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Abstract: To separate cadmium ions from aqueous solution efficiently, micellar- enhanced ultrafiltration( MEUF) of

hollow ulirafiltration membrane was used, with sodium dodecyl benzene sulfonate ( SDBS) and sodium dodecyl

sulfate (SDS) as surfactants. The important parameters affecting the rejection of cadmium, the permeate flux and

the secondary resistance were investigated, including surfactant species, surfactant concentration, operating time,

trans membrane pressure, the addition of electrolyte and solution pH. The results show that the rejection rate of

cadmium reaches 97. 8% . Trans membrane pressure and the addition of electrolyte (NaCl) are less influential while

surfactant species, surfactant concentration and pH value are important for micellar enhanced ultrafiltration. The

optimum concentration of surfactant is the critical micelle concentration, and SDBS is better than SDS. Micellar

enhanced ultrafiltration with SDBS can separate cadmium ions from aqueous solution efficiently.
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1 INTRODUCTION

Wastew ater containing cadmium may be clas-
sified by different sources, including cadmium
mine smelting process, cadmium compound manu-
facturing industries, nickel-cadmium cell manufac
turing process and cadmium-plating industries.
Cadmium could be enriched in human body and
cause serious diseases or bring chronic illness
through food chain, which is among the pollutants
of No. 1 group prescribed in integrated wastewater
discharge standard in China. At present, the
processes frequently adopted for removing cadmi-
um from wastewater are concerned with chemical
precipitation, chlorinated lime oxidation, adsorp-
tion, iomexchange and membrane separation.
However, each process has its own limits, such as
low separating efficiency, difficulty to dispose the
sediment, impossiblity to recycle cadmium, expen-
sive cost. For many years, scholars have been
working hard to seek for new technology to sepa-
rate cadmium from aqueous solution.

Micellar-enhanced ultrafiliration(MEUF) was
originated in 1968 when Michaels proposed to use
polymer or surfactant modified ultrafiltration. In
1979, Leung first removed trace metal ion by using

MEUF, and since then this technology has been
studied. The method was easy to operate, what s
more, it is indicated that in this experiment the re
jection rates of Pb™ | Zn™ , Ni*", Cu™ and Ca™
were higher than 99% , and the metal ions were al-
so easily recovered from retentate solution through
MEUF. But restricted by the characteristic of the
material of membrane, the frame of membrane
module and expensive cost, MEUF was still at the
experimental stage.

Since 1980s, membrane module has been well
developed. More and more membrane antipollution
materials have been developed and the cost of
membrane was reduced. All these signs suggest
that MEUF is more and more promising. In recent

studies, almost all the metal ions can be separated
via MEUF method, including Cd* ', N &7

CO2+ , CS+ , Sr2+ , Cr3+ , Mn2+ [8] , Pb2+ [9] ,
CrOi "M, zZn™, Cu®™'™, AuClL'"™ and Fe
(CN)& "', The single ionic surfactants turn to

mixed surfactants. For example, Cu™ " was re-
jected by mixed SDS/Triton X-100 surfactants,
and Cr’* ' was rejected by mixed SDS/NPE sur-
factants. The material of ultrafiliration membrane
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involves hydrophilic polyamide and hydrophobic
polysulfones. There are various membrane mod-
ules including plate ultrafiltration membrane, hol-
low fiber ultrafiltration membrane and spiral-type
pipe ultrafiltration membrane.

Researches into the application of MEUF to
separate cadmium from aqueous solution at present
focus on surfactant species, surfactant concentra
tion, and trans membrane pressure. But pH and
electrolyte (NaCl) concentration in wastew ater are
different, so they cannot be ignored.

Cadmium ions were separated from aqueous
solution via micellarr-enhanced ultrafiltration by
using sodium dodecyl benzene sulfonate ( SDBS)
and sodium dodecyl sulfate (SDS) as surfactants in
our research. The effects of important parameters
are investigated, including surfactant species, sur-
factant concentration,
operating time, the addition of electrolyte ( NaCl)
and pH value.

transsmembrane pressure,

2 MECHANISMS OF MICELLAR- ENHANCED
ULTRAFILTRATION

The removal of cadmium ions via micellar-en-
hanced ultrafiliration includes three procedures.
The first procedure is micelle formation, namely
surfactants dissolved in water. While surfactant
concentration exceeds critical micelle concentration
(CMC), SDBS/SDS monomers tend to self-aggre-
gate to form spheriform micelles. These micelles
are usually composed of 50 150 monomers, whose
mass is quite large. The diameter of micelle is
0.005~0.010 Bm. The CMC of SDBS and SDS are
1.2x 10" mol/L(0.42 g/L) and 8 x 10" mol/L
(2.30 g/ L), respectively. The second procedure is
SDBS/SDS is cation
surfactant, whose micelles are of negative charges
on surface. Cadmium ions in the solution are ad-

the adsorption of micelles.

sorbed by micelles via electrostatic attraction. The
third procedure is micellar ultrafiltration. When
SDBS/ SDS micelles with cadmium ions are filtrated
by membrane, micelles with cadmium ions are re-
jected because of their large particle diameter,
while water, trace SDBS/SDS and cadmium ions
permeate. Therefore, cadmium ions are separated
from aqueous solution. The principle is shown in

Fig. 1.
3 EXPERIMENTAL

3.1 Materials

SDBS used in the research was produced by
Shanghai Yingpeng A dditive Chemical Plant Limit-
ed Co., China. Its molecular formula is CisH -
NaSO;, with purity of 85% . SDS was produced by
Tianjin Miou Chemic Reagent Empolder Center.
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Fig. 1 Principle of micellar-enhanced
ultrafiltration

Its molecular formula is Ci2H2sNaSO4, with purity
of 99% . Cadmium ions were confected by cadmium
nitrate. Cadmium nitrate is produced by Shanghai
Tinxin Chemical Reagent Plant. Its molecular for-

mula is Cd(NO3)2 * 4H20, with purity of 99%.

3.2 Experimental procedure

SDBS/SDS  was
aqueous solution. After being full mixed, the solu-
tion was fed into membrane module for linear con-

added into cadmium ions

tinuous ultrafiltration by wriggle pump. The pro-
cedure is shown in Fig. 2.
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Fig. 2 Schematic of micellar-enhanced
ultrafiltration process
1 —Reaction tank; 2 —Pump; 3 —U ltrafiltration device;
4 —Pemetrating fluid; 5 —Pressure regulating value;

6 —Pressure meter

3.3 Membrane module and characteristic of
membrane

3.3.1 Membrane module

Ultrafiltration membrane was hollow core fi-
ber ultrafiltration membrane produced by Tianjin
Motianmo Co., China. Its type is UEOS503. The
characteristic of membrane is shown in T able 1.
3.3.2 Permeate flux''®

The water permeate flux and solution perme
ate flux of ultrafiltration membrane were measured
in different trans-membrane pressures.

Ji= 0i/A (1)
where J; is the permeate flux, m*/(m’ *s); Q:
is the feed flux, m®/s; A is the area of membrane,

2
m .
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Table 1 Membrane characteristics

Size Rejecting Area of M el Inner diameter Outer diameter Trans membrane
specification/ molecular mass/ membrane/ pH o )r.dne of fiber/ of fiber/ pressure/
material
mm Dalton m’ mm mm M Pa

50 x 386 6K 1.5 213 PS 0.24 0.4 <0. 15
3.3.3 szectiocn rate 100

R = 4%‘- x 100% (2)

0

where Co is the concentration of Cd** in the feed- &
. . . . +
ing solution, mg/L; C. is the concentration of ”8 99 -
Cd* in the percolate, mg/ L. D
3.3.4 Resistance g

The resistance of ultrafiltration membrane in =
micellar-enhanced ultrafiltration includes the re- -% o8 - *— SDBS
sistance of membrane and the secondary resistance -&, =— SDS
which was caused by the pollution of membrane. r

Rm = (3)

N 770 2 4 6 8 0
1

R = nJj. Ron (4) Surfactant concentration/(g-L-1)

where Rua is the resistance of membrane, m™ ';

Ap is the
trans-membrane pressure, Pa; M, is the viscosity
co-efficient of water, Pa * s; M is the viscosity co-

3 5 -1
Ry is the secondary resistance, m™ ;

efficient of solution, Pa * s; J. is the permeate
flux of water, m*/(m?> * s); J, is the permeate flux
of solution, m’/(m?* * s).

In this study the permeate flux of water and
the permeate flux of solution were determined un-
der the same transsmembrane pressure. The per-
meate flux of water was 5.29 x 10°° m’/(m” * s)
when the transsmembrane pressure equaled 0. 07
MPa.

3.4 Analysis

The concentration of SDBS/SDS was deter-
mined by the methylene blue spectrophotometric
method with Daojin UV-2550( P/ N206-55501-93)
spectrophotometer. The concentration of cadmium
ion was analyzed by atomic absorption spectrome-
try.

4 RESULTS AND DISCUSSION

4.1 Effect of surfactant species and concentration

The surfactant was added into 1 000 mL solu-
tion with the cadmium ions concentration of 100
mg/ L. and the trans-membrane pressure of 0. 07
MPa and the pH of solution 5. The result is shown
in Figs. 3 and 4.

As shown in Fig. 3, the efficient removal of
Cd* from aqueous solution is achieved by MEUF
technology with SDBS/SDS as surfactant. The re-
jection rate of Cd* reaches 97.8% when the con-
centration of SDBS amounts to 0.4271.67 g/ L

Fig.3 Effect of surfactant concentration on
. . 2+
rejection of Cd
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Fig. 4 Effect of surfactant concentration on
permeate flux and secondary resistance

(1~4CMC) and the rejection rate of Cd** reaches
99.2% when the concentration of SDS amounts to
2.3079.33 ¢g/L. In the above condition, surfac
tant concentration is close to or exceeds its critical
micelle concentration, micelles are already formed,
and Cd® could be efficiently removed. Compared
with SDS, the concentration of SDBS is only 15%
of SDS at the same rejection rate of Cd** . Less
dosage of surfactant will cut down the cost for sep-
aration. There are two standards for surfactant se
lection in micellar-enhanced ultrafiltration technol-
ogy. Firstly, surfactant must be macromolecule.
The diameter of micelle must be big enough for
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large molecular mass cut-off membrane in order to
get efficient rejection of Cd** . Secondly, in order
to reduce the dosage of surfactant and the concen-
tration in percolate, the CMC of surfactant must
be low enough. Considering the above two stand-
ards, SDBS is better than SDS in MEUF for the
cadmium ions removal.

The rejection of Cd*
99.9% along with the increase of the concentration
of SDS. At the same time, the secondary resist-
so the permeate flux decreases

increases to above

ance increases,
gradually. It is because when surfactant concentra-
tion increases, big mass of micelle with Cd** block
membrane forms due to a great deal of micelle in
the aqueous solution. Thus the secondary resist-
ance is enhanced, and the permeate flux is de-
clined. Therefore, surfactant concentration should
be condign and its critical micelle concentration is
the better value. There are enough micelles in a
queous solution but not excessive, the secondary
resistance is not too great and the permeate flux is

not too small.

4.2 Effect of operating time

The surfactant was added into 1 000 mL solu-
tion with the cadmium ions concentration of 100
mg/ L, the trans-membrane pressure of 0. 07 M Pa,
the concentration of SDBS 0. 42 g/ L. and the pH of
solution 5. The aqueous solution containing cadmi-
um was ultrafiltrated for 50 min. This result is
shown in Fig. 5.
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Fig.5 Effect of operating time on
permeate flux and secondary resistance

With the time passing by, the secondary re-
sistance increases and the permeate flux decreases
gradually. It is because of the concentration polari-
zation on the surface of membrane. When the con-
tamination on the surface of membrane cumulates
to a certain degree, the increase of the secondary

resistance slows down and levels off, then the

secondary resistance and the permeate flux keep
steady. As shown in Fig. 5, micellar-enhanced ul-
trafiltration becomes steady in 20 min.

4.3 Influence of trans-membrane pressure

Initial conditions were set to 0. 42 g/ L. of the
SDBS concentration and 100 mg/ L. of the cadmium
concentration and the trans-membrane pressure in-
creasing from 0. 04 to 0. 10 MPa. The value of pH
was 5. As shown in Figs. 6 and 7, the Trans
permeate pressure has little effect on the rejection
of Cd* . When the trans-membrane pressure is
doubled, the rejection of Cd* is invariant. At the
same time, the permeate flux increases and the
secondary resistance decreases. The permeate flux
and the secondary resistance are not distinct linear.
The increase of the permeate flux and the decrease
of the secondary resistance are limited. When the
increase comes to horizon, the flux and the resis
tance keep invariant. The concentration of micelles
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Fig. 6 Effect of transs-membrane pressure on
rejection rate of Cd**
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permeate flux and secondary resistance
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on the surface of membrane increases with the
pressure. Gel layer has been formed when micelle
concentration on the surface of membrane comes
up to gel concentration. If the pressure continues
to increase, the gel layer becomes compact, and
the secondary resistance increases.

4.4 Effect of pH

In order to study the effect of pH on solution
in MEUF process, the experimental condition was
set to 0.42 ¢/ L(SDBS) or 2.30 g/ L(SDS) of sur-
factant concentration and 0. 08 M Pa of the trans-
membrane pressure . The concentration of cadmi-
um was 100 mg/ L. Then solution pH was adjusted
from 3 to 13.

As shown in Fig. 8, solution pH affects the
rejection of Cd™ directly. pH of solution not only
affects the existing form of Cadmium ions but also
changes the CM C of surfactant. It plays important
role in MEUF process. In SDBS solution, the re-
of Cd*
solution s pH changes from acidic to alkaline. The
rejection of Cd*" reaches 98% when solution pH is

jection increases rapidly when the

9. There is a great deal of H" in acidic aqueous so-
lution, and the free H* adsorbed on micelles sur-
face competes with Cd** . Thereby, the adsorption
of Cd’™" is restrained. Cd*" becomes hydrate depo-
sition in alkaline solution. In SDS solution, the re-
jection of Cd* changes with solution's pH. The
rejection rate of Cd* is very high (over 99%) in a-
cidic or alkaline solution, while that in neutral so-
lution is only 80% .
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Fig.8 Effect of pH on rejection of Cd*

Both the permeation flux and the secondary
resistance change with pH (see Figs. 9 and 10). In
SDBS solution, the permeation flux decreases with
the increase of solution pH, and the secondary re-
sistance increases with the increase of solution pH.
Improvement of the rejection rate of Cd** enhances
the concentrated polarization on membrane sur-
face. In SDS solution, when solution pH increa-

ses, the permeation flux increases firstly and then
decreases, while the secondary resistance decreases
firstly and then increases.

5

S
)

W
T

S
T

Secondary resistance/(1013m™1)
T

[

Fig.9 Effect of pH on secondary resistance
4.0

3.5

301 s & /\\

2.5

2.0

1.5
1.0 * — SDBS

Permeate flux/(10-6m-s1)

0.5
0

W
¥ 3
~J
o
—
e
—
W

1

Fig. 10 Effect of pH on permeate flux

Anyhow, further studies are in demand for
the influencing mechanism of pH on the rejection
of cadmium ions, permeation flux and secondary
resistance.

4.5 Effect of electrolyte (NaCl)

The existence of electrolyte (NaCl) in solution
affects the rejection of Cd** . The surfactant con-
centration was set to 0. 42 g/ L (SDBS) and the
trans-membrane pressure was set to 0. 08 MPa.
The concentration of cadmium was 100 mg/ L. and
pH of solution was 5. Then the concentration of
NaCl was adjusted from 10mmol/ L to 100mmol/ L.
The result is shown in Fig. 11.

When the concentration of electrolyte ( NaCl)
increases, the rejection rate of Cd* decreases
gradually. Electrolyte in solution competes with
concomitant Cd** , and the CI™ anion of electrolyte
reacts with Cd* .

5 CONCLUSIONS



Vol. 15 Ne 1 Removal of cadmium ions from aqueous solution via ultrafiltration 189 -

120 [4] Huang Y, Batchelor B, Koseoglu S S. Crossflow sur

factant-based ultrafiltration of heavy metals from waste
- 100 streams [ J]. Separation Science and Technology,
P 1994, 29(15): 1979 ~ 1998.
S 80 [5] XuZ L, Xu H M, Zhai X D. Investigation of remove
5 cadmium and lead from aqueous solution via micellar
‘E 60 - enhanced ultrafiltration [ J]. Membrane Science and
g T echnology, 2002, 22 (3): 15~ 20.
"a;: 40 [6] Shigendo A, Lourdie P C, Susumu N, et al. Separa
E tion of Co( II)/Ni( IT) via micellar enhanced ultrafil
20 tration using organophosphorus acid extractant solubt
lized by nonionic surfactant[ J]. Journal of Membrane
1 L L L Science , 1999, 162: 111~ 117.
0 20 _40 6o 80 100 [7] Lyudmila Y, Antonina K, Boris K. Removal of Ni
Concentration of NaCl/(mmol-L1) ( II) irons from wastewater by micellar- enhanced ul
trafltration[ J]. Desalination, 2002, 144: 255~ 260.
Fig. 11 Effect of electrolyte concentration [8] Juang RS, XU Yongyan, CHEN Chingliang. Sepa-
on rejection rate of Ca?t ration and removal of meteal ions form dilute solutions
using micellar enhanced ultrafiltration[ J]. Journal of

Micellarrenhanced ultrafiltration is a new . Miembrane Seiencs, 20(.)3’ 2% B ,267'

. L . . [9] Gzara L. Removal of divalent lead cation from aqueous
technique combining surfactant and ultrafiltration streams using micellar enhanced ultrafiltration[ J]. Rev
membrane. This technique can separate cadmium Sci Eau , 2000, 13: 289 = 304.
ions efficiently from aqueous solution. [10] Lassgmd G, Mahmoud D. Removal of chromate anr

Surfactant species, surfactant concentration ons by micellarenhanced ultrafiltration using cationic
and solution pH are important controlling factors, surfactants| J]. Desalination, 2001, 137: 241~ 250.
while transsmembrane pressure and the existence [11] Xu 4 Lo ,Zha“g T Ve Investigation of “'Omplexati‘“fl_
of electrolyte ( NaCl) are less influential. The re- ;Tfi;r;t::?;6‘1:;::1?;:“:11(:2p}(:::;emt;(:ﬁlﬁogyM il;:
sults show that SDBS is better than SDS in MEUF brane Science and Technology, 2003, 23: 141 ~ 144.
when it is used to separate cadmium ions from a- [12] Shigendo A A, Li Y B, Hiroshi T B. Micellaren-
queous solution. When the surfactant concentra- hanced ultrafiltration of gold(III) with nonionic sur
tion is 0.42 ¢/ L, for SDBS, pH of solution is 5 and factant [ J]. Journal of Membrane Science, 1997,
trans-membrane pressure is 0. 07 M Pa, the rejec 133: 189~ 194.
tion rate of cadmium reaches 97. 8% . Based on the [13] Ba‘fk 'K’ Kim.B .K’ Cho H J, “t al. Removal charac
above experimental results, micellarenhanced ul- tf}rlStlffS ()f"dl’ll()l’ll(: metals by micellar enha‘nced ultra
trafiltration with SDBS could be used for the treat- I;lét,ra;(l)(;np,jjl'l Journal of Hazerdous Materials, 2003,
ment of wastewater containing cadmium. [14] Tung C C, Yang Y M. Removal of copper ions and

dissolved phenol from water using micellar enhanced
REFERENCES ultrafiltration with mixed surfactants[ J]. Waste M a
negement, 2002, 1222: 695~ 701.

[1] QiuT S, Cheng X X, Hao Z W, et al. Disposal actu- [15] Aoudia M, Allal N. Dynamic micellar enhanced ul
ality of solution including cadmium [ J]. Nonferrous trafiltration: use of anionic ( SDS)-nonionic( NPE)
Metal in Sichuan, 2002, 4: 38 ~41. system to remove Cr* at low surfactant concentra

[2] Michaels A S. Progress in Separation and Purification tion[ J]. Journal of Membrane Science, 2003, 217:
[M]. New York: Wiley Interscience, 1968. 297 — 181~ 192.

333. [16] ShiJ, Yuan Q, Gao C K. Membrane Technology En-

[3] Leung P S. In Ultrafiltration M embranes and A pplica-
tions| M]. New York: Plenum, 1979. 415.

chiridion[ M]. Beijing: Chemical Industy Publishing
Company, 2001. 1~ 33.
( Edited by LONG Huai- zhong)



