
INTRODUCTION 
  
Zeolite synthesized from Brazilian coal fly ash (ZFA) has been 
extensively investigated for water treatment due to its large specific 
surface area and cation exchange capacity, low cost, and mechanical 
strength [1]. Cyclodextrins (CD) have been highlighted in recent years 
because they have hydrophobic cavity of medium size (1.5nm x 0.7nm x 
0.8nm) and hydrophilic surface due to the presence of -OH groups. This 
structure allows the formation of stable inclusion complexes of type 
"guest-host". A recent study involving β-cyclodextrin showed that these 
compounds may be capable of addition to intermediate hosts, by 
complexing metal ion in ternary systems [2]. The heavy metals 
cadmium, lead and zinc are considered as endocrine disruptors, and 
one of the priorities of the United Nations includes the elimination of 
endocrine disruptors from water resources.  
 
Thus, this proposal is based on the development of zeolite from coal fly 
ash modified with β-Cyclodextrin, CDZFA to be used as a new, low-cost 
adsorbent for the effective removal of Cd (II), Pb (II) and Zn (II) from 
wastewater. 

MATERIALS 
 
Coal fly ash sample was collected from baghouse filter (coal-fired power 
plant, Figueira, Paraná State, Brazil).  
β-Cyclodextrin, cadmium chloride, lead nitrate and zinc nitrate were 
used without additional purification. 
 
METHODS 
 
• Synthesis of zeolite from fly ash (ZFA) 
 

Zeolite was synthesized by hydrothermal activation of 20g of coal fly 
ash at 100°C in 160mL of 2mol·L-1 NaOH solution for 24h. After filtration 
the zeolitic material was repeatedly washed with deionized water  and 
dried at 80°C for 12 h. 
 
• Synthesis of β-Cyclodextrin-modified zeolite from fly ash (CDZFA) 
 

20g of ZFA was added to a polyethylene bottle with 1g·L-1 of CD. Bottles 
were shaken in a thermostatic mechanical shaker (25.0±0.5°C; 120rpm) 
for 7h. The mixture was filtered and the solid was dried in ambient air.  
 
 
 

XRD analyses of ZFA and CDZFA showed that zeolite NaP1 was the 
major phase. Weak peaks of quartz and mullite (coming from fly ash) 

were also observed.  

ADSORPTION  EXPERIMENTS  
 
An accurate weight of 0.0200g of ZFA or CDZFA was shaken with 20mL 
of aqueous solutions of metal ion for 2h.  
 
Concentrations of metal ion:                              pH values:  
 

Cd (II): 8, 20, 50ppm                                       4, 5, 6, 7, 7.5, 8 and 9. 
Pb (II): 8, 20, 50ppm  
Zn (II): 50, 100, 200ppm 

 
Metal ion concentrations was determined by AAS. 
 
Solids after experiments were dried at 35°C for 1h + room temperature 
for 2 days, and characterized by thermal analysis, FTIR and SEM. Zeta 
Potential (ζ) was also measured. 

Adsorption of metal ions on ZFA and CDZFA-1 
 (Metal concentration in solution after extraction) 
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Characterization of samples 
 

FTIR 

Thermal analysis 

DSC curves of ZFA and CDZFA after adsorption  TG curves of  ZFA and CDZFA after adsorption  

Zeta potential before and after ions adsorption (pH 7.5) 
(Cd and Pb 20 ppm; Zn 200 ppm) 
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SEM/EDX 
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ZFA ZFA-Cd ZFA-Pb ZFA-Zn CDFA CDZFA-
Cd CDZFA-Pb ZFA-Zn Assignment [3,4] 

3450 3422 3422 3422 3450 3450 3445 3445 ν (H2O) 
1643 1638 1641 1638 1644 1639 1644 1639 δ(H2O) 

1165sh 1164sh 1166sh 1164sh 1167sh 1163sh 1165sh 1162sh νas internal 
tetrahedron 

1083sh 1076sh 1075sh 1074sh 1090sh 1077sh 1080sh 1076sh νas Si-O 
995 1000 1000 999 999 992 991 992 ν Al-O tetrahedron 
797 797 797 797 797 798 798 799 ν external bonds 

between tetrahedrons 777 778 778 778 777 777 778 777 
740 733 736 736 740 738 742 741 νs internal 

tetrahedron 693 694 695 695 694 692 692 695 

569 564 562 564 579 573 584 575 ν double ring Si-O 
tetrahedr 

443 454 455 455 438 440 435 438 δ TOT 

DTG,  Tpeak (ºC) 
ZFA CDZFA Process 
54.4 57.0 

Dehydration 
107.8 106.6 
674.8 668.4 Dehydroxylation 

SEM images of NaP1 

Sample ζ (mV) Sample ζ (mV) 
ZFA -34.0 CDZFA -37.1 

ZFA-Cd -40.8 CDZFA-Cd -36.3 
ZFA-Pb -40.5 CDZFA-Pb -39.8 
ZFA-Zn -45.7 CDZFA-Zn -39.7 

CONCLUSIONS 
 
 A novel adsorbent material was successfully synthesized by the modification of zeolite 
from fly ash with β-Cyclodextrin. 
 

• Zeolite from fly ash (ZFA) and β-Cyclodextrin-modified zeolite (CDZFA) present the 
structure and morphology characteristic of NaP1.  
 

• ZFA and CDZFA were used for the removal of several endocrine disrupters (Cd, Pb and 
Zn), from aqueous solution.  
 

• Both zeolitic materials are very effective adsorbent, with removal efficiency of the 
heavy metals in the range of 83.0-99.9%.  
 

• Although the removal efficiency of the two adsorbents was very similar, several 
differences were observed:  

• Cadmium: adsorption is higher for CDZFA at acidic pH values, being not affected 
by the concentration of solution.  
• Zinc: the removal efficiency is higher for ZFA only for the highest metal 
concentration when pH values are lower than 7, for the other experimental 
conditions the metal adsorption is slightly higher for CDZFA.  
• Lead: adsorption is higher for CDZFA when high metal concentrations are used. 
 

• CDZFA showed higher uptake capacity than the ZFA on most of experimental 
conditions. 
 

Owing to the non-toxic character of CD and the utilization of zeolite from fly ash, the 
proposed method could be considered as a low-cost and environmental friendly 
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