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Summary

Triple Layer Model (TLM) where there are three planes (a surface plane, a
near-surface plane and a diffuse plane) in the interfacial region, was used to
predict the heavy metal (Cu(II) and Cd(II)) adsorption behavior on the
adsorbents, among the Surface Complexation Models (SCMS). In additions, the
heavy metal adsorptivity among the adsorbents was compared. The adsorbents used
in this study were the zeolites (analcime-ANA, cancrinite-CAN, Na-Pl1 and
sodalite octahydrate-SOD) synthesized from Hwangto by hydrothermal reaction in
a high-pressure vessel, For TLM approach, the electric parameters of the
adsorbent surfaces were determined by zeta potential method other then
acidic-alkalimetric titration method, and some fitting parameters were
determined by trial and error method.

The results were summarized as follows:

1. The heavy metal adsorptivity among the adsorbents decreased in the following
equences: Na-P1>SOD>ANADCANDHwangto, regardless of heavy metals. This result
showed the same trend with the values of surface site density (NS), pHZPC (pH
of the point of =zeor charge), and surface protolysis parameter of the
adsorbents, i.e.

, the adsorbents with higher values of these parameters showed

higher heavy metal adsorptivity.

2. With increasing pH, the heavy metal adsorption increased greatly between
pHZPC and pH 6 or 7 because of the steep increase of negatively charged sites,
for synthetic zeolites, but for Hwangto, it increased broadly because of slow

increase of negatively charged sites,



3. This model can simulate the heavy metal adsorption behavior well with the
experimental data on the electric parameters of the adsorbent surfaces obtained

by the zeta potential method other than the titration method,

4. The simulated and experimental data were consistent in all the pH ranges for
the synthetic zeolites except for ANA, and they were more consistent for Cd(II)

than Cu(II).

5. Comparing the equilibrium constants (Ko™, Ksoow'™) among the synthetic
zeolites, the value of Kgmmwﬂ was higher than Ks(mi”t for ANA, but for the other
synthetic zeolites, the inverse results were shown, indicating that Ksowr'™ for
ANA and Ksmf"t for the other zeolites affect the simulation of heavy metal

adsorption more greatly.
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Table 1. TLM reactions and equilibrium expression

Surface protolysis reactions : Proton adsorption(inner-sphere)

SOH & SO + H', K™

SOH + H' & SOH,", K™

Electrolyte surface reactions

Sodium adsorption(outer—sphere) SOH + Na* = S0™-Na* + H, Ku'™

Chloride adsorption(outer—sphere) SOH + C1” + H' < SOH,'-C1", Ko™

Cu adsorption(inner—-sphere)

SOH + Cu* = SoCu’ + H', Ksoei™

SOH # Cu®'+ H,0 = SOCuOH + 2H', = Ksocuor™™

Cd adsorption(inner-sphere)

SOH + Cd*" = socd* + H

SOH + Cd*" + H,0 = SOCAOH + 2H"

TIME HIE e = 3+ HYDRAQL Z2IRE #33te] Qlo] 91 stz =& oA
SHA ZAkshe Zlolth o] AL gz BHH AxtE ol 9lo] mf¢ Fa3F dojr}

Qe 4 DA Bl FHA AT oPBAY AAL FE FHA X
W3l @B Azt FRHADSO 8 dolubm, FHVSS AVHOE s
AohgE Rl ARl Belste ofd BHA Beld, Haby ww S o
& A% 7ol o ToiHol Bt

S8 9 EAE 793517 ¢34 = Cation Exchange Capacity(CEC), B]3EH=



(Specific Surface Area: Asp) So| ZAAEF ool s}y, 55tA HH EAAL FH35}7]
2= & HhgAlg]%%(Total Site Concentration; Np) T HEZx}g] WX (Site
Density: Ns), pHzpc(®d H3S}5IE, point of zero charge), 2|2 FH 7]%7]

(surface functional group)e] EWo]28} HYHLF(Ka'™, Ko'™) To] Hasirl

Nr = A (1) 2 Zo] 33 4 33, Ns & 2] (2) oF Zrh(AEel, 1996).

Ny (mole/L) = 10" x a x Asp x Ns / N; (1)

o714, a = mMAe] %% (g/L), Ny = Avogadro number, 6.022x10%

Asp = B|EH ¥ (specific surface area)

Lo

Ns (site/nm’) = 6 x CEC / Asp (2)

plzpcs YALER S| & Ast7t 0”1 A 2 pHkelrh. ey, ERASIIF dAfEH o
A g AHH) ol oAyt wAd"ckd o oFdAt A (point of zero net
proton charge ; pznpc) &2 Fo|YE 4 glrh. pHzped ARPH R goo] A F
(1998)8] 72
F}of| &]5lH Zeta meterE o]£3t zeta potential & &AJI= WHE ALEF 2 gith
olg|’t pHzpce FEHJEl, Il el AR =l whel ofzHR o] F3Stal(Stumm
Morgan, 1996), Stumm 3} Morgan(1996)of 2J3PH AI&E = w7 A3 A& A
A2l spolAl okl #fol7} Lehdria sHgir.

Arte] EAAS LS A3t 23 A

=
BUPL 01§t g (Gran, 1952)& o] &SR, Zefo] A

ojft

=
sty weg olsfstul S Fasith &, YxLEWS] pH7} phzpe B
(4] 5) 4] H7Hprotonation) ¥-gol SHFA g4 FHS FAHE A
S5, pH7b pHzpe BTk ZW(4 3) $4:2] 3¢l (deprotonation) Whgol LA

He 2A3SME = A Hrl(Schindler &, 1987: Carrol-Webb 2} Walther, 1988;

L

Zachara %, 1988). 21 (3) 7} A} (5) o Ewlo]e3} By Ku'™, K™ & 22

A (4) o A1 (6) 3 BRI, Ns = A (7) 3} o] EAY 4 Atk



SOH <= 80 + H (3)

m _ (SO JH")
Kal t_ {SOH} (4)
SOH + H = SOH,' (5)
. [SOH,"
nt __
Ka™ = (SOH){H "} (6)

J2ER, Ns & T A3 Zo] 3702] hydroxo group?] ot

Ns = {SOH;'} + {SOH} + {SO} (7)

pH > plzpc € 77, EHZ SIS ZEE Ns = 4 (8) 2} o] EIH L,

pH < pHzpe & B¢, EHEZ IS HEE Ns & 4 (9) o o

Ns = {SOH.'} + {SOH} (9)

ozt o] o5t {SOH'}, {SOH}, {SO}& T} Zo] H3

(Davis &, 1978c).

sty =2, som =) g0y -
106 - F
a7, =10



o] ZkE Ku'™, Ko™ 2lo] tidstd olzje] A1 (13),

1
filo
N
32
a

Case 1) pH > pHzpc (-charge)

- + —fn ° {H+}
Kalint_ {SO }{H } B

(SOH} =~ Ns—o_

int N.
(HY) =K' (== ~1)

Case 2) pH < pHzpc (+ charge)

94
‘ {SOH}{H ™"} Ns—o, . [H+]

B
Kaz '( NS - 0+ ) {H+} = 0+

il wnl
Ka? . NS—KuZ 0y
0+

(HY} =

int N
(HY) = Kj' (=2 —1)
+



zeta potential A&} EE =] HAZ LJEPWH Boltzmann A]7} zeta potential
Aoh FRASSHS] WAL R Gouy-Chapuan o124 ol83fel A}e] BE
29 ZAARE Tokol 4 (13) 3} (17) of ISP A @719k y BHE 72 + o)

, ol Z1&7I%ty AHomRY Kal‘“t, Ko™, Ns Zt& 7t7h 78 4= glrh

Boltznamn A& o] §3te] Pt (H)e ¥ 528 PaTh

{H'} = [H] - expm%g (18)

o7|M F : Faraday 4%, Y : EdAsl R: 7A4E T: Ages

SolF2te] ¢l Af, FEHAL = AJ10|55 2 Gouy-Chapman oA o2 ALt
+ ot
9R-T o, x|\
Yo ="z F ' sinh ( 2R T-e-[) (19)
o1 ERAHoy) ol chs4 AASHE olelst 2k
2R-Tel 12 7F U
0= ( T ) 'Smh<4&2~R~T ) (20)
o] 7| A Z : H3|A 2] HA=x}7}(the valence of the electrolyte), 1 : o] =
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Table 2.

hydrothermal reaction

The conditions of zeolite synthesized form Hwangto by

Type Synthesis Temperature NaOH Concentration
SOD 90 ~ 100 C 1 2 M
(sodalite octahydrate) 110 ~ 130 C 3 5 M
ANA 130 C M
(analcime) 140 C OfAf 1 2 M
Na-P1 120 C M
CAN 140 ~ 150 C M
(cancrinite) 160 C 4 5M

Table 3. Physicochemical properties of Hwangto and its synthetic
zeolites
ANA CAN Na-P1 SOD Hwangto
CEC [meq/100g] 70 115 265 300 15
Asp [n%/g] 80 205 102 231 84




3% FRARL YRAoE Sysigon YURAL Table 4 3 Pt Y
SJRE(0.01 M NaCl) BRI 324 84 /=T Cu(1)] BF 8.3 x
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Table 4. Experimental condition of Heavy metal adsorption

Items Condition

Ion strength 0.01 M NaCl

[Cu”]1=83x10°M

Heavy metal concentration o 5
[CA"] =6.5Xx 10" M

adsorbent amount 0.1 g / 50 mL (200/270 mesh)

Solution of pH 3 ~ 10

Temperature 25 C

— 923 —



2) Zeta potential =3
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Fig. 4. Flow diagram of batch experiments for heavy metal adsorption.
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Table 6.

synthetic zeolites

The surface protolysis and related parameters for the

ANA CAN Na-P1 SOD

Ny [mole/L] 6.974x107° 1.146x10™ 2.64x10™ 2.989x10™

Ns [site/nm’] 5.25 3.37 15.59 1.07
log Ka - 6.1 - 6.5 - 5.7 - 5.9
log K 3.76 3.83 3.71 3.7
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Table 7. Surface parameters

and constants

for synthetic

zeolite used in

this study
ANA CAN Na-P1 SOD
Ny [mole/L] 6.974x107 1.146x10™ 2.64x10™ 2.980x10™
Ns [site/nm’] 5.25 3.37 15,59 1.07
Asp [m*/g] 80 205 102 231
log Kat -6.1 - 6.5 - 5.7 - 5.9
log K 3.76 3.83 3.71 3.7

Table 8. Fitting parameter of TLM determined by trial and error

ANA CAN Na-P1 SOD
C; [uF/cem?] 120 120 120 120

C; [UF/cn’] 20 20 20 20

1og Kya -4.0 -1.2 -2.1 -3

log Key -4.0 -2 -4 -2.8

cd 1log Ksuca -7.0 -2.5 -2.5 -3
1og Ksocaor -5.6 -5.2 -5.5 -7.1

1og Ksocact -2.0 1.5 1.5 1.5

1og Ka -2.1 -1.8 -5 -3.2

log Key -4.0 -2 2 3.1

Cu 1og Ksucu -7.0 -2 -1 -2.5
1og Ksocuos -5.0 -4.7 -7 -6.8

1og Ksocuct -2.0 1.8 1.5 1.8
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