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Abstract: The removal of Pb2+ in the aqueous solutions by adsorption onto insolubilized humic acid (IHA) is investigated. 
The equilibrium isotherms were determined at pH 3.5 under constant ionic strength and at different temperatures. At the same 
time, the paper has also analyzed the adsorption experimental data by using three different isotherm models: Langmuir, 
Frendlich and Linear isotherm. As the result, it has obtained the optimal correlation for Frendlich isotherm equations. In 
addition, the paper has calculated the thermodynamic quantities ∆H in accordance with the Clausius-Claperyon,s theory. It 
means that the type of adsorption of Pb2+ onto IHA is physisorption, rather than by chemical bonding. And finally, the 
adsorption equilibrium gained around 12 hours and a high and stable removal of heavy metals on insoluble humic acid has 
been obtained almost under the neutral conditions. 
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1. Introduction 
Heavy metal water pollution is an area of major concern 

today in both developed and developing countries. Common 
anthropogenic sources include agricultural activities, 
atmospheric deposition, road run off, discharges from 
industrial plants and sewage works, acidic mine effluents and 
building of reservoirs [1,2]. Lead is toxic priority pollutants 
that commonly interfere with the beneficial use of 
wastewater for irrigation and industrial applications 
producing kidney and blood diseases among with other 
health disorders [3, 4]. It is therefore mandatory to reduce their 
levels in water and wastewater. Some national and 
international health authorities such as USA Environment 
Protection Agency (EPA) and the World Health Organization 
(WHO, 2004) have drawn up that the maximum contaminant 
levels of Pb2+ is 0.0015 mg.L-1 in drinking water[5]. 

Many processes for the removal of the heavy metals from 
water have been investigated such as filtration, reverse 
osmosis, chemical precipitation, ion-exchange, and electro-
deposition. However, these technologies are ineffective or 
expensive when heavy metals are present in the wastewater 
at low concentration so that they are unsustainable in 
developing countries due to high costs for maintenance and 

chemicals necessary for removal of heavy metals. Adsorption 
is an alternative technology because of its high effect, low 
cost and easy operation among the physicochemical 
treatment processes. Recently numerous alternative materials 
as adsorbents, which are good adsorbents and inexpensive, 
have increased much concern in sorption of heavy metals 
from wastewater including activated carbon [6], activated slag 
[7], iron oxide coated sand [8], bagasse fly ash [9], carbon 
nanotubes[10], natural silicate minerals[11], natural zeolites[12], 
agricultural wastes [13], microbial and plant derived biomass 
[14], lignite [15], wood sawdust[16]

，chitin and chitosan[17]. 
However, these materials are limited due to low efficiency, 
high cost or other shortage for practical application. Hence, 
currently it is still necessary to find out new economical and 
effective adsorbents.  

Organic matter in the environment can be divided into two 
classes of compounds: non-humic material and humic 
substances [18]. Humic substances have their functional 
groups, such as carboxyl and phenyl groups, therefore, they 
can replace the synthesized agents to bind cations and form 
complexes [5]. As HA has strong chelating capacity with 
metals and obvious adsorption capacity on organic 
compounds, it cannot be used as an adsorbent due to its high 
solubility in chelating formation [19]. However, some 
researchers have studied the adsorption effects of 
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insolubilized humic acid on metals and organic contaminants 
[20-21]. Insolubilized humic acid (IHA) is a material that is 
insoluble in aqueous media even at alkaline conditions, and 
is obtained through a process developed by Seki and Suzuki 
[21]. Because of its simplicity and effectiveness, an increasing 
interest has recently been given to insolubilization[23-24], and 
the obtained material, IHA, can provide an inexpensive 
substitute for the treatment of wastewaters containing heavy 
metal ions. The sorption processes being used for the 
removal and recovery of heavy metal ions from wastewaters 
are generally based on ion-exchange and complex formation 
mechanisms, and the medium pH is an of prime importance 
aspect in the optimization of such processes. In evaluating 
the sorption characteristics of heavy metal ions on humic 
acid-based sorbents, it is a common sense to derive 
adsorption isotherms on the basis of data obtained from 
concentration studies that performed at a fixed pH value. 
Besides, the sorption characteristics are generally discussed 
for the neutral and slightly acidic conditions and the sorption 
characteristics under strongly acidic conditions are usually 
disregarded. However, the adsorption isotherms derived from 
data obtained at different strongly acidic conditions can give 
an important idea about the tendency of specific and 
nonspecific interactions between heavy metal ions and humic 
acid-based sorbents. In this way, the optimization of sorption 
processes, especially those being performed under column 
conditions, can be constructed on a more reasonable basis. 
Hence, the present study aims at evaluating sorption 
phenomenon of Pb(II) ions on IHA at different medium pH 
values, and the obtained results are believed to be useful for 
removal, recovery and preconcentration of Pb(II) from 
strongly acidic wastes by using IHA as a sorbent. 

2. Experimental 
2.1. Chemicals and Reagents 

A Shimadzu analytical balance, Model AW 120, was used 
(±0.0001 g). A Memmert WB 22 water bath–shaker equipped 
with a digital thermostat was used in batch adsorption 
experiments. A Metrohm pH meter, Model 525A, was used 
for pH measurements. The concentration of Pb(II) was 
determined by flame atomic absorption spectrophotometry 
(Beijing,China). Humic acid (A.R.) was purchased from 
Shanghai Julan Science and Technology Ltd. All chemicals 
used in the study were of analytical grade. All solutions used 
were prepared with distilled water.  

2.2. Preparation of Insolubilized Humic acid 

Insolubilized humic acid (IHA) was prepared by heating 
HA at 3300C for 1 h after HA was pretreated with 2 M CaCl2 
solution and converted from sodium salt to calcium[25]. 
Additionally, HA could cause a rapid dehydration and 
condensation between acidic groups in the heating process. 
The obtained IHA was grounded and repeatedly washed with 
1 M HNO3 solution at first and then with distilled water. 
Finally, the IHA was converted from the hydrogen form to 
sodium form with 1 M NaNO3 solution, and rinsed with 

distilled water prior to drying at 80℃. Then the converted 
IHA was stored in an airtight glass bottle to remain insoluble 
in aqueous phase at pH less than 10. 

2.3. Adsorption Experiments 

The adsorption trends of Pb(II) on the IHA in aqueous 
solution were investigated as a function of contact time, pH, 
initial lead ion concentration and competing metal ions. 

Batch adsorption experiments were conducted by 
introducing exact volume (25.00 mL) of Pb(II) with the 
known initial concentration into flasks containing 0.5 g of the 
IHA. The Pb(II) concentrations ranging from 5 mg.g-1 to 300 
mg.g-1 had the ionic strength remained in 0.1 M NaNO3 
solution. The flasks were shaken at a constant temperature 
and pH until adsorption equilibrium was established. All 
experiments were performed at three different temperatures: 
25, 45 and 65±0.10C, respectively. The adsorbent was then 
removed from liquid phase by filtration and subsequent 
centrifugation. The equilibrium concentrations of Pb(II) were 
determined by flame atomic absorption spectrophotometry. 
All experiments were carried out in duplicate, but only mean 
values are presented in the paper. The sorbed amounts of 
Pb(II) were calculated by utilizing the difference between the 
initial and final concentration in aqueous phase, meanwhile, 
blank samples without adding Pb(II) were also prepared to 
determine a total loss of solute resulting from adsorption on 
flasks walls and other error sources.  

3. Results and Discussion 
3.1. IR Spectroscopy Analysis of HA and IHA  

 

Fig. 1. FTIR spectra of nature and insolubiled humic acid 

The FTIR spectra of HA and IHA gave more insights of 
structural changes in the humic acid evolution, recorded for 
4000–500 cm-1, and displayed in Figure 1. The extremely 
strong polar group OH- easily forms association reactions. 
Thus the peak of O–H stretching vibration with association 
of OH groups could be formed at 3,500–3,300 cm-1, and at 
1,720–1,700 cm-1 for C=O stretching of carboxylic groups. 
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The absorption band at 1,580–1,650 cm-1 was assigned for 
C=C stretching of aromatic groups[26]. Within the spectra of 
modified HA shown in Figure 1, the peak shape and location 
of the C=C stretching of aromatic groups only changed little. 
Compared to HA, the peak of C=O and O–H stretching 
vibration in the modified HA became weaker, showing that 
dehydration and decarboxylation might occur in the heating 
process. Since the humic macromolecules contain both 
hydrophobic (aromatic, aliphatic) and hydrophilic 
(carboxylic, phenolic, proteinic, and polysaccharidic) 
moieties [27], the sponge-like structure of HA seemed to 
expose more polar groups on the solid-water interfaces. After 
being heated, HA might lose some 25% of acidic groups 
through the condensation reaction. As a result, IHA 
decreased its hydrophility and hydrophobicity increased[28]. 

3.2. Nitrogen Adsorption Isotherms and Porous Structure 

Samples of 50 to 100 mg were degassed in vacuum (133.3 
9 10-5 Pa) at 3500C prior to the adsorption of gaseous 
nitrogen, and the curves of adsorbed volume versus relative 
pressure (P/P0) are shown in Figure 2 (a,b), respectively. 
However, it was impossible to calculate the specific surface 
and pore volume of HA by the nitrogen adsorption– 
desorption curves shown in Figure 2a because much 
physisorbed and zeolite water existed in the structure of HA. 

Thus, the adsorption and desorption curves ware overlooped 
so closely that the hysteresis loop could not be distinguished. 
The adsorption of IHA shown in Figure 2b exhibits a Type II 
adsorption isotherm according to IUPAC classification with a 
sharp pore condensation step at the high relative pressure [29]. 
As the amount of adsorbed nitrogen increased very slowly 
under the relative pressure between 0.2 and 0.5, it suggested 
that IHA had the insignificant microporous and small 
mesoporous feature. The adsorption gradually increased 
under the certain relative pressure ranging between 0.5 and 
0.95, indicating that an adsorption process took place on a 
solid with primarily mesoporous or macroporous structure. 
The obvious adsorption and condensation of nitrogen 
occurred at a pressure range between 0.95 and 1.0 in 
correspondence to pores sizes larger than 40 nm. The 
adsorption/desorption hysteresis loop could be observed in 
the region of higher relative pressures, which proved that 
IHA pore structures had mesoporous and macroporous 
characteristics. The adsorption isotherms were analyzed by 
the Brunauer–Emmett–Teller (BET) equation to estimate the 
apparent surface area[30], also, the microporous volume and 
external surface areas were estimated with the t-plot method 
based on the Harkins–Jura equation. The porous structure 
parameters of IHA samples are listed in Table 1. 

 

Fig. 2. Nitrogen adsorption-desorption isotherms of HA and IHA 

Table 1. Specific surface, pore volume and pore distribution of insolubilized humic acid 

SBET St Smic Vt Vmic Vmac+mes pore size distribution (%) 

(m2/g) (m2/g) (m2/g) (ml/g) (ml/g) (ml/g) 30-20 nm 20-10 nm 10-3 nm 3-2 nm 2-1 nm  

62.02 56.01 41.07 0.05823 0.02492 0.03331 33.59 37.20 21.98 5.01 3.4 

 
3.3. Time of Equilibrium 
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Fig. 3. Effect of time on adsorption of Pb2+ onto IHA in 0.1M NaNO3 at pH 
3.5 

The relationship between reaction time and sorption 
amounts at the initial Pb(II) concentrations of 400 mg.L-1 
was presented in Figure 3. The results showed the adsorption 
of Pb(II) onto IHA was very rapid with increase in contact 
time from 2 to 480 min, and sorption equilibration was not 
achieved within experiment time, followed by a constant 
adsorption rate with further shaking time. The initial rapid 
step of Pb(II) sorption might be due to the surface physical 
sorption because of large surface area, around 62.02 m2.g-1, 
obtained from BET test and chemical reactive sorption 
because of a facilely immediate interaction between Pb(II) 
and the reactive groups (i.e.–OH, C=O ,–COO−) on the 
surface of the nano-adsorbent. However, the subsequent slow 
step might be attributable to the reactive sorption within the 
polymer chain segments. Besides, the Pb(II) adhered on the 
surface of the nano-adsorbent would further hamper the 
diffusion of other Pb(II), resulting in a rather long time to 
reach the equilibrium. In fact, a 720-min reaction time is 
sufficient to achieve satisfactory reaction efficiency on the 
whole, although the equilibrium has not reached. At the same 
time, with the consideration of the total operation time, the 
reaction time was set at 720 min. 

3.4. Effect of Initial Concentration and Temperature 

Figure 4 shows the impacts of concentration of Pb(II) and 
temperature on Pb(II) sorption. It appeared that with the 
increase of initial concentration, the adsorption capacity at 
equilibrium time was promoted by the increased drive force, 
resulting from the concentration variance of Pb(II) between 
solution and the IHA. Nonetheless, the removal percentage 
of Pb(II) with the increase of Pb(II) concentration from 10 to 
300 mg/L decreased from 85.7% to 48.0%, 86.9% to 52.3%, 
92.0% to 62.3%, at the temperature of 25, 45, and 65±0.1 0C, 
respectively. These results indicate that the initial Pb(II) 
concentration plays an important role in the adsorption of 
Pb(II). Also, the temperature had significant effects on Pb(II) 
adsorption capacity which essentially increased with 
increasing temperature. This phenomenon suggests that the 
process is endothermal, indicating that higher temperature is 
more favorable for the adsorption of Pb(II). 

 

Fig. 4. Adsorption isotherms of Pb(II) on IHA in 0.1M NaNO3 at pH=3.5 
under different temperatures 

3.5. Effect of pH 

 

Fig. 5. Effect of pH on adsorption of Pb2+ onto IHA in 0.1M NaNO3 at pH 
3.5 

The effect of pH on Pb(II) removal was investigated in the 
pH ranges of 2.0–10.0 at 25±0.10Cfor 12h as shown in Figure 
5, it is apparent that the adsorption capacity of Pb(II) 
increased by increasing the pH value. Solution pH affects 
both IHA surface metal binding sites and the metal chemistry 
in water. At low pH value, the surface of the adsorbent is 
closely associated with the hydronium ions and repulsive 
forces limit the approach of the metal ions; when pH 
increases, more protons are greatly combined with OH- to 
produce H2O; Pb(II) and Pb(OH)+ species are present in the 
solution. The increase in adsorption of Pb(II) is probably due 
to cation hydrolysis such as Pb(OH)+, since hydroxy 
complexes are adsorbed preferentially over uncomplexed 
cations. The basic structural units of humic acid are aromatic 
rings and alkyl chains contain a wide variety of functional 
groups (–COOH, –COH, –NH2, etc.). These groups can bind 
strongly to metals and give humic acid a high adsorption 
capacity for metals; at higher pH the IHA surface starts to 
acquire a net negative charge, creating a situation 
electrostatically favorable for higher adsorption of lead ions 
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due to the increase in the concentration of hydroxyl ions. 
From the corresponding data, an increase in pH corresponds 
to an increase in adsorption, reaching the maximum 
adsorption capacity at pH 7. The higher the pH, the greater 
will be the dissociation of the functional groups –COOH and 
–COH to –COO−and –CO−. When the solution pH varied 
from 2.0 to 7.0 the adsorption of Pb(II) increased from 
0.9791 to 14.81mgg-1. 

3.6. Adsorption Isotherms 

A comparison of adsorption models, with a linear 
experimental isotherm constant obtained from the sorption of 
Pb(II) onto the IHA at pH3.5 and at different temperature is 
presented in Table 2. The Frendlich isotherm appeared to be 
linear within the whole concentration range with high 
correlation coefficient, which certified that the Frendlich 
isotherm could excellently describe the monolayer adsorption 
processes when the equilibrium adsorption amount (qmax) and 
adsorption constant (k) were found to increase with the 

increase of temperature. Thermodynamic evaluation of 
adsorption process the type of adsorption can be determined 
through thermodynamic quantities as ∆Hads and ∆S [31]. The 
adsorption process is composed of two contributions, i.e., 
enthalpic and entropic, which characterize whether the 
reaction is spontaneous or not. From the Frendlich isotherm 
model, adsorption heating of Pb(II) on to IHA can be 
calculated from the temperature dependence of the 
equilibrium adsorption constant (K) by the Clausius– 
Claperyon’s equation: 

log

(1/ ) 2.303

−∆∂ =
∂

adsHK

T R
                                   (1) 

Here, a plot of logk versus 1/T should be linear with slope 
−∆H/2.303R and with intercept ∆S/2.303R . These quantities 
are related via 

ln− = −∆ = ∆ − ∆ads adsRT K G H T S             (2) 

Table 2. Isothermal adsorption equations of Pb2+ onto insolubilized humic acid 

T/℃℃℃℃ 
Linear Frendlich Langmuir 
Cs=a+kCe Cs=kCe

n Cs=qmaxCe/(Ce+1/k) 
a k r2 k n r2 k qmax/(mg⋅⋅⋅⋅g-1) r2 
25 
45 
65 

1052.1761 
997.1452 
1461.2066 

44.1997 
53.1642 
83.0912 

0.907 8 
0.939 1 
0.895 1 

315 
326 
472 

0.6419 
0.6602 
0.6777 

0.9901 
0.9810 
0.9714 

25.5618 
24.4953 
35.5287 

8.3236 
9.2782 
11.2585 

0.9603 
0.9479 
0.9750 

 
Examination (Table 2) revealed that ∆Hads and ∆S values 

calculated by the Langmuir equilibrium constants were 
relatively equal to 8.338 J/mol and 75.3321 J·K-1 when ∆Gads 
values were -14.25, -15.30 and -17.30KJ·mol-1 at 25, 35 and 
45 0C, respectively. The positive ∆H values implied that the 
adsorption process showed the endothermic nature in the 
present system. At the three different temperatures, the ∆Hads 
values were smaller than the lower limit of chemisorption of 
42.0 kJ/mol, which means that the sorption of Pb(II) on IHA 
was affected by physisorption, rather than chemical bonding. 
However, the free energy values (∆Gads) appeared to be very 
small and negative, indicating that the reaction appeared to 
be spontaneous. 

4. Conclusions 
Our research was dealt with conversion of humic acid 

into insolubilized humic acid by heating at 330 0C that was 
certified to be the optimal temperature for modifying HA. 
The sorption of Pb(II) on IHA was performed at the 
different temperatures and the experimental results showed 
that IHA is a potentially efficient absorbent to purify water 
from the heavy metal contaminants. The experimental 
adsorption data obtained in IHA–Pb(II) system excellently 
obeyed to Frendlich isotherm equation. It was evident that 
the capacity of adsorption was strengthened with the 
increase of temperatures. On basis of Frendlich isotherm 
model, the relevant thermodynamic quantities of ∆H, ∆S 
and ∆G could be calculated. The experimental results 

verified that Pb(II) adsorption onto IHA appeared to be 
spontaneous, and mainly was a physical process. The 
results obviously gave a suggestion that IHA, as a potential 
efficient absorbent, can be utilized to purify water 
contaminated by heavy metals.  
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