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Abstract

Salt spray, CASS(copper accelerated acetic salt spray) and EC(electrolytic corrosion) tests were performed
in order to evaluate the corrosion resistance of plated Ni and Ni-Cr layers on Fe substrate. Compared with
the conventional methods such as salt spray and CASS, the electrochemical method such as EC test may
be beneficial in terms of test time span and quantitative accuracy. Furthermore, EC test can also become
the alternative method to evaluate the resistance to corrosion of coatings by measuring the corrosion potentials
of the coated layers in the electrolyte during the off-time of EC cycles. Compared with the corrosion potentials
of pure iron, nickel, chromium, those potentials of coated layers can be used to anticipate the extent of
corrosion. Results showed that in terms of the test time span, EC test gave 14 times and 21 times faster
results than the salt spray test in cases of 5 ym Ni and 20 um Ni plated layers, respectively. In addition,
EC test also offered the shorter test time span than CASS test in cases of 5 ym Ni+ 0.5 ym Cr, and 20
pum Ni + 0.5 ym Cr on Fe substrate by 78 times and 182 times, respectively. Therefore, EC test can be
regarded as the better method to evaluate the resistance to corrosion of coated layers than the conventional
methods such as salt spray and CASS.
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Table 1. Chemical compositions of Ni plating bath and plating conditions

Bath Ultrasonic cleaning Activation Ni plating solution
Composition Na,SiO; 45 NiSO, - 6H,0 240 g/l
(I;v %) CsH»0:SNa 5 H,SO, 7 NiCl, - 6H,0 45 g/l
¢ (*ACE clean) H;BO; 30g/1
Temp. 50°C 25°C 50°C
Current density 2.5, 5, 10 A/dm?
Time (sec) 60 10

*commercial brand of cleaner.
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Taping : area control 5% ACE clean 7% H,S0,
6.5cmx8cm  Sonics 1min Time : 10 sec
Temperature : 50°C Normal temperature

5% ACE clean
Sonics Imin
Temperature : 50°C

» Plating condition
Solution : Watt bath
Temperature : 50°C
Agitation speed : small bar 6 (500rpm)
Current Density ; 5A/dm?

* Plating condition

Solution : Basic Cr plating bath — Standard bath (Sargent bath)
Temperature : 50°C

Agitation : No use

Current Density : 15A/dm?

Thickness : 0.54m

Fig. 1. Flow chart of Ni-Cr plating process.
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Table 2. Composition of electrolyte B in ASTM B627-84
Sodium nitrate (NaNO;) 10.0 g/
Sodium chloride (NaCl) 1.0 g/l
Nitric acid (HNQO;), concentrated
(p=1.4 g/ml) 5.0 mi/I
1,10-Phenanthroline hydrochloride 1.0 g/l
Water (distilled or deionized) as required

Bath life : 200 A - s/L(200 kA - s/m®) or until color of solu-
tion masks color originating at a corrosion site
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Fig. 2. Typical EC test methods; (a) constant potential on-off cycle mode, (b) constant current on-off cycle mode.
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Fig. 3. Potentiodynamic polarization curves; (a) pure Fe,
pure Ni, pure Cr, (b) Fe + 5 um Ni, Fe + 20 um
Ni in open-to-air aqueous 5wt% NaCl solution.
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(a) (b) © ()

(e) ® ) (h)

Fig. 4. Variation of surface morphologies with increasing test time for Fe + 5 um Ni; (a) 24 hours (b) 72 hours (c) 96
hours (d) 120 hours and for Fe + 20 um Ni; (e) 24 hours (f) 72 hours (g) 96 hours (h) 120 hours.
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Fig. 5. Variation of rating number with increasing (a) test
time and (b) log(test time).
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Fig. 6. Relationship of EC test between charge value
and rating number with increasing on-time.
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Fig. 12. Test time vs. rating number of CASS and EC
tests; (a) Fe + 5 um Ni+ 0.5 um Cr, (b) Fe +
20 um Ni+ 0.5 um Cr.
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