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Fig. 1 Adsorption isotherms of manganese ions on
cation exchange resin

Total vol.: A, 50 cm®, B, 25 cm®; Conc. of sodium
nitrate (moldm™3): A, (1) 0.10, (2) 0.12, (3) 0.14,
(4) 0.20, B, (1) 0.16, (2) 0.32, (3) 0.40; Temp.:
20°C; pH: 5.0
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Fig. 2 Adsorption isotherms of copper ions on
cation exchange resin

Total vol.: 25 cm®; Conc. of sodium nitrate (mol
dm~%): (1) 0.08, (2) 0.12, (3) 0.185, (4) 0.28, (5)
0.36; Temp.: 20°C; pH: 3.0
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Fig. 3 Adsorption isotherms of cadmium ions on
cation exchange resin

Total vol.: 25 cm®; Conc. of sodium nitrate (mol
dm™?%: (1) 0.10, (2) 0.20, (3) 0.30, (4) 0.40;
Temp.: 20°C; pH: 1.6
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Fig. 4 Relationship between log ¥ and log [Na™]
for manganese(I11) (@), copper(I) (O) and cad-
mium(II) (2) ions

pH: 4.8; Temp.: 20°C; Total vol.: 25 cm®
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Fig. 5 Relationship between log¥ and pH for
manganese(11) (@), copper(Il) (O) and cad-
mium(II) (&) ions

Total vol.: 25 cm®; Na* added (mol dm™3%): (@) 0,
(©) 0, (&) 0.2; Temp.: 20°C
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Table 1 Parameters for equations (2) and (3) ZENGho. X, CORBRIGVBERNTHSD
. ) i, 44 VRBRRBICRSCROIY bu—-F{LEY
Bivalent cation k ko t
- hrOkEsFEzrEsEic&s. VE, @igEPO
Mn Na 100.3 22.33 1.14 . .
H 102.3 41.10 1.95 %41/&%%?41/&bfﬁﬂén1méété
cd?* Na 144.0 42.49 1.23 &, Na¥, Mn*", Cd*" oE#kfTy tu—fE (]
H 22.00  117.8 1.27 K 'mol™!) MZhEh 108, 299, 270 TH BV &
Cu?t Na 257.6 22.95 1.01 g . s 7 s
, KRUEZZY ba¥—2{LED 100
H 937.6 30.32 1.07 &0, Table 2 I L ) = J
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Table 2 The temperature dependence of adsorp-
tion of bivalent cations onto ion exchange
resin and thermodynamic parameters
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at 23K 3.06 1.58 Av b)Y yeRic k<HEE U

at 278 K 421 2.29 :
AH,g5—3,5/K] mol ! 11.4 12.3 log {Zn(11)} ,9s=0.891 log [Zn(11)],+1.43,

,, _ B

AG%Jk]T? _ 14.1 15.7 y=0.997, F=1.7X10%(1, 10)
ASs03/] K™ mol 87.0 95.6

222, {Zn(ID)} 4 WIRE 27 0 O HENRMEA £+ ~ OKIfE
B (mmol/g), [Zn(11)], XAKHROD 7 0 oMK
A VEBE (mol/dm®) TH 5. &8, r IHBEKREKT
HV, FIARRNOBEREREICB T FE (BHE
1 RO 10) TH5.

X, ¥L—rEETHB R 4P Y YY) &

A.A.: amount of bivalent cation adsorbed; E.C.:
equilibuium concentration of bivalent cation; AH,
AG and AS are the changes of enthalpy, Gibbs free
energy and entropy for adsorption, respectively.
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FREXIBEEIBEL, ULEVWK—EHEIIRNAT

Bsrvbut—-ELBEHELLZ. ChHDER
Table 2 IZ7R7T.
Bonh-ZBRERN S ZORERGHVBRBENTH S
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EUTEDIIE XDOFEMED Fig. 6 FOERTH 5.

Table 3 Regression analysis for adsorption isotherms of copper(II) on poly(4-vinylpyridine) resin at pH 5.5'%

% of

Resin crosslinking Isotherm T F
a 4.1 log y =0.40x +0.44 0.966 70(1,5)
b 12 log =0.27x +0.09 0.997 853(1,4)
c 25 log y =0.53x +0.26 0.999 3270(1,5)
d 31 log y=0.33x —1.00 0.935 35(1,5)
»: amount adsorbed (mol/[R]); x: concentration of Cu®?" in solution (mol/dm?®); r: correlation factor; F(p, ¢):

F-value with the degree of freedom of p and ¢ in the significant test of regression line.
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Fig. 6 Relationship between adsorption ratio and

pH for zinc(II) ion onto chelate resin

a: adsorption ratio; m: 0.40 for resin a, 0.27 for re-

sin b; ¢f. Table 3

Resin®* m Kk ko t

a 0.40 1.30 8X10* 1.5
b 0.27 1.04 8X10* 1.5
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Adsorption of the bivalent cations, manganese, cadmium and copper, on a strongly acid-
ic cation exchange resin (R-Na form) followed the Freundlich adsorption isotherm quite
closely. On the basis of this fact, an empirical formula for such adsorption on iron ex-
change resins is proposed. The proposed formula describes quantitatively the amounts
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of ion adsorbed on the resin as a function of the concentration of ion in question, the con-
centration of coexistent salt and the pH of solution. Adsorption of bivalent cations onto
a sodium form of cation exchange resin was an endothermic reaction. The proposed for-
mula also describes the adsorption of copper on a chelating poly(4-vinylpyridine) resin.
(Received July 19, 1993)
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