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Abstract. In order to improve the wear resistance of Ti6Al4V titanium alloy contacted with 
polytetrafluoroethylene-based composites in seawater, plasma nitriding (PN), micro arc 
oxidation (MAO) and plasma spray tungsten carbide (PSTC) were used to modify the surface 
of Ti6Al4V alloy. The tribological properties of Ti6Al4V alloy matrix and its modified layers 
sliding with polytetrafluoroethylene-based (PTFE) composites in seawater were comparatively 
investigated. The PTFE composites were made with glass fiber, graphite and bronze separately 
by compression molding. The results indicate that low friction coefficients were shown in 
modified layers of the titanium alloy sliding with PTFE composites in the seawater 
environment. The Ti6Al4V alloy exhibits poor wear resistance and leads to the serious wear of 
PTFE composites. The above three kinds of surface treatments improve effectively the wear 
resistance of Ti6Al4V alloy. The PN treatment with reducing the wear of PTFE composites 
shows better wear resistance than the MAO treatment with accelerating the wear of PTFE 
composites. The glass fiber reinforced PTFE shows better wear resistance than the bronze 
reinforced PTFE in the same experimental condition. It has obvious advantages that the 
titanium alloy with PN treatment contacted with glass fiber reinforced PTFE were chosen as 
the materials of the tribological components used in hydraulic transmission in the marine 
environment application.  

1.  Introduction 
Driving and sealing are two of the key techniques in military materials, especially in the ocean 
environment. In sea water, choosing of seal pair materials needs to consider various factors, including 
leakproofness, corrosion-resistibility, water-absorbability, wear-resistibility and etc.[1~3].Titanium 
alloy is widely used for the sealing surface of ball-valve in sea water, as its excellent corrosion-
resistibility and high intensity[4]. And polytetrafluoroethylene (PTFE) is a popular material to form 
sealing configuration against ball surface of valve, as its outstanding performance in corrosion-
resistibility, leakproofness and self-lubrication and etc. [5]. However, wear- resistibility of PTFE 
against titanium alloy is not gratifying. Such, modifying Titanium surface and enhancing PTFE 
integration by adding other material elements were developed to restrain PTFE’s weariness [6, 7]. In 
this article, plasma nitriding (PN), micro arc oxidation (MAO) and plasma spray tungsten carbide 
(PSTC) were used to modify the surface of Ti6Al4V alloy, and glass fiber, graphite and bronze were 
added to the PTFE composites by compression molding. The tribological properties of Ti6Al4V alloy 
matrix and its modified layers sliding with those polytetrafluoroethylene-based (PTFE) composites in 
seawater were comparatively investigated. The results would be as the reference for seal surface 
hardening process and PTFE enhancing method choosing of titanium alloys ball valve. 



2

1234567890‘’“”

MTMCE IOP Publishing

IOP Conf. Series: Materials Science and Engineering 392 (2018) 032023 doi:10.1088/1757-899X/392/3/032023

 
 
 
 
 
 

2.  Experiment method 
Ti6Al4V is α+β crystalloid alloy, annealed in 820℃. Its chemical components are showed in table 1. 
All Ti6Al4V samples were made into columns in 30mm diameter and 10mm thickness. The rigidity of 
the Ti6Al4V matrix was 409HK0.98. After treated with plasma nitriding, micro arc oxidation and 
plasma spray tungsten carbide, the surface of Ti6Al4V samples were polished by machine, to make 
the roughness not beyond 0.8μm. 

 
Table 1. Chemical Components of Ti6Al4V (Mass Fractions, %) 

Al V Fe O Si C N H Ti 
6.70 4.21 0.10 0.14 0.07 0.03 0.015 0.003 The rest 

Sealing counterparts were PTFE filled with 25% glass fiber (PTFE-A), 15% glass fiber + 5% 
graphite (PTFE-B) and 60% bronze (PTFE-C), which were made into pins in 2mm diameter and 
10mm height. Experiments were performed on HV-1000 friction machine with samples in 3.5% 
sodium chloride liquor. Before experiments, Ti6Al4V samples were washed with ethanol and acetone 
using ultrasonic, and PTFE samples were washed with ethanol using ultrasonic. In experiments, the 
press between Ti6Al4V and PTFE was 6.3MPa, diameter of friction contrail was 8mm, and friction 
time was 1 hour. Each pair of Ti6Al4V and PTFE samples was performed 3 times to reduce error. 

3.  Results and discussion 

3.1.  Friction coefficient 
Fig.1 shows the friction coefficients of sealing pairs of enhanced PTFE and Ti6Al4V with surface 
modified and un-modified. As showed in Fig.1 (a), the friction coefficients of Ti6Al4V matrix against 
the three enhanced PTFE are very close, all no more than 0.12. However, in Fig.1 (b), friction 
coefficients of Ti6Al4V by PN against the three enhanced PTFE express dissimilarities, the smallest 
with PTFE-B, and the biggest with PTFE-C. Fig.1 (c) shows the friction coefficients of Ti6Al4V by 
MAO against the three enhanced PTFE are most the same, between 0.1 and 0.12. In Fig.1 (d), the 
friction coefficients Ti6Al4V by PSTC against PTFE-A and PTFE-C are near 0.1, but the friction 
coefficients against PTFE-B is smaller, with an average value of 0.083. 

  
(a) Ti6Al4V matrix against enhanced PTFE (b) Ti6Al4V by PN against enhanced PTFE 



3

1234567890‘’“”

MTMCE IOP Publishing

IOP Conf. Series: Materials Science and Engineering 392 (2018) 032023 doi:10.1088/1757-899X/392/3/032023

 
 
 
 
 
 

  
(c) Ti6Al4V by MAO against enhanced PTFE (d) Ti6Al4V by PSTC against enhanced PTFE 

Figure 1. Friction Coefficient Curve 
Table 2 gathered all friction coefficients of the four Ti6Al4V surfaces and the three kinds of 

enhanced PTFE. It indicates that friction coefficient reduce after Ti6Al4V surface modification of any 
kind. Against the same Ti6Al4V surface, PTFE –B has the smallest friction coefficient, and PTFE –C 
has the biggest. Against the same enhanced PTFE, PN and PSTC surfaces have smaller friction 
coefficient than MAO surface. 

Table 2. Average Friction Coefficient 
 PTFE-A PTFE-B PTFE-C 

Ti6Al4V matrix 0.103 0.108 0.117 
PN surface 0.076 0.094 0.101 

MAO surface 0.109 0.107 0.117 
PSTC surface 0.083 0.1 0.105 

3.2.  Wear characteristics 
Fig. 2 shows the wear characteristics of Ti6Al4V matrix by different enhanced PTFE. According to 
the visible, Ti6Al4V matrix exhibits poor wear resistance because of its low rigidity (about 315 HV0.2). 
Fig. 3 shows the wear scars of the three enhanced PTFE against Ti6Al4V matrix. All the three 
enhanced PTFE have obvious scars, among which PTFE-C Wear away more seriously than the other 
two. 

   
(a) With PTFE-A (b) With PTFE-B (c) With PTFE-C 

Fig. 2 Wear Characteristics of Ti6Al4V Alloy 

   
(a) PTFE-A (b) PTFE-B (c) PTFE-C 

Figure 3. Wear Characteristics of PTFE against Ti6Al4V Alloy 
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Fig. 4 shows the wear characteristics of Ti6Al4V PN surface by different enhanced PTFE. It can be 
seen that the wear scars are superficial as to Ti6Al4V matrix, the rigidity of the PN surface is about 
550 HV0.2, almost two times of Ti6Al4V matrix. Fig. 5 shows the wear scars of the three enhanced 
PTFE against PN surface. All enhanced PTFE have slight weariness. 

   
(a) With PTFE-A (b) With PTFE-B (c) With PTFE-C 

Figure 4. Wear Characteristics of Plasma Nitriding Surface 

 
(a) PTFE-A (b) PTFE-B (c) PTFE-C 
Figure 5. Wear Characteristics of PTFE against Plasma Nitriding Surface 

Fig. 6 shows the wear characteristics of Ti6Al4V MAO surface by different enhanced PTFE. The 
wear scars are superficial as the surface rigidity ascended to 560 HV0.2 by MAO process. As showed in 
Fig. 7, all enhanced PTFE have slight weariness. 

   
(a) With PTFE-A (b) With PTFE-B (c) With PTFE-C 

Figure 6. Wear Characteristics of Micro Arc Oxidation Surface 

   
(a) PTFE-A (b) PTFE-B (c) PTFE-C 

Figure 7. Wear Characteristics of PTFE against Micro Arc Oxidation Surface 
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Fig. 8 shows the wear characteristics of Ti6Al4V PSTC surface by different enhanced PTFE. The 
wear scars are almost invisible as the surface rigidity ascended to 957 HV0.2. Fig. 9 shows the wear 
scars of the three enhanced PTFE against PSTC surface. All kinds of enhanced PTFE wear seriously. 

   
(a) With PTFE-A (b) With PTFE-B (c) With PTFE-C 

Figure 8. Wear Characteristics of Plasma Spray Surface 

   
(a) PTFE-A (b) PTFE-B (c) PTFE-C 
Figure 9. Wear Characteristics of PTFE against Plasma Spray Surface 

Table 3 shows the decrements of PTFE samples after experiments. It can be seen that all kinds of 
PTFE have a great decrement with MAO surface. And PTFE-C shows badly wear- resistibility, as its 
decrements are much more than PTFE-B and PTFE-C either with Ti6Al4V matrix, PN surface, MAO 
surface or PSTC surface. 

Table 3. Decrement of PTFE (mm) 
 PTFE-A PTFE-B PTFE-C 

Ti6Al4V matrix 1.061 1.098 1.273 
PN surface 1.119 1.013 1.263 

MAO surface 1.592 2.144 2.134 
PSTC surface 1.088 0.875 1.344 

3.3.  Discussion 
All sealing pairs of enhanced PTFE and Ti6Al4V surfaces modified or un-modified has inferior 
friction coefficient. It’s because PTFE has a liner configuration with no branch, which makes its single 
molecule force low. Such, PTFE exhibits low friction coefficient macroscopically, as molecule is 
likely to slip while rubbing. Comparatively, PN surface has the smallest friction coefficient with PTFE, 
due to its high rigidity. PTFE A and B have better wear-resistibility than PTFE-A, as glass fiber can 
retard PTFE stratum falling off. Wear characteristics of Ti6Al4V improves by any of the three surface 
treatment methods, as its rigidity raise after surface modified. And PN surface is well-proportioned, 
which leads light weariness of PTFE. 

In all, it presents the most excellent tribological characteristics choosing Ti6Al4V surface treated 
by plasma nitriding against PTFE filled with 25% glass fiber. 

4.  Conclusions 
In seawater environment，friction coefficients of any kind of pair with Ti6Al4V surfaces against 
enhanced PTFE are near about 0.1. The wear mechanism is mainly particles monitor. The Ti6Al4V 
alloy exhibits poor wear resistance and leads to the serious wear of PTFE composites. The above three 
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kinds of surface treatments improve effectively the wear resistance of Ti6Al4V alloy. The PN 
treatment which reduces the wear of PTFE composites shows better wear resistance than the MAO 
treatment which accelerates the wear of PTFE composites. The glass fiber reinforced PTFE shows 
better wear resistance than the bronze reinforced PTFE in the same experimental condition. It has 
obvious advantages that the titanium alloy with PN treatment contacted with glass fiber reinforced 
PTFE were chosen as the materials of the tribological components used in hydraulic transmission in 
the marine environment application. 
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