.5 161.4 53.47 58.11 132.04 134.07 111.6 111.08
3 142.4 157.0 52.36 57.73 134.93 134.24 111.84 110.44
5 148.8 140.4 55.91 52.75 133.93 134.46 112.11 110.46

Notes: AH_ is melting enthalpy; 7, is melting temperature; 7, is crystallization temperature.
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Fig. 7 Flexural stress-strain curves of PE-UHMW/BN/PEG composites
%4 PE-UHMW/BN/PEG £ &##HR N RIFHZ thikE
Tab. 4 Flexural modulus of PE-UHMW/BN/PEG composites

before and after annealing

Flexural modulus/MPa

PEG mass fraction/%

Original Annealed
0 56.90+0.39 71.33+£4.06
1 63.68+0.09 79.51+1.69
3 58.18+1.46 66.90+1.38
5 62.47+2.47 64.59+£3.78

%5 PE-UHMW/BN/PEG £ & #HR N RIFHIZ 3R
Tab.5 Flexural strength of PE-UHMW/BN/PEG composites before

and after annealing

Flexural strength/MPa

PEG mass fraction/%

Original Annealed
0 15.80+0.15 20.02+0.27
1 18.07+0.18 21.05+0.36
3 14.86+0.25 18.53£0.15
5 15.52+0.49 16.61+0.30
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Fig. 8 Flexural stress-strain curves of PE-UHMW/BN/PEG composites

before and after annealing
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ites before and after annealing
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