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Metal ion adsorption by ion-exchange.  

For comparison, the pseudo-first-order kinetic model was used to analyze the 
absorption kinetic data as follows:1 

where K1 is the pseudo-first-order kinetic constant. 
For comparison, the absorption data were also analyzed using the Freundlich isotherm 

model as follows:2  
where KF and n are the Freundlich constants. 
 
 
 

n
eFe C= Kq
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Figure S1. Characterizing the as-spun fibers. (a) SEM images. (b) Diameter distributions.  



 

 

 
 
 
 
 
 
 
 
 
 

Figure S2. Characterizing the Zr-TiO2 precursor fibers. (a) SEM showing uniform 
thickness. Inset showing uneven surface. (b) Diameter distributions. (c) High-
magnification SEM showing nanopores. (d) N2 sorption isotherm. Inset showing 
the BJH pore size distribution. (e) XRD showing pure anatase phase. (f) Raman 
spectrum. (g) XPS survey spectrum.  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure S4. Characterizing the textural properties using N2 sorption isotherm. Inset showing the 
BJH pore size distribution. (a) ZTNT2. (b) ZTNT3. 

Figure S3. Mesostructural transformation during the hydrothermal reactions. (a) 0h. (b) 3h. 
(c) 9h. (d) 12h. (e) 24h. 



 

 
 

Figure S5. XPS spectra of ZTNT1. (a) Survey spectrum. (b) Deconvoluted peaks of Ti 
2p. (c) Deconvoluted peaks of Zr 3d. (d) Deconvoluted peaks of O 1s. 

Figure S6. Thermogravimetric analysis of (a) ZTNT1, (b) ZTNT2 and (c) ZTNT3. EDS analysis of 
(d) ZTNT1, (e) ZTNT2 and (f) ZTNT3. 



 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure S7. Fitting the adsorption data of ZTNT1 using (a) the pseudo-first-order adsorption 
kinetic model and (b) the Freundlich adsorption isotherm model.  

Table S1. Adsorption Parameters of ZTNT1 



 

 
 
 

Figure S8. Characterizing the adsorption properties of ZTNT2 (a-c), ZTNT3 (d-f) and TNT (g-i) for 
Mn+: (a,d,g) Langmuir adsorption isotherm model. (b,e,h) The pseudo-second-order adsorption 
kinetic model. (c,f,i) Adsorption kinetic curves. 
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Table S2. Adsorption Parameters of ZTNT2 and ZTNT3 


