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Table 1. Lag time and flux of metal chloride complexes through anion-exchange

membranc.@
Js (mol/cm?2 h)
Metals 7 (h) Observed Caled for 1:1 complex Caled for 2:1 complex
PbI) 1.0 7.4 x10°8 6.9 x10°8 - 69x10°8
cdn 3.8 1.0 x10°7 2.4 x10°7 1.2 x10°7
Zo(l) 2.8 6.0 x10°8 7.5 x10°8 7.0 x10°8

4Source soln.: 1.0 mM MCI, + 0.3 mM HCI + 0.5 M KCI (250 mL).
Receiving soln.: Pure water (25 mL). Membrane: Selemion AMV.
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Fig 4 Effect of temperature on permeation behavior of Cd(l) and PH(I) chloride complexes.
Source soln: 0.25 M MgCl, soln. containing 0.1 mM Cd(ll) and Pu() (250 mL) Recciving
soln: pure water (5 mL). Membrane area: 0.8 em’. Membrane: () CTA-TOMAC-NPOE
(1:2:2 wt%), () CTA-TOMAC-MO (1:2:2 wt)
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Fig. 5 Effect of membrane area on permeation behavior of Cd(ll) and Ph{Il) chloride complexes.
Source soln: 0.25 M MgCl, soln. containing 0.1 mM CA(l) and Pb{l) (250 mL) Membranc
CTA-TOMAC-NPOE (1:2:2 wt%). (a) Membrane arca: 0.8 cm’, Recciving soln: pure water (5 mL)
(b) Membrane arca: 15 am”.  Receiving soln: pure water (10 mL)
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Table 2. Effect of additive salts in receiving solution on permeation
of Cd(Il) and Pb(l) chloride complexes.®

EF after 5 h

Additive salts Cd(1) Pb(I) Cd(II)/Pb(II)
None 3.7 - 95 0.39
0.04 M Acetate 0.8 3.7 0.22
0.02 M Succinate 0.5 3.4 0.15
0.02 M Sulfate 0.3 1.4 0.21
0.02 M Thiosulfate 0.3 0.1 3

0.01 M EDTA 7.5 0.1 75

*Source soln.; 0.25 M MgCl, containing 0.1 mM Pb(I) and Cd(II)
(250 mL). Receiving soln.: Additive salt solution (10 mL).
Membrane area, 15 cm®.

4. SIROPE

Db X 51 2AM7Rc BT, AR & 0l 7 2 > ORI A o 2 0 HITT
FHEFINT A L2 X ), HETLEE T BCAMRPHIIA L TR MMEREZ 775
PRI S A Z LRSI Uiz, BALIEHAL IR S & Bl e LTE, ik EFN
THIENTED, BIIL, BYHEOHKEERIN L, 045, DI RT 7 A4 V5 — TULHL
L7012, 0.1 mMOCAD)E X UPhIZ Iz, TOMACE A S~ Taiis & Fv T e 17 -
AR RN Mﬂf BTN LSRR LA U X 9 i2Cdmya S S &SN i35 2 £A5T
Efco L L2, HntHRomIncid, F 7284 Z2INEATR - T b #iltHIZ
WTIEEREUE B L7AS, RO & 2 2 L—2 a3 Y $ AT TE6T,
& G IZHM D B RN DENALIETH S ) o

fa%:‘iib:f\‘ LB T AR, 2 CHr LW BIOSHA T 5o AIIETRL7ZE

. BOREOUGR T 2 e x ) T —& LTHRINT UL, e & L’C'Lc‘n;‘kﬁ*ﬁub

ﬁ'z.)o CHUSTRAE L7oTge s L CI4 BRI, D087 2 YLD F v ) v —& LT, K
LT WA WRE B E DT EI1IZX D, Pb(H)@iE‘-Ff\'I’KJJ: 0 Wl 5 L 2B L C
Wa0, Fy ) T —Dfb DI, AL RERE R TV IUE, EERIE v — 2D Y
TELTERY o WO IR OATS B4 72T T m:owf Stk bR R T TAT<
TETdHAh,

5. 3Tk

1) BFREL, B35 24 (4), 130 (1989).

2) T. Hayashita, H. Noguchi, H Oka, M. Igawa, Anal. S, 5, 101 (1989)

3) T. Hayashita, H Noguchi, H Oka, M. Igawa, M. Takagi, J Appl. Polym. &i., 39, 561 (1990).

—213-



4) T. Hayashita, T. Kurosawa, S. Ohya, T. Komatsu, M. Igawa, Bull. Chem. Soc. Jpn, 63, 576 (1990).

5) T. Hayashita, R. A. Bartsch, T. Kurosawa, M. Igawa, Anal. Chem, 63, 1023 (1991),

6) Tk, TR BT 4 T 253 (1995)

7) L. G. Sillen, A. E. Martdl, "SQability Constants of Mctal-Ion Complexes”, Chemical Society, London
(1964), Section I Inorganic Ligands.

8) E. Hogteldt, "Ion-Exchangd', J. A. Marinsky, Ed,, Dekker, New York, 1, 139 (1966)

9) BB, "ot - WRHERERTEY, BT L S 1) — KORTS, Wa)rFAE, SV T
5T (1992)

10) T. Hayashita, T. Fujimoto, Y. Morita, R. A. Bartsch, Chem. Lett, 1994, 2385.

11) T. Hayashita, M. Kumazawa, J. C. Lec, R. A. Bartsch, Chem. Lett, submittod

—214—



Development of Functional Charged Membranes for Use in Separation

and Concentration of Trace Heavy Mctal Tons from Sca Water
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Summary

Certain heavy metal cations such as Pb(II) and Cd(Il) can be extracted into
organic solvents as anionic metal halide complexes by liquid-anion exchangers.
Similar ion-association sorption can be obtained by anion-exchange polymers. The
potential of these phenomena for application in heavy metal ion separation by
functional charged membranes has been explored. Selective separation of Pb(II) and
Cd(IT) chloride complexes was performed by both liquid membrane containing liquid
anion-exchanger as a mobile carrier and solid polymeric membrane containing
anion-cxchange site as a fixed carrier. Donnan membrane equilibrium of the system
allows Pb(II) and Cd(II) chloride complexes to be concentrated in the aquecous receiving.
phasc. The initial flux cquations for metal permeation through anion-cxchange
membranc were derived on the basis of 1:1 and 2:1 complex formation between the
anion-cxchange site and metal chloride complexes. A good correlation between the
observed and the calculated fluxes was obtained.

To enhance permeation selectivity and cfficiency, a novel polymeric plasticizer
membrane, which is composed of cellulose triacetate polymer as a membrane support,
o-nitropheny! octyl ether as a membrane plasticizer and trioctylmethylammonium
' chloride as a mobile carricr, has been developed. This type of membrane exhibited a
superior separation selectivity and efficiency to the conventional anion-exchange
membranes.

The dialysis condition through the polymeric plasticizer membrane was
investigated in detail. The permeation sclectivity changed from Cd(II) selectivity in the
dialysis cell of a small membrane arca (0.8 cm2) to Pb(IT) selectivity in that of a large
membranc arca (15 cmz), which is attributed to a difference in the retention of CA(IT)
chloride complex in the membrane. To reduce the retention of Cd(II) in the membrane
and cnhance its permeability, the addition of EDTA in the recciving phase was found
to be very cffective. As a result, the permeation selectivity for Cd(II) and Pbh(II)

chloride complexes through the charged membrane was successfully controlled.
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