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ABSTRACT 
This study is the continuation of our previous work on the synthesized chitosan modified polyurethane foam (Chi-
PUF) adsorbent by using a simple method. This research aims to examine the isotherm adsorption of Chi-PUF and 
its direct application on mercury-contaminated well water samples from Aceh Jaya regency. Two common 
Langmuir and Freundlich isotherm models were used in these studies. Adsorption test with the variation of initial 
adsorbate concentration was carried out for the isotherm studies. The test was carried out under the predetermined 
optimum conditions (60 minutes of contact time and pH 7). Hg (II) adsorption using Chi-PUF fits the Freundlich 
isotherm model with R-value to be the closest one to 1 (0.9417).Even though the value of adsorption constant (Kf) 
was not high (0.2968 (mg/g) (L/mg)), Chi-PUF adsorbent was able to adsorb Hg from the well water samples up to 
83.049 %. 
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INTRODUCTION 
As many as 62 % of the water resources in Aceh Jaya regency are polluted with mercury, reported by the 
Public Health Office1. The mercury was found to exceed the threshold concentration (1 ppb for drinking 
water and 2 ppb for daily use) which has been determined by the government in the presidential decree 
number 82 the year 2001.The indication of mercury poisoning was shown by 13 cases of infant’s death 
and defectiveness in the watershed area of Keudu Panga District, Aceh Jaya Regency2. This is an urgent 
and serious problem which needs an immediate solution. 
To remove mercury from aqueous solution, chemical treatment such as adsorption can be employed. 
Polymeric materials have obtained much attention due to their promising properties for wastewater 
treatment and Hg removal3. Polymeric materials which possess polar and non-polar groups are important 
for adsorption. Polyurethane foam (PUF) is a polymer that has both polar and non-polar groups, therefore, 
can adsorb a variety of chemical substances. Hong, et al., reported that PUF can separate free molecules, 
aromatic compounds, dithionate metals, and complex anoins4. Furthermore, Liu, et al., reported that PUF 
can be synthesized out of castor oil as the polyols5. Not only because of its eco-friendly properties, such 
as the economic value, biodegradability and low toxicity, castor oil is superior in polyurethane synthesis 
due to the presence hydroxyl group in ricinoleic acid chain allowing the formation of urethane groups. 
PUF can be integrated with potential fillers, both organic and inorganic, to increase its adsorption 
capacity and selectivity. Khan, et al., has succeeded to modify PUF with multiwalled carbon nanotube for 
its application to remove safranin T and P (II)6. Moawed, et al., has integrated halogen atom and amine 
groups to PUF to adsorb Bi (III), Co (II), Fe (III), and Mo (III)7. The successful modification has also 
been reported by Riaz, et al., where PUF was modified with acetic cellulose to adsorb Cr (VI)8.  
In the previous research, we have succeeded synthesizing Chitosan modified PUF to be used as an 
adsorbent for Hg (II) removal. The SEM characterization of the synthesized PUF showed the irregular-
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sized and multilayer pores. Meanwhile, the DSC characterization described the rigidity of PUF, where the 
Tg, Tc and Tm respectively are 280, 310 and 399 oC. The chitosan optimal composition was 2.5 % of 
total initial materials weight, exhibited by the adsorption capacity of 0.59 mg/g9. The adsorption isotherm 
studies of PUF and its application in well water samples is further conducted in this research. 
 

EXPERIMENTAL 
Material and Methods 
This research was performed in the Research Laboratory of Chemical Department of Mathematics and 
Natural Sciences Faculty, Syiah Kuala University.  The materials were Chi-PUF, HgCl2, well water 
sample, distilled water, HCl and KOH. Chi-PUF was prepared and has been discussed in our previous 
report9. Artificial mercury (II) sample was prepared by dissolving HgCl2 into distilled water. Well, water 
samples were collected from 3 sampling points in Aceh Jaya regency (see Table-3). Mercury 
concentration was determined with Atomic Absorption Spectroscopy (AAS, Shandon Southern A3400). 
 

The Determination of Optimum Chitosan Ratio 

Chi-PUF which had been synthesized9, was cut into 5 cm3 cubical shape. 25 mL Hg (II) solution was 
poured into an Erlenmeyer, followed by 1 gram Chi-PUF adsorbents. After being stirred continuously at 
420 rpm for 1 hour, 600 µL of the solution was taken and dissolved in 140 mL. The final concentration of 
Hg (II) ions was then determined by using AAS. The difference between the initial and final 
concentration of Hg (II) ions showed the number of adsorbed Hg (II) ions. This was done for every Chi-
PUF with different chitosan ratio of 0%, 2.5%, 0.5%, 7.5% and 10%. In order to obtain the adsorption 
capacity and removal percentage, the following equations were used: 
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Where, q refers to the adsorption capacity (mg/g), meanwhile, Pr is removal percentage. 
��and��respectively are initial concentration and finathe l concentration of the solution at t time (mg/L), 
V is the volume of the solution (L) and m (g) is the weight of the adsorbent. 
 
The Determination of Optimal Contact Time 
Adsorption was performed by preparing 1 gram of 0.5 cm3 cubical Chi-PUF in 5 beakers (250 mL), each 
contained 25 mL Hg (II) 5 ppm solution. After being left at the speed of 420 rpm with for the variation of 
contact times ranged from 5 to 90 minutes until the adsorption equilibrium reached. By using AAS, the 
concentration of Hg (II) in the solution was then calculated with the stated procedure. 
 
The Determination of Optimal pH 
1gram of 0.5 cm3 cubical Chi-PUF was added in each of 7 beakers (250 mL) containing 25 mL Hg (II) 
solution at an initial concentration of 5 ppm. The mixture was stirred at room temperature, 420 rpm of 
stirring speed and pH range of 3 – 9 for 60 minutes (optimal contact time). HCl and KOH were used to 
adjust the pH. Then, the solution was filtered and 600 µL of the solution was dissolved in 140 mL 
distilled water. By using AAS, the concentration of Hg (II) in the solution was then calculated with the 
stated procedure. 
 
Hg (II) Ions Adsorption with Concentration Variation at Optimal Contact Time and pH 
1 gram of 0.5 cm3 cubical Chi-PUF was added in each of 5 beakers (250 mL) containing 25 mL Hg (II) 
solution with initial concentration variation of 5 ppm, 10 ppm, 15 ppm, 20 ppm, and 25 ppm. The mixture 
was stirred at room temperature, 420 rpm of stirring speed and pH 6 (optimal pH) for 60 minutes (optimal 
contact time). HCl and KOH were used to adjust the pH. By using AAS, the concentration of Hg (II) in 
the solution was then calculated with the stated procedure. 
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RESULTS AND DISCUSSION 
Adsorption Isotherm Studies 
The adsorbent samples (Chi-PUF) used in this study has been previously manufactured as reported by 
Darmadi, et al.9 Chi-PUF was synthesized by mixing castor oil as the polyol source and toluene 
diisocyanate (TDI) as the isocyanate source with OH/NCO ratio of 1 : 0.5 (gram/gram).PUF itself, can be 
applied as an adsorbent due to its possession of amine and hydroxyl groups which act as binding sites to 
interact with the adsorbates8. Chitosan was then employed as the filler, added during the polymerization. 
This addition of chitosan as a filler is due to the fact that chitosan’s ability to adsorb heavy metal, 
including mercury. 
Dulazi reported that the same amine groups can also be found at chitosan molecules, thus chitosan 
addition as a filler in PUF matrix, increased its adsorption capacity10. It can be observed through the 
increase of adsorption capacity of Chi-PUF, however the addition of chitosan for more than 2.5%, as 
shown by Fig.-1, reduced the adsorption capacity9.According to the results obtained, the adsorption 
capacity values of Chi-PUF with different ratio of Chitosan (0%, 2.5%, 5%, 7.5% and 10% w/w mixture 
A) are 0.28, 0.59, 0.51, 0.48 and 0.45 mg/g, where Hg (II) removal percentage reached 22.50 %, 46.83 %, 
41.01 %, 38.74 % dan 35.74 %. 

 

 
Fig.-1: The Effect of Chitosan Addition into Chi-PUF Matrix against its Adsorption Capacity (qt) and the 

Percentage Removal of Hg (II) (Pr). 
 

This is in line with Hussein’s report, where the addition of iron oxide nanoparticle filler in a certain 
amount could reduce the adsorption capacity on arsenic metal11. The comparable result was reported by 
Kong, et al., where the coal filler addition in PUF matrix for more than 4% could reduce the adsorption 
capacity12. This is agreed by Pinto, as he reported that the properties, as well as the particle size of the 
filler, affect the modified PUF’s adsorption ability13.Therefore, it can be assumed that the addition of 
chitosan more than 2.5% (w/w mixture A) could reduce the capacity of Chi-PUF to adsorb Mercury (II) 
ions as the consequence of the chitosan aggregates formation, blocking the binding sites. 
 

Optimum Contact Time Analysis 

One of the important parameters to be determined in adsorption isotherm studies is optimum adsorption 
contact time.The adsorption efficiency can also be observed by the optimum contact time parameter, 
where the optimum result is expected to obtain in a short time.Therefore, to calculate the optimum contact 
time,the adsorption time was varied from 5 minutes, 10 minutes, 15 minutes, 30 minutes, 45 minutes, 60 
minutes, 90 minutes and 120 minutes. The initial concentration and pH used in this test respectively are 5 
ppm and 4ppm14,15. The adsorption test of Hg (II) ion by Chi-PUF with the contact time variation can be 
observed in Fig.-2. 
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The increase of adsorption capacity was in line with the increase of contact time, and went constant at 60 
minutes of contact time as shown in Fig.-2. The adsorption process went slowly between 5 minutes up to 
45 minutes of contact time. The slow process of adsorption is due to the progress of the adsorbate to be 
adsorbed through Chi-PUF’s pores, especially where the Chi-PUF has a closed cell property. Meanwhile, 
the adsorption runs faster after the 60th minute contact time and went near to the equilibrium afterward. 
The fast adsorption process is due to the electrostatic attraction between the unoccupied adsorption sites 
and the adsorbates. The adsorption between 60th to 90th minute happened through diffusion so that close 
to the equilibrium, it is due to the saturated adsorption sites. Thus, the 60-minute contact time was 
selected as the optimum contact time for Mercury (II) adsorption. 
 

 
Fig.-2: The Adsorption Capacity (qt) and the Removal Percentage (Pr) in Different Contact Times 

 
Optimum Initial pH Analysis 
Optimization of adsorption condition for Hg (II) ion can be accomplished by acidity control. Influence of 
pH towards the adsorption process can be explained by the disturbance of electrostatic force and the 
presence of H+ and OH- which may act as the competing ions with Hg (II) ions. Optimum pH 
determination was conducted with a pH variation range of 3 to 9, considering the possibility of the 
dissolved chitosan under the pH 3, and also the precipitation of Hg metal when the pH is above 9. The 
graphic of the optimum pH determination can be observed through Fig.-3. 

 

 
Fig.-3: The Effect of Solution Acidity (indicated by pH) on the Adsorption Capacity of Chi-PUF and the Removal 

Percentage of Hg (II) Ions 
 
The Chi-PUF adsorbents in acid pH (<7) tend to form positive charge in the surface, due to the 
protonation of amine group which can be found on each polyurethane and chitosan chain. Because of the 
positive charge foam surface, thus its adsorption capacity was reduced due to the existence of electrostatic 
repelling force. Meanwhile, at pH 7, the Chi-PUF surface tends to possess negative charge and attract Hg 
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which has been majorly formed in the positively charged species16. The depletion of adsorption capacity 
at pH above 7 is caused by the metal precipitation as explained by Huang, et al.15. Besides, the 
competition with H+ ions in acidic condition and OH- ions in basic condition, is able to reduce Chi-PUF’s 
adsorption capacity against Mercury (II) ions. 

 
Chi-PUF Adsorption of Hg (II) Ions with Different Concentrations at the Optimum Contact Time 

and pH. 

Langmuir and Freundlich adsorption isotherm are the two most common models used in the adsorption 
isotherm studies17,18. Both of the isotherm models have been used to identify the maximum adsorption 
capacity of Chi-PUF for mercury ions. To receive the equation of the adsorption isotherms, the adsorption 
test has been conducted with initial Hg (II) concentration of 5 ppm, 10 ppm, 15 ppm, 20 ppm and 25 ppm 
on optimum contact time of 60 minutes and pH 7. 

 

 
Fig.-4: Langmuir Isotherm Model for Chi-PUF Adsorption of Hg (II) Ions 

 
A straight-line equation of Langmuir isotherm curve (y = 5.4954x-0.5436 and R2 = 0.8882) is observable 
in Fig.-4. To calculate the values of x and y, the below equation was used: 

�
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Where q refers to the total milligrams of adsorbates of each gram adsorbent (mg/g), C is the metal ions 
concentration left in the solution (mg/g), qmax is the maximum monolayer adsorption value (mg/g), while 
Ka is adsorption constant (L/mg). 
 

 
Fig.-5: Freundlich Isotherm Model for Chi-PUF Adsorption of Hg (II) Ions 

 
Figure-5 exhibits the Freundlich isotherm curve with the straight-line equation; y = 1.6057x – 0.8233 and 
R2 = 0.9417. The above curve was obtained through this equation: 
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�
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Where q refers to the number of adsorbates of each adsorbent unit (mg/g), C is the final concentration of 
the solution (mgL-1), Kf is the adsorption constant (mg/g) (L/mg) and n is adsorption intensity constant. 
The comparison between Langmuir and Freundlich isotherm from Hg (II) ions adsorption by Chi-PUF 
can be observed in Table-1. 

 
Table-1: The result of Langmuir and Freundlich Isotherm Models of Chi-PUF Adsorption of Hg (II) Ions 

Langmuir Isotherm Freundlich isotherm 

qm (mg/g) Ka R2 Kf n R2 

1.840 0.989 0.8882 0.2968 0.6228 0.9417 

Note: qm(mg/g)is the maximum adsorption; Ka is Langmuir constant; R2 is the coefficient of regression; Kf is 
Freundlich constant; and n is adsorption number 

 
According to Table-1, the value of Freundlich isotherm R2 (0.9417) is close to 1 compared to the value of 
Langmuir isotherm R2 (0.8882). Hence, it concluded that the Chi-PUF Hg (II) ions removal is fit with the 
Freundlich isotherm model22.Freundlich isotherm model uses the assumption in which the binding sites of 
the adsorbent surface possess the different amount of energy, thus the binding sites are not homogenous. 
That can be understood because Chi-PUF has different binding sites from PUF matrix and chitosan filler 
which are heterogenous in nature.  

 
Table-2: A comparison of Chi-PUF with Other Adsorbents from Different Researches 

No. Adsorbent Kf(mg/g) Reference 

1 
Polypyrrole-chitosan (Ppy/CTN) 

nanocomposite 
2.3989 

Salahi and 
Ghorbani19 

2 
Cationic surfactant cetyltrimethyl 
ammonium bromide impregnated 
mesoporous carbon (CTAB-MC) 

14.5 
Anbia and 

Mahmoodi20 
3 

Anionic surfactant sodium dodecyl 
sulfate impregnated mesoporous carbon 

(SDS-MC) 
17.6 

5 Activated carbon surface oxygen 0.86 
Faulconer and 

Mazyck21 

6 
Chitosan modified polyurethane foam 

(Chi-PUF) 
0.2968 This research 

 
Adsorption constant in the Freundlich isotherm model (Kf) was calculated based on the value of slope and 
intercept which were obtained from the curve in Figure 4. The obtained Kf value is 0.2968 (mg/g) (L/mg). 
The value is lower compared to the other adsorbents from different researches as given in Table-2. 
Nevertheless, Chi-PUF’s adsorption capability is the potential to be improved. One of which is by 
optimizing the synthesis material monomers or through an activation process23,7. 
The interaction power between the adsorbent and the metal ions can be described by n value in Freundlich 
isotherm. The adsorption process can be assumed to be physical when n is less than 1 (n<1). However, 
when n is more than 1 (n>1), chemical adsorption is assumed to be occurred24. The value of n which was 
obtained in this research is less than 1 (n = 0.6228) which signifies that the process happened physically. 
However, a simple procedure to evaluate interaction power between the adsorbent and the adsorbate was 
conducted by inserting the used adsorbent into an Erlenmeyer filled with aqueous solution and place it 
onto ultrasonicator to separate the adsorbates from the adsorbent. After being left 24 hours, the Mercury 
(II) ions concentration was obtained using AAS analysis. The results showed only 14%of the Mercury (II) 
ions were separated out of the adsorbents which were insignificant for the interaction between the 
adsorbate and the adsorbent to be considered based on physical interaction. Thus, n value in the 
Freundlich isotherm model cannot be a good representation to describe the interaction power for this 
research. 
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Adsorption Test on Well Water Samples 
The test result of Hg adsorption by Chi-PUF in the well water samples can be observed in Table-3. Three 
well water samples were obtained from three different coordinate points, each of them was labeled as A, 
B, and C. Initial concentration of sample A, sample B and sample C using AAS analysis respectively are 
4.930 ppb, 0.955 ppb dan 0.702 ppb. The depleted Hg concentration after the adsorption respectively are 
80.072 %, 83.049 % and 33.680 % with each adsorption capacity of 0.987 mg/g, 0.198 mg/g and 0.059 
mg/g. 
 
Table-3: The Hg Adsorption Test Result of a Well Water Sample from Aceh Jaya Regency by Chi-PUF Adsorbent 

No. Sample 
Sampling coordinate point Co 

(ppb) 
Ct 

(ppb) 
q (mg/g) Pr (%) 

1. Sample A 
4o 29’ 25’’ LU 

4.930 0.982 0.987 80.072 
95o 48’ 11’’ BT 

2. Sample B 
4o 37’ 36’’ LU 

0.955 0.162 0.198 83.049 
95o 40’ 17’’ BT 

3. Sample C 
4o 54’ 50’’ LU 

0.702 0.466 0.059 33.680 
95o 28’ 06’’ BT 

Note: Co is the initial AAS-detected Hg concentration (ppb); Ct is the final AAS-detected Hg concentration (ppb); q 
is the adsorption capacity (mg/g); and Pr is the removal percentage (%). 
 
The highest adsorption capacity was obtained from Hg adsorption of sample A where the Hg initial 
concentration is the highest. The different obtained values of adsorption capacity are most probably due to 
the different amount of adsorbate competitions in each of the water well samples so that affect the Chi-
PUF’s ability to adsorb Hg (II) ions6. 

CONCLUSION 
A further investigation on Chi-PUF ability to adsorb Hg (II) ions and its direct application in the well 
water samples from Aceh Jaya regency concludes its high potential to be used as an effective adsorbent, 
especially due to its cheap production and the availability of castor oil as the polyol source. Chi-PUF best 
performance can be observed when the pH of the solution is 7 for 60 minutes contact time. The 
adsorption of Chi-PUF adsorbent against Hg (II) ions was observed to fit the Freundlich isotherm model 
where its R2 value is closest to 1 (0.9417) as opposed to Langmuir isotherm where its R2 model is only 
0.8882. In comparison to other adsorbents, Chi-PUF is considered to have the lowest adsorption 
capability. Nevertheless, Chi-PUF was shown to be effective when being introduced into the well water 
samples collected from Aceh Jaya regency (a location where the Hg pollution takes place). This 
effectiveness can be observed through the depletion of Hg concentration after the adsorption which are 
80.072 %, 83.049 % and 33.680 % from the respective well water samples and adsorption capacity of 
0.987 mg/g, 0.198 mg/g and 0.059 mg/g respectively. 
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