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PREPARATION OF THE MEMBRANE CoAl,O,
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SELECTIVITY OF THE MEMBRANE
- 1:1 NacCl Donnan exclusion

PURE SALT 1:2 Na,SO, Adsorption of ions
SOLUTION | 21 cacl, Selectivity in function

\K 2:2 CaS0, of the pH, ionic strength

*

FILTRATION I, =103 M
OTHER SALTS OR )
MIXED-SALT SOLUTION ®

* S. Condom et al., Desalination 168 (2004) 207-213.
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FILTRATION

silver wires

carter

Chr‘OmaTogr‘aphy Per.mea.re membrane I ‘millivoltmeter
/ -—
(|
RR = (1 - /CO) 100 % circuit of the

filtered solution

Smoluchowsky relation
o SP.=¢eC/ M\
A ; AP

g : surface charge*

* S. Condom et al., Sep. Pur. Technol. 25 (2001) 545-548.
* S. Condom et al., Desalination 149 (2002) 447-451
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Global surface charge and Donnan effect explain the
rejection rate in case of pure salt solutions.

Sign of the
surface pH Salt solution Retention rate
charge
+ low low
I.EP. nC+ A" (Na,SO,) minimum
- high high
+ low high
I.EP. C™ nA- (CaCl,) minimum
- high low
+ low ?
I.EP. nC*nA- (Nacl, CaSO,) minimum
- high ?
2(M-0) + C?* «—» [C-MOT Adsorption
re , ¥ ¥
2 (M-OH,") + A% «—> [(M-OH,"),A%] Hydratation e
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FILTRATION OF A MIXTURE NaCl (10-3M) + CaCl, (10-3M) *

4-
3 - / Identical values for the IL.E.P..
P ) 2 }
5
S Ca?*+ MO < [CaMOT
=0 .
G ¢ 2 Ca?*+ MOH < [CaMO]* + H*
-1 -
® SP. Nacl
24 msp. caciz Lo Ca’*+ MOH,* < [CaMO]" + 2H*
A S.P. NaCl+CaCl2
-3 100 1 .
VI 80 - —om BN
The mixture has an influence on the surface charge value. || ..
540_ @ RR Na+
B RR. Ca2+
VY pH, in the case of common anion Cl-, the cation 204  ©RR.Na+mixture
R.R. is more higher in the mixture than in a pure N ik _
salt solution. o 2z 4 6 8 w0 1

* S. Condom et al., J. Membr. Sci. 300 (2007) 117-121.
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FILTRATION OF A MIXTURE Na,50,(10-3M) + CaSO,(10-3M) *

15 -
A
1
A A
> 054 [
[~
0
N
E O T
ol () 2 4 6 8 12
0 -05
® S P .Na2504
-191  mSP.CasSO4
A SP. Mixture
-15

The R.R. variations are in agreement
with the streaming potential. At high
pH, le cation R.R. decrease in the
mixture in comparison with pure
solutions.

* S. Condom et al., J. Membr. Sci. 300 (2007) 117-121.
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2 M‘OH2+ + AZ_ < [(M‘OH2+)2 AZ-]
2 M‘OH + AZ_ + 2 Hzo < [(M‘OH2+)2 AZ—] + 2 OH_

_‘.sa\'.\ — T 2 MO+ A + 4 H,0 < [(M-OH,*), A>]+ 4 OH-

100 -

® RR Na+
B RR. Ca2+
0 R.R. Na+ mixture

80 +
0 R.R. Ca2+ mixture
oQ? 60 +
Nt
o
o 40 -
20 -
0 T
2 4 6 8 10 12
pH
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FILTRATION OF A MIXTURE NacCl (10-3 M) + Na,SO, (10-3 M) *

4 100
50,2

3 o cr 80
$° “&|  Sulfate anion adsorption.
=~ o
5] -;\—‘\( % Low value for the surface charge.

° M S Take in account hydratation.

4 3 4 7 8 9
-1 0
pH

and CaCl, (10-3 M) + CaSO, (10-3 M) *

4 50,2 100
—
80

3
] 0 5| Competition between adorption of Ca?*
> < o 0 of e .
£ o cations and SO,%" anions; stabilisation of
U" o

v 40
1 ///: streaming potential.
. 20

2 3 ’ T_, 6 ’ i * A. Abouzaid et al., C.R. Chimie, (2003), 431-436
P * S. Condom et al., 10™ I.C.I.M. (2008) Tokyo - Japan.
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INFLUENCE OF THE CATIONS FOR MIXTURE MCI, (10-3M) +CaCl, (102M ):

2.5 1

=
[§)]
1

S.P. (mV/bar)

& SP.LiCl + CaCl2
® S.P. NaCl + CaCl2
0.5 1 A SP.KCl + CaCl2

* S.P. MgCI2 + CaCl2

0 5 10 15
pH

100 -

80 4

60 +

& RR. Li+
® RR. Na+
A RR. K+

Positive surface charge due
to the adsorption of Ca?*.

This membrane presents a good
selectivity to divalent ions.
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£ ® RR. Mg2+
o
& 40 N
20
A
0 L] L] L] L] - L]
2 4 6 8 10 12
pH
100 A
80 1
o
g 60 1
o
o 40 4
® RR. Ca2+ with Li+
20 B RR. Ca2+ with Na+ A
A RR. Ca2+ with K+
® RR.Ca2+ with Mg2+
0 T
0 2 4 6 8 10 12
pH
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INFLUENCE OF THE ION CONCENTRATION *

4 S0Z  — [1=10%Mm 100
—— T e [50,51=310° M
3 80
E «g | Filtration of NaCl (10-3M) + Na,S0O, (10-3 et 3 10-3M)
E . :
« 1 w0« | Decrease of the surface charge when SO,2- anions
increase.
0 - -+ 20
2 10
-1 0
4 50,5 —— [1=10°M 100
3 - R Filtration of
% ] “ g CaCl, (10-3M) +CaS0O, (103 et 3 10-3M)
p 10 Decrease of streaming potential versus
: 20 [SO,27], adsorption of these ions is more
o .| g important than adsorption of Ca?".
2 4 6 8 10
pH

* A. Abouzaid et al., C.R. Chimie, (2003), 431-436
* S. Condom et al., 10™ I.C.I.M. (2008) Tokyo - Japan.
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NITRATE POLLUTED WATER FILTRATION *

Comparison of M (NO3), retention rates
2+ 2+
% High R.R. if nitrate anions are
_ associated to divalent cations.
2 60 -
o
o 40 -
20 -
] . -
Filtration of [NaNO3 + Ca(NOs),] = 250 mg/L
Filtration of Ca(NO3), and Mg(NO3),,
100 4
C = 250 mg/L
100 4
— «” ) 80 -+ —~
80 A ) 3 g
3 o ~ a
. S ‘n 60 - S
2% 2 3 4 e
& 40 < 40 - o
1 Vi d‘ 20 +—1 0
20
0 - - 40 0 | n0
3,6 58 69 99 2 4 6 8 10
pH pH

* A. Abouzaid et al., C.R. Chimie, (2003), 431-436 Nitrate retention rates can reach 65 %.
* S. Condom et al., 10™ I.C.I.M. (2008) Tokyo - Japan.
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CHROMIUM POLLUTED WATER FILTRATION *

Comparison of M (Cl)x retention rates

M = cr’*, Mg%', Ca , € =1073Mm.
100 -

60 I I I

R.R. (%)

Na"

The presence of other cations does not
change the selectivity membrane for Cr3+.

This membrane presents a good
selectivity fo multi charged cations.

cr3* retention rates, C = 1073m

* S. Condom et al., 10™ I.C.I.M. (2008) Tokyo - Japan.
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CADMIUM POLLUTED WATER FILTRATION

Cd?* retention rates

100 ~
90 - 7#‘%1‘
80 A . .
70 High Cd?* retention rate.

60 A
50 - Investigations have to be made to

40 - T-103M confirm and explain the evolution
7 =510 M versus ionic strength.

R.R. (¢d*")

20 H
10 4

Filtration of Pb solutions and mixtures of different salts are in progress.
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CONCLUSION AND OUTLOOK

[ GLOBAL SURFACE
/v CHARGE \
ELECTROSTATIC ZETA POTENTIAL

I NTERACTIONS

\ A HYDRATATION OF
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CONCENTRATION, .. v
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