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S1. A long friction experiment with NaCl solution lubrication 
The friction experiments were performed at room temperature in the reciprocating 

mode with an initial load of 2.5 N. The sliding speed was 12 mm/s. The bottom friction 
pair were the bare Ti6Al4V, the PVS-modified Ti6Al4V, the PAA-modified Ti6Al4V and 
the PVPA-modified Ti6Al4V, successively. The upper friction pairs were PTFE balls. The 
NaCl solution with a concentration of 0.5 mol/l was used as a lubricant. During the four 
hours of friction, the friction coefficients of the bare Ti6Al4V, the PVS-modified Ti6Al4V, 
the PAA-modified Ti6Al4V and the PVPA-modified Ti6Al4V were 0.0753 ± 0.0023 0.0737 
± 0.0024, 0.0674 ± 0.0070 and 0.0080 ± 0.0020, respectively, as shown in Figure S1(a). Com-
pared with the friction time of 30 minutes (Figure 6), the friction coefficient of the bare 
Ti6Al4V surface and the wear marks of friction pairs were significantly increased, as 
shown in Figure S1 (c) and Figure 6(c). The friction coefficients of PVS-modified Ti6Al4V, 
PAA-modified Ti6Al4V and PVPA-modified Ti6Al4V surfaces and the corresponding 
wears of friction pairs also increase and intensify with the increase of friction time, as 
shown in Figure S1(c), (d), (e) and Figures 6(c), (d), (e). However, the PVPA-modified 
Ti6Al4V surface is always in an ultra-low friction state during the friction process, as 
shown in Figure S1 (b). The trends of friction coefficient of PAA-modified Ti6Al4V surface 
and the wear marks of friction pairs over time are also smaller than that of the PVS-mod-
ified Ti6Al4V. Therefore, it can be considered that PVPA is the most durable of the three 
modified coatings, followed by PAA and PVS. 
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Figure S1. A long friction experiment with NaCl solution lubrication: (a) the average of 
friction coefficient for 4 hours; (b) the friction coefficient versus time; (c) wear morpholo-
gies of the bare Ti6Al4V and the PTFE ball; (d) wear morphologies of the PVS-modified 
Ti6Al4V and the PTFE ball; (e) wear morphologies of the PAA-modified Ti6Al4V and the 
PTFE ball; (f) wear morphologies of the PVPA-modified Ti6Al4V and the PTFE ball. 

S2. Dry friction experiment 
The first friction experiment was performed at room temperature in the reciprocating 

mode with an initial load of 2.5 N. The sliding speed was 12 mm/s. The bottom friction 
pair were the PVS-modified Ti6Al4V. The upper friction pair was PTFE ball. The NaCl 
solution was used as a lubricant. After the end of the friction experiment, the PVS-modi-
fied Ti6Al4V and the PTFE ball were taken out and dried to detect the wear marks. The 
results can be seen in Figure S2(b). With other parameters unchanged, the PVS-modified 
Ti6Al4V sample after the first friction test and a new PTFE ball were used for the second 
friction test. The sliding area of the second friction test was guaranteed to be coincident 
with that of the first friction test. Wear marks of the PVS-modified Ti6Al4V and the PTFE 
ball after the second friction test are shown in Figure S2 (c). The third friction test was 
conducted in the same way, and the wear marks of friction pairs are shown in Figure S3 
(c). The time of the three friction experiments are all 30 minutes, and the change trends of 
friction coefficients with time can be seen in Figure S2 (a). The average of friction coeffi-
cients corresponding to the first, the second and the third friction tests were 0.0379, 0.0434 
and 0.0513 respectively, showing a gradually increasing trend. After the first, the second 
and the third friction tests, the wear marks of PVS-modified Ti6Al4V showed a gradually 
increasing trend. The corresponding PTFE friction pair also has the same trend of increas-
ing wear. 



 

 

 
Figure S2. Tribological properties of the PVS-modified Ti6Al4V under dry friction exper-
iment: (a) the average of friction coefficient; (b) wear morphologies of the PVS-modified 
Ti6Al4V and the PTFE ball for the first friction; (c) wear morphologies of the PVS-modified 
Ti6Al4V and the PTFE ball for the second friction; (d) wear morphologies of the PVS-
modified Ti6Al4V and the PTFE ball for the third friction. 


