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Optimization of Zirconium Oxide Infiltration Process on Surface of
TC4 Titanium Alloy
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(Engineering Institute of Advanced Manufacturing and Modern Equipment Technology, Jiangsu University,

Zhenjiang 212013, Jiangsu)

Abstract: Zirconium oxide infiltration process on surface of TC4 titanium alloy was optimized by orthogonal
experiments, which was based on the thickness and hardness of boronizing layer. It is concluded that boronizing
temperature has the most important effect ,the next are boronizing time and content of ZrO, ,and the last is the
content of B,C. The optimum process is as follows: boronizing temperature is 1 050 C, boronizing time is 25 h,
and the mass fraction of B,C, ZrO,, SiC is 20% ., 4% and 76% , respectively. The phase composition and
thickness of the boronizing layer were analyzed by X-ray diffraction (XRD) and optical microscope. The result
shows that the boronizing layer is mainly composed of TiB,, TiB, TiB;;, TiC, TiN and the thickness of the bo-
ronizing layer is 46. 67 pm. Compared with the basic formula, thickness, hardness, interface bonding force and ab-

rasive resistance of titanium alloy surface is obviously improved.
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Table 1 Chemical composition of TC4 alloy (w/ %)

Element Ti Al A% Fe
Content Bal. 6.0 3.9 0.16
Element C N H O
Content 0.01 0.017 0.008 0.09
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Table 2 Factors and levels of the orthogonal experiment

Factors
Level A B C D
Temperature/ Time/  Content of Content of
C h B,C/% 70,/ %
1 950 15 15 2
2 1 000 20 20 4
3 1 050 25 25 6
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Table 3 Results of the orthogonal tests

Factors Index
No.
A B C D Thickness/ym Hardness/HV
1 1 1 1 1 18. 25 967
2 1 2 2 2 24, 34 1 247
3 1 3 3 3 26.42 1262
4 2 1 2 3 29. 85 1 280
5 2 2 3 1 22.92 1 283
6 2 3 1 2 38.78 1497
7 3 1 3 2 35. 85 1620
8 3 2 1 3 27.87 1707
9 3 3 2 1 31. 86 1699
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Table 4 Calculation analysis of the orthogonal tests

Factors
Parameter
A B C D
my; 23.003 24.863 28.300 24.343
Thickness ™M 30.517 25.043 28.683 32.990
/pm my;  31.950 32,353 28.397  28.047

R, 8.947 7.490 0.383  8.647
my; 1158.7 1289 1390.3 1316.3
Hardness ™M 1353.3 1412.3 1408.7 1454.7

/HV my 1675.3 1486 1388.3 1416.3

R; 516.6 197 20. 37 138.4
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Fig. 1 Effects of various factors on thickness of the bo-
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Fig. 4 Phase composition of the surface of the boronizing layer
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