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 Background: Heavy metals are the toxic substance used for the manufacturing in 
several industries at present. There is a widespread use of chromium and lead in several 

types of production such as leather tanning, electroplating, mining, battery production, 

PVC stabilizer, and fuel which causes environmental issues. Objective: Water 
treatment sludge (WTS) was modified by nano zero valent iron (NZVI) in order to 

increase the efficiency to remove hexavalent chromium (Cr6+) from wastewater. 

Results: The results showed that the composite ratio 1:1 was the best ratio in Cr6+ 
adsorption which exhibited the Cr6+(10 mg/L) removal efficiency up to 99% 

determined by colorimetric method. The result represented that 10 mg/L of Cr6+ can be 

removed up to 99% within an hour, 20 mg/L of Cr6+ can be removed up to 99% within 
2 hours, and 40 mg/L of Cr6+ can be removed up to 90% within 10 hours. While, bare 

sludge did not remove Cr6+ significantly. Related to adsorption, Langmuir 
Henshelwood Hougen Watson kinetics was used to describe the mechanism of the 

reaction. The reaction rate constant of 0.5097 and the equilibrium adsorption constant 

of 0.0282 were calculated.  Conclusion: The Cr6+ removal mechanism of the composite 
depended on reduction reaction of NZVI more than adsorption. 
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INTRODUCTION 

 

For industrial and agricultural sectors, there is a need of new technologies to enhance and improve 

productivity, including various chemical used in the manufacturing process. These chemicals should be 

eliminated correctly in order to prevent damage to human health and the environment. Chromium and its 

compounds are used as components in the manufacturing of several industries such as metal plating, automobile 

parts manufacturing, dyeing, pigment manufacturing, jewelry plating, tanning, and etc. The oxidation states of 

chromium, which are mostly used in the industry and found in the environment, are hexavalent chromium (Cr
6+

) 

and trivalent chromium (Cr
3+

) [1]. Cr
6+

 can mobile and solute in aqueous solution easier than Cr
3+,

 so this is a 

cause of carcinogenicity and toxicity occurring in the biosphere.  In Thailand, department of industrial work 

decides the wastewater standard from industries is limited to 0.25 mg/L for Cr
6+

 and 0.75 mg/L for Cr
3+

. 

There are several methods to remove chromium from wastewater. The popular method is adsorption 

method, because of cost effective in term of both performance and maintenance. Water treatment sludge (WTS) 

which is a waste from water supply production, is a good candidate to be applied as adsorbent because of its 

large quantity production per year and great adsorption qualification. WTS has 2 types which are aluminum 

WTS and Ferric WTS depended on the precipitation substance added in water treatment process. WTS has a lot 

of surface area which can remove dye or metal ions. Moreover, water treatment sludge can be regenerated after 

the adsorption process by EDTA, the chelating agent [2]. Other material, which is used in Cr
6+

 removal, is 

nanoscale zero valent iron (NZVI). It is effective in dye, heavy metal such as Cr
6+ 

and As, and organic substance 

[3], [4], [5] removal. The two main mechanisms of NZVI to eliminate pollution substance are physicochemical 

adsorption and redox reaction. This research aims to study which factors can affect the performance of Cr
6+

 

removal of WTS/NZVI composite and its kinetic. 
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MATERIALS AND METHODS 

  

Water treatment sludges in this research was an alum sludge collected from the filter press part, 

Metropolitan Waterworks Authority, Thailand. The water treatment sludge/nano zero valent iron composite 

were synthesized by following the method of Shu et al. [6]. The water treatment sludges were sonicated in 0.6 

M iron chloride (FeCl3) for 30 minutes. After that, the filted sludges were reacted with 0.8 M sodium 

borohydride (NaBH4) under 15°C temperature under nitrogen atmosphere. The composite occurred and were 

washed by DI water and ethyl alcohol. Then, the composites were dried at 70°C. The composite will be kept 

under nitrogen atmosphere in the desiccators for oxidation prevention. The reaction of FeCl3 and NaBH4 are 

shown in the equation 1 below. 

 

Fe(H2O)3
6+

 +3BH
4−

 +3H2O  →  Fe0↓ + 3B(OH)3 +10.5H2         (1) 

 

The morphology of the composites was observed by using scanning electron microscopy (SEM) (Quanta 

450 FEI) and the amount of consisted element in the composites was detected by using SEM with energy 

dispersive x-ray (EDX) (D8 Advance Bruker). The zeta potential in surface area of the composites were checked 

by using zetasizer  (Malvern, Nano ZSP). Remained Cr
6+

 in the solution was considered and detected  following 

the colorimetric method and using UV-VIS spectrometer at λmax = 540 nm [7]. 

The batch experiments for Cr
6+

 reduction were performed in 250 ml Erlenmeyer flask, and shook in the 

shaking incubator at 100 rpm 30°C. The samples were collected every 15 minutes in the first 2 hours, and 

collected every hour afterwards. The ratios between WTS and NZVI were considered and varied into 4 ratios; 

1:0 (bare WTS), 1:1, 3:1, and 6:1. Moreover, the concentration of Cr
6+

 solution was also considered and varied 

into 4 concentration; 20, 40 ,60, and 80 mg/L for kinetic study. Every experiments were studied in duplicate. 

Langmuir-Hinshelwood-Hougen-Watson (LHHW) kinetic model was chosen to explain the kinetics of 

chromium removal. 

 

Results: 

 

 
 

Fig. 1: SEM image of (a) WTS and (b) WTS/NZVI composite ratio 1:1 (80,000x). 

 

SEM images of the composites were shown in Figure 1. The shape of the surface of WTS was flat. After 

decosited with NZVI, the round particle of NZVI was attached on the surface of WTS (Figure 1a). The SEM, 

EDX results indicated in Table 1. The amounts of consisted elements in the composites were determined in % 

atomic ratio. The amount of iron in composite 1:1 were 50.19 and 49.81 which corresponded to the feed ratio. 

This evidence also observed in other WTS: NZVI composite. The zeta potential result was shown in Figure 2. 

The results had no trend, but all of them were in negative in every pH. Hence, in every pH, the charges on the 

surface of the composites were negative. 

 
Table 1: Elements atomic percentage of the composites detected from SEM EDX. 

Element 
% atomic of  WTS: NZVI composite 

WTS: NZVI 1:0 WTS: NZVI  1:1 WTS: NZVI  3:1 WTS: NZVI  6:1 

Aluminium (Al) 17.12 11.37 14.81 15.70 

Silicon (Si) 78.86 38.44 57.54 67.22 

Iron (Fe) 4.02 50.19 27.65 17.08 

 

a b 
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Fig. 2: Zeta potential of composites 1:0 and 1:1. 

 

The result of composites ratio variation was presented in Figure 3. The concentration of Cr
6+

 used in the 

experiment was at 10 mg/L. The composite 1:1 can remove Cr
6+

 for 99% as same as the composite 3:1, but the 

composite 1:1 exhibited the faster rate. On the other hands, the composites 3:1 and 6:1 took a longer time to 

remove Cr
6+

 in less quantity. The efficacy of Cr
6+

 removal depended on an amount of NZVI in the composites. 

Increasing of NZVI loading resulted in higher removal efficiency.  

 

 
Fig. 3: Cr

6+
 removal varied the ratio of the composites at 10 mg/L comcentration. 

 

The effect of concentration variation was indicated in Figure 4. The bare WTS (composite 1:0) had a small 

adsorption in all concentration of Cr
6+

 (Figure 4a). Comparing with bare WTS, the composite 1:1 removed 10 

mg/L and 20 mg/L of Cr
6+ 

up to 99% within 2 hours and remove 40 mg/L, 60 mg/L, and 80 mg/L of Cr
6+

 up to 

95%, 66%, and 44% with 10 hours, respectively (Figure 4b). 

 

 



16                                                               Anakhaphon Phiansi et al, 2014 

Advances in Environmental Biology, 8(15) Special 2014, Pages: 13-18 

 

 
Fig. 4: Varied Cr

6+ 
initial concentration removal of (a) composite 1:0, (b) composite 1:1 

 

LHHW kinetics was used to explain the activity on the surface of composite which was a solid-liquid 

interface. The results from the studies of the effect of Cr
6+

 initial concentration were used to compute the 

reaction rate constants (Kr) and equilibrium adsorption constants (Kads) based on the LHHW model in Equation 

2 and 3 [8] where kr was reaction rate constant (mg/L-min), Kads was adsorption equilibrium constant (L/mg), C0 

was an initial equilibrium concentration of Cr
6+

 (mg/L), r0 was initial degradation rate (mg/L-min), C was 

concentration of Cr
6+

 at reaction time t (mg/L), and ∆t was t2 – t1 (min). 1/r0 and 1/C0 were plotted into a linear 

graph (Figure 5.) to find kr and Kads. From the calculation of initial Cr
6+

 concentration removal, kr was 0.510 and 

Kads was 0.028. It indicated that the reduction reaction at the surface of composite affected the Cr
6+

 reduction 

more than adsorbed at the surface. 

 

 

 

   (2) 

  

 

 

                                  (3) 

 
Fig. 5: Langmuir Hinshelwood Hougen Watson Model for Cr

6+
 removal 

 

Discussion: 

According to the experiments which were composite ratio variation and initial Cr
6+

 concentration variation, 

it was found that the factors affected the performance of Cr
6+

 removal were an amount of NZVI in the 

a b 

= 
- 1 
 r0 

+ 
 1 
 kr 

      1 
 krKadsC0 

r0 = 
(–3C0 + 4C1 – C2) 

           2Δt 
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composite and the initial Cr

6+
 concentration. In case that all the composites were compared with the same 

amount, composite 1:1 had the highest amount of NZVI which can remove 10 mg/L Cr
6+

 to 99% in the shortest 

time compared with other composites. This was due to a high amount of NZVI active sites. The mechanism of 

NZVI in Cr
6+

 removal was shown in equation 4. 

 

HCrO4
-
 + Fe0 + 7H

+
 → Cr

3+
 + Fe

3+
 + 4H2O           (4) 

 

Cr
6+

 was reduced into Cr
3+

 in order to intoxicate for immobility in the environment, because Cr
6+

 was more 

toxic than Cr
3+

. On the other hands, WTS did not influence the Cr
6+

 removal. WTS were only supported NZVI 

as a carrier and dispersant because Cr
6+

 ions were in HCrO4- form at pH 2-7. According to the zeta potential 

results, it found that the charge on the surface of the composites were negative charges. Hence, the HCrO4- 

cannot adsorb on the surface of the composites which accorded with LHHW kinetics. This kinetics explained 

the mechanism of WTS/NZVI composite in Cr
6+

 removal on the solid - liquid interface. The results showed that 

the Cr
6+

 removal mechanism of the composite was from the reaction more than adsorption, but the adsorption 

had a minor effect of the Cr
6+

 removal performance. Adsorption still acted as a minor role in Cr
6+

 removal of 

composite 1:1 compared with composite 1:0 or bare sludge which cannot remove Cr
6+

 significantly. The 

composite probably had more surface area by the composite synthesis which had NZVI attached the surface of 

WTS, noticed from Figure 1. According to Fu et al. [9] which studied about Cr
6+

 removal by using cation 

exchange resin supported NZVI. An amount of NZVI affected Cr
6+

 removal efficacy significantly. Moreover, 

resin did not influence Cr
6+

 removal, it was only a carrier and dispersant of NZVI. 

For the initial concentration variation experiment, Cr
6+

 removal efficacy decreased when the initial 

concentration increased because the active site of NZVI in every composites had a same amount, but an amount 

of Cr
6+

 ions increased (initial concentration increased). Hence, there was unreacted Cr
6+

 ions remain in the 

solution. On the other hands, degradation rate (r0) of 80 mg/L of Cr
6+

 was the greatest among the other 

composite which was 0.417 mg/L (calculated from equation 2 and 3), and was 0.295, 0.266, and 0.183 mg/L for 

60, 40, and 20 mg/L, respectively. This meant that there was the greatest amount of Cr
6+

 ions reacted with an 

active site of NZVI per minute in 80 mg/L of Cr
6+

. According to Lv et al. [10] who studied about Cr
6+

 removal 

using NZVI-Fe3O4 nanocomposite, when the Cr
6+

 initial  concentration increased, the Cr
6+

 removal efficacy 

decreased, but an amount of Cr
6+ 

reacted in one area of active site increased. 

In addition, Fu et al. [9] studied about Cr
3+

 and Fe
3+

 remained in the solution. They found that Cr
3+

 and Fe
3+

 

reacted with H2O became CrxFe1-x(OH)3 which precipitated as equation 5. 

 

(1-x)Fe
3+

 + xCr
3+

 + H2O → CrxFe1-x(OH)3↓ + 3H+         (5) 

 

Hence, Fe
3+

 was removed from the solution by precipitation. The remained Cr
3+

 had ion exchanged with 

resin, so there were a small amount of Cr
3+

 remained in the solution. There was some assumption that WTS may 

adsorb Cr
3+

 because of their different charges. 

 

Conclusion: 

WTS/NZVI sludge composite effectively removed Cr
6+

 from synthesized wastewater. Initial Cr
6+

 

concentration at 10, 20, and 40 mg/L can remove Cr
6+

 more than 90% especially at 10 and 20 mg/L, within 2 

hours. The removal efficiency at 90% was observed for higher concentration of Cr
6+

, 60 and 80 mg/L, which 

required longer reaction time. The Cr
6+

 removal mechanism was governed by reduction reaction of NZVI 

accorded to LHHW kinetics results. 
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