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Adsorption Properties of Nano-Magnesium Titanate Prepared with
Furfural Wastewater for Lead , Cadmium and Nickel
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Abstract; In this paper, nanomagnesium titanate powders were prepared by sol-gel method using
furfural wastewater, magnesium oxide and tetrabutyl titanate as raw materials. The powders were
characterized by X-ray diffraction, scanning electron microscopy and fourier transform infrared
spectroscopy. The adsorption properties of the powder to heavy metal ions such as lead,cadmium
and nickel were explored. Taking cadmium ion for instance, the thermodynamics and kinetics of the
adsorption process were studied. The results indicate that magnesium titanate gel precursor can be
produced and nanomagnesium titanate powders are prepared after calcination by neutralizing with
magnesium oxide , evaporating and concentrating furfural wastewater,and then adding tetrabutyl ti-
tanate. The material has strong adsorption capacity for lead ,cadmium and nickel in water in the me-
dium of pH 4 ~ 8. As an endothermic spontaneous physical process,the adsorption behavior is ac-
cord with Langmuir isotherm and quasi-second-order kinetic model. The heavy metals adsorbed can
be thoroughly eluted and recovered by 5 mL,0.5 mol/L nitric acid solutions. The concentration
factor of lead ,cadmium and nickel is as high as 50. The application of this method in the determina-
tion of trace lead ,cadmium and nickel ions can be manifested in water samples by solid phase ex-

traction enrichment and flame atomic absorption with satisfactory results.
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Fig.1 XRD patterns of magnesium titanate powder
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Fig.2 SEM images of magnesium titanate powder
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Fig.3 FTIR spectra of magnesium titanate gel
and MTO

PEEh4E;2 924 cm ™' .2 891 cm ™' Al 1 385 cm ' [t
AT P I AL R —CHL, A Hh C—H 11 {45 FN A% £y
PRBNI& ;1095 cm ™' 1 910 cm " BT A4 W i s 43
Sk C—O—Ti Fl C—O—Mg )1 45 3% 5h W I
U 5617 cm ™' BRHET A W0 Ry Ti—O—R 4 oIk
S, BRI (52 2 3 .4) SA LY S
W A0 TH 2, 43 S AE 563 cm ™' il 469 cm ' [T HY
I Mg—Ti—O it 45 122 1 P 2 Wz g 0g , 2 B K



66 % M

¥ I XK ¥ F Ik

%43 %

FREEEEI T B AT HL . 205 0 M, A2 MeTio™
AR SCAH ] MTO600 FEAh A T3258 , FFR MTO,
2.2 FERSURBH LIS
2.2.1 pH XFW R4 5

W B TR pH X AN [] 25 - 7 BRI h 2 18T 1Y
WA LR R 1 A pH ARk 2y 5 kK
i 2 1T 0 1 R B 7 A B AR Ak, R T IR pH
RONE ¥ 1. 4 SRS 7 K RE S AR pH DA 1 3R
8 Pb’t CA*T NI AR 42.0.0.5,
0.5 mg, pH XTI mEs S 4 FiR

100

pH
El4 pH X000
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Fig.6 Adsorption isotherms under different temperatures
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Table 1 The fitting parameters of Langmuir and

Freundlich isotherms

Langmuir Freundlich
7K
4w/ (mg-g™") Ky r n Ky I
293 22.831 1.135 0.9719 3.583 12.598 0.8752

303 22.523 1.362 0.9623 3.700 13.131 0.8551

313 23.753 1.863 0.9963 3.839 14.975 0.9637

323 24.155 3.160 0.9959 3.948 17.335 0.8404

x2 RAESY

Table 2 Thermodynamic parameters

. AH/ AG/ AS/
RE/K _1 -1 g
(kJ+mol ") (kJ-mol ") (Jemol " K™")
293 -0.308 92.270
303 -0.778 90. 776
26.727
313 -1.619 90. 562
323 -3.090 92.313
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Fig.7 Effect of shaking time on cadmium ion adsorption

at various temperatures
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Table 3 Recovery rates and enrichment factors of Pb>* ,Cd** and Ni**
Vel E/ pe il e/ %
B UATL/ mL o o - o - N HERT
50 9.95 0. 988 0. 968 99.5 98.8 96. 8 10
100 9.83 0.997 0.975 98.3 99.7 97.5 20
150 9.92 0.952 0. 962 99.2 95.2 96.2 30
200 9.85 0. 957 0.934 98.5 95.7 93.4 40
250 9.53 0.924 0. 947 95.3 92.4 94.17 50
500 9.44 0. 893 0. 835 94. 4 89.3 83.5 100
1 000 9.17 0.819 0.768 91.7 81.9 76. 8 200

FH 2% 3 AN, YA AR R 250 mL B, [Tk
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994, 41% ~99.62% ,Cd** {IHICE H94. 36% ~
99. 88% ,Ni** [ [FIIHE N 92. 64% ~98.92%

*4 K¥EHR P ,CA*F N SENMNELER (n=6)
Table 4 Determination of Pb’>* ,Cd** and Ni**in water samples(n =6)
) IR/ (pg- L") MR/ (g L") [/ %

/J(/F—:{‘: Pb2+ Cd2+ Ni2+ Pb2+ Cd2+ Ni2+ Pb2+ Cd2+ NiZ+

0 0 0 17. 691 7.357 4.752 — — —
K 10 5 5 27.554 12. 106 9. 698 98. 63 94. 98 98.92
20 10 10 36.573 17. 345 14. 532 94. 41 99. 88 97.8

0 0 0 20. 334 9. 768 8. 474 — — —
P 7K 10 5 5 30. 107 14. 486 13. 402 97.73 94. 36 98. 56
20 10 10 39. 583 19. 357 17. 664 96. 245 95. 89 92. 64

0 0 0 0 0 0 — — —

A 3Kk 2 2 2 1.912 1. 969 1. 882 95.6 98. 45 94. 1
5 5 5 4. 981 4.932 4. 922 99. 62 98. 64 98. 44

PEBE, 2516 0F
3 i 1)MTO *f7KH Pb?*  Cd>* 1 Ni** E A 1R 58

PR A2 7K AR B 3R], R FH V28 o B8 e v 5 1
MTO, 5% MTO % Pb** . Cd>* 1 Ni** fi4 % ff

IR AERE JT . IR T, X R LR VR B 43 5 200
24 F160 mg/L [ Pb** . Cd** FII Ni** (19 W fff & 4
SAT3K99. 113 (11. 317 F127.061 mg/g,
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