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Abstract 

 
Currently the most water pollution problems are caused by the heavy metals. Therefore, an 

adsorbent to reduce the problem of heavy metal pollution is needed. In this research, an adsorbent 

metal ion based on cellulose made with sulfonate functional group. First of all, the cellulose is 

being irradiated using the electron beam with a variation of irradiated dose 20, 30 and 40 kGy then 

being grafted using a pre-irradiation method to Glycidyl Methacrylate monomer (GMA) with a 

variation of the concentration 1%, 2,5% and 5%. The cellulose-grafted GMA is modified using a 

sulfonate functional group in optimum conditions to be applied as a lead metal ion adsorbent. The 

result of copolymer synthesis of cellulose-GMA-sulfonate was charactherized with FTIR, DSC 

and AAS.The percent yield of efficient cellulose-GMA irradiated with 40 kGy radiation doses and 

GMA monomer concentration was 107.62%.The optimum conditionof  cellulose-GMA-sulfonate 

synthesis is at 80°C with 1N concentration. The present adsorption capacity of lead metal ion 

solution equal to 8,476 mg/g, the required solution is needed to be at pH 7, 150 minutes contact 

time and with 20 ppm concentration of lead metal ions. An appropriate adsorption isotherm 

represented for cellulose-GMA-sulfonate adsorbent is Langmuir isotherm model with a regression 

value at 0.974. The adsorbent kinetics of cellulose-GMA-sulfonate adsorbents is obtained 

following the first order reaction. Based on the results, the modified cellulose GMA Sulphonate 

cellulose copolymer can increase the absorption of lead metal ions. 
 

Keywords: Adsorption, Cellulose, Grafted Copolimer, Glisidil metakrilat, Sulphonate functional 

groups. 

 

 

Introduction  

One of the most dominant pollutants for the environmental today is heavy metals 

released by industrials. To overcome that environmental problem mainly heavy 

metals pollution, various methods have been used such as coagulation, solvent 

extraction, ultra filtration, ion exchange and adsorption (Gurgel et al, 2008).  

Adsorption is efficient method for removal heavy metals from the environmental. 

Adsorbents can be prepared from natural materials or from waste that essentially 

have a high absorption capacity, low cost and available in nature (Babel and 

kurniawan, 2003). 

Nowadays, cellulose material has a gain attention to be modified as adsorbent. 

Many researchers are currently working to modify cellulose as heavy metal 
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adsorbent. Modified cellulose has reported to have higher adsorption capacity than 

unmodified ones (Hokkanen et al, 2016). Rice straw has a high enough cellulose 

content that can be used as an adsorbent. Rice straw is also biodegradable and 

renewable so it has other advantages. Therefore this study used cellulose derived 

from rice straw.  

Grafting is a technique for combining cellulose as a matrix with synthetic 

polymers with specific functional groups. The advantage of the technique is that 

cellulose can be functionalized based on properties possessed by covalently 

bonded monomers without affecting the basic structure of cellulose. The hydroxyl 

group of cellulose is used to modify cellulose by introducing a specific functional 

group on cellulose through grafting technique. Glycidyl Methacrylate (GMA) is 

one of the most preferred monomers for cellulosic grafting techniques because of 

the presence of vinyl group which can be initiated with free radical which will be 

grafted with cellulose and acts as a parent polymer and the presence of epoxy 

group can bind to other functional groups. 

The epoxy ring will open and form a new functional group for chelate formation with the 

metal (Chauhan et al., 2005). In this study, the prairadiation method is used. This method 

has the advantage of producing fewer homopolymers (Bhattacharya and Misra, 2004). In 

this method, the addition of functional groups to cellulose can increase adsorption ability 

in metal uptake. The addition of functional groups such as carboxylates (COOH), amines 

(NH2) and sulfonates (SO3H) may also be ion-exchange (Basuki, Fatmuanis, 2005). In 

this study sulfonates derived from ammonium sulphate (NH4)2SO4 were added to the 

product of copolymerization of cellulosic grafted with GMA monomer for the absorption 

of lead metal ions. 

 

Experimental 

1) Grafting GMA monomer to cellulose with pre-irradiation method 

Cellulose sample was irradiated using electron beams with varying 

radiation doses of 20, 30 and 40 kGy using 2 meV of electron beam machine 

(PAIR BATAN) to obtain the optimum dose. Optimization of grafting of GMA 

monomer onto cellulose was prepared by immersing irradiated cellulose into the 
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GMA solution with water solvent which added TWEEN20 5% for variation of 1% 

concentration; 2.5%; 5% at 60 °C for 6 hours under nitrogen gas flows. The 

GMA-grafted cellulose was washed with a mixture of hot aqueous and 5% 

methanol solution to dissolve the remaining GMA homopolymers and monomers. 

The cellulose-GMA was rinsed with aquades to a colorless filtrate. Afterwards, 

cellulose-GMA is dried in the oven and weighed until it reaches a constant 

weight. The percentage of grafting is calculated using the following general 

formula:  

 

         
    

  
          (1) 

  Note : 

%G = grafting percentage 

W  = cellulose weight bounded 

W0  = initial cellulose weight 

 

2) Optimization of cellulose-GMA modification with sulfonat 

Cellulose-GMA was immersed in various ammonium sulphate solution 

and then stirred and heated at different temperatures. Afterwards, the yield was 

washed using aquades and dried at 60
o
C until a constant weight was obtained.  

3) Expansion degree 

0.04 grams of cellulose and cellulose-GMA samples with varying percent of the 

transplants soaked in 20 mL of aquades for 1, 5, 10, 15, 20, 30, 40, 60, 90 and 120 min 

were then removed from the solution then weighed. 

4) Adsorption of metal ion 

The adsorption of Pb metal ion was performed by varying concentrations of Pb’s 

solution, contact time and solution of pH. 60 mg of cellulose-GMA-sulphonate adsorbent 

was immersed in the 15 ppm of Pb’s solution in an erlenmeyer. The erlenmeyer was 

stirred on a shaker at 100 rpm for 150 min with the various pH namely 3, 4, 5, 6 and 7. 

Afterwards, the sample was filtered using filter paper until the filtrate was obtained. The 

filtrate was analyzed by AAS instrument to determine the final concentration of Pb ion in 
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the solution. The adsorption has been carried out for various times namely 60, 90, 120, 

150 and 180 min and various concentration of Pb ion solution namely 1, 3, 5, 7, 10, 15 

and 20 ppm 

 

Result and Discussion  

1. Result of grafting GMA onto cellulose 

The higher the radiation dose used, the more radicals were obtained which 

then lead increasing the products. The radiation doses used in this work namely 

20, 30 and 40 KGy with 2.5% concentration of monomer. This work was 

conducted at 25
o
C for 6 hours.  

 

 

 

 

 

 

 

Figure 4.1. Showed that percentage of grafting increased with increasing 

of radiation doses. The ionizing radiation energy was used as an initial energy to 

initiate the polymerization reaction. The increase of radiation dose has lead 

increasing free radical. Thus, probability of polymerization reaction will be higher 

(Swantomo, Deni, 2008). 

In addition to study the affect of solvent, this work also study the 

correlation between GMA with percentage of grafting products to obtain the 

optimum product. This reaction is performed at 60
o
C for 6 hours. This 

temperature is chosen since at this condition the opening of epoxy rings can be 
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Figure 4. 1 Effect of Radiation Dosage on Graft Process 
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prevented so it expected that the vinyl group that only reacted with the cellulose 

(C.E, Janrizka Betta., 2016). This grafting time is also used since the longer the 

grafting period, the more GMA bindes to cellulose.  

 

 

 

 

 

 

 

 

 

 

 

 

 As shown by the Figure 4.2, the increase of GMA concentration lead to 

the increase of grafting percentage. The highest percentage of grafting was 

obtained at a 5% GMA concentration of 213%. This was because at the high 

concentrations of GMA, many monomers reacted with cellulose so that more 

products was obtained.  

2. Degree of Expansion 

Degree of expansion is a measure of the number of entered water 

molecules to the sample. The adsorption of water may be affected by the 

functional group presented in the sample such as hydroxil groups.   
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Based on Figure 4.3 a pure cellulose obtained the highest expansion 

degree because of the interaction the hydroxyl groups with the water solvent. On 

the GMA-modified cellulose, there was a decrease in the degree of expansion on 

the higher GMA concentration. This is because of the higher the concentration of 

GMA, the hydroxyl groups will be decreased, since the GMA was attached to the 

C-6 of hydroxyl groups, so that the adsorption of water by the GMA-modified 

cellulose will be decreased.    

3. Modification of cellulose-GMA Copolymer with ammonium sulphate 

The highest of ammonium sulphate concentration on the modification of 

cellulose grafted GMA was 1 N as shown Figure 4.4 (a). This is due to low 

concentration, the epoxy ring bonded with the sulphonate group has not been too 

much. While at relatively high concentrations, the epoxy group undergoes 

diffusion process because ammonium sulfate is complex so that the sulphonate 

functional group that has been attached undergoes to discharge. So in this work 

has obtained optimum concentration of sulfonate group of 1 N with percent 

conversion of 455%.  

In Figure 4.4 (b), it is found that as the temperature increases, the 

percentage of conversion increases. This indicates that the amount of sulphonate 

that reacts with the epoxy ring in GMA increases as the reaction temperature 

increases. It is seen that at 80 ° C, the highest percentage conversion is 335%. The 

higher temperatures cause the intermolecular collisions to accelerate so that the 

possibility of the epoxy ring react with the sulphonate will be even greater. At 

90°C the value of percent conversion has decreased insignificantly due to the 

possibility of homopolymer starting. 

 

4. Characterization 

Characterizing material using FTIR was conducted to investigate the 

finger print of functional groups grafted on the cellulose and sulphonate 

modification yield. DSC characterization was conducted to investigate the 

changes of material charateristic after grafting process and modification of themal 

transitions of the polymer.  
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Picture 4. 4 Spectrum of cellulose-GMA-Sulphonate 

Based on Figure 4.5, there was decreasing of -OH at 3367 cm
-1 

of pure 

cellulose compared to GMA-grafted cellulose which indicated an interaction 

berween GMA with free radical formed from the –OH of cellulose. The spectra of 

1161 cm
-1

 dan 1165 cm
-1 

indicated the bonding of B-1,4-glikosida (C1-O-C4) on 

cellulose. The presence of functional group of esther (C=O) at 1730 cm
-1 

and 

epoxy ether at 754 cm
-1

 and 844cm
-1 

showed that GMA have successfully grafted. 

The appearance of characteristic absorbtions of C-S at 628 cm
-1

 (Rao, C.N.R et 

al., 1963; Hampton, Carissa. 2010), S-O at 902 cm
-1

, S=O at 1340 cm
-1

 and 

disappearance of epoxy ether have indicated that sulphonate vahe succesfully 

added. 
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Figure 4. 5 Thermogram analysis of pure cellulose and cellulose-

GMA and GMA grafted-GMA 
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 Based on Figure 4.10, two exotermic peaks appearing at 394.90 °C dan 

481.38 °C showed existence of pure cellulose. The observed cellulose peaks in the 

temperature range 400-600 
o
C since it indicate the degradation temperature 

(Suhartini, Meri., 2015). Intensity of degradation temperature of pure cellulose is 

at 481,38 °C and the GMA-cellulose is in the same temperature. Thus, it estimated 

both of them have the same degradation temperature. The intensity of exotermic 

peak at the temperature of 400-600 °C was not seen in the addition of sulphonate 

on GMA-cellulose. The addition of sulphonate functional groups to GMA 

cellulose causes the intensity of the exothermic peaks to be lost so that it can be 

concluded that there is no degradation and result in good and undamaged heat 

stability. At the peak exotherm of a pure cellulose at 394.90 °C, there is a 

widening of graphs of pure cellulose by grafting of GMA and sulphonate 

modification, thus possibly leading to the addition of large side chains and 

increased molecular weight (Rahmawati, 2013). 

 

5. Adsorption of Pb ions 

 

The adsorption process of metal ion by an adsorbent was influenced by several 

factors. Factors affecting an adsorption process include the type of adsorbent, the 

type of substance absorbed, the surface area of the adsorbent, the concentration of 

solute, the temperature, the pH and the contact time. The filtrate was analyzed 

using AAS to calculate the concentration of Pb ions in solution. The calculation is 

done by regression equation of calibration curve that is y = 0.0012x + 0.001 with 

regression price obtained R2 = 0.9955. In Figure 4.6 (a), it is found that the pH at 

pH 7 has an adsorption capacity of 10.993 mg / g At a low pH the capacity of Pb 

adsorption is relatively small, where in acidic conditions, the excess of  H
+
 ion 

may interfere with the sulphonate. As more pH binds the H
+
 ion it becomes 

positively charged, so the sulphonate is increasingly difficult to bind to the Pb 

metal ion. As the pH above 7, the adsorption of metal ions does not occur due to 

the hydrolysis reaction which produces hydroxide, wherein most of the metal 

hydroxide is insoluble in water or settling (Zakaria, A., 2011). 
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Based on Figure 4.7 (b), it is found that the contact time has an effect on 

the amount of Pb metal ions absorbed. The adsorption of Pb metal ions by 

cellulose-GMA-sulphonate adsorbents increases with increasing contact time. 

This is due to the increasing of contact time, the probability of metal ion 

interaction with the adsorbent increases also, so that the amount of metal ion 

absorbed will be more and more. (C.E, Janrizka Betta., 2016). At relatively 

shorter contact times, the metal ion interaction with the adsorbent tends to be less 

so that its absorption capacity on the adsorbent active side is reduced. However, 

during longer contact time there is also a decrease in capacity because the 

adsorbent's active side is full to absorb metal ions so they begin to saturate and 

eventually diffuse. The results of this study indicate that the adsorption capacity of 

Pb metal ions by the cellulose-GMA-sulphonate adsorbent at 150 min contact 

time is 10,207 mg / g. 

 

 

 

 

Figure 4. 6 (a) influence of pH to adsorption capacity and (b) Influence of contact time to 

adsorption capacity 
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Figure 4.13 showed the increasing concentration of metal ions leading to 

higher adsorption capacity of cellulose-GMA-sulphonate adsorbents. This is due 

to at high concentrations; the number of metal ions in the solution is increasing so 

that more metal ions interact with the adsorbent. Increasing the concentration of 

reactants will lead the total number of collisions to adsorbent so that the more 

products are formed. The adsorption capacity of Pb metal ion occurs at 

concentration 20 ppm that is equal to 8,476 mg / g. 

6. Adsorption isotherm 

The regression results as shown in Fig. 16 (a) and (b) for the langmuir isotherm 

equation are 0.9745 and 0.9013 for Freundlich isotherms. The Freundlich 

isotherm model is used to explain the adsorption of Pb metal ions on 

heterogeneous surfaces and on multilayer adsorption. While the Langmuir 

adsorption isotherm model assumes that the adsorption process occurs only on 

certain homogeneous sites in the adsorbent and each site can only bind the 

adsorbat molecule (monolayer) (Simanjuntak, Magdalena S., 2016). 

0.735 
1.704 

3.159 
3.924 

5.696 

6.787 

8.476 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

1 3 5 7 10 15 20

Q
e

(m
g/

g)
 

Konsentrasi (ppm) 
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The regression results obtained for the Langmuir isotherm equation is 

close to one so it can be concluded that the distribution of Pb metal ions on the 

cellulose-GMA-sulphonate adsorbent follows the Langmuir isotherm model. Dari 

hasil meningkatnya variasi konsentrasi seiring dengan menaiknya kapasitas 

adsorpsi dengan peningkatan konsentrasi awal yang dapat dijelaskan berdasarkan 

rapatan partikelnya. As the concentration increases, the particle density becomes 

larger and the interaction between Pb molecules becomes multilayer. The law in 

the Langmuir isotherms states that the metal binding potential of the metal ion by 

cellulose-GMA-sulphonate adsorbents is the same on each active side. Here is 

Langmuir's isotherm linear equation: 

 e

 e
  

 

       
  

 e

    
     

The result of calculation was obtained that the value of y namely 0.3126x 

+ 0.2487, thus the k1 value was 0,9999 and qmax was 3.1990 mg / g. The Pb 

metal ion forms a monolayer layer on the homogeneous surface of cellulose-

GMA-sulphonate adsorbent. Based on the calculation, the adsorption capacity of 

Pb metal ions by cellulose-GMA-sulfonate adsorbent was 3.1990 mg / g. 

7. Kinetics Adsorpstion 
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y = 0.0047x - 0.2215 
R² = 0.744 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 50 100 150 200

1
/[

P
b

] 

t (menit) 

Based on Figure 4.10, the linear equation for first order is y = -0.0168x + 

3.3409, with a R value of 0.8736. The linear equation is obtained by plotting ln 

[Pb] to t (min). Using the first order equation: 

  [  ]         [   ] 

 From the above equation can be obtained k value (rate constant) is 0.0168 minute
-

1
. [Pb] is the concentration at the certain time, [Pbo] is the initial concentration and 

t is the time in minutes.  

While the results of the equation for second order is y = 0.0047x - 0.2215 

with regression value 0.744. The linear equation is obtained by plotting 1 / [Pb] on 

t (min). By using a second-order equation: 

 

[  ]
   

 

[   ]
 

The value of k (rate constant) obtained is  0.0047 menit
-1

. 

From these two equations, it can be seen that the first order adsorption 

kinetics have higher regression value, so that the rate of adsorption kinetics of Pb 

metal ions follows the first order with the constant rate of 0.0168 min
-1

, the 

regression value of 0.8736 and the adsorption rate for 15 ppm was: 
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V = 0.0168 minutes 
-1

 x 15 ppm 

V = 0,252 ppm minutes 
-1 

Conclusion  

The synthesis of GMA-grafted cellulose and their modification by using 

sulfonate functional groups has been successfully performed. Adsorption of Pb 

metal ion with synthesized adsorbent under PH 7, for 150 min and with 

concentration of Pb solution 20 ppm followed isotherm of langmuir. The 

adsorption rate of Pb metal ion followed the first reaction order with the rate 

constant (k) 0.0168 min
-1

. 
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