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Effect of impurity copper ions on the performance of cadmium titanium
plating without cyanide electroplating of 300M ultra-high strength steel

Chen Hong, Wu Yu, Wang Chunxia”
(College of Materials Science and Engineering, Nanchang Hangkong University,
Nanchang 330063, China)

Abstract: The cyanide-free cadmium-titanium plating process has been widely used in the aviation
industry. However, cadmium-titanium plating solution is prone to introduce impurity copper ions, which
in turn causes the bath to appear red. In order to deeply explore the influence of impurities of copper ions,
the cathode process of the plating solution was tested by cathodic polarization curve and cyclic
voltammetry curve, the microstructure of the coating was analyzed by field emission electron microscopy
and X-ray diffractometer, the corrosion resistance of the coating was analyzed by the Tafel curve, and the
hydrogen embrittlement resistance of the coating was analyzed by the hydrogen infiltration curve and
titanium content test. The results show that the impurity copper ions will make the surface of the coating
rougher, and once the concentration of impurity copper ions in the plating solution exceeds 0.078 g/L, the
grain size of the coating will increase, the titanium content in the coating will decrease, the corrosion
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resistance of the coating will decrease sharply, and the resistance to hydrogen permeation will also be

weakened.

Keywords: impurity copper ions; Cd-Ti alloy; corrosion resistance; hydrogen embrittlement
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Tab.1 The composition of 300M ultra-high strength steel

TLER C Cr Ni Mn Si Mo A%
041~ 0.65~ 1.60~ 0.65~ 1.45~ 0.30~
TE/Y% >0.05
0.46 0.95 2.00 0.90 1.80 0.40
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Tab.2 Formulation and process parameters of cyanide-free

cadmium titanium plating solution

BEWR LAY T35
Ti/(g'L ™) 2~5
Cdi(gL™) 15~25
EDTA/(g'L") 30~40
NTA/(g-L ™) 100~130
NH4Cl/(g-L ™) 110~130
CH3COONH4/(g-L™") 20~30
pH 6.0~7.0

®3 REEETRE

Tab.3 Copper ion concentration of impurities

B ]/ K BB FIRE/ (g L)
0 0
1 0.048
1.5 0.078
2 0.102
3 0.152
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Fig.1 Test device for hydrogen permeation curve
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Fig.2 Cathodic polarization curves of copper ion plating

solutions with different concentrations of impurities
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Fig.3 Cyclic voltammetry curves of copper ion plating

solutions with different concentrations of impurities
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Tab.4 Grain sizeof the main grain directions of different coatings

A B TR B (002) &4 18] (100) & THi (101) 1 (110) & T P ek RS
(g’ L™ /nm /nm /nm /nm /nm
0 29.1 40.9 372 29.8 34.25
0.048 36.2 37.3 41.1 35.4 37.50
0.078 37.9 44.3 42.0 33.6 39.45
0.102 42.1 51.5 49.5 37.0 45.03
0.152 32.9 68.2 60.1 45.1 51.58
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Fig.6 Macroscopic morphology of different coatings
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Fig.7 Tafel curves with different coatings
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FBRAE FIRIE (LY | Eeon/V | Leor/(x1075 A-cm™)
0 —0.879 4 2.869 6
0.048 —0.900 4 7.009 9
0.078 —0.897 2 8.773 8
0.102 —0.897 1 14.758
0.152 —0.899 5 17.661
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