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Abstract  

One of the most important problems in today's world, which is accompanied by industrial development 

and population growth, is the pollution of the environment, especially water sources, with toxic and 

dangerous heavy metals. In this study, the synthesis and application of activated gamma alumina filament 

granules in the removal of chromium and lead from water in a continuous fixed-bed reactor with an 

upward flow have been investigated. For the preparation of active gamma alumina, thermal method is 

used, and furfuran binder as well as phenolic resin and polyvinyl alcohol are used to form it and it is 

converted into filaments by an extruder. Agilent 240 AA atomic absorption spectrometer was used to 

measure the concentration metal ions and Thomas model was used to predict the behavior of the column. 

The results showed that the percentage of removal at the column height of 20 cm is at its maximum 

(70.7% for chromium and 94% for lead). It was found that by increasing the initial concentration of the 

pollutant and increasing the flow rate, the failure time decreases. The highest adsorption capacity of 

activated gamma alumina reactor for chromium is 20.7 mg/g and for lead 1.31 mg/g (column height 20 

cm, flow rate 4.5 mL/min, concentration 10 mg/L, and pH equal to 3 for Chromium and pH equal to 7 for 

lead) were obtained. Formed activated gamma alumina is an effective adsorbent for adsorbing heavy 

metals, especially chromium and lead, due to its optimal adsorption, ease of preparation, and reasonable 

price. 
 

Keywords: Granular Gamma Alumina, Fixed Bed Continuous Reactor, Chromium and Lead, 

Thomas Model. 
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1. Introduction 
 

One of the most important problems in today's 

world, which is accompanied by industrial 

development and population growth, is the 

pollution of the environment, especially water 

resources with toxic and dangerous heavy metals 

(Zolfaghari et al., 2006; Zolfaghari et al., 2016). 

Chromium is one of the heavy metals that is 

at the top of the toxic alloys defined by the US 

Environmental Protection Agency. Lead is used 

in various industries, including battery 

production, paint, mining activities, lead refining 

and smelting industries, and crystallization, for 

this reason, a large amount of it is found in the 

effluent of such factories. Considering the 

hazards of hexavalent chromium and lead in the 

environment and also in some cases the value of 

its recovery from wastewater, various methods 

including chemical precipitation process 

(Ewecharoen et al., 2009), reverse osmosis 

(Hafez et al., 2002), Nanofiltration (Zolfaghari 

and Kargar, 2019), and ion exchange for the 

removal or recovery of chromium and lead have 

been investigated by various researchers. 

Boehmite heat treatment is an easy method to 

produce gamma alumina, (γ-Al2O3) and the ease 

of this method is an advantage (Samat Sepehan 

Company, 2024). 

 Easy access to the required raw materials and 

cost-effectiveness are among the advantages that 

can place gamma alumina in the ranks of good 

absorbents in the water and wastewater treatment 

system. In some research, including the study 

conducted by Khodadadi Darban and his 

colleagues in 2013, the removal of arsenic using 

nano-alumina adsorbents has been investigated 

as a cost-effective and healthier method in water 

environments, but the use of gamma alumina 

filament granules has not been investigated in a 

continuous reactor to remove chromium and 

lead, and it is necessary to conduct such a study 

(Khodadadi Darban et al., 2013). 

In the present study, by using boehmite, 

activated gamma alumina synthesis and after the 

production of filamentous granules, its 

application in removing chromium and lead 

pollutants from water in a continuous fixed bed 

reactor with upward flow has been investigated. 

In this reactor, the effect of initial concentration, 

reactor column height, flow intensity, and pH, as 

well as the modeling of pollutant removal 

conditions, have been studied. 

 

2. Methodology 
In this study, the synthesis of activated gamma 

alumina filament granules and its application in 

the removal of chromium and lead from water in 

a continuous fixed bed reactor with upflow have 

been investigated. For the preparation of active 

gamma alumina thermal method is used and for 

its formation furfuran binder as well as phenolic 

resin and polyvinyl alcohol are used, and it is 

converted into filaments by an extruder. Agilent 

240 AA atomic absorption spectrometer was 

used to measure the concentration of pollutants 

and Thomas model was used to predict the 

behavior of the column. In the current research, 

for the preparation of activated gamma alumina 

by thermal method, aluminum hydrate was 

heated in an electric furnace at a temperature of 

700 ºC for two hours at a suitable time rate. This 

work leads to the loss of three water molecules in 

alumina hydrate and creates porosity and 

increases the active points for absorption.  

The shaping of gamma alumina powder is 

done in order to prevent gamma alumina powder 

from leaving the absorption column along with 

the outgoing water, and also to prevent these 

materials from spreading in the environment. A 

binder including furfuran as well as phenolic 

resin and polyvinyl alcohol1 was used to form 

gamma alumina powder. These materials play a 

role as an adhesive, and are used in the 

production of granular materials. These 

adhesives are mostly used as thickening 

additives, lubricants, wetting agents and 

softeners (Akhtar et al., 2014). 
 

3. Results and discussion 
The performance of the absorption column was 

investigated for concentrations of 10, 20 and 30 

mg/L with a flow rate of 4.5 mL/min and a 

height of 7 cm. The results showed that by 

increasing the initial concentration of chromium 

and lead metal ions, the failure time decreases. 

Because the high concentration of the metal ion 

saturates the adsorption column faster. The input 

flow rate of metal ions was 4.5, 9, and 12 

mL/min, the initial concentration was 10 mg/L, 

and the column height was 7 cm. The results 

showed that with the increase of the input 

current, the breakdown time decreases and the 

adsorbent column becomes saturated sooner, 

because with the increase in flow rate, the 

contact time of metal ions with the adsorbent bed 

decreases. 

It was found that with the increase in pH, the 

removal of lead increases, and on the other hand, 

the removal of chromium decreases, so that with 

the increase of pH from 3 to 7, the time of failure 

 
1 Polyvinyl Alcohol (PVA) 

Table 1. Fixed bed column parameters for lead adsorption on gamma alumina according to column 
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operating conditions and Thomas model parameters 

2R 
ThK 

(ml/min/mg) 
Thq 

(mg/g) 
MTZ 

(cm) 
R eq 

(mg/g) 

Conc. 

(mg/L) 
Q 

(ml/min) 
BH 

(cm) 
0.972 2.879 9.2 7.9 60.2 11.5 10 4.5 7 
0.964 5.126 8.8 6.3 56.9 9.2 10 9 7 
0.930 9.76 8.1 4.9 54 8.2 10 12 7 
0.957 1.273 10.8 10.9 77 23.4 20 4.5 7 
0.896 4.818 8.3 6.1 54.1 11 30 4.5 7 
0.957 1.913 10.5 10.1 69 15.6 10 4.5 14 
0.954 0.954 12.8 15.7 94 31.1 10 4.5 20 

 

BH: column height (cm), Q: flow rate (mL/min), Conc.: input metal ion concentration (mg/L), qe: maximum 

adsorption capacity (mg/g), R%: removal percentage, MTZ: Mass transfer area (cm), KTh: Thomas constant 

(mL/min/mg), qTh: maximum adsorption capacity of Thomas model (mg/g). 

 

increases, while for chromium metal, the change 

of pH from 3 to 7 causes the breakdown time to 

decrease. The results show that the breakdown 

time increases with the height of the column. In 

fact, it can be stated that by increasing the height 

of the adsorbent column, more positions are 

provided for the adsorption of metal ions on the 

adsorbent. According to the results, the 

adsorption of metal ions on a single-layer 

adsorbent is shown, so the active positions 

depend on the available area; for this reason, an 

increase in the adsorption capacity can be 

expected for increasing the height of the 

adsorbent column. The results of the experiments 

have been adapted to the Thomas model (Table 

1). The constant values of Thomas velocity 

increase with the increase of the flow rate and the 

absorption capacity decreases. With the increase 

of the adsorbent bed, the constant values of the 

Thomas velocity reduce, and it is observed that 

the process of changes move towards a lower 

volume value per a certain milligram of 

adsorbent per a certain time, and the qe values 

increase. 

The findings of this research showed that the 

removal percentage is at its maximum at the 

column height of 20 cm (70.7% for chromium 

 

and 94% for lead). It was found that by 

increasing the initial concentration of the 

pollutant and increasing the flow rate, the 

breakdown time decreases. The highest 

adsorption capacity of activated gamma alumina 

reactor for chromium is 20.7 mg/g and for lead 

1.31 mg/g (column height 20 cm, flow rate 4.5 

mL/min, concentration 10 mg/L, and pH equal to 

3 for Chromium and pH equal to 7 for lead) were 

obtained. 

 

4. Conclusions 
Shaped activated gamma alumina is an effective 

adsorbent in the absorption of heavy metals, 

especially chromium and lead, due to its optimal 

adsorption, ease of preparation, and reasonable 

price. For future studies, it is suggested to 

evaluate other adsorbents based on alumina. It is 

also suggested to design and manufacture 

filtration filters using activated alumina to 

remove heavy metals for use in areas with water 

contaminated with heavy metals. Investigating 

the possibility of recycling heavy metals 

absorbed by the adsorbent in order to reuse the 

adsorbent and adsorbed, and the possibility of 

removing other pollutants can be widely studied. 
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Fig. 2. Schematic diagram of fixed bed column:

1- contaminated solution, 2- peristaltic pump, 3- glass 
wool, 4- granulated adsorbent and 5- effluent 
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Fig. 3. Breakdown curve and breakpoint and discharge 
in continuous column adsorption (Wang, et al., 2005) 
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Fig. 4. XRD pattern of Boehmite (right) and activated gamma alumina (left) 
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Fig. 5. Nitrogen adsorption-desorption analysis for 
a) gamma alumina and b) Boehmite sample 
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Fig. 6. Particle size distribution of activated  

gamma alumina 
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Table 1. Chemical analysis of activated gamma alumina 

Parameter Unit Range 

Al2O3 % Min 99.50 

SiO2 % Max 0.02 

Fe2O3 % Max 0.02 

Na2O % Max 0.40

CaO % Max 0.02 
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Fig. 7. Breakdown curve of chromium and lead metals to investigate the effect of input concentration along with 
Thomas model and laboratory data (adsorber bed height 7 cm and input flow rate 4.5 mL/min)

cmmL/min 

Table 2. Fixed bed column parameters for chromium adsorption on gamma alumina according to
column operating conditions and Thomas model parameters

R2
ThK 

(ml/min/mg)
Thq 

(mg/g)

MTZ 

(cm)
Req 

(mg/g)

Conc. 

(mg/L)

Q 

(ml/min)

BH 

(cm)

0.96913.935.54.4496.8104.57

0.97911.766.66.351.912.31097

0.9489.97.38.55416.610127

0.93710.977.27.35314.9204.57

0.88112.676.55.150.110.2304.57

0.9652.199.89.867.319.6104.514

0.9360.88411.615.370.720.7104.520

BH: column height (cm), Q: flow rate (mL/min), Conc.: input metal ion concentration (mg/g), 
qe: maximum adsorption capacity (mg/g), R%: removal percentage, MTZ: Mass transfer area 
(cm), KTh: Thomas constant (mL/min/mg), qTh: maximum adsorption capacity of Thomas 
model (mg/g) 

 

 

Table 3. Fixed bed column parameters for lead adsorption on gamma alumina according to column
operating conditions and Thomas model parameters 

R2
ThK 

(ml/min/mg)
Thq 

(mg/g)

MTZ 

(cm)
Req 

(mg/g)

Conc. 

(mg/L)

Q 

(ml/min)

BH 

(cm)

0.9722.8799.27.960.211.5104.57

0.9645.1268.86.356.99.21097

0.9309.768.14.9548.210127

0.9571.27310.810.97723.4204.57

0.8964.8188.36.154.111304.57

0.9571.91310.510.16915.6104.514

0.9540.95412.815.79431.1104.520
BH: column height (cm), Q: flow rate (mL/min), Conc.: input metal ion concentration (mg/g), 
qe: maximum adsorption capacity (mg/g), R%: removal percentage, MTZ: Mass transfer area 
(cm), KTh: Thomas constant (mL/min/mg), qTh: maximum adsorption capacity of Thomas 
model (mg/g)
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Fig  8. Breakdown curve of chromium and lead metals to investigate the effect of the input flow rate along with the 

Thomas model and laboratory data (adsorbent bed height 7 cm and initial concentration 10 mg/L) 
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Fig. 9. Chromium and lead metals breakdown curve to investigate the effect of reactor pH along with Thomas model 
and laboratory data (input flow rate 4.5 mL/min and initial concentration 10 mg/L) 
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Fig. 10. Chromium and lead metals failure curve to 
investigate the effect of reactor height along with 

Thomas model and laboratory data (inlet flow rate 4.5 
mL/min and initial concentration 10 mg/L) 
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