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In order to increase diatomite adsorption capacity, polypropylene acetamide (PAM) and barium chloride 
(BaCl2) were employed to modify the diatomite. Experiments were conducted to investigate surface 
chemistry characterization and adsorption capacity of the diatomite before and after modification, and 
adsorption capacity of Pb

2+
 onto raw diatomite, PAM modified diatomite, zeolite, vermiculite and red 

soil. The results obtained show that the best concentrations of PAM and BaCl2 for diatomite 
modification were 20 g·L

-1
 and 0.2 mol·L

-1
, respectively. PAM and BaCl2 removed most of the impurities 

on the diatomite, improved surface chemistry characterization and porous structure of the diatomite. 
Experimental data obtained from the present study indicated that the best condition for Pb

2+
 adsorption 

on the dry diatomite (diatomite dosage) was 50 g·L
-1

, pH value was 7, adsorption time was 120 min, and 
initial concentration of Pb

2+ 
was 200 mg·L

-1
. The present data also indicate that adsorption capacity of 

PAM modified diatomite and BaCl2 modified diatomite increased by percentages of 23.4 and 28.5%, 
respectively when compared with raw diatomite. PAM modified diatomite was the most effective and 
available adsorbent for adsorption of Pb

2+
. 

 
Key words: Diatomite, modification, Pb

2+
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INTRODUCTION 
 
Inorganic pollutants, in particular heavy metal ions, 
constitute a major class of water contaminants. Most 
heavy metals are known to be toxic and carcinogenic 
agents, and when discharged in wastewater, represent a 
serious threat to the human population (Mohammad et 
al., 2004). In recent years, a great deal of industrial 
wastewater containing heavy metal ions has been 
discharged into aquatic bodies due to rapid development 
of mining, smelting, electroplating and other industries 
(Singh et al., 2003; Sarkar et al., 2011; Aksoy et al., 2011; 
Wang et al., 2006). The wastewater leads to serious 
water pollution and threats drinking water safety (De 
Castro  Dantas  et  al.,   2001).   Recently,   heavy   metal  
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pollution of water has attracted considerable attention 
and researchers. How to effectively prevent wide concern 
of environmental protection agency, control and repair 
wastewater containing heavy metal ions is an important 
issue. 

The treatment of industry wastewater containing heavy 
metal ions is subject of great concern due to its harmful 
effect on human health and environment. Lead is the 
metal of high concern in water environment protection as 
that the presence of excess amount of its ions in water 
streams would endanger ecosystems and ultimately 
public health. The common commercially available lead 
removal technologies include membranes separation, ion 
exchange and colloid precipitation. Slow kinetics, poor 
selectivity and low loading capacity of these technologies 
make the lead removal process less efficient and 
expensive (Wang and Smith 2007). Over the last few 
years, adsorption technology has gained  prominence  as  
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high effect and low cost in treatment of industry 
wastewater containing lead ions, suitable adsorbent has 
been considered as an important factor for  application  of 
adsorption technology, there is growing interest in using 
low cost, commercially available material for adsorption 
of heavy metals (Al-Qodah, 2000; Wu et al., 2008).  

Due to high adsorption capacity, rich source, low cost 
and easy regeneration, diatomite has been widely 
employed in treatment of industry wastewater (Zaitan and 
Chafik, 2005; Tsai et al., 2006; Yang et al., 2003; Al-Degs 
et al., 2001; Khraisheh et al., 2004). Diatomite is a kind of 
non-metal that consisted of the remains of diatoms, grew 
and deposited in the sea or lake, and changed 
throughout with natural environmental action. Raw 
diatomite contains a lot of impurities, the impurities is 
unfavorable for adsorption performance of heavy metal 
ions on diatomite in aqueous solution, so it is necessary 
to modify diatomite to get better adsorption capacity. It is 
well known that the clay mineral can be chemically 
treated or activated by acid to develop its pore structure 
and the surface chemistry of solid, but acid activation is a 
common chemical modification, it cannot enhance clay 
mineral adsorption capacity significantly.  

In present study, polypropylene acetamide (PAM) and 
barium chloride (BaCl2) was employed to modify the 
diatomite. The main objective of this work was to illustrate 
the suitability of an easy and efficient method for 
modification of the diatomite, and evaluate their 
adsorption properties for the removal of lead ions (Pb

2+
) 

from aqueous solution. The effects of pH value, initial 
concentration of Pb

2+
, adsorption time, and diatomite 

dosage on adsorption of Pb
2+

 onto modified diatomite 
were tested by single factor experiment to determine the 
best adsorption conditions. Raw diatomite and modified 
diatomite was used to adsorb Pb

2+
 under the best 

adsorption conditions to find out the changes of 
adsorption capacity before and after modification. Five 
common adsorbents (PAM modified diatomite, 
vermiculite, zeolite, raw diatomite and red soil) were 
selected to absorb Pb

2+
 in aqueous solution to find out 

the difference of the five adsorbents’ adsorption capacity. 
 
 
MATERIALS AND METHODS 
 

Materials  
 

The diatomite samples used as adsorbents in this study were 
obtained from the Mineral Plant of Shengzhou County, Zhejiang 
province, P. R. China. The characterization of the diatomite were as 
follows, median particle size was 7.5 μm, bulk density was 0.57 
g·cm-3, surface area ratio was 58.0 m2·g-1. Their typical chemical 
compositions consist of 64.8% SiO2, 16.4% Al2O3, and 2.91% 
Fe2O3. Before using, the diatomite was ground and sieved to 
produce particles with diameters in the range 30-400 nm, washed 
several times with distill water, dried in the oven (105°C) at least 2 
h, cooled to room temperature, and then stored under dry 
conditions. polypropylene acetamide (PAM) and barium chloride 
(BaCl2), which were purchased from Shanghai Experimental 
Reagents  Ltd.  Co.  of  Shanghai  (P.  R.  China)  in  the  grade  for  
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analysis, was selected as a chemical activator to modified the 
diatomite samples for the purpose of developing  its  pore  structure  
and the surface chemistry of solid. The adsorbate used in 
adsorption experiment was Pb2+, which prepared by Pb(NO3)2 (A. R. 
grade) in distill water. 
 
 
Chemical modification  
 
The standard solution of PAM and BaCl2 were prepared in a 
concentration range of 1-20 g·L-1 and 10 -100 g·L-1. The dried 
diatomite dosage was 50 g per 200 ml PAM solution and 50 g per 
100 ml BaCl2 solution. The process of chemical modification of the 
dried diatomite by PAM and BaCl2 occurred in ground-glass flask 
with stopper. Therefore, the solution containing diatomite and PAM 
or BaCl2 was first prepared in the flask, and then the flask was 
placed in a shaker bath which was shaken at 200 rpm for 3 h under 
constant temperature conditions. Afterward, the solution was 
filtered in a vacuum filter flask and washed several times with distill 
water to remove the ions and other residues. The resulting samples 
were finally dried at 105°C for 24 h, and then stored under dry 
conditions. Chemical modification of the dry diatomite with the 
BaCl2 solution should be under the condition of the existence of 
H2SO4 in a constant concentration of 0.5 mol/L. The best 
concentrations of PAM and BaCl2 standard solution for modification 
of the dry diatomite was determined by adsorption capacity of Pb2+ 
onto the resulting samples. Scanning electron microscope (SEM) 
was employed to find out the changes of pore structure and surface 
chemistry characterization of the dry diatomite before and after 
modification. 
 
 
Equilibrium adsorption    
 
In present study, a concentration range of 5-60 gL-1 was employed 
for the adsorbent (raw diatomite or modified diatomite), and a 
concentration range of 100-1000 g·L-1 for the adsorbate (Pb2+ ions). 
The effect of pH was studied by adding accurate amounts of 
standard HSO4 and NaOH solution to a sample series of given 
adsorbate and adsorbent concentrations, whilst that of adsorption 
time was tested at values of 15, 30, 60, 120 min, respectively. The 
equilibrium adsorption test was conducted by transferring an 
accurately weighed amount of the adsorbent and 100 ml of a 
standard ion solution of different concentrations into a 250 ml 
ground-glass flask with stopper, and then the flask was shaken at 
200 rpm for a certain time under constant temperature. When 
equilibrium had been attained, the solutions were filtered and the 
Pb2+ ion concentration remaining in the aqueous phase determined 
by flame atomic adsorption spectroscopy (AAS).The equilibrium 
adsorption density, q (mgg-1) and the ion removal efficiency η (%) 
were calculated from the relationship: 
 

q=(C0-Ce)V/W                     1          
   
η= (C0-Ce)/C0×100%           2              
   
where C0 (mgL-1) represents the initial Pb2+ ion concentration, Ce 
(mgL-1) is the equilibrium Pb2+ ion concentration, V (mL) is the 
volume of Pb2+ ion solution, W (g) is the adsorbent (raw diatomite or 
modified diatomite) dosage. 

 
 

RESULTS AND DISCUSSION 
 

Modification of the dry diatomite 
 

Figure 1A shows that the curve of adsorption  capacity  of 
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Figure 1. The influence of the PAM and BaCl2 solution concentration (A. PAM, B. BaCl2). Significant differences among treatments 
(P<0.05). 

 
 
 

modified diatomite and removal rates of Pb
2+

 with  
increasing of the BaCl2 solution concentration was just 
like “M”. This indicated that modification of the dry 
diatomite by BaCl2 included four stages. The first stage 
was that deposition of BaSO4, which was obtained from 
the reaction of BaCl2 and H2SO4, improved pore structure 
of the diatomite, the impurities on the diatomite surface 
were eliminated by rubbing of BaSO4, and the inner-
channels in the diatomite were under-propped by BaSO4, 
this was favorable for adsorption of Pb

2+ 
onto the 

diatomite, hence adsorption capacity of the diatomite 
against Pb

2+
 and removal rates of Pb

2+
 increased. The 

second stage was that, excessive deposition of BaSO4 
restrained adsorption of Pb

2+
 on the diatomite due to its 

block, this led to decrease of the diatomite adsorption 
capacity against Pb

2+
 and removal rates of Pb

2+
. The 

three stage was that, SO4
2+

 dissolved from BaSO4 
combined with Pb

2+
 to generate precipitation (PbSO4), 

simultaneously, the adsorption of Pb
2+ 

on diatomite kept 
on. Hence, adsorption capacity of the diatomite and 
removal rates of Pb

2+
 got enhancement again. The last 

stage was that, adsorption of Pb
2+

 onto surface of the 
diatomite got equilibrium. The results showed that the 
best concentration of the BaCl2 solution for the diatomite 
chemical modification was 40 gL

-1
.  

The effects of the PAM solution concentration on 
adsorption capacity of the diatomite and removal rate of 
Pb

2+
 in aqueous solution were shown in Figure 1B. Figure 

1B illustrated that adsorption capacity of the diatomite 
and removal rates of Pb

2+
 were both promoted by the 

PAM solution significantly (P<0.05) in a concentration 
range of 0-5 g·L-1. When the PAM solution concentration 
varied from 5 to 10 g·L-1, the increase degree of 
adsorption capacity of the diatomite and removal rate of 
Pb

2+
 was weak. The results indicated that the PAM 

solution had the most efficient affect on the development 
of pores structure of the diatomite; it can be further 
confirmed from scanning electron microscope (SEM) of 
the diatomite pores structure shown in Figure 3. Two 
reasons could explain this phenomenon, one was that the 
diatomite surface and pores was covered by PAM, this 
could improve pore structure of the diatomite. The other 
was that PAM could be hydrolyzed to CO-NH2 and other 
hydrolyzates in the aqueous solution. -NH2 of CO-NH2 
could be replaced by –OH of H2O, this made the 
diatomite surface bring with more negative charge. In 
short, good pore structure and more negative charge 
could improve adsorption capacity of the diatomite and 
removal rate of Pb

2+
. The results revealed that the best 

concentration of the PAM solution for the diatomite 
chemical modification was 20 g·L-1. 
 
 
Characterization of modified diatomite 
 
Figure 2 shows scanning electron microscope (SEM) of 
the dry diatomite particle before and after modification by 
the PAM solution. Figure 2 shows that the diatomite 
covered with a layer of PAM. PAM covered on the 
diatomite’s surface as well as its pores and channels, 
improved its surface chemistry characterization and pore 
structure, and enhanced its surface negative charges. All 
of those were favorable for adsorption of Pb

2+
 on the 

diatomite. Figure 3 shows scanning electron microscope 
(SEM) of the dry diatomite particle before and after 
modification by the BaCl2 solution. Figure 3 shows that 
raw diatomite surface was rough, and its pores were 
blocked by impurities. After modification by the solution 
containing BaCl2 and H2SO4, impurities were eliminated, 
modified  diatomite  surface  was  smooth,  and  its  pores  
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Figure 2. Scanning electron microscope (SEM) of diatomite particles before and after modification by 
the PAM solution (A. Before, B. After). 

 
 
 

     

A    B    

 
 

Figure 3. Scanning electron microscope (SEM) of diatomite particles before and after modification 
by the solution containing BaCl2 and H2SO4 (A. Before, B. After). 

 
 
 

structure improved. There was much BaSO4 crystal 
separated out on diatomite surface and its pores. These 
phenomena indicated that there were two processes of 
modification for the diatomite by the solution containing 
BaCl2 and H2SO4, one was that BaSO4 deposited on 
diatomite surface and rubbed its surface, this could 
removed impurities of the diatomite. The other process 
was that, BaSO4 crystal was absorbed on surface of the 
diatomite; it could underprop the inner-channels in the 
diatomite. 
 
 
Adsorption of Pb

2+
 on the dry diatomite 

 
The effect of diatomite dosage, the value of pH, 
adsorption time, and initial ions concentration on the 
adsorption process of Pb

2+ 
on the dry diatomite were 

displayed in Figure 4, adsorption capacity of the dry 
diatomite increased with increasing of diatomite dosage, 
pH value, adsorption time and initial concentration of 
Pb

2+
, removal rates of Pb

2+
 increased with increasing of 

diatomite dosage, pH value, adsorption time while 
decreased with increasing of Pb

2+ 
ions initial 

concentration. As shown in Figure 4A, there was  obvious 

relationship between adsorption capacity and diatomite 
dosage; this may be due to the fact that the increase of 
diatomite dosage can provide more effective surface 
area, pores, inner-channels, hydroxyl and negative 
charges for adsorption of Pb

2+
 on the diatomite in 

aqueous solution (Al-Degs et al., 2001). The adsorption 
capacity increased with increasing diatomite dosage up to 
60 g·L-1, having a value of 4.97 mg·L

-1
, and then remained 

constant, therefore, a diatomite dosage of 60 g·L-1, or 
above, ensured full coverage of all adsorption site. As 
shown in Figure 4B, adsorption capacity increased with 
increasing of pH value, it can be attributed to the 
relationship between the value of pH and the diatomite 
specific surface characterization (Bayat, 2002). Varying of 
the pH value can change the diatomite surface electric 
potential (ζ). Hydroxyl (-OH) of the diatomite surface was 
difficult to dissociation in a low value of pH in aqueous 
solution, this reduced diatomite surface negative charges. 
Furthermore, when the value of pH was low, 
concentration of H

+
 was higher in aqueous solution; H

+
 

competed with Pb
2+

 to get adsorption sites. The best 
value of pH for diatomite absorbing Pb

2+
 got from this test 

was 7. As shown in Figure 4C, extending adsorption time 
was favorable for adsorption of Pb

2+ 
on the diatomite.  
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Figure 4. The effect of diatomite dosage, pH value, adsorption time and initial Pb2+ concentration on adsorption of 
Pb2+ on the dry diatomite. Significant differences among treatments (P<0.05). 

 
 
 

This was due to the fact that lead ions (Pb
2+

) could get 
more and more adsorption sites with extending of 
adsorption time. The adsorption equilibrium was obtained 
after 120 min. Diatomite dosage, the value of pH, 
adsorption time were maintained constant, as shown in 
Figure 4D, the lead (Pb

2+
) adsorption characterization 

were dependent on initial concentration of Pb
2+

. 
Adsorption capacity decreased with increasing of initial 
concentration of Pb

2+
, this can be explained by the fact 

that limited adsorbent cannot provided extra available 
surface area and inner-channels for increasing lead ions 
(Pb

2+
), the dry diatomite had the best adsorption capacity 

of Pb
2+

 while the value of Pb
2+

 initial concentration was 
200 mg·L

-1
. Therefore, the best condition for adsorption of 

Pb
2+

 on the diatomite was that, the dosage of diatomite 
was 50 g·L-1, the value of pH was 7, adsorption time was 
120 min, initial concentration of Pb

2+
 was 200 mg·L

-1
. 

 
 
Adsorption capacity comparison 
 
A study of adsorption capacity of lead ions (Pb

2+
) on the 

raw diatomite and the modified diatomite under the best 
condition in aqueous solution was conducted; the results 
are  shown   in   Table   1.   As   shown   in   Table  1,   the  

Table 1. Adsorption capacity of Pb2+ onto raw diatomite (DE), PAM 
modified diatomite (PAM-DE)  and the BaCl2 modified diatomite (Ba-
DE) under the best adsorption condition. 
 

Sample W0 (gL
-1

) pH C0 (mgL
-1

) t (min) q (mgg
-1

) 

DE 50 7 200 120 6.52 

PAM-DE 50 7 200 120 9.12 

Ba-DE 50 7 200 120 8.51 
 

W0, dosage of samples; C0, initial concentration of Pb
2+

; t, adsorption time; 
q, adsorption capacity of samples. Significant differences among 
treatments (P<0.05). 

 
 
 

adsorption capacity of Pb
2+

 on the PAM modified  
diatomite (PAM-DE) was found to be higher than that on 
the raw diatomite (DE) or the BaCl2 modified diatomite 
(Ba-DE), with the relative adsorption capacity following 
the sequence: PAM-DE>Ba-DE>DE. This was attributed 
to the fact that adsorption capacity of adsorbent was 
governed by its surface characterization and pores 
structure, PAM-DE and Ba-DE had more effective surface 
area, pores, inner-channels, hydroxyl and negative 
charges than DE, hence the adsorption capacity of PAM-
DE and Ba-DE increased by percentage of 23.4 and 
28.5%  compared  with  DE,  respectively.  This  indicated  
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Figure 5. Adsorption capacity of Pb2+ onto the five adsorbents under different initial 
concentration of Pb2+. Significant differences among treatments (P<0.05). 

 
 
 

that PAM and BaCl2 could improve surface  
characterization and pores structure of diatomite 
effectively.  

A study of adsorption capacity of Pb
2+

 onto the five 
adsorbents (PAM modified diatomite, zeolite, vermiculite, 
raw diatomite, red soil) in aqueous was undertaken in this 
work. As shown in Figure 5, the relative adsorption 
capacity of lead ions (Pb

2+
) onto the five adsorbents 

followed the sequence: PAM modified 
diatomite>zeolite>vermiculite>raw diatomite>red soil, this 
indicated that PAM modified diatomite is the most 
effective and available adsorbent for adsorption of Pb

2+
.   

The adsorption capacity of Pb
2+

 onto PAM modified 
diatomite was found to be affected by initial Pb

2+
 

concentration significantly (P<0.05), with its value 
increasing from 9.84 to 19.30 mg·g

-1
 as the initial Pb

2+
 

concentration changed from 250 to 1000 mg·L
-1

, this can 
be explained by the fact that the PAM modified diatomite 
have better surface characterization than other 
adsorbents. 
 
 
Conclusion 
 
PAM and BaCl2 eliminated most of the impurities on the 
diatomite effectively, improved its special surface 
characterization and pores structure significantly, and 
thus, increased its adsorption capacity against Pb

2+
. The 

best concentration of the BaCl2 and PAM solution for 
chemical modification of the diatomite was 40 and 20 g·L

-

1
, respectively.  
The best condition for adsorption of Pb

2+
 onto the 

diatomite was that, the dosage of the diatomite was 50 
g·L

-1
, the value of pH was 7, adsorption time was 120 

min, initial concentration of Pb
2+

 was 200 mg·L
-1

. The 
relative adsorption capacity of Pb

2+
 onto PAM modified 

diatomite (PAM-DE), BaCl2 modified diatomite (Ba-DE) 
and raw diatomite (DE) followed the sequence: PAM-
DE>Ba-DE>DE. The relative adsorption capacity of lead 
ions (Pb

2+
) onto the five adsorbents followed the 

sequence: PAM modified 
diatomite>zeolite>vermiculite>raw diatomite>red soil. 
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