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Simultaneous Removal of Cd( I ) and Phenol by Titanium Dioxide-Titanate
Nanotubes Composite Nanomaterial Synthesized Through Alkaline-Acid

Hydrothermal Method

LEI Li"*, JIN Yin-jia’, WANG Ting’, ZHAO Xiao*, YAN You', LIU Wen®"

(1. China Waterborne Transport Research Institute, Beijing 100088, China; 2. The Key Laboratory of Water and Sediment Sciences,
Ministry of Education, Department of Environmental Engineering, Peking University, Beijing 100871, China; 3. Huadian Electric
Power Research Institute, Hangzhou 310030, China; 4. Department of Civil Engineering, Auburn University, Auburn, AL 36849,
USA)

Abstract: A composite nanomaterial, TiO,/TNTs, was synthesized by TiO, (P25) through alkaline and acid hydrothermal reaction,
which possessed both titanate nanotubes (TNTs) and TiO, phase. It was found that the adsorption kinetics of Cd( II ) onto TiO,/TNTs
was very quick, and the adsorption could reach the equilibrium within 30 min. In addition, the maximum adsorption capacity of
Cd( 1) was as large as 120. 34 mg-g~' calculated from Langmuir isotherm model. The adsorption mechanism of Cd( Il ) was ion-
exchange between Cd’" and Na*/H " located in the interlayers of TNTs. However, the adsorption capacity of phenol on TiO,/TNTs
was so small that the photocatalysis for phenol degradation was needed. In the adsorption-photocatalysis system, the removal efficiencies
of Cd( I ) and phenol could reach up to 99.6% and 99.7% , respectively. Especially, removal of Cd( Il ) was attributed to
adsorption by TNTs of the composite nanomaterial, while removal of phenol was resulted from photocatalytic reaction by the TiO, phase.
Moreover, the co-existing Cd( II ) enhanced the photocatalytic degradation of phenol due to the enhancement on photocatalytic activity
of TiO,/TNTs after Cd( Il ) was adsorbed. Co-existing Na ™ did not show obvious effect on the co-removal of Cd( Il ) and phenol by
Ti0,/TNTs, but adsorption of Cd( Il ) was inhibited in the presence of Ca’>* as it could compete for the adsorption sites and enhance
the aggregation of the material. Furthermore, TiO,/TNTs could be efficiently reused after desorption via HNO, and regeneration via
NaOH, and the removal efficiencies of Cd( Il ) and phenol were still as high as 91. 7% and 98. 1% even after three cycles. This study
proposed a method to synthesize a material which had both adsorptive and photocatalytic performance, and it was of great importance for

application of nanomaterials in the simultaneous removal of heavy metals and organic pollutants.
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Fig. 3 Adsorption kinetics of Cd( Il ) and phenol on TiO,/TNTs
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BTIBA, HW B HLE g Cd®T 5 AR TNTSs JZ J8]
Na'/H" B8 F3 e 2 ik ok
2=TiONa + Cd**——(=Ti0),Cd + 2Na*  (5)

TR B W, e AE pH O S 2> TIE A
(pK, =9.89) , [A ity FC 18 B HIL i O % B 73 75 TNTs
I TiO, K1 BRIZHE B2 S AE T, SN RN T

b =TiOH + HO-Phenol —— ==TiO-Phenol + H,O
oy, 2
2=TiOH + Cd**——(=Ti0),Cd + 2H* (6) (7)
£1 Cd(I)FEBE TiO,/TNTs FHRMzh HFEEB &S H
Table 1  Kinetic model fitting parameters for adsorption of Cd( Il ) and phenol on TiO,/TNTs
- 1 CACIL) ) 463 ¥ ¥ /mg - L.~ 2K ) e e JE /g 1.
R e
R Rz 20 50 0.2 0.5
k,/min ! 0.010 0.077 0. 062 0.084
We— 2 Sy 2 0./mg-g"" 7.02 10. 42 0.09 0.19
R? 0.567 6 0.7022 0.9589 0.9637
ky/ g+ (mg-min) -! 0. 034 0.018 0.114 0.742
e~ 5 S 0./mg-g"! 99.70 121.95 0.20 0.34
R? 1.0000 1.000 0 0.999 6 0.9995
2| A (¥ Langmuir Fl Freundlich W 45 5 2 %2 Cd(1)FMEBE TiO,/TNTs L # MR Ht
HEA 0 25 T TR 92 S 2 R EAT B Langmuir 158700 FRARDMASU
,f S l}ﬁ‘»f;‘ L 7{_‘]] M‘J‘—‘A’IJ % fj/_‘,/\%ﬁﬁl] l}ﬁ‘ﬂ\jgj‘)g Table 2 Isotherm model fitting parameters for adsorption
B A 07 12 O A5 2] 53 Wt = of Cd( II ) and phenol on TiO,/TNTs
1 [ A A7 A, SR 4 Vo i
L e e, — o
FH'2 L MR R R Cd(l) Gl
b Qpu/mg-g”! 120. 34 0.36
_ Quibe. Langmuir #%  b/L-mg "' 69.25  118.17
Q. (8) g
1+ be, R 0.9957  0.9922
itqj,(?e(mg'gfl) ﬁ%fﬁfﬂ?'ﬂWi,ce(mg'L*l)iﬂ Kp/mg+g+(L-mg)'" 92.70 0.43
oy, - N N X i =i
é}%%a%m@]_mg’@mx(mg.g l)jﬂfilﬁﬁ%ﬁ"&ﬁﬁ Freundlich 1% %Y n2 11.56 4.94
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H,b (Lemg ') J& 5 0 B 07 05 45 & fg M C Y
Langmuir ‘& 4%

Freundlich %5 i 28 45 7 2 FH Ok $ii i W B J5i 76 %
W 391 2 T S A AN 3 — I A 2 B 8 5 R o
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IR
c, — ¢, = kyt (10)
In(ey/c,) = kit (11)
A k[ mgs (Lemin) ' ]F0 k, (min ") 4350 E 4
I — GG A B 7 3 3 K
AN TR Z5 A 24 1 e A T B ik 14 2l g A R U
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i P 4 SR 3 RTRD, JCRERE T 5840 50 X8 2K 8 1Y 't i
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A TiO,/TNTs J& , 2 1 1 3 9 b4 ) 't 4 1 [ i, 180
min B 25 B R AT 15 98.9% . SERiF S F A, TNTs A
B ANEASUMASOR, th T AL UL T 7 A m =S
TR T# 5 KA E A T TiO, & — F bk fig
DL B AL R MR - AR T S
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Table 3 Fitting parameters for phenol degradation kinetic
04 L models in various reaction conditions
Ve fi 2l J1 2R S8 Jefe JECd( 1) ACd( 1)
02 I o 3 S ky/mg-(L-min) =" 0.0012 0.0345 0.0364
R? 0.9862 0.5365 0.3208
0 7 I k, /min ! 0.0002 0.0245 0.0319
-240 0 30 60 90 120 150 180 — RS A Rlz 0.9865 0.9965 0.9976
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Fig. 4 Simultaneous removal of Cd( Il ) and phenol

by TiO,/TNTs in the adsorption-photocatalysis system
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7 TOLAF BRI P I AL B BR R A K AT A2 B KBRS CA C I ) R 1y f (7] 25 2% Bk 2579

SR PERE, 3 IRAEEF T, Cd( 11 ) R 2K B B £ B R
SR 43 S n] 3k 91. 7% A1 98. 1% . HNO, fii W i 2
o, TNTs W R Cd (11 ) 2 8 vk B2 0T B 48, [
i B R M 4% A 2 SO0 K R 6 A ) TiO, AH % Ak R4S
BEWT 2L mR R W, R T Na ™ i A i 2k i
J& R R B 1 R 3 55, B A S A kL BT
W B 55 (—ONa) B, X Cd (1) SR B R
WEEPERE LTS W R AR R B T A bR
o TiO, BYAEH, B A i e 5 A ok R rp, TiO, JEARCR
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Table 4 Removal efficiencies of Cd( Il ) and
phenol by regenerated TiO,/TNTs
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