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In  this  paper,  the  effects  of  processing  parameters  and  constituents  of  treating-agent  on  the  presence
of  hazardous  hexavalent  chromium  on  trivalent  chromium  conversion  coating  were  studied.  Results
showed  that  shorter  immersion  time,  lower  bath  pH  value  as  well  as  lower  working  and  baking  tem-
peratures  retarded  the  presence  of  hexavalent  chromium.  In  addition,  the  concentration  of  hexavalent
chromium  on  conversion  coatings  prepared  by  the  oxalic  acid  treating-agent  was  far  greater  than  those
on conversion  coatings  prepared  by  formic  acid  and  acetic  acid  treating-agents.  Results  also  indicated  that
the concentration  of  hexavalent  chromium  on  conversion  coatings  was  enhanced  due to  the  addition  of
rivalent chromium conversion coating
nvironmental issue
xidation

bivalent cobalt  and  nitrate  anion  in  treating-agent,  especially  for oxalic  acid  conversion  coating.  However,
the addition  of  hydroxyl  compound  d-gluconic  acid  in treating-agent  could  reduce  the concentration  of
hexavalent  chromium  effectively.  Moreover,  a  possible  formation  mechanism  of  hexavalent  chromium
on  trivalent  conversion  coating  was  proposed.  Findings  of  this  study  provide  a  better  understanding  of
the formation  of  hexavalent  chromium  on  trivalent  chromium  conversion  coating  and  can  facilitate  the
management  of  trivalent  chromium  treating-agents  and  trivalent  chromium  fasteners.
. Introduction

Although the hexavalent chromium surface treatment technol-
gy is a very effective anti-corrosion method, according to the
irectives of European Union (EU) such as REACH (Registration,
valuation, Authorization and Restriction of Chemicals) and RoHS
Restriction of Hazardous Substances) [1–6], it can no longer be
sed in the field of surface treatment [7–10]. Consequently, due to
he environmental and legislative pressure, the trivalent chromium
urface treatment technology has been used as the preferential
nd green alternative for the time being and has also proven its
xcellence in anti-corrosion and decoration effects [8–10].

However, trace hexavalent chromium can be easily detected in
rivalent chromium conversion coating, especially for iridescent
onversion coating [11–14].  This new environmental issue about
he safe and friendly trivalent chromium conversion coating has
een argued and caused extensive controversy. The earlier report
n this issue can be found in Rochester and Kennedy [11]. They
ut trivalent chromate samples into a salt fog chamber, and looked

t the samples after a period of exposure. They concluded that
he trivalent chromium could be oxidized to hexavalent chromium
nder certain conditions even though there was no oxidation agent.

∗ Corresponding author. Tel.: +86 21 54747351.
E-mail address: zhoubaoxue@sjtu.edu.cn (B. Zhou).

304-3894/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.jhazmat.2012.04.004
© 2012 Elsevier B.V. All rights reserved.

Kennedy et al. [12] tried a fairly large number of trivalent chromium
samples and found the similar behavior. Among the samples, some
generated more hexavalent chromium while some less. At present,
once hexavalent chromium of the trivalent chromium samples is
identified by the Societe Generale de Surveillance S.A (SGS) or other
authoritative testing bureaus, a large-scale return of products will
be demanded by end-users. In view of these hot issues, people
began to suspect the safety of trivalent chromium treating-agent.
Therefore, a scientifically view of the formation origin, influence
factors for hexavalent chromium conversion, and management of
trivalent chromium treating-agent is very necessary [4,5].

In response to these problems, the objectives of this work are:
(1) to compare the presence of hexavalent chromium on triva-
lent chromium conversion coatings prepared by different trivalent
chromium treating-agents available; (2) to discuss the possible for-
mation mechanism of hexavalent chromium; (3) to discuss the
effect of the influence factors such as the processing parameters and
the constituents of treating-agent on the presence of hexavalent
chromium.

2. Experimental procedures and analytical methods
2.1. Fastener samples preparation

All passivated samples used in the experiment were fasteners
with zinc metallic coating. Firstly, the treating-agent was  diluted

dx.doi.org/10.1016/j.jhazmat.2012.04.004
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:zhoubaoxue@sjtu.edu.cn
dx.doi.org/10.1016/j.jhazmat.2012.04.004


s Materials 221– 222 (2012) 56– 61 57

w
p
r
a
r
p
p

i
a
p
a
p

2

(
w
t
o
(
o

2

N
S
S
G
s
t
r
u
w
d
c
t
r
m

2

t
f
a
t
m
c

2

w
c
s
e
p
t
C

2

p
s

Table 1
The optimized constituents and processing parameters of three iridescent treating-
agents.

Parameters Concentration (g/L)

Complexing agent Formic acid 40–50
Acetic acid 40–50
Oxalic acid 45–60

Chromium sulfate 45–60
Cobalt sulfate 9–12
Sodium nitrate 175–185
d-gluconic 45–55
Processing parameters
pH 2.0
Immersion time 25s
J. Li et al. / Journal of Hazardou

ith deionized (DI) water to the required concentration. Then the
H value of the diluted treating-agent was adjusted with sulfu-
ic acid (H2SO4) or sodium hydroxide (NaOH) to a designed value
nd heated to the working temperature. Afterwards, the DI-water-
insed fasteners were immersed into the diluted solution for a
eriod of time for coating and then dried at a proper baking tem-
erature.

The concentration of hexavalent chromium on conversion coat-
ng changes drastically with time and storage conditions. In
ccordance with the requirements of analytical methods, the sam-
les tested in the experiment were all stored under a constant
mbient conditions (humidity 45–75 RH (relative humidity), tem-
erature 15 ◦C).

.2. Experimental procedures

Three types of experiments were carried out during this study:
1) four currently available trivalent chromium treating-agents
ere used to compare the presence of hexavalent chromium; (2) a

rivalent chromium treating-agent was used to evaluate the effect
f processing parameters on the presence of hexavalent chromium;
3) a self-developed treating-agent was used to evaluate the effect
f its constituents on the presence of hexavalent chromium.

.2.1. The comparison of commercial iridescent treating-agents
Four commercial iridescent treating-agents (JASCO TR-173A,

ippon Hyomen Kagaku Kabushiki Kaisha, Japan; MacDermid
pectramateTM 25, MacDermid American Co., Ltd., American;
T-301, Shanghai Sustain Co., Ltd, China; Jisheng A01-234C,
reenkem Chemical Technology Co., Ltd., China) with good corro-
ion resistance and high decorative performance were used. These
reating-agents were first diluted according to the manufacturer’s
ecommendations. Then the fastener samples were passivated
nder the optimized processing parameters. The alkaline-boiling-
ater-extraction method (SJ/T 11365-2006)[15] was  used to
etermine the amount of hexavalent chromium on trivalent
hromium conversion coating, which is recommended by the Elec-
ronic Industry Standard of People’s Republic of China and has been
ecognized as a variant of the International Electrotechnical Com-
ission (IEC) 62321[16].

.2.2. The effect of processing parameters
A commercial iridescent treating-agent (ST-301) was chosen

o investigate the effect of processing parameters. A series of
astener samples were prepared by varying the working temper-
ture, bath pH value, immersion time and baking temperature of
reating-agent, respectively. The IEC recommended spot-testing

ethod (IEC 62321) was used for qualitative analysis of hexavalent
hromium [16].

.2.3. The effect of treating-agent constituent
Firstly, three kinds of self-developed iridescent treating-agents

ere prepared by varying the concentration of chromium sulfate,
obalt sulfate, sodium nitrate and d-gluconic acid. Then the fastener
amples were passivated under the optimized processing param-
ters. The corresponding optimized constituents and processing
arameters are listed in Table 1. All the chemicals used in the
reating-agents are analytical grade and obtained from Shanghai
hemical Reagent Co. in China.
.2.4. Control test
Apart from the passivated samples, the unpassivated zinc sam-

les were also tested using the same procedure as the control
amples.
Working temperature 25 ◦C
Baking temperature 80 ◦C

2.3. Salt spray corrosion tests

Salt spray corrosion tests were carried out according to the stan-
dard practice of ASTM B117 [17]. The percentage of the fastener
samples’ surface covered with white rust was evaluated at intervals
of 12 h.

2.4. Analytical method of hexavalent chromium

The detailed process of spot-testing analysis (IEC 62321) [16]
and the alkaline-boiling-water extraction analysis (SJ/T 11365-
2006) [15] for hexavalent chromium determination are shown as
below.

2.4.1. The spot-test procedure
1) For preparation of the test solution, 0.4 g of 1,5-

diphenylcarbazide was  dissolved in a mixture of 20 mL  of
acetone and 20 mL  of ethanol. After the dissolution, 20 mL  of
orthophosphoric acid and 20 mL  of DI water were added to the
above solution.

2) A fastener sample was placed into a small container and then
1–5 drops of the test solution prepared in step 1 were added.

3) The test solution’s change of color from red to violet was
observed after the removal of the fastener sample from the con-
tainer.

2.4.2. The alkaline-boiling-water-extraction procedure
1) For preparation of the test solution, 0.5 g of diphenylcarbazide

was  dissolved in 50 mL  of acetone and 50 mL  of DI water. This
test solution was  stored under refrigeration in an amber glass
bottle.

2) The fastener samples with a total surface area of (50 ± 5) cm2

were placed into a suitable beaker containing 50 mL  of DI water
and 0.2 mL  of sodium hydroxide (1%).

3) The above beaker was  heated to boiling for 2 min  and then the
solution in the beaker was transferred to a 50 mL glass bottles.
The pH value of the solution was adjusted to 1.0–2.0 by adding
2 mL  of nitric acid solution (10%).

4) The above solution containing 2 mL  of orthophosphoric acid and
2 mL  of test solution was analyzed at the wavelength of 540 nm
using a UV 2102-PC spectrophotometer (Shanghai Unico Co.,
China).

In order to improve the sensitivity, a 5 cm absorption cell was
used to get the lower limit of detection (LOD) 0.008 mg/L. The

variation of replicated measurements was  within 10% in all cases.
Samples were examined at the intervals of 1, 2, 4, 8, 16, 24, and 30
days.
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treating-agents prepared by different complexing agents (oxalic
ig. 1. The concentration of hexavalent chromium on conversion coatings prepared
y different commercial iridescent treating-agents.

. Results and discussion

.1. The presence of hexavalent chromium on trivalent chromium
onversion coating

The relationship between the storage time of fastener samples
nd hexavalent chromium concentration on different conversion
oatings is shown in Fig. 1. The hexavalent chromium could be eas-
ly detected on the four types of iridescent conversion coatings.
urthermore, the concentration of hexavalent chromium increased
rastically with the increase of storage time. For example, the
oncentration of hexavalent chromium on ST-301 conversion coat-
ng was only 0.13 mg/L after 4 days and then increased rapidly
o 0.63 mg/L after 30 days. Fig. 1 also presents that the Macder-

id  SpectramateTM 25 worked better than other treating-agents
ince the formation rate of hexavalent chromium was the lowest.
fter 30 days, the concentration of hexavalent chromium on Mac-
ermid SpectramateTM 25 conversion coating was only 0.23 mg/L,
hile the concentrations of hexavalent chromium on other three

ypes of conversion coatings (ST-301, Jisheng A01-234C, TR-173A)
eached 0.63 mg/L, 0.70 mg/L, and 0.66 mg/L, respectively. The
esult indicates the presence of hexavalent chromium on differ-
nt trivalent chromium conversion coatings and thus suggests that
he processing parameters and constituents of treating-agent may
e the important factors influencing the formation of hexavalent
hromium.

.2. The formation mechanism of hexavalent chromium on
rivalent chromium conversion coating

The formation mechanism of hexavalent chromium is com-
licated and may  be affected by many factors including the
hermodynamics, dynamics properties of trivalent chromium ions
s well as the microstructure of trivalent chromium conversion
oating.

The trivalent chromium complexes, including the chrome
ydroxide zinc cations and anions (as Cr(OH)3 or the hydrolysis
f trivalent chromium form CrO2

− present) are the major com-
ounds of conversion coating In the passivation process, the pH
alue obtained on the zinc layer increases due to the consumption
f acid. The stable valence state of chromium ions is pH-dependent.

n acidic conditions trivalent chromium is stabilized, while under
lkaline conditions it is in the hexavalent state. The standard poten-
ials of the probable half reaction occurring on trivalent chromium
terials 221– 222 (2012) 56– 61

conversion coating under alkaline conditions are described as in
Eqs (1)–(3) [14].

CrO4
2− + 4H2O + 3e = Cr(OH)3 + 5OH−, ϕ1 = −0.12� (1)

CrO4
2− + 2H2O + 3e = CrO2

− + 4OH−, ϕ2 = −0.12� (2)

O2 + 2H2O + 4e = 4OH−, ϕ3 = −0.403� (3)

As can be seen from above, the potential of (3) is much higher
than those of (2) and (1),  indicating that the trivalent chromium
is probably oxidized to hexavalent chromium in the presence of
oxygen and water. Therefore, the reduction of oxygen may  be the
main reason for the presence of hexavalent chromium on triva-
lent chromium conversion coating. Previous reported works have
confirmed that in the salt spray cabinet there was  sufficient oxidiz-
ing capability (presumably from atmospheric oxygen) to generate
hexavalent chromium [11]. In addition to these reasons, the con-
stituents of treating-agent or the processing parameters also may
influence the presence of hexavalent chromium as will be discussed
below.

4. The effect of processing parameters and constituents of
treating-agent

4.1. The effect of passivation processing parameters

The effect of processing parameters on the presence of hex-
avalent chromium is shown in Table 2. The formation rate of
hexavalent chromium was  retarded by lower working and bak-
ing temperatures. For example, the presence time of hexavalent
chromium decreased from 20 d–6 d with the working temperature
increasing from 20–35 ◦C. When the baking temperature increased
from 60–150 ◦C, the presence time decreased from 20 d–10 d. The
influence might be explained by the following two  reasons. Gen-
erally speaking, the higher the temperature, the faster the reaction
rate. Therefore, the higher working and baking temperatures could
accelerate the oxidation rate of trivalent chromium and thus led
to the much earlier formation of hexavalent chromium. Besides,
the compact conversion coating was  more likely to rupture under
higher temperatures and generated a lot of micro-cracks, which
resulted in the direct exposure to the air and hence accelerated
formation rate of hexavalent chromium.

The shorter immersion time or the lower bath pH value also
retarded the formation rate of hexavalent chromium. In general,
the micro-cracks and thickness of trivalent chromium conversion
coating first increase with the lengthening of immersion time or the
rise of bath pH value, and thereafter decrease with further enhance-
ment of immersion time or bath pH value [18]. In this study, the
immersion time and bath pH values all equalled to or were less than
the optimized processing parameters, which resulted in thicker
conversion coating with more micro-cracks and hence accelerated
formation of the hexavalent chromium. That is, thinner trivalent
conversion coating with fewer cracks can be more resistant to the
formation of hexavalent chromium.

4.2. The effect of treating-agent constituent

4.2.1. The effect of complexing agent
Complexion agent, such as organic acid, can chelate with triva-

lent chromate to form stable complexes, which accelerates the
growth of conversion coating and improves corrosion resistance
[19]. Meanwhile, complexing agent also may  influence the forma-
tion of hexavalent chromium. Therefore, three trivalent iridescent
acid, formic acid and acetic acid) were chosen for research. Fig. 2
presents the effect of different complexing agents on the hexava-
lent chromium formation. The appearance and corrosion resistance
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Table  2
The effect of processing parameters on the presence of hexavalent chromium.

pH Presence
time (d)

Immersion
time (s)

Presence
time (d)

Working
temperature (◦C)

Presence
time (d)

Baking temperature
(◦C)

Presence
time (d)

1.3 25 15 22 20 20 60 20
1.6  20 20 18 25 15 80 16
1.9  15 25 15 30 

2.2  9 30 8 35 

2.5  7 35 3 40 
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ig. 2. The concentration of hexavalent chromium on trivalent chromium conver-
ion  coatings prepared by different complexing agents.

f fastener samples are shown in Table 3. It can be seen from
ig. 2 that the concentration of hexavalent chromium increased
ignificantly with the prolonging of storage time. After 1 day, the
oncentrations of hexavalent chromium on the three conversion
oatings were all quite low. Especially for the formic acid and acetic
cid treating-agents, there was no hexavalent chromium detected
n the conversion coating. Even for oxalic acid treating-agent, the
oncentration of hexavalent chromium was only 0.014 mg/L. How-
ver, after 4 days, the concentrations of hexavalent chromium
ormed on three conversion coatings increased significantly. Also,
he growth of hexavalent chromium concentration on the conver-
ion coating prepared by oxalic acid treating-agent was far greater
han those by formic acid and acetic acid treating-agents. The con-

entration of hexavalent chromium on the oxalic acid conversion
oating rapidly reached 0.49 mg/L after 30 days. Whereas, the hex-
valent chromium production on acetic acid conversion coating

able 3
he effect of different complexing agents on the appearance and corrosion resistance
f  conversion coating.

Complexing
agent

Concentration
(g/L)

Decorative
performance

Corrosion
resistance (h)

Formic acid 25 Pale white 48
50 Pale white 48
75 Pale green 60

Acetic acid 25 Pale white 48
50 Pale white 72
75 Yellow 48

Oxalic acid 25 Iridescent
blue

96

50  Iridescent
blue

144

75  Iridescent
blue

168
10 100 15
6 150 10
3 180 4

increased from the initial value of 0.011 mg/L to 0.14 mg/L after
24 days and then the value became nearly constant, so is the case
with the formic acid conversion coating. For the exceptional result
of the oxalic acid conversion coating, the higher concentration of
hexavalent chromium may  be associated with the more stable com-
plex formed by oxalic acid and trivalent chromium. The detailed
mechanism is still unclear and will be studied in detail in future
research.

As discussed, compared to the complexing agent oxalic acid,
formic acid or acetic acid could retard the presence of hexavalent
chromium to an extent. However, the results in Table 3 indicate that
the decorative performance and corrosion resistance of fastener
samples prepared by the oxalic acid treating-agent were superior
to those of the samples prepared by formic acid and acetic acid
treating-agents. For example, a rather high corrosion protection
was  achieved (168 h to 3% white rust) at the 75 g/L oxalic acid. Also
at 50 g/L oxalic acid, salt spray results (144 h 3% white rust) could
be reached. However, even at the high concentration of formic
acid (75 g/L) and acetic acid (75 g/L), only a temporary corrosion
protection (48–72 h to 3% white rust) was achieved. Therefore, fur-
ther development of treating-agent is necessary to satisfy both the
requirements of higher corrosion resistance and less formation of
hexavalent chromium. In order to evaluate the effect of other con-
stituents on the hexavalent chromium formation, the oxalic acid
treating-agent and the acetic acid treating-agent were chosen for
further study.

4.2.2. The effect of bivalent cobalt
Cobalt is widely used to accelerate the reaction process and

improve corrosion resistance. Hence, cobalt sulfate of different con-
centrations was  added to the treating-agent. The presence of cobalt
sulfate resulted in the production of more hexavalent chromium
than when it is absent (Fig. 3). When 20 g/L cobalt sulfate was
added, the concentration of hexavalent chromium on the oxalic
acid conversion coating and the acetic acid conversion coating
increased from 0.33–0.64 mg/L and 0.03–0.23 mg/L, respectively
after 30 days. Also, it was  found that the effect of cobalt sulfate
on the hexavalent chromium on the oxalic acid conversion coating
was  more significant. For example, in the presence of 20 g/L cobalt
sulfate, the concentration of hexavalent chromium on oxalic acid
conversion coating increased to 0.43 mg/L after 8 days, while the
concentration of hexavalent chromium on acetic acid conversion
coating increased to only 0.13 mg/L.

The enhancement may  be explained by oxidation and the cat-
alytic properties of cobalt. On one hand, under certain conditions,
such as appropriate humidity and temperature, bivalent cobalt is
oxidized to trivalent cobalt [13].

Co(OH)3 + e = Co(OH)2 + OH−, ϕ4 = 0.17 � (4)

It can be seen that the potential of Eq. (4) (ϕ0
4 = 0.17 �) is

lower than that of Reaction (3) (ϕ0
3 = 0.403�), which indicates
that bivalent cobalt may be oxidized to trivalent cobalt. Trivalent
cobalt is not stable in that it can grab the electrons from trivalent
chromium whereby trivalent chromium is oxidized to hexavalent
chromium. On the other hand, it may  act as the catalyst to promote
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Fig. 3. Effect of bivalent cobalt at different concentrations (red: cobalt sulfate = 0 g/L,
green: cobalt sulfate = 10 g/L, blue: cobalt sulfate = 20 g/L) on the concentration of
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Fig. 5. Effect of d-gluconic acid at different concentrations (red: d-gluconic
acid = 0 g/L, green: d-gluconic acid = 50 g/L, blue: d-gluconic acid = 100 g/L) on the
concentration of hexavalent chromium on the acetic acid conversion coating (dense
exavalent chromium on the acetic acid conversion coating (dense pattern) and the
xalic acid conversion coating (no pattern). (For interpretation of the references to
olor in this figure legend, the reader is referred to the web version of the article.)

he oxidation reaction and hence accelerates the formation rate of
exavalent chromium.

.2.3. The effect of nitrate anion
Sodium nitrate is an essential constituent that can increase the

nterface reaction, which oxidizes Zn to Zn2+ to form the uniform
nd compact conversion coating. The experiments were conducted
nder the same conditions, except that cobalt sulfate was  replaced
y sodium nitrate. The results are presented in Fig. 4. It can be seen
hat the effect of sodium nitrate on the presence of hexavalent
hromium on acetic acid conversion coating was slight. The con-
entration of hexavalent chromium was at first about 0.15 mg/L
n the absence of sodium nitrate after 8 days and only increased

o 0.18 mg/L when 200 mg/L of sodium nitrate was  added. The
imilar trend was observed for longer storage time and higher con-
entration of sodium nitrate. After 30 days, the concentration of
exavalent chromium also only increased to 0.20 mg/L with the

ig. 4. Effect of sodium nitrate at different concentrations (red: sodium
itrate = 0 g/L, green: sodium nitrate = 200 g/L, blue: sodium nitrate = 400 g/L) on the
oncentration of hexavalent chromium on the acetic acid conversion coating (dense
attern) and the oxalic acid conversion coating (no pattern). (For interpretation of
he  references to color in this figure legend, the reader is referred to the web  version
f  the article.)
pattern) and the oxalic acid conversion coating (no pattern). (For interpretation of
the references to color in this figure legend, the reader is referred to the web  version
of  the article.)

addition of 400 mg/L sodium nitrate. However, the presence of
sodium nitrate markedly increased the concentration of hexavalent
chromium on the oxalic acid conversion coating even at the early
stage. When 200 g/L sodium nitrate was added, the concentration
of hexavalent chromium increased to 0.43 mg/L fairly rapidly after
8 days and was  then added up to 0.79 mg/L after 30 days.

The increase of hexvalent chromium in the presence of nitrate
anion can be explained by considering the consequent reaction
under alkaline conditions [13]:

NO3
− + H2O + 2e = NO2

− + 2OH−, ϕ5
0 = 0.01� (5)

Nitrate anion is an effective oxidant agent especially under
alkaline conditions. Compared to the reduction potential of Reac-
tions (1) and (2) (ϕ0 = − 0.12 �), the higher reduction potential of
Reaction (5) (ϕ0

5 = 0.01 �) indicates that the trivalent chromium is
oxidized to hexavalent chromium more easily in the presence of
nitrate anion.

4.2.4. The effect of d-gluconic acid
The effect of the hydroxyl compound d-gluconic acid with dif-

ferent concentrations on the hexavalent chromium formation was
tested (Fig. 5). It is obvious that the addition of d-gluconic acid
could inhibit the hexavalent chromium formation to some extent.
At the early stage, the concentration of hexavalent chromium
on the two conversion coatings went through a slight growth.
However, with the increase of storage time, the concentration of
hexavalent chromium on the two  conversion coatings decreased
due to the addition of d-gluconic acid. The inhibition effect was
more distinct in the formation of hexavalent chromium on the
oxalic acid conversion coating: After 30 days, the concentration
of hexavalent chromium (0.50 mg/L) in the presence of 50 g/L d-
gluconic acid was  lower than when in the absence of d-gluconic acid
(0.82 mg/L). However, the concentration of hexavalent chromium
on the acetic acid conversion coating decreased slightly. After the
same storage time (30 days), the reduction of concentration of hex-
avalent chromium was  only 0.04 mg/L. The possible reason for the
lower hexavalent chromium may  be associated with the forma-

tion of compactly protective film covered on trivalent chromium
conversion coating. The compact film could protect the trivalent
chromium conversion coating from exposure to the air outside and
thus significantly reduce the oxidation rate of trivalent chromium.
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. Conclusions and suggestions

This paper reported the effects of processing parameters and
onstituents of treating-agent on the presence of hazardous hex-
valent chromium on trivalent chromium conversion coating.
he results demonstrated that the presence of trace hexavalent
hromium on trivalent chromium conversion coating might be
xplained by considering the following three factors. Firstly, due
o the exposure to the air, the samples can be oxidized by oxygen
n the presence of water, which resulted in the presence of trace
exavalent chromium. Secondly, longer immersion time, higher
ath pH value and higher working and baking temperatures can
ccelerate the formation rate of hexavalent chromium. Finally,
ertain constituents of the treating-agent can also act as cata-
ysts or oxidant agent to accelerate the formation of hexavalent
hromium. Most importantly, the addition of hydroxyl compound
-gluconic acid can reduce the risk of the formation of hexavalent
hromium on trivalent chromium conversion coating. Therefore,
he formation rate of hexavalent chromium can be greatly reduced
ia the optimization of processing parameters and constituents of
reating-agent.
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