
The temperature in which nanotubes are formed influences the As uptake, Table 1. As (V) is mainly adsorbed at acidic pHs values, As (III) at pH around 7. The maximum capacity of As (III) 

and (V) obtained by the Langmuir model is 0.8 mmol/g and 2.8 mmol/g, both can be desorbed by the use of NaOH solutions, with desorption yield of 95% for As (V) and 85% for As (III) [4].  

Table 1.- As (III) and As (V) adsorption using various titanate nanotubes. 

Time: 300 min. The adsorption using the pristine titanium oxide powder is 0.02 mmol/g 

and 0.03 mmol/g for As (III) and As (V). 

 

Pb2+ + Na-TiNT                   Pb-TiNT + 2Na+      Eq. 1 

 

Pb-TiNT                  Pb-OTiNT                           Eq. 2 

 

The Pb (II) adsorption onto the nanotubes is mainly attributed to exchange with sodium ions and binding with the oxygen atoms on the nanotubes surface: (Eq. 1 and 2) . The high lead 

loadings onto de nanotubes as much as near 1.0 mmol  Pb(II)/g adsorbent can be achieved at pH values of 5-6. Adsorption decrease with the decrease of the pH values, fig. 2 [5]. 

Condition: 500 mL of solution containing 40 mg/L  Pb (II). Adsorbent: 20 mg of titanate 

nanotubes generated at 400 W. Times 25 min. Temperature:25ºC. 

Table  2.- Influence of the pH on lead adsorption onto titanate 

nanotubes generated by microwave hydrothermal procedure. 
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Figure 1.- TEM images of titanate-

based nanostructures [1]:   

a) Nanoflowers  

b) Nanotubes 

 c) Nanowires 

The adsorption capacity of the titanate nanotubes for removal of copper (II) depends of the amount of Na+ in the nanotubes. The maximum capacity is of near 1.9 mmol/g at a pH value 5 [2].  

The nanofibers (NaxH2-xTi3O7·nH2O (i.e. x= 2)) with the higher sodium content are the most effective adsorbents for copper (II) being this adsorption greater as the pH of the solution is 

increased, reaching a maximum of 99% at pH of 4, when the solution of 100 mg/L metal were tested. The metal can be desorbed by the use of EDTA-Na2 solutions, 89.3% of metal 

desorption  is obtained when a 10-1 M [3]. 

The adsorption order  to remove Pb (II) was: nanotubes>nanoparticles>nanowires with capacities of near 0.7, 0.5 and 0.4 mmol/g for equilibrium concentration 1 g/L. In the three cases, the 

metal adsorption fitted to the Langmuir model [6]. 

The adsorption order of sodium titanate nanotubes ,  was at pH 3 and ionic strength of 0.1 is Pb>Cd>Cu>Zn>Ca>Sr>Ni. The nanotubes showed higher affinity for softer acids i.e. Pb, Cd, Cu,  

so the nanotubes investigated in this work can be considered soft bases [7]. 

the adsorption capacity follows the next or 

Titanate nanoflowers has large specific 

surface area.   

The order of the adsorption capacity of 

Cd(II), Zn (II) and Ni (II):  

nanoflowers>nanotubes>nanowires [1]. 

Ca2+, Mg2+, K+ and Na+ affected the adsorption of Pb (II), Cd(II), Cu (II), Cr(III) 

onto the nanotubes, this adsorption decreases due they competition for the 

adsorption sites.  

These metals can be desorbed by the use of nitric acid or EDTA. EDTA is more 

effective, except in the case of Cr (III) [8]. 

The various tested Ti-based nanostructures presented good properties as adsorbents of metals from aqueous solutions of various sources; however their application in this environmental 

field is not fully investigated. The future for these nanoadsorbents in this field seemed to be promising and worth to be investigated . 

Temperature formation (ºC) As (III) (mmol/g) As (V) (mmol/g) 

110 0.08 0.08 

180 0.11 0.13 

pH Pb  (II) adsorption (mmol/g) 

2 0.34 

3 0.68 

4 0.88 

5 1.01 

6 1.01 

Element Uptake (mmol/g)) Equilibrium (g/L) 

Cd (II) 0.73 0.17 

Zn (II) 0.44 0.10 

Ni (II) 0.33 0.09 

Table  3.- Adsorption of metals by Ti-nanoflowers. 
Pb (II) equilibrium adsorption with titanate nanoflowers is reached within 

less than 10 min of contact. The space between the nanosheets which 

formed the nanoflowers, is considered as tunnels which favored the fast 

Pb (II)  diffusion.  

The order of adsorption of Pb (II): nanoflowers>nanowires>nanotubes [1]. 

Element Uptake (mmol/g)) Equilibrium (g/L) 

Pb (II) 2.64 0.50 

Cd (II) 2.13 0.10 

Cu (II) 1.92 0.13 

Cr (III) 1.37 0.14 

Figure 2.- SEM images of 

titanate nanoflowers [1] 

a) Low magnification  

b) high magnification 

Table  4.- Adsorption of metals by titanate 

nanotubes on multi-elemental solutions [8]. 
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