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ABSTRACT

In this research, corrosion resistance of the Cr(lll) passivated zinc
electrodeposits was evaluated by the neutral salt spray test and electrochemical
methods. The zinc electrodeposits were passivated in some different Cr(lll)
passive solutions, resulting in different colors of passive layers. The results of the
neutral salt spray test showed that the iridescent Cr(lll) passivated sample was
the most corrosion resistant with 768 hours of testing for reaching 5% white rust
area. These results agreed with those of the electrochemical methods that the
iridescent Cr(Ill) passivated sample was also the most corrosion resistant with
the lowest corrosion current density of 1.59uA/cm” and the highest passive layer
resistance of over 33.89kQ.cm’ The corrosion resistance of the passivated
samples decreased in the order of the iridescent passivated samples, the white-
blue passivated samples, the black passivated samples and finally the
unpassivated samples.
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TOM TAT

Trong nghién ctu nay, do bén an mon clia cdc I6p ma dién kém thu dong
Cr(lll) dugc danh gia bang thit nghiém phun mugi trung tinh va cac phuong phép
dién hoa. Cac I6p ma dién kém dugc thu dong hda trong mot s dung dich thy
dong Cr(lll) khac nhau, cho cac I6p thu ddng c6 mau sdc khac nhau. Két qua thi
nghiém phun mugi trung tinh cho thdy mau thu dong Cr(lll) cau vong c6 kha
nang chdng dn mon cao nhat vdi dién tich gi trang dat 5% sau 768 gic thu
nghiém. Két qua nay phu hgp véi két qua clia phuang phéap dién hda ma mau thy
dong Cr(lll) cau vong ciing c6 kha nang chong an mon cao nhat véi mat @ dong
an mon thdp nhat la 1,59pA/cm® va dién trg 16p thu dong cao nhat trén
33.89k0).cm?. D bén &n mon clia céc mau thu dong gidm dan theo trat tu sau:
mau thu dong cau vong, mau thu ddng tring xanh, mau thu dong den va cudi
cing la mau kém khong thu dong.

Tirkhoa: Lép ma kém; din mon; thu dong Cr (Ill).
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1. INTRODUCTION

The zinc electrodeposition is one of the most widely
used methods to protect iron and steel structures because
of its low cost and simple technology [1-2]. However, the
zinc electrodeposit is corroded quite quickly in service life.
Therefore, in order to improve the corrosion resistance of
the zinc electrodeposit, various methods of surface
treatment are researched and applied in practice [3, 4].
Among them, the most popular method is the chromate
passivation. The formed passive film consists of a mixture
of oxides and hydroxides of zinc and chromium, also their
salts and complexes [3-5]. Depending on passive solutions,
the thickness of passive films is different from hundred to
thousand nano-meters [6, 7]. The disadvantage of this
method is that the passive films contain highly toxic Cr(VI)
ions which are hazardous for the humans and the
environment. For that reason, many regulations have been
introduced to restrict or prohibit the use of Cr(VI), but not
applied to Cr(lll) and metallic Cr [8, 9].

With the aim at replacing Cr(VIl) passive solution,
there have been many studies on Cr(lll) passive solution
in the world [5-10] and in Vietnam [11-13]. In the last 20
years, Cr(lll) passive solutions have been used mainly in
the production lines of automobile and motorcycle
components and export goods in Vietnam. Using of
Cr(lll) passive solutions is an inevitable trend in
environmental protection and towards cleaner
production in Vietnam.

In this research, the zinc electrodeposits were
passivated in different passive solutions, resulting passive
films with different colors as white-blue, iridescent and
black. The corrosion resistance of these Cr(lll) passivated
zinc electrodeposits was evaluated by salt spray
acceleration test and electrochemical methods and the
rerults were represented in this article.

2. RESEARCH METHODS
2.1. Preparation of experimental samples

The main chemicals used in the research including
ZnCl,, NH,Cl, KCI, H;BO;, H,SO,, HCI, HNO; were pure
chemicals from China. In addition, the commercial
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passivation solutions including Blue SSP, Kempas BZ 171 A,
Kempas BZ 171 B, Zincovate TLP from India were also used.

The zinc electrodeposits were plated on carbon steel
samples with dimension of 50 x 100mm. These steel
samples were mechanically polished, degreased, and
pickled. Then, the steel samples were activated in 5% v/v
HCl solution for 5 seconds and plated in a bath with
capacity of 25 liters. The solution composition and
operating conditions were following:

Table 1. Composition of plating solution and operating conditions

Solution composition: Operating conditions:

InCl, 60g/L | pH 48-5.4

NH,Cl 50g/L | Solution temperature | room
temperature

KCl 200g/L | Cathodic current density | 2A/dm’

H,B0, 20g/L | Plating time 30 minutes

Zincobrite AZ Carrier 30mL/L

Zincobrite AZ Brighter | TmL/L

Before passivated, the =zinc electrodeposits were
activated in 0.5% v/v HNO;, solution for 5 seconds. Then,
these zinc electrodeposits were shaken in different Cr(lll)
passive solutions with different passivating times. The Cr(lll)
passive solutions and operating conditions were following:

Table 2. Passivating solutions and operating conditions

Solutions pH Passivating Color of
time passive films
Blue SSP 100mL/L | 2.0-2.8 50s white-blue
KempasBZ171A | 50mL/L | 3.8-5.5 40s black
KempasBZ171B | 50mL/L
Zincovate TLP 100mL/L | 14-34 405 iridescent

pH of the passive solutions was measured with a pH
meter Milwaukee MW101 and adjusted with solutions of
HNO,; or NH,OH. After passivated, the samples were
washed with water, dried with a blower and then in an
oven at 80°C for 30 minutes.

2.2, Experimental techniques
Salt spray acceleration test

Table 3. Salt spray test conditions for neutral salt spray test (JIS H 8502 :
1999)

Concentration pHof | Amount . Temperature | Pressure of
solution| of spray, en?perature in air compressed
of Nadl, in test .
i ml/80 vessel. °C saturator, air,
g an?/hour ’ °C kPa
50+5 6.5-72115+05 | 35%2 47+ 2 70-167

The purpose of the salt spray test is to compare the
corrosion resistance of samples in the same test or to assess
the difference between the testing specimen and the
previously tested sample. Neutral salt spray test according
to JIS H 8502:1999 standard was used to evaluate these
Cr(lll) passivated zinc electrodeposits. EqQuipment used in
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this research was Q-FOG CCT 600 (USA) at Institute for
Tropical Technology.

Electrochemical methods

To dertermine corrosion resistance of the samples, an
electrochemical cell of three electrodes including platinum
electrode, saturated calomel electrode and the sample with
electrolyte as 3.5% NaCl solution was used. Electrochemical
measurements were conducted by equipment of Biologic
VSP-300 at Institute for Tropical Technology.

Tafel polarization curve. The polarization curves of the
Cr(lll) passivated zinc electrodeposits were measured
according to Tafel method to determine i.,. The potential
steps were scanned from E, - 200mV to E,, + 200mV with
scan rate of TmV/s at a temperature of 25°C. The plots in
the form of points represented the relationship between E
and i. From these plots, i, of the Cr(lll) passivated zinc
electrodeposits was determined by extrapolating the
polarization curve (E - Igi) at E,,.

Electrochemical impedance spectroscopy. The
electrochemical impedance spectroscopies of the Cr(lll)
passivated zinc electrodeposits were performed in
conditions with AC voltage amplitude of 10mV at E_,,, and
frequency range from 10kHz to 10mHz. Area of the samples
for electrochemical methods was 4.52cm?,

3. RESEARCH RESULTS AND DISCUSSION
3.1. Salt spray acceleration test

The iridescent Cr(lll) passivated samples. Figure 1
shows images of the iridescent Cr(lll) passivated samples at
different periods in neutral salt spray test. After 168 hours
of salt spray, the surfaces of the iridescent passivated
samples were still shiny, bright and not any changes. After
552 hours, white rust spots started to appear on the
surfaces and areas with white rust reached about 5% after
768 hours. After 1000 hours of salt spray, the surface areas
of the iridescent passivated samples covered by white rust
were 25 - 35% and no red rust spots appeared. Therefore, it
could be estimated that the iridescent Cr(lll) passivated
samples were stable more than 700 hours of testing.

0 hour 552 hours
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periods. After 24 hours of neutral salt spray test, 80% of the
surfaces of the black passivated samples were covered by
white rust. After another 24 hours, white rust covered the
entire surface of the samples. Red rust spots started to
appear on the surfaces after 216 hours of salt spray. After
1000 hours of salt spray, the surfaces of the black
passivated samples covered red rust were about 85%.

768 hours 1000 hours
Figure 1. Images of the iridescent Cr(1ll) passivated samples at different periods

The white-blue Cr(lll) passivated samples. After 24
hours of neutral salt spray, the surfaces of the white-blue
passivated samples had stains that could see on Figure 2.
White rust spots started to appear on the surfaces after 48
hours, and after 72 hours of salt spray, surface areas with 24 hours
white rust expanded about 5%. After 888 hours of salt
spray, red rust spots started to appear on the surfaces. After
1000 hours of salt spray, the surfaces of the white-blue
passivated samples covered red rust were about 5%.

o -

216 hours 1000 hours
Figure 3. Images of the black Cr(lll) passivated samples at different periods

The unpassivated zinc electrodeposits. After 24 hours
of neutral salt spray test, the entire surfaces of the zinc
electrodeposits were covered by white rust. After 96 hours
of salt spray, red rust spots started to appear on the
surfaces of samples. At the end of test, the surfaces of the
unpassivated zinc electrodeposits covered red rust were
about 95%.

0 hour

888 hours 1000 hours

Figure 2. Images of the white-blue Cr(lll) passivated samples at different
periods

The black Cr(lll) passivated samples. Figure 3 shows

images of the black Cr(lll) passivated samples at different Ohour 24 hours
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4 "l'i..i

96 hours

1000 hours
Figure 4. Images of the unpassivated zinc electrodeposits at different periods

Table 4. Main periods of the samples in the neutral salt spray test

unpassivated |  black white-blue | iridescent
zincsamples | passivated | passivated | passivated
samples samples samples
White  rust ~1h ~4h 48h 552h
appeared
5% white rust ~3h ~7h 72h 768h
Red rust 96h 216h 888h > 1000h
appeared

The important periods for evaluating the corrosion
resistance of the Cr(lll) passivated zinc electrodeposits in
the neutral salt spray test were summarized in Table 4.
From the data in the table, it could be easy to see that the
iridescent Cr(lll) passivated samples were the most
corrosion resistant with 768 hours of testing for reaching
5% white rust area and over 1000 hours for appearing red
rust spots. The corrosion resistance of the Cr(lll) passivated
zinc electrodeposits decreased in the order of the
iridescent passivated samples, the white-blue passivated
samples, the black passivated samples and finally the
unpassivated samples.

3.2. Electrochemical methods

Tafel polarization curve. The polarization curves of the
Cr(lll)  passivated zinc  electrodeposits and the
electrochemical parameters calculated from these curves
were represented in Figure 5 and Table 5. The data in the
table show that the iridescent Cr(lll) passivated sample with
lowest corrosion current density of 1.59uA/cm? was the
most corrosion resistant. Corrosion resistance of the
passivated samples decreased in the order of the iridescent
sample, the white-blue sample, the black sample and finally
the unpassivated zinc sample with highest corrosion
current density of 14.57uA/cm?, that agreed with results of
the neutral salt spray test.

Note: in figures and tables, the passivated samples were
marked as following Zn for unpassivated zinc sample,
Zn/Cr3CV for iridescent passivated sample, Zn/Cr3TX for
white-blue passivated sample, and Zn/Cr3D for black
passivated sample.
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Figure 5. Tafel polarization curves of the Cr(lll) passivated samples

Table 5. The electrochemical parameters calculated from the polarization
curves

Sample (mV/:eacade) (mV/dBe(cade) (p;}:hl) (mVE\;;"SCE)
In 83.6 349.7 1457 113
I | 1205 393 159 1239
IVGTX | 2366 132 465 1232
In/(13D 1248 436.1 8.30 989

Electrochemical impedance spectroscopy.

To understand more clearly the corrosion resistance of
the Cr(lll) passivated zinc electrodeposits, electrochemical
impedance spectroscopy of these samples was
investigated. Figure 6 and Table 6 show EIS spectra of the
Cr(lll) passivated samples and the electrochemical
parameters fitted from these spectra. As could be seen in
Figure 6, the Nyquist plot of the iridescent passivated
sample existed a diffusion line which showed that the
passive layer had not been broken. The passive layer
resistance of the iridescent passivated sample was also the
highest, over 33.89kQ.cm® Meanwhile, the Nyquist plots of
the white-blue and back passivated samples both
appeared two semicircles, indicating that the passive layer
of these samples has been damaged. The passive layer
resistance and charge transfer resistance of the white-blue
passivated sample are higher than the respective
resistances of the black passivated sample. For the
unpassivated zinc sample, the charge transfer resistance of
0.87kQ.cm? was much smaller than that of the passivated
samples. Thus, it could be confirmed that the iridescent
passivated sample was the most corrosion resistance,
followed by the white-blue passivated sample, the black
passivated sample and finally the unpassivated zinc
sample.
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Figure 6. EIS spectra of the Cr(1ll) passivated samples
Table 6. The electrochemical parameters calculated from the EIS spectra

Sample R, ) Ro ) G ) Ca ) Ra )

(Q.am’) | (kQ.cm?) | (uF/cm?) (uF/em?) | (kQ.cm?)
In 27.50 - - 13.4 0.87
In/(3QV|  27.09 33.86 5.69 - -
In/Gr3TX | 27.63 21.64 0.38 1.22 31.42
In/(r3D 29.39 10.94 542 97.1 16.72
4. CONCLUSION

From the results of the neutral salt spray test and
electrochemical methods, it could be concluded that the
iridescent Cr(lll) passivated samples were the most
corrosion resistance, followed by the white-blue Cr(lll)
passivated samples, and then the black Cr(lll) passivated
samples. These Cr(lll) passivated samples are all more
corrosion resistant than unpassivated zinc electrodeposits.
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