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ABSTRACT. 
This study comprehensively discusses the use of aluminophosphate with the presence of silicate as an 
adsorbents material for the removal of Cadmium. The effect of adding silicate to the material increased the 
removal capacity pf the adsorbent material up to a certain point. Adding more that 7.5% of silicate results in 
the reduction of removal capacity. Adsorption kinetics was done using the best adsorbent sample (adsorbent 
with 7.5% silicate). Results showed that more than 90% was removed within the first 30 minutes of the 
adsorption process. This shows that this material has great potential as an adsorbent for the removal of 
cadmium. 
 

keywords: Cadmium; Aluminophosphate; Sodium silicate; Adsorption. 
 
1 INTRODUCTION 
In recent years, with the fast development of industrialization and agriculture, the heavy metal cadmium 
pollution has received extensive attention. Cadmium has the features of high migration rate, persistence and 
easy accumulation, which can be migrated to the environment through run-off, irrigation, sediment 
deposition, etc., and can also be transferred to the human body by the food chain (Luo et al.,2020).  Several 
technologies have been used to remove heavy metal ions from effluents, including chemical co-precipitation, 
ion exchange, membrane filtration, coagulation, adsorption and others. Amongst them, the adsorption 
technology is known as a high-efficiency method due to its effectiveness, simplicity, low cost, and regenerable 
adsorption capacity.  
     The study focuses on removing heavy metals using aluminum phosphate based adsorbents. Cadmium is 
used as a model heavy metal. This project assesses the potential of silicate bonded aluminophosphate 
composite material as an absorbents for removal of cadmium from synthetic aqueous solutions. The removal 
capacity alongside the effect of the presence of silicate and other conditions such as contact time and 
temperature were evaluated.  
 
2. MATERIALS AND METHODS 
20g of Aluminium nitrate and 3.611mls of phosphoric acid in a 1:1 mol ratio were weighed and added to 400 
ml of distilled water. Ammonia was added dropwise to adjust the solution pH to between 7 and 7.5. The 
resultant solution was left on the stirrer for 2 hours, excess moisture was filtered out and the adsorbent was 
dried in the oven for 6 hours at 60oC.  
     A known mass of the adsorbent material was calcined at 300oC for 5 hours. The following nomenclature was 
use for naming the samples SiAlPO(xx) where (xx) represents the percentage by mass of silicon  used in the 
preparation of sample. For example sample with a mixing ratio of 0:1 with no silicate present would be AlPO4 
and that with a ratio of (0.975:0.025) with 2.5% silicate would be named as SiAlPO(2.5).   

The previous steps were repeated with the inclusion sodium silicate in different ratios to introduce the 
presence of silicate in the adsorbent material. The ratios used were (0.05:0.95), (0.075:0.925) and (0.10:0.90).  
For SiAlPO(2.5)(ratio 0.975:0.025), 0.16g sodium silicate, 19.31g of aluminum nitrate and 3.611ml of 
phosphoric acid were added to 400ml of distilled water.  

 To evaluate the performance of the different adsorbent samples, 50 mg of the adsorbent material was 
added to 20 ml, 100 ppm cadmium solutions and agitated on the shaker for a period of 6 hours. The 
concentration of Cd remaining in solution at the end of adsorption study was determined by withdrawing  1ml 
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from each vial sample was taken and added to 9ml of water to make up a dilution factor of 10. The resultant 
samples were analysed by ICP (Inductively Coupled Plasma optical emission spectrometry) to give the final 
concentration of cadmium ions. The cadmium concentration in solid phases was calculated from the equation: 
 

𝑄𝑒 =
(𝐶𝑖−𝐶𝑒) 𝑉

𝑚
    Eq.1 

Where Ci and Ce are the liquid-phase concentrations of cadmium initially and at equilibrium respectfully and 
both measured in mg/L. Volume of solution (L) and m is the mass of dry adsorbent used for the experiment in 
grams. 
 
3. RESULTS AND DISCUSSION 
3.1 Effect of Si content  
From Figure 1 the comparison of the effect of the presence of the silicate and the non-presence of the silicate 
(AlPO) was compared to select the best adsorbent ratio. It was seen that adsorbent material SiAlPO(7.5) had 
the highest percentage removal of cadmium ions. The trends observed here are similar to other results 
reported in literature (Chen et al. 2019).  The improvement in the removal capacity could be due changes in 
the surface structure of adsorbent material when silicate in introduced.  
 

 
 

Figure 1. comparison of the different adsorbent materials. All experiments were done using cadmium 
solutions with initial concentration of 100ppm and adsorbent dosage of 2.5g/L. 

3.2 Adsorption Kinetics 
 
The kinetics of Cd2+ removal were fitted by the pseudo first order and pseud second order, respectively. The 
adsorption kinetics can be evaluated using pseudo 1st order kinetics equation which is written as:  
 
                                                               𝑞(𝑡) =  𝑞𝑒[1 − exp(−𝑘1𝑡)]             Eq. 2 
 
where q(t)  is the amount of adsorbed solute at time t, qe its value at equilibrium, and k1 the pseudo-first-order 
rate constant.  
According to Ho and McKay if the sorption process is 2nd order chemisorption, the sorption rate can be 
expressed by the equation:  

                                                                       
𝑑𝑞𝑡

𝑑𝑡
= 𝑘2(𝑞𝑒 − 𝑞𝑡)2   Eq. 3 

In Eq. (4)  𝑞𝑒 and 𝑞𝑡are sorption capacity at equilibrium and at a time t respectively and 𝑘2 is the rate constant 
of the pseudo order. Integrating the equation and using the boundary conditions of 𝑞𝑡 = 0 𝑎𝑡 𝑡 = 0 𝑎𝑛𝑑 𝑞𝑡 =
𝑞𝑡  𝑎𝑡 𝑡 = 𝑡 will result in the following equation: 
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1

(𝑞𝑒−𝑞𝑡)
= 1 + 𝑘2𝑞𝑒𝑡    Eq. 4  

It can be shown that Eq. (5) can expressed as 

  𝑞𝑡 =
𝑘2𝑞𝑒

2𝑡

1+𝑘2𝑞𝑒𝑡
     Eq. 5 

The variations of the Cd2+ removal efficiency with contact time for the SiAlPO(7.5) adsorbent material were 
shown in Figure 2 . The rate of removal of cadmium removal is higher at the beginning, this is largely due to 
the larger surface area of the adsorbent being available at the beginning for the adsorption of cadmium. 
At contact time of only 15 minutes, the qt was as high as 26 mg/g with about 86% removal of cadmium ions 
already. The results exhibited that Cd2+ ions could be rapidly immobilized on surface sites of the adsorbent. 
With time, the surface adsorption sites become exhausted where at this point, the uptake rate can be regarded 
to be controlled by the rate at which the adsorbate is transported from the exterior to the interior sites of the 
adsorbent particles 
 

 
Figure 2. kinetics of the cadmium loading on SiAlPO(7.5) adsorbent sample(b). All experiments were done 

using cadmium solutions with initial concentration of 100ppm and adsorbent dosage of 2.5g/L. 
 
 
The kinetic parameters were listed below. As can be seen, the pseudo second order model was the best among 
both models to describe kinetic experimental data because of the highest correlation coefficients (R2>0.990). 
The results indicated that the rate controlling step in Cd2+ removal was chemisorptive bonds of Cd2+ species 
and chemisorption involving valence forces through sharing or exchanging electrons between adsorbent and 
adsorbate.  
 

Table 3:  Kinetic parameters for the removal of cadmium 
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Pseudo 1st order  K1 (min−1) 3.39 

qe ( mg g ) 28.52 

R2 0.81 

Pseudo 2nd  order  K2*103( g(mg min)−1) 22.80 

qe (mg g-1) 28.52 

R2 0.99 
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4.0 CONCLUSIONS 

In this study, aluminophosphate adsorbent showed a high capacity in the removal of Cd2+ from aqueous 
solutions, and the detailed study showed that the adsorption process followed the pseudo second order kinetic 
model and Langmuir isotherm. The adsorbent which performed best of all ratios SiAlPO(7.5) had the maximum 
removal capacity of 52.63 mg/g. Therefore, the mechanisms of Cd2+ removal by aluminophosphate could 
possibly due to a combination of chemical precipitation, ion exchange and surface complexation with oxygen 
functional groups. The new adsorbent developed in this work show great potential for heavy metal removal. 
Future studies will focus on evaluating its performance in a continuous system. 
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