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SUMMARY  

Environmental pollution is one of the major problems, which could originate by 
several ways such as continuous discharging of the large variety of toxic inorganic and 
organic chemicals into the environment. This causes severe water, air and soil pollutions. 
Heavy metals are the major pollutants released from all kind of industries. In this review 
paper will be commented the results of XRD in several advanced materials in used in 
environmental protection field. The most important attention has been given by several 
research groups for the removal of heavy metals from natural and industrial waste water. 
Keywords: environmental pollution; heavy metals; XRD. 

INTRODUCTION  

Heavy metals are the major pollutants released from chemical manufacturing, 
painting and coating, mining, extractive metallurgy, nuclear and other industries. These 
metals create a deleterious effect on the flora and fauna of streams, river and lakes. 
Furthermore, exposure to the elevated levels of the heavy metals can cause various adverse 
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health effects to humans through weakening of the mental and neurological functions. 
Therefore, a great deal of attention has been given by several research groups for the 
removal of heavy metals from natural and industrial waste water. Up to date a wide variety 
of technologies like ion exchange [1], precipitation, reverse osmosis and nanofiltration [2], 
coagulation/co-precipitation and adsorption [3,4] have been developed to remove heavy 
metals from contaminated water. Among them, adsorption is the especially popular and 
frequently used technique due to its simplicity, low cost as well as superior efficiency. 

Activated carbons and a number of low-cost adsorbents such as agricultural 
residues and peat have been utilized for the removal of heavy metal cations [5]. However, 
major disadvantages of these adsorbents are their low capacities and their relatively weak 
interactions with metallic cations as evidenced by low metal ion binding constants. The 
ideal adsorbent should have features of strong affinity to target sorbate and high surface 
area with more accessible binding sites. The natural and synthetic zeolites being the oldest, 
ordinary and very stable porous matrixes were used in adsorption. But the main limitation 
of microporous zeolitic materials is their low surface area and small pore size (<2 nm) and 
therefore, their adsorption capacity is also low and thus, could greatly limit their practical 
applications [6]. Hence, there has been an ever-growing interest to enhance the pore 
dimension of the materials from micropore to mesopore range as well as to increase the 
surface area. Mesoporous materials can fulfill this area owing to their loading properties 
like high surface area, uniform pore size distribution, plenty of well distributed active sites, 
ease of diffusion for large reacting molecules through their nanochannels. 

In this paper, we have commented mesoporous aluminophosphate and other 
mesoporous materials with the excellent adsorption capacity for heavy metal cations from 
contaminated water. The mesophase of the material was investigation by using small-angle 
X-ray diffraction. 

 

MATERIALS AND METHODS  

Long chain aliphatic carboxylic acid, lauric acid [CH3(CH2)11COOH] (structure 
directing agent, SDA) and aluminum(III)isopropoxide (aluminum source) were purchased 
from Loba Chemie. Ortho phosphoric acid (H3PO4) (phosphorous source) and 1-propanol 
(as solvent) were purchased from Merck. All chemicals were used without further 
purification. 

In a typical synthesis, 2.04 g (0.01 M) aluminum (III) isopropoxide was dissolved 
in the mixture of 12 mL of 1-propanol and 400 µL of water through overnight stirring. 
Lauric acid solution has been made through the dissolution of 0.525 g (0.0026 M) lauric 



ADVANCED MATERIALS IN ENVAIRONMENTAL PROTECTION 

 

 107 

acid in 4mL 1-propanol [7]. 
The materials are characterized thoroughly by using different characterization tools 

such as powder XRD, TEM, FE SEM–EDS, nitrogen adsorption/desorption, TG-DTA and 
FT IR spectroscopy. 

RESULTS AND DISCUSSION 

The small-angle powder X-ray diffraction patterns of mesoporous aluminum 
phosphate materials are shown in Figure 1. These two samples showed a single intense 
broad peak with no distinctive higher order peaks in their respective small-angle powder 
XRD patterns. This single peak in their respective small-angle diffraction pattern 
corresponds to the characteristic distribution maximum of the nearest-neighbor particle-
center-to particle-center distance [8]. The small-angle peak at 2θ of 0.61˚ observed for as-
synthesized material corresponds to an inter-pore separation of 14.12 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Small-angle powder XRD patterns of as-synthesized (a) and calcined (b) mesoporous 

aluminophosphate (MAlP) samples 

But after calcinations, the diffraction peak is shifted to higher angle (2θ = 0.61˚ 
before calcination, and 2θ = 0.91˚ after calcination) and corresponding d spacing also 
reduced from 14.12 nm to 9.81 nm. The shifting of the 2θ value to the high angle occurs 
due to some short of shrinkage upon calcination at high temperature. Absence of further 
diffraction peaks suggested that pores are arranged more or less disorderly in these 
materials. Very broad pattern indicates non-crystalline nature of the individual nanoparticles 
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of mesoporous aluminophosphate, which agrees well with other mesoporous 
aluminophosphate materials reported in the literature so far [9]. 

Mesoporous aluminophosphate has been used as efficient adsorbent for the 
removal of toxic metal ions like Fe3+, As(III/V), Cd(II), and Hg(II) from their respective 
aqueous solutions. The metal cations exchange results over our mesoporous phosphate 
matrix have summarized in Table 1. 

 
Table I. Cation exchange over mesoporous aluminophosphate 

material [10] 
 

Sample Solution 
(100 mL) Cation content (ppb) Cation removal 

efficiency% 

Distribution 
co-efficient 

(Kd) (mL/g)a 
  Before After   

Mesoporous 
alumino-

phosphate  
 

As3+b 200 32.50 83.75 5.15 x 103 
As5+b 200 19.84 90.08 9.08 x 103 
Hg2+ 200 10.48 94.76 1.80 x 104 
Cd2+ 200 51.03 74.48 2.92 x 103 
Fe3+ 200 20.23 89.89 8.84 x 103 

a Distribution co-efficient (Kd) between solid and aqueous phase = number of cations 
adsorbed per g of the solid/number of cations present per mL solution after exchange. 
Kd = Csolid/Cwater (mol g-1/mol mL-1) = Csolid/Cwater (mL/g). 
b As3+ solution has been oxidized to As5+ by H2O2. 

 
Moderately good ion-exchange capacity of the mesoporous phosphate based 

materials [11] has motivated us to utilize it as a potential candidate for the waste water 
remediation through the removal of pollutant metals. Generally, in the aerobic surface water 
arsenic is present in its most common oxidation state as arsenate As(V), whereas in the 
anaerobic ground water it exists as arsenite As(III). Usually, As(III) present mostly in non-
ionized form as H3AsO3 which can easily be oxidized by mild oxidant like H2O2 [12]. The 
arsenic removal efficiencies and its distribution co-efficient of MAlP from 200 ppb arsenic 
containing NaAsO2 solution with or without addition of small amount of H2O2 have been 
given in Table I. 

From the calculated results it is clear that As(V) is more effectively adsorbed over 
the sample than As(III). The cation removal efficiency in percent (%) and distribution co-
efficient for As(III) are 83.75 and 5.15 x 103(mL/g), respectively whereas for As(IV) these 
respective values are 90.08 and 9.08 x 103 (mL/g). We have tried with relatively low levels 
of arsenate solution (100 ppb), where our mesoporous aluminophosphate material showed 
still higher Kd. Hydrated ferric oxide loaded on polymeric sorbents also showed similar 
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behavior [13]. For the estimation of the Fe, Hg, and Cd removal efficiency of the 
mesoporous matrix, a 200 ppb solution of each of the metal salts has been taken as stock 
solutions. The respective cation removal efficiency of the Fe, Hg, and Cd are 89.89, 94.76, 
and 74.48 and respective distribution co-efficient of the corresponding metal cations are 
8.84 x 103, 1.8 x 104, 2.92 x 103.  

 
Table II. Comparative study of different heavy metal ions 
adsorption by different types of mesoporous materials 

 
 Materials Metal 

cation 
Distribution co-efficient Kd 

(mL/g) 
Refs. 

1 Amine functionalized silica Pd2+ 1.49 x 102–3.31 x 104 [15] 
  Fe2+ 1.36 x 102–3.31 x 103  
2 Thioether Hg2+ 8.35–9.19 x 102 [14] 
  Pb2+ 7.5–34.48  
3 NH2-MCM-41 Cd2+ 7.2 x 102 [16] 
4 LHMS-2 Hg2+ 8.03 x 103 [1] 
  Fe3+ 1.19 x 104  
  Cd2+ 6.47 x 103  
5 Silicotinphosphate As3+ 8.23 x 102 [11] 
  As5+ 6.86 x 104  
6 Aluminosilicate Fe3+ 73–2.7 x 103 [6] 
  Cd2+ 7–1.2 x 103  
7 Aluminum phosphate Cu2+ 1.48 x 103–2.77 x 105 [4] 
8 Commercial Al2O3 As5+ 1.11 x 103 [17] 
9 γ-Al2O3 As5+ 1.43 x 103–6.32 x 103 [17] 
10 Aluminophosphate Hg2+ 1.80 x 104 [10] 
  Cd2+ 2.92 x 103  
  As3+ 5.15 x 103  
  As5+ 9.08 x 103  
  Fe3+ 8.84 x 103  

 
Thus, the adsorption efficiencies and distribution coefficient for different metal 

cations like As(III/V), Cd(II) and Hg(II) are considerably higher than our previously 
reported PMO material like LHMS-2 [1] containing electron donor sites (N and O) inside 
the pore walls and other functionalized mesoporous matrixes. 

Thus, the adsorption efficiencies and distribution coefficient for different metal 
cations like As(III/V), Cd(II) and Hg(II) are considerably higher than our previously 
reported PMO material like LHMS-2 [1] containing electron donor sites (N and O) insid the 
pore walls and other functionalized mesoporous matrixes. 
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In the Table II we have shown a comparative study of the adsorption of heavy 
metal cations by different classes of functionalized mesoporous materials. From this 
comparison it is quite clear that our mesoporous aluminophosphates materials reported 
herein via solvothermal method are good adsorbent of different heavy metal cations. 
Having good adsorption efficiencies for heavy metals the mesoporous aluminophosphate 
material can be employed as adsorbent for the remediation of the contaminated water, 
which will have sustainable impact on controlling the environmental pollution. 

 

CONCLUSION  

 
In conclusion, we have presented the new synthetic mesoporous aluminophosphate 

material from cheap and easily available source. Small-angle XRD confirmed the presence 
of mesopore in the matrix. 

This mesoporous aluminophosphate material showed excellent adsorption capacity 
and high distribution co-efficients for the removal of metal ions like As(III/V), Fe(III), 
Hg(II), and Cd(II) from their respective aqueous solution. Thus in presence of suitable 
binder this mesoporous material synthesized by Bhaumik, at. all can find potential utility in 
a large-scale remediation of contaminated waste water. 
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