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Hard Trivalent Chromium Plating from a Concentrated Calcium Chloride Aqueous Solution
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A hard chromium plating technique was established using trivalent chromium chloride with a highly concentrated calcium chloride aqueous

solution. The obtained films show dense and uniform microstructure, high hardness of 1000 HV and good wear resistance, which are compa-

rable to those of conventional hexavalent chromium plated film. The hardness properties showed little thermal degradation, in contrast to the

case of hexavalent chromium film. The carbon content was one magnitude lower than that of a conventional trivalent chromium bath contain-

ing carboxylic acids. The lack of thermal degradation of film hardness might derive from the inhibited particle growth resulting from the low

carbon content and the high oxygen content. The current efficiency was 60-70%, much higher than those of hexavalent chromium plating and

conventional trivalent chromium plating. Because trivalent chromium plating technique using a highly concentrated calcium chloride aqueous

solution produces excellent film characteristics and productivity, this plating technique is anticipated as a technology underpinning the indus-

trial production of hard chromium plating.
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Fig. 1 (a) Top and (b) cross-sectional SEM images of the plating film.
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Fig.2 Deposition rate of concentrated CaCl, bath
and hexavalent chromium bath.
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Fig. 3 Effect of annealing temperature on film hardness.

Table 1 Results of abrasion amount of the plating films in wear
resistance test.

bath anncaling | o deposited (mg) | 500 C,1h (mg)
Concentrated CaCl, bath (Cr*") 3.0 6.8
Sargent bath (Cr®*) 2.7 21.1
Carboxylic acid bath (Cr**) 5.0 1.9
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Fig.4 SEM images of the plating film after abrasion : (a) concentrated CaCl, bath and (b) carboxylic acid bath.
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Fig.5 XPS C1s spectrum of the plating films.

Table 2 Results of elemental analysis in the plating films by

combustion method.

content

C (wt%) 0 (wt%)

bath

Concentrated CaCl, bath (Cr**)
Sargent bath (Cr*")
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0.0042
2.60
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0.80
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Fig.6 XRD patterns of the plating films of as-
deposited, annealed at 200 C and 300 C .
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Fig.7 UV-vis spectra of trivalent chromium solutions
without CaCl, and with concentrated CaCl,.
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