
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Elimination of Cr(VI) from Electroplating Wastewater by Electrodialysis
Following Chemical Precipitation
Changsheng Pengab; Hong Mengb; Shaoxian Songa; Shouci Lub; Alejandro Lopez-Valdiviesoa

a Instituto de Metalurgia, Universidad Autónoma de San Luis Potosí, San Luis Potosí, Mexico b Civil
and Environmental Engineering School, University of Science and Technology Beijing, Beijing, P.R.
China

Online publication date: 08 July 2010

To cite this Article Peng, Changsheng , Meng, Hong , Song, Shaoxian , Lu, Shouci and Lopez-Valdivieso, Alejandro(2005)
'Elimination of Cr(VI) from Electroplating Wastewater by Electrodialysis Following Chemical Precipitation', Separation
Science and Technology, 39: 7, 1501 — 1517
To link to this Article: DOI: 10.1081/SS-120030788
URL: http://dx.doi.org/10.1081/SS-120030788

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1081/SS-120030788
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Elimination of Cr(VI) from Electroplating

Wastewater by Electrodialysis Following

Chemical Precipitation

Changsheng Peng,1,2 Hong Meng,2 Shaoxian Song,1,*

Shouci Lu,
2
and Alejandro Lopez-Valdivieso

1

1Instituto de Metalurgia, Universidad Autónoma de San Luis Potosı́,

San Luis Potosı́, Mexico
2Civil and Environmental Engineering School, University of

Science and Technology Beijing, Beijing, P.R. China

ABSTRACT

In this work, the elimination of Cr(VI) from an electroplating wastewater

in China was studied by chemical precipitation (CP), electrodialysis (ED),

and their combination. The experimental results show that CP was effec-

tive as a rougher treatment for removing Cr(VI) from a high Cr(VI)

wastewater, but not for a deep Cr(VI) elimination. ED alone failed to

achieve a deep Cr(VI) elimination from a high Cr(VI) wastewater,

although it was very effective for a medium Cr(VI) wastewater. The

mechanism might be attributed to the sedimentation of chromatic ions
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ORDER                        REPRINTS

as polychromates in the pores of ED membranes because of high Cr(VI)

concentration in wastewater, which may block the pores and thus stop the

transportation of the ions through the pores. It was found that the com-

bined chemical precipitation and electrodialysis (CPþ ED) process is

an effective and economic process to treat high Cr(VI) electroplating

wastewater. This process allows treated water to be completely recycled

to electroplating lines, fewer environmental concerns, and lower reagent

and operation costs.

Key Words: Electrodialysis; Chemical precipitation; Chromium ions;

Electroplating wastewater.

INTRODUCTION

Wastewater from electroplating processes usually contains a high concen-

tration of heavy metal ions such as Cu2þ, Zn2þ, Ni2þ, Cr(VI), etc. If it was dis-

charged into a natural water body without any treatment, there would have been

an environmental disaster, because these inorganic micropollutants are nonbio-

degradable, highly toxic, and of carcinogenic effect.[1] In China, there are about

15,000 electroplating plants or workshops, producing a large quantity of electro-

plating wastewater, about 4 � 109m3 annually.[2] Therefore, there is a great sig-

nificance for developing an effective and economic process to remove the ions

from electroplating wastewater before it can be discharged into rivers and lakes.

Chemical precipitation (CP) is a commonly used process to treat electro-

plating wastewater, in which heavy metal ions first precipitate in the form of

hydroxides or sulfides, and then are removed from the water by means of

solid–liquid separation.[3,4] It has been found that this process is effective

for removing the heavy metallic ions such as Cu2þ, Zn2þ, Ni2þ, and Cr3þ

from wastewater, but not Cr(VI) because it does not precipitate in any form.

Usually, Cr(VI) is reduced to Cr3þ before CP is applied.[4,5]

Treated water from the CP cannot be recycled to electroplating lines

before deionization, because it contains high concentrations of various ions

(Fe3þ, Naþ, Cl2, S22, and SO4
22), which are very detrimental to the

quality of electroplating products in adhesion, brightness, uniformity, smooth-

ness, pitting, spotting, staining, and clarity of deposit.[6,7] Usually the treated

water is discharged into rivers or lakes, although electroplating lines need a

large amount of water for plating and rinsing. From the viewpoint of environ-

mental concerns, treated water should be recycled to the producing lines,

which not only allows saving water, but also lowers water pollution.

In addition, in order to eliminate Cr(VI) and the other heavy metal ions

from the wastewater deeply, a large number of coagulants and reductants

Peng et al.1502
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have to be added, generating a large amount of sludge and leading to a high

reagent cost. As is known, direct disposal of the sludge at landfill sites

may cause serious pollution of soil and underground water through a gradual

ionic leaching process.[8] Therefore, it is significant to combine CP with

another process to treat electroplating wastewater, in order to reduce the

sludge production and reagent cost. There are several processes for the elim-

ination of the ions from wastewater at a low concentration, for instance, bio-

logical treatment, reverse osmosis, ED, adsorption, and ion exchange. ED is a

membrane separation process based on the selective migration of aqueous ions

through ion-exchange membranes under electrical driving forces. It has been

commercially used for desalination, wastewater treatment, ultra-pure water

production, electrolytes and nonelectrolytes separation, etc.[9,10] It features

high efficiency, high reliability, and low capital and operation costs.

In this work, an attempt has been made to eliminate Cr(VI) from an elec-

troplating wastewater by using a combined chemical precipitation and electro-

dialysis (CPþ ED) process, in order to establish a close water circuit (or no

wastewater discharge) for electroplating industry use with a lower operation

cost and less environmental concern. The objective is to study the feasibility

and efficiency of the process, as well as ED and CP alone to treat a high Cr(VI)

electroplating wastewater. In addition, the effects of several parameters,

namely Cr(VI) concentration, conductivity, and flow rate of feed wastewater,

on the effectiveness of ED treatment were investigated; and the mechanism by

which the effectiveness of ED sharply declined when it is applied to a high

Cr(VI) wastewater was presented.

EXPERIMENTAL

Materials

The electroplating wastewater used in this work was collected from the

Datong (DT) electroplating plant in Shanxi province of China. The concen-

trations of elements and ions in the wastewater are given in Table 1. Obviously,

there was a very high chromium ion concentration in this wastewater.

Cr(VI) solutions were prepared by using reagent potassium chromate

(K2Cr2O7) with distilled water in a given Cr(VI) concentration for some tests.

Table 1. The chemical analysis of the DT electroplating wastewater.

Ions Cr(VI) Zn2þ Cu2þ Cd2þ pH

Concentration (mg/L) 19.0 2.45 10.0 0.06 6

Elimination of Cr(VI) from Electroplating Wastewater 1503
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The sodium sulfide (Na2S) and ferrous chloride (FeCl2) used for the

reduction of Cr(VI) to Cr(VI), sodium hydroxide (NaOH) used for pH adjust-

ment, sodium chloride for conductivity adjustment, and potassium chromate

for preparing Cr(VI) solutions were from Beijing Chemical Reagent Ltd.

with analyzed purity.

Chemical Precipitation

The CP was performed by using Na2S and FeCl2 (the ratio of 1 : 10 by

weight) to reduce Cr(VI) in the electroplating wastewater to Cr3þ first.

Then, NaOH solution was added into the wastewater to precipitate Cr3þ,

Cu2þ, Zn2þ, and Fe3þ in the form of hydroxides. The pH was kept at 9.0

throughout the tests. After that, the precipitates coagulated because of the

existence of Fe3þ, followed by sedimentation to separate the coagulates

from the water. With this procedure, a CP-treated water and a sludge (the

coagulates) were produced. In combined CPþ ED process, the CP-treated

water was sent to the ED step as feed wastewater.

ED Treatment

ED equipment made in our laboratory was used for ED tests in this

work; it is schematically represented in Fig. 1. It consists of two dilute

Figure 1. Schematic representation of the electrodialysis cell used in this work.
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compartments, two concentrate compartments, and two electrode compart-

ments, each of them 24 cm in length and 14 cm in width. Three cationic

exchange membranes (CM) and two anionic exchange membranes (AM)

with an effective area of 150 cm2were used, which were obtained from Shang-

hai Chemical Ltd. The distance between the membranes was 0.1 cm. A

DH1702-1 power supply (Beijing Electrical Ltd.) was used to provide a con-

stant DC current. Wastewater was fed into the ED system, producing a dilute

water and a concentrate water. The flow rates of the diluted water and concen-

trated water were controlled at 5 and 2L/hr, respectively, unless it is

especially noted. The temperature was kept at 30+ 38C throughout the tests.

Conductivity Measurement

The conductivity of tested solutions was determined by using a TDS con-

ductivity meter (Hanna Instruments Pte. Ltd.).

Determination of Concentration of Elements and Ions

The concentration of Cr(VI) in solutions or wastewater was analyzed by

using a UV-2102 spectrophotometer (Unico Shanghai Instrument, China).

Zn2þ, Cu2þ, and Ni2þ concentrations were determined by using an AA320

atomic absorption spectrophotometer (Shanghai Analytical Instrument Over-

all Factory, China). Concentrations of elements (Cr, Na, Zn, Ca, Mg, Cu, S,

and P) were analyzed by using an inductively coupled plasma (Jarrell-Ash

Division, AtomComp Series 1100). The concentrations of SO4
22, Cl2, and

PO4
32 were determined by using an ion chromatography (4500i, DioneX

Co. USA). Distribution of elements in membranes was analyzed by using a

scanning electron microscope (SEM) and attached energy despersive x-ray

spectroscopy (EDX) (Cambridge Instruments, USA).

RESULTS AND DISCUSSION

Chemical Precipitation

Table 2 gives the experimental results of Cr(VI) removal and sludge

production in the CP-sedimentation of the DT electroplating wastewater

with various amount of reductants (FeCl2 and Na2S). As it can be seen, as

the addition of the reductant increased, the Cr(VI) removal increased. This

increase was very marked in the low reductant addition range, but became

Elimination of Cr(VI) from Electroplating Wastewater 1505
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milder and milder after 110mg/L addition. For instance, the increase of

Cr(VI) removal from 67.6% to 91.9% only consumed 55mg/L reductants,

while the increase from 91.9% to 99.3% needed the addition of 220mg/L
reductants. At 330mg/L reductant addition, the CP-treated water contained

0.14mg/L Cr, compared with 1.54mg/L Cr at 110mg/L addition and

19mg/L Cr in the feed wastewater. This result indicates that the CP-sedimen-

tation is very effective as a rougher treatment for removing Cr(VI) from

wastewater, but not for the deep elimination of Cr(VI).

Also, it can be noted in Table 2 that the sludge production increased

linearly with the reductant addition. At 99.3% Cr(VI) removal, 370mg/L
sludge was produced from the CP treatment, compared with 117mg/L sludge

at 91.9% Cr(VI) removal. Clearly, from the viewpoint of reagent cost and

sludge production, it is better to remove the majority of Cr(VI) from waste-

water with CP in a small amount of reductants and coagulants, followed by

another process to eliminate the rest of Cr(VI) deeply and effectively.

ED Treatment

Figure 2 illustrates the Cr(VI) removal and desalination as a function of

Cr(VI) concentration in feed water in the ED treatment of the DT electroplat-

ing wastewater. The Cr(VI) concentration in feed water was adjusted by dilut-

ing the wastewater with distilled water, while other ions were also diluted. As

can be seen from Fig. 2, the Cr(VI) removal and desalination increased with

the increase of the Cr(VI) concentration until reaching the maximums, and

then sharply declined. It is clear that the ED treatment for Cr(VI) removal

and desalination was only effective in the medium Cr(VI) concentration

Table 2. Effect of reductants (FeCl2 : Na2S ¼ 10 : 1) addition on Cr concentration in

treated water, Cr(VI) removal, and sludge production.

Reductant

addition (mg/L)
Cr concentration in

treated water (mg/L)
Sludge production

(mg/L)
Cr(VI) removal

(%)

0 19.0 0 0

55 6.16 51 67.6

110 1.54 117 91.9

165 0.71 163 96.3

220 0.47 231 97.5

275 0.23 283 98.8

330 0.14 370 99.3

385 0.10 431 99.5
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range. It is very difficult to realize the complete penetration of the ions in feed

wastewater through membranes, so there is always a low concentration of ions

in ED-treated water, which might be attributed to the low Cr(VI) removal and

desalination in the low Cr(VI) concentration range. However, the decline of

the Cr(VI) removal and desalination in the high Cr(VI) concentration range

might be due to the blocking up of the membranes that stops ion penetration.

Obviously, ED treatment cannot be solely used to eliminate Cr(VI) from a

high Cr(VI) wastewater.

Figure 3 shows the relationship between the Cr(VI) concentration in feed

wastewater and in dilute water in the ED treatment of the DT electro-

plating wastewater. As noted, Cr(VI) concentrations in the dilute water

increased with increasing Cr(VI) concentration in feed wastewater. This

increase was much sharper in the high Cr(VI) concentration range than the

low one. Since there is a maximum discharge level for chromium, for instance,

0.5mg/L in China, wastewater fed to ED treatment must not contain a high

Cr(VI) concentration, say 5mg/L according to Fig. 3. In the case of electro-

plating wastewater, the Cr(VI) concentration changes from one electroplating

plant to another, and is usually over 5mg/L. Therefore, a combination of

ED with another process, instead of itself alone, has to be used for the deep

elimination of Cr(VI) from electroplating wastewater.

Figure 2. Cr(VI) removal and desalination as a function of Cr(VI) concentration in

feed wastewater in the ED treatment of the DT electroplating wastewater.

Elimination of Cr(VI) from Electroplating Wastewater 1507
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In addition, the effects of two important factors, namely conductivity and

flow rate of feed wastewater, on the ED treatment of the DT electroplating

wastewater were studied in this work. Figure 4 shows the Cr(VI) removal

and desalination as a function of feed wastewater conductivity. The conduc-

tivity of feed wastewater was adjusted by adding a proper amount of sodium

chloride, while Cr(VI) concentration in the wastewater was fixed. It can be

seen that the desalination sharply increased with increasing feed wastewater

conductivity until it reached a plateau at about 50mS/cm, while the Cr(VI)

removal decreased and then flattened out. These results suggest that in the

ED treatment, the effect of feed-water conductivity is very marked in the

low conductivity range, but very mild in the high range. Since electroplating

wastewater usually has a high conductivity, over 100mS/cm, feed-water con-

ductivity may not strongly influence the ED treatment of the wastewater.

The effect of flow rate of feed wastewater on the Cr(VI) removal and desali-

nation in the ED treatment of the DT electroplating wastewater is illustrated in

Fig. 5. The Cr(VI) removal and desalination declined with the increase of the

flow rate. This decline was much stronger in the high flow rate range than in

the low range. As feed flow rate closely correlates with the capacity of waste-

water treatment, it is necessary to optimize the flow rate in ED treatment in

order to achieve a good balance of the capacity and desalination.

Figure 3. Effect of Cr(VI) concentration in feed wastewater on that in dilute water in

the ED treatment of the DT electroplating wastewater.

Peng et al.1508
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Combined CP1 ED

Combined CPþ ED process was tested on the DT electroplating waste-

water for the elimination of Cr(VI) and other ions. The flowsheet is schema-

tically represented in Fig. 6. In the CP step, 10mg/L Na2S and 100mg/L
FeCl2 were added to reduce Cr(VI) to Cr

3þ; in the ED, a 10V direct electrical

field was applied to system. The feed wastewater, CP-treated water, dilute

water, and concentrate water from the ED step were sampled and chemically

analyzed. The results are given in Table 3. It is shown that high removals of

the elements and ions have been achieved. The ions and elements concen-

trations in the diluted water were very low, having the conductivity of

31mS/cm. Such a cleaned water is qualified to be recycled to electroplating

lines as rinsing water, allowing a large saving on water consumption in the

electroplating industry. It is clear that this process is an effective means to

treat an electroplating wastewater with high Cr(VI) concentration and for

establishing a close water circuit in the electroplating industry.

In addition, it can be seen from the data that the CP-treated water had

much higher ion concentrations than the feed wastewater. The CP-treated

water had determined 720mS/cm conductivity, compared with 464mS/cm
for the feed wastewater. After the CP, Cr concentration reduced from 19.03

to 3.62mg/L, while the concentrations of Cl2 and Naþ increased significantly

from 15.7 and 7.09mg/L to 111 and 44.41mg/L, respectively, which resulted

Figure 4. Cr(VI) removal and desalination from the ED treatment of the DT electro-

plating wastewater as a function of conductivity of feed wastewater.
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from the addition of Na2S, FeCl2, and NaOH. Also, it can be observed that the

CP effectively eliminated the heavy metallic ions, but not Ca2þ, Mg2þ, etc.

Obviously, the CP-treated water cannot be recycled to electroplating lines

before any further purification is applied, because the high concentration of

ions (Naþ, Cl2, Ca2þ, and Mg2þ) is very detrimental to the quality of

electroplating products.

From the results mentioned, it is clear that combined CPþ ED process is

superior to the CP process alone for eliminating Cr(VI) and other metallic ions

from electroplating wastewater, in the following aspects: (1) the water treated

by the CPþ ED process could be completely recycled to electroplating lines,

Figure 6. Flowsheet of the combined CPþ ED process for electroplating wastewater

treatment.

Figure 5. Cr(VI) removal and desalination from the ED treatment of the DT electro-

plating wastewater as a function of flow rate of feed.

Peng et al.1510

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

T
a
b
le

3
.

R
es
u
lt
s
o
f
co
m
b
in
ed

C
P
þ
E
D

p
ro
ce
ss

to
tr
ea
t
th
e
D
T
el
ec
tr
o
p
la
ti
n
g
w
as
te
w
at
er
.

C
o
n
d
.

(m
S
/c
m
)

C
o
n
ce
n
tr
at
io
n
o
f
io
n
s
o
r
el
em

en
ts
(m

g
/L

)

S
O
42
2

P
O
43
2

C
l2

F
2

C
r

N
a

M
n

Z
n

M
g

C
u

C
a

F
ee
d
w
as
te
w
at
er

4
6
4

5
7
.4

1
1
.1

1
5
.7

0
.9

1
9
.0
3

7
.0
9

0
.0
2

2
.4
5

1
1
.3
4

1
0
.0
4

2
8
.6

C
P
-t
re
at
ed

w
at
er

7
2
0

4
3
.5

1
3
.3

1
1
1

0
.0

3
.6
2

4
4
.4

0
0
.0
7

9
.7
2

0
.1

2
1
.1

C
o
n
ce
n
tr
at
e
w
at
er

1
6
5
6

4
7
.0

8
.9

4
2
9

2
.6

1
.8
5

1
5
1

0
.0
4

0
.2

1
2
.2

0
.2

1
5
.7

D
il
u
te

w
at
er

3
1
.2

2
.6

0
4
.2

0
0
.1
8

2
.2
5

0
0

0
.6

0
1
.0
3

R
em

o
v
al

in
E
D

st
ep

(%
)

9
5
.7

9
4
.0

1
0
0

9
6
.2

1
0
0

9
5
.0

9
4
.9

1
0
0

9
3
.8

1
0
0

9
5
.1

R
em

o
v
al

in

C
P
þ
E
D

(%
)

9
3
.3

9
5
.5

1
0
0

7
3
.3

1
0
0

9
9
.0

6
8
.3

1
0
0

1
0
0

9
4
.7

1
0
0

9
6
.4

Elimination of Cr(VI) from Electroplating Wastewater 1511

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

leading to a large saving on water consumption in the electroplating industry

and a low pollution to natural water body; (2) the CPþ ED process greatly

reduced the addition of reductants (from 330 to 110mg/L), allowing a large

saving on reagent cost; and (3) the CPþ ED process produced much less

sludge (117mg/L) than the CP process (370mg/L), leaving a much smaller

pollution.

Mechanism of Cr(VI) Elimination by ED

The hydrolysis of chromium ion can be expressed as follows:[11,12]

CrO2ÿ
4 þ Hþ  ! HCrOÿ4 ð1Þ

2HCrOÿ4  ! Cr2O
2ÿ
7 þ H2O ð2Þ

Cr2O
2ÿ
7 þ Hþ  ! HCr2O

ÿ
7 ð3Þ

HCrOÿ4 þ Cr2O
2ÿ
7 þ Hþ  ! Cr3O

2ÿ
10 þ H2O ð4Þ

HCr2O
ÿ
7 þ CrO2ÿ

4 þ Hþ  ! Cr3O
2ÿ
10 þ H2O ð5Þ

HCrOÿ4 þ Cr3O
2ÿ
10 þ Hþ  ! Cr4O

2ÿ
13 þ H2O ð6Þ

2HCr2O
ÿ
7  ! Cr4O

2ÿ
13 þ H2O ð7Þ

From the reactions, it is clear that chromium species in aqueous solutions

exists in the form of chromate (CrO4
22) and polychromate (CrnO3nþ1

22 ). The

fraction of these chromium species in aqueous solutions depends on pH and

chromium ion concentration. In a low chromium ion concentration, the chro-

mium species mainly appear in the form of CrO4
22. In a high chromium ion

concentration, polymerization happens to the ion of CrO4
22, forming

Cr2O7
22, Cr3O10

22, Cr4O13
22, etc. The fraction of the ions depends on total

Cr(VI) concentration. The higher the Cr(VI) concentration, the larger the frac-

tion of highly polymerized chromium ions (or larger n) is. For example,

HCrO4
2 starts to convert to Cr2O7

22 in an acidic aqueous solution if Cr(VI)

concentration in the solution is about 1.26–1.74 � 1025mol/m3.[13]

Figure 7 schematically represents the structure of chromium species

CrO4
22, Cr2O7

22, Cr3O10
22, and Cr4O13

22. The former ion is illustrated in details,

and the latter three ions (polychromate) are made in a simple schematic dia-

gram. From the graph, it can be seen that the highly polymerized chromate

ions have a large size. The stronger the polymerization, the larger the polychro-

mate ion. It is noted that the volume occupied by Cr4O13
22 would be much larger

than the sum of the four single CrO4
22 because of the arrangement of the atoms.

Ion-exchange membranes, as shown in Fig. 8, are made of macromolecu-

lar materials or a skeleton, with ionizable groups or functional groups. Pore
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size varies from 1 to 10 nm. Based on the nature of functional groups attached

to the matrix, the membranes are categorized into CM and AM. Commonly

used functional groups are sulfonic (–SO3
2) in CM and alkyl ammoniums

(–NR3
þ, –NHR2

þ, –NH2R
þ) in AM. Once membranes are impregnated with

an aqueous solution, the ions are electrically neutralized by mobile ions in

opposite sign, which are called counter-ions or compensator ions. Counter-

ions are cations in CM, and anions in AM. Under an electric field, cations

can pass through CM, but anions cannot; and anions can pass through AM,

but cations cannot.

Assuming that the transportation of chromate ions in aqueous solutions

through anEDmembranewould varywith Cr(VI) concentration, Fig. 8 illustrates

the situation of this transportation in low and high Cr(VI) solutions. In the case of

a low Cr(VI) concentration, as shown in Fig. 8(a), the chromium species are

CrO4
22. This kind of chromate ion penetrates through the pores of membranes

easily, leaving a high ion Cr(VI) removal by ED. This explains the experimental

results as shown in Figs. 2 and 3 in the low Cr(VI) concentration range.

Figure 7. Schematic representation of the structure of chromate ion and polychro-

mate ions.
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In the case of a high Cr(VI) concentration as shown in Fig. 8(b), there

are chromate and polychromate ions in the solution. Under an electrical

field, the chromate and polychromate ions pass through the pores of the

membrane. Obviously, Cr(VI) concentration inside the pores is much higher

than in the bulk solution, because of the small volume of the pores and the

slow movement of polychromate ions. According to Eqs. 1–7, the chromium

ions inside the pores would strongly polymerize, leaving a large amount of

polychromate ion (Cr2O7
22, Cr3O10

22, Cr4O13
22, etc.) in the pores. The higher

the Cr(VI) concentration is in wastewater, the more and larger the polychro-

mate ions are. Polychromate ions are hard to move through the pores because

of the in large size, settling down in the pores. The larger the polychromate

ion, the stronger the sedimentation is. The accumulation of this sedimentation

would block the pores, preventing Cr(VI) ions from further penetration

through the membranes. This might be the mechanism by which the

effectiveness of ED treatment for Cr(VI) removal declined sharply in the

high Cr(VI) solution, as shown in Figs. 2 and 3.

Figure 8. A model of Cr(VI) ions passing through a membrane at low or high Cr(VI)

solutions.
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D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

In order to prove the assumption as shown in Fig. 8, Cr(VI) remaining in

an anionic membrane before and after being used for ED treatment was analy-

zed by using SEM and EDX. In the membrane, there are large amounts of ions,

and Cl2 and S22 ions are the overwhelming majority. The analysis only

reported the percentage of Cr(VI) in total ions in the membrane. Table 4

gives the analysis results. The latter two membrane samples were obtained

by being first used in 4.46 and 8.33mg/L Cr(VI) solutions, respectively,

and then being used in a 4.46mg/L Cr(VI) solution for 1 hr. This preparation

may dispel the effect of ion concentration on the ion remaining in membrane

pores due to ion exchange. It can be seen from Table 4 that there was no chro-

mium ion in the unused membrane. In the membrane used in 4.46mg/L
Cr(VI) solution, about 1.7% chromium was found. However, there was

about 7% chromium in the membrane used in 8.33mg/L Cr(VI) solution.

The chromium remaining in the pores increased about four fold. This increase

might be attributed to the much stronger sedimentation of chromate ions in the

pores due to the formation of large polychromate ions, as shown in Fig. 8(b).

CONCLUSION

1. The combined CPþ ED treatment was found to be very effective

to treat high Cr(VI) electroplating wastewater. This process allows

the treated water to be completely recycled to the electroplating

lines, fewer environmental concerns, and lower reagent and operation

costs.

2. The effectiveness of ED treatment to eliminate Cr(VI) from an elec-

troplating wastewater declined sharply in a high Cr(VI) concentration

range, although it was very high in a low concentration range. This

decline might be attributed to slow movement and sedimentation

of chromatic ions in the pores of the membranes in the form of

polychromate due to the high Cr(VI) concentration in wastewater,

which may block the pores and then stop ion transportation through

the membranes.

Table 4. Percentage of Cr6þ to total ions in an anion membrane before

and after being used in Cr6þ solutions.

Unused

Used in a 4.46mg/L
Cr(VI) solution

Used in a 8.33mg/L
Cr(VI) solution

0 1.702 6.976
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3. In the ED treatment of electroplating wastewater, the Cr(VI) removal

and desalination were not strongly influenced by the conductivity of

the wastewater in the high conductivity range.
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