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Abstract: Ultra-high molecular weight polyethylene (UHMWPE) is widely applied in heavy-loading conditions like 

bridge bearings, so the high hardness, high compression strength and good friction and wear properties of modified 

UHMWPE are needed. The PAO40@SiO2 microspheres (PSM)/UHMWPE composites were prepared, and the hardness, 

compression strength and heavy-loading tribology properties were investigated. The result shows that the specimens with 

PSM have higher hardness and compression strength than pure UHMWPE. The friction coefficient and the wear rate 

show the tendency that decreases first and then increases with the rising of PSM content, and lower values were reached 

with 9 wt% PSM. PSM could improve the tribology properties by the way of both the formation of oil lubrication and 

the strengthen of transfer film, while the aggregation of PSM fragments would work against. The research could provide 

a reference for the design of self-lubricating materials under heavy load conditions such as bridge bearings.

Keywords: ultra-high molecular weight polyethylene, PAO40@SiO2 microspheres, friction and wear, heavy-loading con-

dition.

Introduction

Ultra-high molecular weight polyethylene (UHMWPE) is a 

high-performance polymer with a set of applications. With the 

excellent characteristics of low coefficient of friction and high 

abrasion resistance, modified UHMWPE is one of the avail-

able materials for sliding sheets of bridge bearings.1-3 Since the 

bridge bearings sliding sheets are always used under high-pres-

sure friction caused by wind, earthquakes, the passage of vehi-

cles, etc., the hardness and the tribology properties of sliding 

sheets materials under such working conditions should be 

required to be superb. Generally speaking, modification is a 

commonly used method aiming at better mechanical and tri-

bological properties of polymers.4-7 However, the papers con-

centrated on friction coefficient and wear rate of modified 

UHMWPE with the operating conditions of high pressure only 

take a small percentage of the papers focusing on tribology 

properties of modified UHMWPE.

With the usage under high pressure, the low hardness of 

UHMWPE becomes a distinct disadvantage which causes 

excessive deformation and makes the bearing capacity 

decrease.8-10 A general way to raise the hardness of polymers 

is the use of inorganic fillers, such as kaolin,11,12 graphene 

oxide, graphite flakes,13 alumina toughened zirconia,8 zirco-

nium oxide,14 glass microsphere,15,16 etc. So the tests of hollow 
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glass microsphere (HGM)/UHMWPE composites have pro-

ceeded, but the decline of friction properties occurred while the 

hardness of composites was raised.17

At the aim of enhancing the hardness of UHMWPE without 

reducing the tribological properties, lubricant materials are 

considered to be a well-executed secondary filler that can be 

used together with HGM. Since liquid lubricants have advan-

tages like lower friction coefficient and lighter wear rate on 

optimizing the friction properties, it should be a great choice to 

introduce lubricating oil into the friction system.

But the lubricating oil is unable to be blended with UHM-

WPE substrate only by moulding like solid fillers because of 

its fluidity. Special construction is required to store the lubri-

cating oil, and gradually release it when under a large enough 

pressure. Microcapsule, as is well-known, is a new type of 

lubricating additive with a core-shell construction, which can 

accommodate lubricating oil, and release it when destroyed by 

large pressure.18-21 As such, some researchers have paid atten-

tion to polymer-based self-lubricating materials with micro-

capsule contained.18,22-26

In order to get the advantages of both HGM and lubricating 

oil, PAO40@SiO2 microspheres (PSM), which mean glass 

microspheres filled with poly α-olefin 40 (PAO40) lubricating 

oil, were used as the filler incorporated into the UHMWPE 

matrix. The hardness of PSM/UHMWPE composites was 

tested. The friction and wear properties of composites were 

investigated through a ball-on-disk friction experiment. 

Finally, the mechanisms of how PSM works in the process of 

friction were revealed. This research may provide a feasible 

modification scheme to enhance both the hardness and friction 

properties of UHMWPE under heavy load.

Experimental

Materials. PSM was kindly provided by Yanshan Uni-       

versity, the SEM image and the result of EDS analysis of 

which are shown in Figure 1(a). PSM consists of hollow glass 

microspheres and PAO40 lubricant. The proportion of PAO40 

in PSM is 30 wt%, and SiO2 takes the other 70 wt%. UHM-

WPE (MW=3000000, mean diameter=15 μm) was purchased 

from Meideyuan Plastic Co., Ltd., Shenzhen, China, the mor-

phology and size of which are presented by SEM image shown 

in Figure 1(b). The FTIR spectra of PSM, HGM (iM16K, 3m 

Company, USA) and UHMWPE were compared in Figure 

1(c).

It could be observed from Figure 1(a) that most of the PSM 

had a regularly spherical shape, with a diameter of about 20 

μm to 30 μm. According to the result of EDS analysis pre-

sented in Figure 1, it is indicated that silicon took a large part 

among the elements, and carbon, which seems could only 

appear in lubricating oil, also took a proportion of elements at 

the outside surface of the microspheres. To analyze with FTIR 

images of HGM and PSM presented in Figure 1(c), peaks at 

1080 cm-1 presented on both HGM spectrum and PSM spec-

trum, which represents the asymmetrical stretching vibration 

of Si-O. And absorption peaks on PSM spectrum also occurred 

at 2925, 2854, and 1464 cm-1, which indicated the existence of 

the -CH2 stretching vibration and -CH3 bending vibration in 

PAO40 molecular,27,28 and these absorption peaks don’t show 

in the FTIR image of HGM. So it could be inferred that the 

PAO40 lubricating oil was wrapped in the shell of glass micro-

spheres, and the absorption peaks belong to the residual lubri-

cating oil on the surface of PSM during the producting process.

Composites Preparation. Specimens of composites con-     

sisting of different contents of PSM and UHMWPE were 

prepared by hot compression moulding. Powders of PSM and 

UHMWPE were weighted following the concentration shown 

in Table 1. Weighed powders were stirred for 60 min by a ball-

grinding machine (F-P400H, Focucy Experimental Instruments 

Co., LTD, China). Mixed powders were heated to 160 ℃ with 

the moulding machine (DH-05, Donghe mechanical equipment 

Co., LTD, China), and a 180-min-process at 160 ℃ for hot 

compression moulding was followed, and the process of forced 

air cooling was followed. As the process of temperature 

dropping, the pressure of 10, 35, 70, and 150 MPa was 

respectively loaded on the mould when the temperature 

Figure 1. SEM image and EDS analysis of (a) PSM; (b) UHM-

WPE; (c) the FTIR spectra of HGM and PSM.
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dropped to 110, 100, 90, 80 ℃. The shape of the samples 

prepared following the above method was a disk with a 

diameter of 50 mm and a thickness of about 8 mm. Before 

further experiments, the roughness of samples was reduced to 

Ra 0.4 μm by sanding.

Experiment Process. The components of PSM, UHM-      

WPE and composite specimens were tested by a Fourier trans-

form infrared spectrometer (FTIR, NICOLET Is10, Thermo 

Fisher Scientific Inc., USA). The thermal properties of spec-

imens were tested by a differential scanning calorimetry 

machine (DSC, NETZSCH DSC-204HP, Germany), the heat-

ing process of which is from the indoor temperature to 200 ℃ 

by 10 ℃/min. The hardness of PSM/UHMWPE composites 

was measured by a Shore D hardness tester in accordance with 

ISO 868-2003. The compression properties of the PSM/UHM-

WPE composites were determined using a universal testing 

machine (Mester industry Ltd., China) by ISO 604:2002, for 

which the size of the samples were 10±0.2 mm×10±0.2 

mm×10±0.2 mm.

The friction property of the specimens was characterized 

with ball-on-disk friction tests with a multifunctional friction 

and wear testing machine (MFT-5000, Rtec Instruments Inc., 

USA). Relative paraments are shown in Table 2. Specimens 

were cleaned with an alcohol solution and then dried at room 

temperature. As shown in Figure 3, the GCr15 ball was fixed 

to the fixture and pressed down against the specimen disk, and 

the specimen plate repeatedly moved back and forth in the hor-

izontal direction. The distance of the reciprocating movement 

was 8 mm. In order to explore the friction and wear per-

formance of the samples under heavy load conditions, it is bet-

ter to let the load in experiments be higher than in working 

conditions. The maximum compressive stress of common 

bridge bearing sliding sheet products in the market is about 15 

MPa to 30 MPa, and the allowable compressive stress of 

PTFE, the most commonly used sliding sheet material, is stip-

ulated as 60 MPa by the European standard EN 1337-2:2004.29

To create a more rigorous experimental environment, the ver-

tical force applied on the GCr15 ball was respectively set to 50 

N and 100 N, which could be converted to 82.5 MPa and 

103.9 MPa for initial Hertzian contact pressure through the 

computation with the radius and the Poisson’s ratio of con-

tacting materials. The real-time friction coefficient was con-

tinuously stored when the reciprocating friction experiment 

went on. The morphology of the friction area was observed by 

confocal scanning optical microscope (MICRLMEASUER2, 

Table 1. Formula of PSM/UHMWPE Composites 

(unit : wt%)

Sample No. PSM UHMWPE

1 0 100

2 3 97

3 6 94

4 9 91

5 12 88

6 15 85

Figure 2. Schematic of the molding process.

Table 2. Relative Parameters of Friction Experiments

Ball rubbing pair
Specimen 

disk Force 
(N)

Average 
sliding 
speed 
(m·s-1)

Sliding 
time
(s)Material

Diameter 
(mm)

Diameter 
(mm)

GCr15 6.35 50
50

0.048 7200
100

Figure 3. Sketch map of ball-on-disk reciprocating friction test.
 Polym. Korea, Vol. 46, No. 5, 2022
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Sciences et Techniques Industrielles de la Lumiѐre, France). 

The wear rates of specimens were calculated with formula (1)30:

W=ΔV/FL  (1)

where W is the wear rate of each specimen, ΔV is the volume 

decrement, F is the normal force, and L is the total distance of 

the relative sliding between the ball and the disk.

In order to know further about the surface morphology and 

element distribution of the worn area of specimens and GCr15 

balls, a JSM-6510LV scanning electron microscope (SEM, 

JEOL, Japan) with an EDS detector equipped was used for 

microscopic observation.

Results and Discussion

Character of Specimens. Since the melt flow rate of        

UHMWPE is extremely low to about 0 g/10 min, it could be 

referred that PSM could only move in a small area when they 

were mixed with melted UHMWPE.31 Therefore, the disper-

sity of PSM in the composite materials may almost only 

depends on the distribution of PSM in the mixed powder after 

ball-grinding. Figure 4 shows the distribution of elements C 

and Si on the surface of specimens. It could be observed that 

C and Si, which represent UHMWPE and PSM separately, are 

uniformly distributed.

The surface morphology of PSM/UHMWPE composites is 

shown in Figure 5(a). It could be observed that PSM was suc-

cessfully dispersed in UHMWPE, and a few PSM near the sur-

face of specimens were broken or exposed on the surface of 

the composites because of the effect of sanding. 

The FTIR spectra are shown in Figure 5(b). It is presented 

that the peaks placed in 1020 cm-1 and 1080 cm-1, which indi-

cates the existence of Si-O bonds, become stronger with large 

proportion of PSM. That could be evident that the ingredient 

which contains Si-O bonds (PSM, in other words) is equally 

distributed in UHMWPE matrix.

According to the previous research, the increase of crys-

tallinity, which could be observed by a DSC test, may result in 

an increase of wear resistance of materials. The results of DSC 

tests are prepared in Figure 5(c) and (d). The composites with 

different proportions of PSM have similar melting points of 

Figure 4. The distribution of carbon (red) and silicon (green) on the 

surface of (a) specimen No. 3; (b) specimen No. 4.

Figure 5. (a) SEM image; (b) FTIR spectra; (c) DSC curves; (d) crystallinity of PSM/UHMWPE composites.
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nearly 140 ℃, as is shown in Figure 5(c), which reveals that 

the introduction of PSM has less effect on the melting tem-

perature of the UHMWPE. The specimens with proper pro-

portions of PSM present higher crystalline than pure 

UHMWPE, as is shown in Figure 5(d). A possible explanation 

for this, is that the PSM would work as exogenous nucleating 

agents during the course of crystallization, which would accel-

erate the crystallization of UHMWPE.32

Hardness and Compression Stress. Hardness and com-      

pression stress are important indicators for the evaluation of 

the mechanical properties of materials, which show the ability 

of deformation resistance and failure resistance so they should 

be critically evaluated if the material will be used under high 

pressure. Hardness shows unignorable effects on tribological 

properties.33 The hardness of PSM/UHMWPE specimens, as is 

shown in Figure 6, indicated a trend for rising with the increase 

of PSM proportion in composites. And it could be observed 

that the compression strength of specimens increased when the 

PSM were added, as is shown in Figure 7. Since PSM with 

glass shells could be regarded as a hard particle compared with 

UHMWPE, a unit amount of PSM in composites could effec-

tively withstand a much higher load than a unit amount of 

UHMWPE. In another word, the adding of PSM, which has 

higher hardness than UHMWPE, could improve the defor-

mation resistance of composites, so that the hardness and the 

compression strength of PSM/UHMWPE composites were 

obviously higher than pure UHMWPE as a result.

However, it should be noticed that the difference of hardness 

among the composites with PSM content between 3 to 15% 

was not as significant as which between pure UHMWPE and 

PSM/UHMWPE composites, and the compression strength of 

the specimens decreased when the content of PSM raised from 

9 to 15 wt%. This is because the higher the amount of PSM is 

added, the more obvious the agglomeration of PSM will be, 

which will lead to the deterioration of the connection between 

PSM and UHMWPE, and thus hinder the increase of hardness 

and compression strength to a certain extent. Similar phe-

nomena, like the agglomeration of HGM with high content of 

HGM in composites, were reported by some researchers.34,35

Friction Coefficient. Figure 8 shows the relation of the fric-     

tion coefficient of composites versus time, separately under 

82.5 MPa and 103.9 MPa normal loads. It is indicated that the 

friction coefficient of composites under 103.9 MPa normal 

pressure was always higher than that under 82.5 MPa normal 

pressure with the same PSM proportion. It could be explained 

according to Herzian contact theory that the radius of the con-

tact area is proportional to the one-third power of the contact 

stress, and the indentation depth is proportional to the two-

thirds power of the contact stress. In other words, the higher 

the normal pressure is, the larger the contact area is, and the 

deeper the indentation depth is. The expansion of the contact 

area and indentation depth led to the magnification of the fric-

tion coefficient.

It is presented in Figure 8 that the friction coefficient of 

composites with no more than 9 wt% PSM appeared an obvi-

ous rising section during the process of friction, while this sec-

tion was not evident in the friction coefficient diagram of 

composites with more than 9 wt% PSM. Obviously, the con-

Figure 7. (a) Uniaxial compression stress-displacement curves; (b) the compression strength of composites with different proportion of PSM.

Figure 6. Shore hardness of PSM/UHMWPE composites.
 Polym. Korea, Vol. 46, No. 5, 2022
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tent of PSM showed evident effects on the friction coefficient. 

When composite contained less PSM, less debris working as 

abrasive particles might be produced by the cracking of PSM 

shells at the beginning section of the friction experiment, while 

the spilled lubricating oil worked at several areas and made the 

local form of friction transfer from dry friction to fluid lubri-

cating friction. Therefore, the instantaneous friction coefficient 

of specimens with no more than 9 wt% PSM at the beginning 

of friction was much lower than that of pure UHMWPE. As 

time went longer, much more PSM were gradually crushed up 

and the number of hard debris became larger. Due to the vis-

cosity of the lubricating oil, some of the debris aggregated with 

the help of oil and formed large size abrasive parts with large 

hardness. Such large abrasive parts weakened the antifriction 

effect contributed by the oil film formed by lubricating oil, so 

the instantaneous friction coefficient presented a large increase 

as the friction went on. As for specimens with more than 9 

wt% PSM, large particles formed earlier because a large 

amount of debris was produced by the cracking of a large 

amount of PSM at the beginning of the friction process. There-

fore, the section in which the friction coefficient largely 

increases appeared earlier, or even disappeared.

It is presented that the obvious rising section appeared earlier 

under 103.9 MPa normal pressure than under 82.5 MPa nor-

mal pressure. Obviously, the heavier the pressure was, the 

deeper the press-in depth of the composite specimens was. So 

the deformation of the specimen became larger when the initial 

pressure rose from 82.5 to 103.9 MPa, which led to the rupture 

of more PSM and accelerated the formation of aggregated 

large abrasive parts, which shows up as the early emergence of 

the obvious rising section in the figure of friction coefficient.

Figure 9 shows the average friction coefficients of com-

posites with different proportions of PSM added. It could be 

observed that the average friction coefficients of specimens 

become lower with the rising of PSM content from 0 wt% to 

9 wt%, which could be attributed to the thickening of the oil 

film formed by more lubricating oil spilled out from more 

cracked PSM. However, the trend between the average friction 

coefficient of composite and PSM quantity changed when the 

proportion of PSM became higher than 9 wt%. Specimens 

with 12 wt% PSM and 15 wt% PSM showed slightly higher 

average friction coefficients than those with 9 wt% PSM. Gen-

erally speaking, composite with 9 wt% PSM showed a lower 

average friction coefficient among these specimens. Respec-

tively under 82.5 MPa and 103.9 MPa normal pressures, the 

average friction coefficient of PSM/UHMWPE composite 

with 9 wt% PSM decreased by 35.1% and 23.8% compared to 

that of pure UHMWPE.

Wear Rate. Wear rate is a vital indicator to evaluate the     

property of wear resistance of materials. Figure 10 shows the 

wear rates of the pure UHMWPE specimen and PSM/UHM-

WPE composite specimens. It is indicated that the wear rate of 

UHMWPE was decreased due to the addition of PSM. The 

wear rates of specimens gradually decreased when the PSM 

Figure 9. Average friction coefficient of PSM/UHMWPE composites.

Figure 8. Friction coefficient of PSM/UHMWPE composites under (a) 82.5 MPa; (b) 103.9 MPa normal loads versus time.
폴리머, 제46권 제5호, 2022년
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filler content increased from 0 to 9 wt% and increased when 

the PSM filler content increased from 9 to 15 wt%. The com-

posite specimens with 9 wt% PSM had the minimum wear 

rate. The wear rate of which was 12.4% lower than pure 

UHMWPE under the pressure of 82.5 MPa, and 13.8% lower 

than pure UHMWPE under the pressure of 103.9 MPa. Addi-

tionally, it is indicated that the wear rate of specimens under 

103.9 MPa vertical pressure was obviously larger than that 

under 82.5 MPa vertical pressure, which could be explained 

that the radius of the contact area and the indentation depth 

would become larger when vertical pressure increased based 

on Herzian contact theory, and the contact area was expanded, 

which caused the increment of wear rate.

Wear Mechanism. Figure 11 shows the SEM images of the         

worn surface morphologies of the PSM/UHMWPE compos-

ites. It shows that there were wavy traces and strip-shaped 

grooves parallel to the friction direction on the wear surface of 

pure UHMWPE specimen, which represented furrow and plas-

tic deformation, respectively. The visibility of strip-shaped 

grooves began to tail off when the content of PSM was raised 

to 9 wt% and reappeared when raised to 15 wt%. It also shows 

that the wavy traces on the specimens under 103.9 MPa ver-

tical pressure were more obvious and more numerous than on 

the specimens under 82.5 MPa vertical pressure. During the 

friction process, lower vertical pressure means lower depth the 

micro-bulges pressed into the upper surface of the specimen, 

so that the plastic deformation with 103.9 MPa normal pres-

sure was much more severe than with 82.5 MPa pressure.

The SEM images of the friction surfaces on GCr15 balls are 

shown in Figure 12, aiming in researching the condition of 

wear and adhesion on the rubbing pairs. It is well known that 

transfer films could be formed between the friction pair of pure 

UHMWPE and steel during the friction process. The stronger 

the transfer film, the better the effect of wear reduction on 

UHMWPE. It is displayed that the transfer film formed on the 

GCr15 ball rubbing with pure UHMWPE sample was in nar-

row strip distributions along the friction direction, while some 

of the composite transfer film formed on the GCr15 ball rub-

bing with 9 wt% PSM sample was in a plane-shaped-dis-

tributions, and the area was significantly larger than the former. 

With the analysis of EDS of point (e-1), (g-1), and (g-2) in Fig-

ure 12, carbon was the main content of UHMWPE transfer 

films, and both carbon and silicon, which represent UHMWPE 

and glass, respectively, were the main content of PSM/UHM-

WPE composite transfer films, which could confirm that the 

fragments of PSM shells were embedded in the transfer film 

during the process of friction. When PSM/UHMWPE com-

posite specimens were heavy loaded and rubbed with GCr15 

balls, lubricant in the glass microspheres appeared on the fric-

tion surface and contributed with the outstanding viscosity to 

the formation of UHMWPE transfer film on the surface of 

steel balls. Meanwhile, some glass shards came into being with 

Figure 11. SEM images of the morphologies of the PSM/UHMWPE composites: (a), (b), (c) and (d) denote 82.5 MPa contact pressure, and PSM 

content of 0, 3, 9, 15 wt%, respectively; (e), (f), (g) and (h) denote 103.9 MPa contact pressure, and PSM content of 0, 3, 9, 15 wt%, respectively.

Figure 10. Wear rate of PSM/UHMWPE composites.
 Polym. Korea, Vol. 46, No. 5, 2022
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the broken of glass microspheres, and were easily mixed in the 

UHMWPE transfer membrane (Figure 12(g-1)). The mechan-

ical strength of transfer membranes was to some extent raised 

when glass shards were added to the list of the transfer film 

ingredients, and it was more difficult for the transfer film to be 

destroyed, reformed, and redestroyed repeatedly during the 

process of friction, which could be the reason why the wear 

rate of the specimens decreases with the increase of PSM con-

tent. Meanwhile, the roughness of the rubbing pairs was 

reduced, which was conducive to achieving a good lubricating 

state.24

However, another factor, which is unnegligible when the 

PSM content was large, impeded the decrease in the wear rate 

of samples with the increase in PSM content. When the con-

tent of PSM in the composite material reached 15 wt%, some 

silicon-rich fragments and some silicon & carbon-rich particles 

could be observed in the SEM Figures (Figure 12(d, h)). 

During the friction process of PSM/UHMWPE composites, a 

considerable part of glass fragments generated by the cracking 

of the glass shell of PSM existed as abrasive particles between 

the friction surfaces. Cohered by lubricants, some of them 

were agglomerated to be large abrasive particles, which inten-

sified the degree of abrasive wear (Figure 11(d, h)), and mean-

while caused the increasing of friction coefficient. The 

distribution of transfer films on the surface of the GCr15 ball 

presented two situations: in some areas around the adherent 

aggregates, large and continuous transfer films existed; but in 

other areas far away from the aggregates, the transfer films 

were small and irregular shaped. The adhered aggregated par-

ticles worked as micro-bulges, causing the transfer film in the 

surrounding area to have lower pressure and be harder to fall 

off than in other areas. In addition, such large particles were 

inferred to work as abrasive particles, which could aggravate 

the abrasive wear by scratching out materials from the com-

posite samples and transfer films, which led to a lower mean 

density of the transfer films on the GCr15 friction surface and 

a higher wear rate. The larger the PSM content, the stronger 

Figure 12. SEM images of the morphologies of the GCr15 rubbing pairs: (a), (b), (c), and (d) denote 82.5 MPa contact pressure, and PSM 

content of 0, 3, 9, 15 wt%, respectively; (e), (f), (g), and (h) denote 103.9 MPa contact pressure, and PSM content of 0, 3, 9, 15 wt%, respec-

tively; (e-1), (g-1), and (g-2) show EDS analyses in spot (e-1), (g-1), and (g-2) in SEM image (e) and (g); (h-1) shows the distribution of 

carbon and silicon in SEM image (h).

Figure 13. Schematic diagram of friction and wear.
폴리머, 제46권 제5호, 2022년
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the effect of large abrasive particles.

The factors which influenced the friction coefficient and 

wear rate could be described in Figure 13. On the one hand, 

the oil film formed with the oil spilled out of the crushed PSM 

shells, and the transfer films were strengthened with the 

embedded PSM fragment and the lubricating oil with high vis-

cosity. The factors above made the tribology properties become 

better with the rise of PSM content from 0 to 9 wt%. But on 

the other hand, large aggregates could form easier with the 

help of the oil viscosity, which aggravated the abrasive wear.

Conclusions

PSM/UHMWPE composites with different mass ratios were 

produced. Based on the application environment with heavy-

load, the relation between PSM content and the hardness, and 

the relation between PSM content and tribology properties of 

composites under heavy pressure was investigated, which 

could be concluded as follows:

(1) UHMWPE blended with PSM had higher Shore D hard-

ness and higher compression strength than pure UHMWPE. 

With the increment of PSM content, the hardness of PSM/

UHMWPE composites increased less. When PSM content 

changed from 0 to 15 wt%, the Shore D hardness of PSM/

UHMWPE rose from 65.8 to 67.8. The compression strength 

of composites decreased when the PSM content changed from 

9 to 15 wt%, and showed a relatively high value of 43.6 MPa 

with 9 wt% PSM.

(2) Generally speaking, the blending of PSM could obvi-

ously improve the tribology performance of UHMWPE under 

the condition of heavy vertical pressure. It shows a trend that 

the friction coefficient and wear rate of PSM/UHMWPE com-

posites decreased first and then increased with the increasing 

of PSM content, and 9 wt% is found to be the optimal PSM 

content for PSM/UHMWPE composites to have a better fric-

tion property.

(3) With the increment of PSM content, the oil film was 

thickened because more PSMs were crushed and the oil in 

which spilled out. Under the joint action of the bonding effect 

of lubricating oil and the embedding of crushed PSM shells, 

the transfer films were strengthened and more firmly adheres 

to the GCr15 ball. Meanwhile, the number of glass fragments 

increased, and some of them aggregated into large particles 

with the help of the bonding effect of oil, which aggravated the 

abrasive wear.
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