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Surface characteristics and adsor ption mechanism of Pb?’* on meso-

porous titanosil icate molecular sieve

XU Yingming ,WAN G Rongshu  (Department of Chemical Engineering, Tianjin Universty , Tianjin 300072)

Absgtract Mesoporous titanodlicate molecular Seve samples in the presence of (CTMA) Br were pre-
pared ,and the effect of S/ Ti molar ratio on the characteristics of the sanples was investigated. A s mpli-
fied surface complexation modd was used to caculate the conditiond binding congtants for surface conmr
plexation of Pb?* on meporous titanoslicate molecular Seve. Adorption characterigtics of Pb”* on the
sample were a0 sudied asafunction of pH and temperature. Fnaly ,the dynamics ,iotherms and mecha
nism of the adsorption for Pb®* were di scussed.
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24 h, , , 120 2 h,650 4
1.2
ChemB ET-3000 77 K - ;
Kelvin ; HITACHI 180-80
1.3
, 2 mol/L HNGOs 48 h. 1
250(g/ mL) pH=8.0, 25 , 0.10—0.00mg/L ,
0. 10 mol/L NaNO;3, 100 h 180-80
2
2.1
1 : Ti 2%
1 S/ Ti
. - (w/ w) Ti :
Tablel Hfect of 9/ Ti rati in gd on characterigtics
of the products
: Ti 2%(w/ w)
S/ i ¢ v S Ti
% nm  cm’g m?/ g ! !
TiO, — — — — 206! ’
TS1 — — — — 398°l , TiO
MCM-41 0 0 3.3 0.76 965 ,
Ti-MCM-41 100 0.95 3.5 0.84 1120
Ti-MCM-41 50 1.86 3.6 0.91 1325
Ti-MCM-41 40 2.06 3.5 0.82 1093
Ti-MCM-41 35 2.21 3.5 0.79 1040 '
Ti-MCM-41 30 2.32 3.5 0.68 915
Ti-MCM-41 25 2.87 3.2 0.57 786 ’
Ti-MCM-41 20 3.90 3.1 0.34 580 Ti
2.2
, H* OH- ,
SOH .
SOH; = SOH + HZ (K& (1)
OH = 0 + Hf  (KD) (2
Kii = Kaexp(- elo/ kT) (3
K = Kaexp(- ebo/ kT) (4)
,S0H;  SO° Hs yKa  Ka
’ NaN03 1

Na® NO;
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SOH + Na" = SO" -Na" + Hs ( Kis) (5)
SOH + H{ + NO; = SOH;-NO; ( KNo; (6)
Ki K Kb, KiE*
©0) (Ny) : ol 2.
2
Table 2 Surface characteristic of mesoporous titanoslicate molecular seve
A.m¥g d,nm Ns,nmol/ m? pHzrc p Kt p K p KL+ p Kinﬂ“oé
1325 3.6 1.24x10°° 4.52 2.48 6.56 6.68 14.56
, (7
( 8 :
2S0H + Pb** = (S0)2Pb + 2H* (7
SOH + Pb** + H,O = SOPhOH + 2H* (8)
yOH ,(80),Pb SOPbOH
[4] | 1 L | H+
(8] ' "
[8]‘ L 1
, 1.5—4.7 H".
2.3
1 , pH , pH
100
so° Pp** pH b o5
5.0—9.0. . 6of /
5 PL2* t 2 /xo.lomg/L
aor
] 90 % ] o 0.05 mg/L
20 s
0.10 mol/L NaNO;
1 1 1 1 1 1
, , J 0 2 4 6 8 1012 14
pH
3 1 1 1
(o1 pH
) Ph2* Fig. 1 Pb** adorption on meo-
PHOH * porous titanoslicate molecu-

lar deve vs.pH
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Pb2+
100
80{)/’(’———4)_—:;-1 3.40
® * pH 6.90
. 60H p
&= ° pH9.10
40 |
Soll 0.20 mg(Pb** )/L
¥ 0.10 mol/L NaNO;,
X 1 1 1
0 1 2 3 4
t,h

2

Fg.2 Pb?* adorption on mesporous titanosi-
icate molecular Seve vs. time

ng+ Cd2+ Zn2+ Cu2+

100

80
0C
60 | *
® °25C
= a0b *45C
20k 0.20 mg(Pb**)/L
0.10 mol/L NaNO;
1 L 1 1

1 1
0 2 4 6 8 10 14
pH

3

Fg.3 Pb?* adorption on mesporous titanoslicate
molecular deve vs. temperature

( 3 : PR *

3
Table 3 Datafor adorption of heavy metd ionsin water on mesoporous titanoslicate molecular seve
Pb2+ Hq2+ Cd2+ Zn2+ Cu2+ Mq2+ Ca2+ Na+
,mg/ L 10.00 10.00 10.00 10.00 10.00 10.00 10.00 5.00
,mg/ L 3.64 1.83 4.32 6.57 5.24 8.92 9.43 4.72
,mg/ g 3.18 4.10 2.84 1.72 2.58 0.54 0.29 0.14
pH 6.90; 1 250; 0.50g.

_=s.0
Ti—4.0- pH 8.0,0.20 mg(Pb** ) /L
-
X -3.0fF
I——Z-O- *1 mol/L NaNO;,
e —1.0F 3 mol/L NaNO;
1

1 1 1 1 1
0 20 40 60 80 100 120 140

t, min

Fig.4 Thefirst order reversble kinetic fit of Pb?*
adorption data on mesporous titanoslicate
molecular seve

Pb?*
[10] .
In(1- U(t)) =- Kt (9
K , :
K = kl(l + 1/ KC) = ki + ko (10)
Ke y Ke k2
U(t) = (co- c)/ (co- co (1D
c & C(mg/L)
t Po?* :
4 dnf[(c- c)/(co- c)] 't

sz +
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5
, SOPb*  SOPhOH
2.5
Pb** Fre-
undlich , :
SOH7 + nPp?* = SOPHP™ D+ (12)
Ki = [SOPb¥Z" Y"1/ [SOHT][P?"]" (13)
log[ SOPbZ™ P *] = log K; + nlog[ Pb?*] (14)
[ SOH+] [SOPRZ™ T [PRPt] o
*xpH 9.1
n . K¢ Freundiich =
’ 5 ) ;‘3:—1
) @)
)
| 50
09 Kr pH 0.1 mol/L NaNQO,
0. 64 , , L
-2 -1 0
1g[Pb** ]
2.6
5
6 (111, NaNOs;
" Kilto+ . .
SOH + PR PO O -Pp?* + H* (15) Fg. 5 Adsorption isotherms for
Po?* on mewporous ti-
Oo Gp( 6) . .
tanodlicate molecular Seve
[SO™ -Pb**] = [SOH][Pb*" ]/ [H*]
- [ | i
[ or— phow - expl (ePo - 2al)/ kT] " K (16)
-()Hz*| NO; ™ | NOs~ )
Oo Wo
Oo Op . NaNO; Pb? "
O =[SOH;] + [SOHz-NO3] - [SO]
- [0 -Na'] - [SO -Pb*'] (17)
Op = [SO -Na'] +2[SO -Pb?"] - [SOH;-NO;3 ]
(18)
/ :
5 Wo-Us =0¢/ C (19)
Fg.6 Adwrption mechanism for Pb** ions on U -Wa=-0dC (20)
mesoporous titanodlicate molecular Seve Uk Yy

,C1 Co
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7" - ( 9", : :
,Pb* " [SO™-Pb*"] [SO"-PbOH*] [(S0).Pb*"]
PbOH* pH . PbOH ™
pH 90 %
, (1 pH>
50 ,S0°-Pp’* SO -PbOH” Pb**
3
; pH . ;
N =
, SOPb*  SOPLOH : Freundlich
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