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Preparation of Nano-calcium Titanate Powder and Its Adsorption
Behavior for Lead lon and Cadmium lon in Water

Zhang, Dong* Hou, Ping
(School of Environmental and Chemical Engineering, Shenyang Ligong University, Shenyang 110168)

Abstract Nano-calcium titanate powder was successfully prepared by a citric acid complex sol-gel
method, and characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM) and Fou-
rier transform infrared spectrophotometry (FTIR). Its adsorption capabilities for lead ion and cadmium ion
were investigated. Taking the cadmium ion as an example, the thermodynamics and kinetics of the adsorp-
tion were completely studied. The results showed that the calcium titanate was perovskite nanometer pow-
der. The particle diameter relied on the burning temperature, which became larger at the higher burning
temperature. When the temperature was at 600 C for 2 h, the average particle diameter was the smallest,
about 20 nm. This adsorbent had strong adsorption capacity for the lead ion and cadmium ion in water at pH
4~8. The adsorption behavior followed a Langmuir adsorption isotherm and a pseudo-second-order kinetic
model. The enthalpy change (AH) of the adsorption process was 39.312 kJemol '. At various temperatures,
Gibbs free energy changes (AG) were negative, and entropy changes (AS) were positive. The activation en-
ergy (E,) was 20.359 kJemol ' for the adsorption. These showed that the adsorption of cadmium ion by the
nano-calcium titanate powder was an endothermic and spontaneous physical process. The adsorbed lead ion
and cadmium ion could be completely eluated using 1 molsL ' HNOj;. The pre-concentration factors for lead
ion and cadmium ion were all more than 200. The method has been applied to the preconcentration and
flame atomic absorption spectrometry (FAAS) determination of trace lead ion and cadmium ion in water
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samples. The recoveries were 96.3%~107.2% and 93.5%~104.0% respectively, and the results were found

to be in agreement with those by graphite furnace atomic absorption spectrometry.

Keywords nano-calcium titanate powder; lead ion; cadmium ion; adsorption behavior; flame atomic ab-

sorption spectrometry (FAAS)
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Figure 1 XRD patterns of nano-calcium titanate at various
temperatures
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Figure 2 TEM patterns of nano-calcium titanate
(A) CaTi03600, (B) CaTiO;750, (C) CaTiO3900
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Figure 4 Effect of pH on the adsorption
(A) Lead ion, (B) cadmium ion

gELRW, FUE R AR CaTios X Pb* fil Cd**
WP e IRl pH (BB KT8, 4 pH KT 4 LUG,
WP AL Bl K. IXJEH T, SRS TR IR Eh %
T (W B e R AT 1 OH 112 5, R[] pH {H
AT, RIS R MPE AR, > pH (UK,
(1 H 2 thoRIZR AR RS R T (1 OH,  52mA T KIRES %) T
) I BEE Y BT pH ETF R, RSN
OH =342, Wifftae Jydam. (12 pH il m, &4
e B A ENPIDTE, . Sk pH HoA
4~8. fHIF] pH KT, & B Foeid BBk =, W B i bk
N, X ERARRNFARDG, A BN KR E R, RARR,



No. 12

K4S ORERIRER 1A (1 28 A Rk K A BRI PR R AT A

1339

K R LE AR /N, W B RE AR 55, KIRE BEAR, K ik
Fie ), LERMAUR, WHREJ 58, BT CaTiOs 600 (1)
Rt dse/)s, Wt RE ) Bk, ASCH TS CaTiOs 600(BA T
TEL TR AR AR RS ) P R o 2 .
222 G A1) xR M 6 e

TEPHAE N S 4AT T, PG HAS ] (I, 42
T34 5l 00 5 W P e (] 5).

204 -
A)
201 4
.g | %/O\O 0/0\0/0
2 198
3 |
195 -
192 -
T T T N T T T
0 10 20 30 40 50
#/min
12.0
(B)
11.5 o o0 ©
TC\D /
i 110 7
£
xS |
/O
10.5 -
o]
4 o]
10.0 T T T T T T T T T T T
0 10 20 30 40 50

#/min

BT 5 RS I T e B 58 4 5
Figure 5 Effect of contact time on adsorption

(A) Lead ion, (B) cadmium ion
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Figure 6 Adsorption isotherms under different temperatures
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Table 1 The parameter of Langmuir and Freundlich isotherms

equations
Langmuir Freundlich

T/K > >

dm KL R n KF R
298 17.575 2749 0.990 4309 114411 0923
308 18.587 4.045 0.997 4221 131420 0.958
318  20.161 4960 0.993 4286 144214 0.989
328  22.026 7.695 0.990 3.834 184454 0.976
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T/K  AH/(kJemol™')  AG/(kJemol™')  AS/(Jemol 'sK ")

298 —2.505 140.326

308 —3.579 139.255
39.312
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328 —5.565 136.819
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Figure 7 Effect of contact time on cadmium ion adsorption at

various temperatures
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Table 3 Preconcentration and recoveries of Pb*'and Cd**

The quantity in Recovery/ Enrichment
Volume of the

. eluent/pg % factor
solution/mk 7L 5T pot cd PbY Cd
50 1042 0.982 1042982 10 10
100 9.87 1.010 98.7 101.0 20 20
200 9.93 0.967 993 96.7 40 40
500 9.77 0.988 97.7 98.8 100 100
1000 9.68 0.959 96.8 959 200 200

R 3 nlA, ke AT, M A R
K #1000 mLCAM FRR), ¥ Po* Rl Cd> 1R 5y
BIFEE] 10 pgeL " A1 pgeL ™!, WHEFIERLAT 95%,
PR PR AR 724 200. 17 L, ZEMR B 298 (5 L R,
BN A WAH 520
2.7 MUHRIEEE

SARIRES & 42 200 55, AJ7706 Pb” R Cd AR
HBR(3020) 70 14 0.14 pgeL ™" A1 7.9 ngeL™"; W HIUAWE
2354 100 pgeL " {9 Pb* A1 10 pgeL ™" ) Cd> W, W

BRI SE 6 Uk, AR bR il 22 (RSD) 7351 4 2.9% 81 3.1%.
28 HEETFHIRI

A R TP P I EI 54 10 pg Pb* Al
5 ug Cd*'19 50 mL b b, o pH )5, AAKEAS
50 mL, JON 0.1 g BKERES, 445256 )74 4E, V5 Pb*"
M CA> IR, Pb > 1 Cd > (15 2= 445 HI7E £ 5% LA
W, S5HREH]: 2000 1519 Na*, K¥, NH , NO;, Ca®’,
Mg**, 500 51 Ni**, PO, Cr(VI), Cl°, 200 {51
Cr(Ill), Ag", Co(II), Cu*", 100 %) Zn>", Fe’", AP ART-
.

3 A

I SRR BT 7K 20 B VA AL #E, R pH {H, N
N 0.1 g GURERIRES, #8507 ER M= 4R, K IalT
W E,  TR] IO [T SEEG s I b A sl b J 1
2 52 (e U 4). PO*T A Cd TR 24 ) Ay
96.3%~107.2%F1 93.5%~104.0%, 5 &5 F 15 47 S g
JE RS e (S A Y

4 KEEF PO RN CA® S I AE 45 (n=6)
Table 4 Determination of Pb>" and Cd*" in water samples (n=6)

Found/ RSD/ Added/ Recovered/ Recovery/ Found by GFAAS/
Samples of water_ (ugeL ") % (gl h (gl h % (gl h
Pb>' cd®* Pb" cd®'  Pb*’ cd> Pb> cd* Pb** cd* Pb*t  Ccd®
5.00 1.00 11.98 2.84 97.4 104.0
Tap water 7.11 1.80 4.2 3.9 10.00 2.00 17.62 3.67 105.1 93.5 7.20 1.73
20.00 5.00 27.83 6.73 103.6 98.6
10.00 10.00 30.12 23.92 107.2 97.2
River water 19.40 14.20 3.1 2.7 20.00 20.00 38.66 34.61 96.3 102.1 19.17 14.50
50.00 50.00 69.01 61.89 99.2 95.4
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