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Optimization of Electrochemical Variables of Pulse-Reverse Electroplating in
Trivalent Chromium Bath to Enhance the Corrosion Resistance of Chromium Film
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Abstract: Electroplating chromium films in a trivalent chromium bath has been extensively investigated as
a replacement for the conventional hexavalent chromium bath. However, commercialization of the trivalent
chromium method has been hindered because the resulting chromium films exhibit inferior mechanical
properties compared to hexavalent chromium coated film. In this study, we enhanced the properties of
trivalent chromium electroplated film using a pulse-reverse (PR) method. Firstly, the cathodic current density
needed to produce a shiny surface was optimized using direct current (DC) electroplating. After optimizing
the cathodic current density, the appropriate anodic current density for PR electroplating needed to achieve
optimum crack density and corrosion resistance was investigated. The chromium coating prepared using PR
electroplating exhibited higher corrosion resistance than that prepared by DC electroplating, because it
suppressed crack formation. Concerning the electrochemical corrosion behavior in 3.5 wt% NaCl solution, the
optimized sample (PR2) electroplated at an anodic current density of 0.04 A cm™ showed a corrosion potential
shift of 129.9 mV to the anodic direction, and an increase in electrochemical corrosion resistance which was
bigger than the chromium film prepared using DC electroplating. This optimization of electrochemical
variables opens a new way to obtain improved electrodeposited film with low crack density and high corrosion

resistance.
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Fig. 1. Schematic diagram of crack formation process derived from decomposition of Cr hydride.

HAT}H [7-10].

Cr' =2 Fes 7w dddR7
T [11]. =58l H7He atol o8 =5
=9 H7F EAlsted], o2 s o =5 W
A HES-(hydrogen evolution reaction, HER)ZF 7373
dojdt} [12]. HER ¢Jaf A€ 4= Cr A%
LR A, 55, A2 A% 5ol EfElo] & b
ol =3 849 AR} -3 (hexagonal close packed crystal
structure, hep)®] I&F FaskES FAJSH. EFYE o
F 4 X (hydrogen embrittlementyS 53l
ARl A HA oL, AF AAES g A
TZ(body centered cubic crystal structure, bec)ES A
sttt o] ZFollA U= 83 (compressive stress)©| HAY3}
Al H3, 2 A3 = 39 o] YAEY [13-15)2
g 1), =5 39 SAlsle e 3, A5, vrkeAg,
WA, Wslkehd 5 =5 of FEFS HIXAL o]F 3
dal7] 28] A7 = E=a8e] H7H 24 WskE 7
e g A77F JYHUAT [16-19].

Al =5 o= 3
DC(direct current) =23}
Q17}3h= On-off 2~ =+,
Z 217}8l= PR(pulse-reverse
A% ©o] § PR =52
et 249 Eavs o
™ [20-25], PR =5¢] 7]
(i), AT LE(,), $%
(ty7F ATHEE 2). =7 FHoIA A}
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Table 1. Bath composition and electroplating condition

Bath composition

Component Composition Electroplating condition
(gL)
Cry(SOy); 250 pH 20-35
Formic acid 45 Temperature (C) 35
H;BO; 40 Counter electrode Pt mesh
NH,Cl 53 Working electrode Ni/SUS plate
KCl1 75 Electrode area 2x2 cm?
NH,Br 10 Agitation Air
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Table 2. Electrochemical conditions of chromium electroplating. The i, t., i, and t, are cathodic current density, cathodic current time,
anodic current density, and anodic current time, respectively. The q. is total passed cathodic charge and it is fixed to 300 C in all experiments

i [A cm?] t. [ms] i, [A cm™] t, [ms] q [C] Number of pulse Plating time [s]
DC1 -0.15 - - - 300 - 500
DC2 -0.2 - - - 300 - 375
DC3 -0.25 - - - 300 - 300
PR1 -0.2 10 0.02 0.6 300 37,500 -
PR2 -0.2 10 0.04 0.6 300 37,500 -
PR3 -0.2 10 0.06 0.6 300 37,500 -
PR4 -0.2 10 0.08 0.6 300 37,500 -
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Fig. 2. Schematic diagram of DC and PR electroplating.

A FA8AE NaOH (5g L)eF Na,CO; (40g L,
Na;PO, (20g L), sodium dodecyl sulfate (SDS) (2 g
LH=E 749 47174 &4 843 10 wi%e] b8
ol &3l A Aeletd B YA AtstuuhE AAG
=Fsleh. AT A1k A 21 APl

20 VERNSIT.

B o o

at7] <13l

) 71O Bt HAsl, B
FAE 24317 8] X-ray fluorescence 4] (Fischer
Co. FISCHERSCOPE X-RAY XDL 220)2 Al33}H e
o BE AR = FAE 1 0.1 ym2 FI5HA W3}
Aok =aure] Axs e QIRIE (Kla Tencor, G200,
CSM mode)s AHE3ll 300 nm7HA] stslste] Z-93Ha,
2 B8l HAL AR Heksigi

10°
9.80665

kg,
HV| =]~ 0.9065 x
mm

xH[Gpa]

Ndem

Fig. 3. Schematic illustration of method for quantification of crack
density by optical microscope.
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Fig. 4. The surface images of DC-electroplated chromium. Samples
were prepared by applying cathodic current density of (a) -0.15
(DC1), (b) -0.2 (DC2), (c) -0.25 (DC3) A cm™.

Fig. 5. SEM images of DC3; (a), (c) images for center and (b), (d)
images for edge.
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Fig. 6. The mirror images and SEM images of (a) DC2, (b) PR1, (¢)
PR2, (d) PR3 and (e) PR4
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Fig. 7. Crack density and hardness of chromium surface obtained by
DC and PR electroplating with respect to i,.
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Fig. 8. (a) Potentiodynamic polarization curves and (b) the Nyquist impedance diagram of DC2 and PR2 samples in 3.5 wt% NaCl

electrolyte at room temperature.
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