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Abstract. Chitosan co-polyacrylamide hydrogel crosslinked has been prepared by 

glutaraldehyde to obtain the unique material as soil remediation for agriculture 

applications which play a role in water storage to increase plant fertility. In this 

study, we examine the compositions effect of hydrogel material, the optimum 

concentration of glutaraldehyde as crosslinker, and hydrogel properties. Based on 

the results, the hydrogel successfully synthesized through chemical crosslinking 

methods that the 0.53 g, 1.06 g, and 1.59 g of glutaraldehyde to (0.9:5.1), (1.2:4.8) 

and (1.5:4.5) grams of chitosan and acrylamide were used to increase the degree 

of swelling properties KKPAG105 396.17% (0.9:5.1) and KKPAG205 262.51% 

(1.2:4.8), respectively. Subsequently, Fourier-transform infrared spectroscopy 

(FTIR) was characterized to identify functional groups of hydrogel material shows 

that the existing functional groups of OH overlapping with NH at 3446.72 cm-1 

from chitosan, C=O at 1633.49 cm-1 from glutaraldehyde, and C=N 1433.11 cm-

1 from polyacrylamide. In addition, morphologically has been identified by 

Scanning Electron Microscope (SEM) that the chitosan co-polyacrylamide 

hydrogel crosslinked by glutaraldehyde which is pores formed for passing water 

absorption. Based on this study, we can be able to utilize in regeneration of soil 

mining area. 
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1   Introduction 

At this recent years industrial field has tried to develop material that is useful in agriculture 

especially in dealing with food needs and for regeneration of soil mining area. One of the 

materials developed in the agriculture field is super absorbent hydrogel polymers as soil 

conditioner. Hydrogel is a material that is capable of improving soil conditioner because it has 

the ability to hold water and nutrients and can support plant growth by improving soil properties 

[1]. Polymeric material for preparing hydrogels must swell and maintain the water fraction in 

its structure, but not soluble in water. Acrylamide (AAM) is one type of hydrophilic monomer 

which is the most popular raw material for the manufacture of polyacrylamide superabsorbent 

polymers (PAAM) [2]. Polyacrylamide polymers (PAAM) are being developed as a base 
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material for new biomaterials. In addition it is used as PAAM hydrogel as absorbent material 

(absorbent). However, PAAM has a weakness in absorbing water (swelling limited) and a 

homopolymer with relatively low physical properties, therefore its application is also limited 

[3]. One alternative that can be used to deal with these problems is the graft polymerization 

process between natural polymers, for example chitosan against polyacrylamide. The selection 

of chitosan due to its nature biodegradable, not polluting the environment, biocompatible, and 

its molecular structure can be easily modified, that’s the reason chitosan can be used in preparing 

hydrogels [4].  
Synthesis of polyacrylamide grafted chitosan-based hydrogel can be carried out by 

crosslinking method. Crosslinking agents in the manufacture of hydrogels that can be used 

include those from aldehydes, urea derivatives, and carboxylic acids [5]. One of the studies 

conducted by Dwimitriv et al. (2015) [6] has synthesized polyacrylamide hydrogels using 

glutaraldehyde as a crosslinking agent. Modifications with other polymers on the manufacture 

of chitosan hydrogels can also be done, such as by Sadeghi, et al. (2011) [7] which synthesizes 

hydrogels by grafting chitosan using acrylonitrile and acrylic acid monomers and ammonium 

persulfate (APS) and N, N'-methylenbis acrylamide initiators (MBA) as a crosslinking agent. 

Based on this description, this study focused on the effect of the composition of the 

glutaraldehyde crosslinking agent to determine the characteristics of the superabsorbent 

polymers produced and obtain a superabsorbent with a high ability to absorb water. 

2   Material and Methods 

2. 1 Material 

Materials used in making hydrogel chitosan crosslinked glutaraldehyde: Chitosan (synthesis 

of chitosan from shrimp skin by Marganov method, 2003) [8], Acetic Acid, Acrylamide, 

Benzoyl Peroxide and Glutaraldehyde. each ingredient is made according to the desired 

concentration. 

 

2. 2 Synthesis of Chitosan Co-Polyacrylamide 

Preparing hydrogels begins with a polymerization reaction of chitosan co-polyacrylamide 

which is 15, 20 and 25% chitosan which is each dissolved in acetic acid 2% to 6 g mass 

acrylamide inserted in a two neck round bottom flask, added with 0.5 grams benzoyl peroxide 

as an initiator, and stirred over the heater while nitrogen gas is poured for 2 hours at a 

temperature of 60-70oC[3]. Variations in the composition of prepared hydrogels can be seen in 

Table 1. 

 
Table 1. The composition of chitosan composition against acrylamide 

chitosan 
(g) 

acrylamide 
(g) 

0.9 
1.2 
1.5 

5.1 
4.8 
4.5 

 

 

 



2.3 Synthesis Chitosan co-Polyacrylamide Cross-Linked Glutaraldehyde 

The suspension of chitosan co-polyacrylamide formed is added with glutaraldehyde as a 

crosslinker with a comparison of variations in the number of different masses (0.53; 1.06; 1.59 

grams) and the reaction was carried out for 1 hour while stirring to form a gel. Table 2. Showing 

comparison of the composition of the suspension of chitosan co-polyacrylamide and 

glutaraldehyde. 

 
Table 2. The suspension composition of the comparison co-polyacrylamide chitosan and 

glutaraldehyde. 

Sample Code 
Chitosan: Acrylamide 

(g) 
Glutaraldehyde 

(g) 
KKPAG105 0.9 : 5.1 0.53 
KKPAG110 0.9 : 5.1 1.06 
KKPAG115 0.9 : 5.1 1.59 
KKPAG205 1.2 : 4.8 0.53 
KKPAG210 
KKPAG215 
KKPAG305 
KKPAG310 
KKPAG315 

1.2 : 4.8 
1.2 : 4.8 
1.5 : 4.5 
1.5 : 4.5 
1.5 : 4.5 

1.06 
1.59 
0.53 
1.06 
1.59 

 

2.4 Characterization of Hydrogels 

a. Functional Groups Test Using FTIR (Fourier Transform Infra Red) 

Characterization using FTIR aims to determine the functional groups contained in the 

hydrogel. Grain-shaped solid footage is measured in the spectrum by mixing with KBr and made 

pellet. The sample is inserted into the IR frame and the spectrum is analyzed and made. 

Measurements are carried out at room temperature with a resolution of 8.0 cm-1. FTIR spectrum 

was used to analyze the functional groups of chitosan, chitosan co-polyacrylamide, and chitosan 

co-polyacrylamide cross-linked glutaraldehyde. 

 

b. Morphological Test Using SEM (Scanning Electron Microscope) 

Characterization using SEM aims to determine the surface and pore shape of the hydrogel 

which will affect the absorption properties of the hydrogel [9].Tests are carried out by means of 

footage placed in alayer carbon-conductive and coated with 60% gold and 40% palladium with 

a sputtercoater at a current of 35 mA for 1 minute. Operating conditions are carried out at a 

voltage acceleration of 10 kV and a magnification of 5.000x. 

 

2.5 Hydrogel Testing  

 

a. Hydrogel Swelling Test 

Sample (0.1 g) were immersed in 100 mL of distilled water. The mixture is then filtered 

using filter paper for 10 minutes. The amount of absorbed water is calculated as follows: 

 



% Swelling = 
�����

��
 × 100 %                                                           

(1) 

 
Where Gs is the weight swelling of the hydrogel and Gi is the initial weight of the polymer 

sample. 

 

b. Degree of Crosslinking Hydrogel 

The dry weight of the resulting hydrogel is weighed. Then the hydrogel is soaked in distilled 

water for 24 hours. After immersion, the hydrogel is heated at a temperature of 60 ° C to dry. 

The dry weight of the hydrogel film after immersion is determined using an analytical balance. 

The degree of crosslinking can be determined by: 

 

% DC 	  

�


�


  100                    (2) 

 

Where Wg is the weight of crosslinkedglutaraldehyde hydrogel after immersion and W0 is 

the weight of the dry hydrogel before immersion. 

 

3 Result and Discussion 
3.1 Synthesis of Chitosan co-Polyacrylamide Crosslinked Glutaraldehyde 

Synthesis of chitosan co-polyacrylamide by chitosan copolymerization method which will 

first interact with the initiator of benzoyl peroxide before interacting with a mixture of 

acrylamide and glutaraldehyde monomer as a crosslinking agent. The distribution of nitrogen 

gas continues to be carried out during the reaction process because oxygen can inhibit the 

formation of copolymers through peroxide formation and instead encourage the formation of 

homopolymers[10]. The addition of gutaraldehyde as a crosslinking agent can influence the 

mechanical properties of the hydrogels produced [11]. The composition of glutaraldehyde can 

influence the crosslinking reaction between the chitosan co-polyacrylamide hydrogel and the 

crosslinking agent used. Figure 1. Shows the synthesis result hydrogel chitosan co-

polyacrylamide crosslinked by glutaraldehyde. 
 

 

Fig. 1.Hydrogel Chitosan Co-PolyacrilamideCrosslinkedGlutaraldehyde 

 

 

KKPAG105 KKPAG115 KKPAG110 

KKPAG205 KKPAG215 KKPAG210 

KKPAG305 KKPAG315 KKPAG310 



3.2 Hydrogel Characterization 

a. Functional Groups Test Using FTIR (Fourier Transform Infra Red) 

Analysis FTIR  was used to identify functional groups contained in hydrogels. Spectra of 

FTIR chitosan co-polyacrylamide hydrogel bound to glutaraldehyde can be seen in Figure 2. 

 
Fig 2. FTIR Spectrum (a) Chitosan (b) Acrylamide (c) Chitosan co-Polyacrylamide (d) Chitosan Co-

Polyacrylamide Crosslinked Glutaraldehyde 
 

 

Table 3. FTIR absorption peak Chitosan, acrylamide, chitosan co-polyacrylamide, chitosan 

co-polyacrylamide Crosslinked Glutaraldehyde 

Functional 

Groups 

Wave Numbers (cm-1) 

Chitosan acrylamide 
Chitosan co- 

polyacrylamide 

Chitosan 
co-polyacrylamide 

Glutaraldehyde 
OH 3442.92 3352.26 3444.87 3446.72 

NH ( -NH2) 3423.43 3188.33 3433.29 3446.72 
CH (-CH2) 2922.16 2812.21 - - 

C=O (-

NHCOCH3) 
1654.92 1672.26 1639.49 1633.49 

CN (-NHCOCH3) 1327.03 1350.17 1390.68 1433.11 
NH ( R-NH2) 1597.06 1612.49 1390.68 1435.04 
CO (-COC-) 1151.50 1136.07 1134.14 1188.15 
CO (-COC-) 1080.14 1049.28 1082.07 1082.07 

 

Identification of the structure of chitosan-co-polyacrylamide crosslink glutaraldehyde is 

done using FTIR. Based on this picture, it can be seen that there is an absorption peak in the 

area of 3446.72 cm-1 which indicates the presence of OH groups. This OH group originates from 

–OH in those found in the chitosan chain. Uptake at 1633.49 cm-1 and 1435.04 cm-1  is a 

Wave Number (cm-1) 



stretching vibration of C=O and NH which indicates that chitosanco-polyacrylamide 

glutaraldehydehas has been successfully synthesized. 

 

c. Hydrogel Morphology Analysis Using Scanning Electron Microscopy (SEM) 

Analysis of morphological characterization of hydrogels was carried out using Scanning 

Electron Microscopy (SEM), to determine the surface morphology of hydrogel chitosan co-

polyacrylamide crosslinked glutaraldehyde that successfully synthesized. SEM characterization 

was only carried out on hydrogels which had the degree of highest swelling and the lowest 

swelling of hydrogel with a magnification of 5000x. they can be seen in Figure 3. 
 

 

 

 

  

  

 
Fig3. SEM various comparisons of chitosan concentration: acrylamide: glutaraldehyde (a) KKPAG105, 

(b) KKPAG205 and (c) KKPAG315 
Figure 3 (a) showed the morphology of KKPAG105, the results showing the formation of 

smooth and pores surface morphology of the hydrogels. Figure (b) showing the morphology of 

KKPAG205, it appears that the formation of pores and surface is smoother than  figure (a). 

Figure (c) shows the morphological results of KKPAG315, the surface of the hydrogel has a 

dense cavity size compared to figures (a) and (b). The shape of this cavity results in a low water 

absorption capacity. This is caused by the large number of crosslinking agents and the increasing 

crosslinking rate of the hydrogels. 

 

3.3  Swelling Power and Crosslinking Degree Test of Hydrogel Chitosan Co-

Polyacrylamide 

The character of swelling hydrogels is also influenced by the chemical structure of the 

hydrogel. Hydrogels containing hydrophilic groups are better than hydrogels containing 

hydrophobic groups[12]. Chitosan co-polyacrylamide hydrogel polymer swelling on each 

variation of chitosan composition and variation of glutaraldehyde concentration. Table 4. 

showed the ratio of swelling hydrogel. 

 
Table 4.Ratio Swelling to the composition of the hydrogel 

Sample 

Code 
Glutaraldehyde 

(g) 
Initial Weight 

(Gi) (g) 
Weight after 

Sweeling (Gs) (g) 
% 

Swelling 
KKPAG105 0.53 3.007 14.92 396.17 

KKPAG110 1.06 3.006 7.6 152.82 

KKPAG115 1.59 3.000 6.23 107.66 

KKPAG205 0.53 3.004 10.89 262.51 

(a) (b) (c) 



KKPAG210 1.06 3.002 6.85 128.18 

KKPAG215 1.59 3.005 4.52 50.41 

KKPAG305 0.53 3.009 8.41 179.49 

KKPAG310 1.06 3.006 5.43 80.63 

KKPAG315 1.59 3.005 3.76 25.12 

 

Percent of crosslinked degrees is one of the parameters commonly used in testing cross-

bound strength in polymeric hydrogel tissue [13]. Percentages of crosslinking obtained are in 

Table 5. 

 
Table 5. Degree of Crosslinking to The Composition of The Material 

Code of 

Sample 
Glutaraldehyde 

(g) 

Weight 

before 

soaking (g) 

Dry Weight 

after Soaking 

(g) 

% Degree of 

Crosslink 

KKPAG105 0.53 2.01 0.23 11.79 

KKPAG110 1.06 2.03 0.61 29.55 

KKPAG115 1.59 2.01 1.03 51.24 

KKPAG205 0.53 2.02 0.23 11.38 

KKPAG210 1.06 2.01 1.09 54.22 

KKPAG215 1.59 2.01 1.12 55.72 

KKPAG305 0.53 2.02 0.82 40.59 

KKPAG310 1.06 2.02 0.93 46.03 

KKPAG315 1.59 2.01 1.35 67.16 
 

 (%) 



Fig 4. Profile The Relationship of The Comparison of Glutaraldehyde Composition to (a) Crosslinking   

Degree and (b)Swelling Degree 

 

Figure 4 (b). shows swelling degree of each variation composition and concentration. The 

highest leveling rate was found in the composition of KKPAG105 (0.9 chitosan: 5.1 acrylamide) 

396.17% and KKPAG205 (1.2 chitosan: 4.8 acrylamide) 262.51% with the addition of 0.53 g 

glutaraldehyde respectively. Meanwhile swelling degree that was low in the composition of 

KKPAG315 (1.5 chitosan: 4.5 acrylamide) 25.12% with the addition 1.59 g of glutaraldehyde. 

The magnitude of the swelling of the hydrogel is influenced by the ionic interaction between 

the crosslinked group and crosslink density[14]. Figure 4. shows that the tendency of 

crosslinking degrees varies by concentration. Asohok and Rana (2010)[15] state that increasing 

the degree of crosslinking can reduce the degree of sweelling hydrogels. The highest degree of 

crosslinking was obtained in the composition of KKPAG315 with the addition of glutraldehyde 

variation of 1.59 g, but the degree swelling possessed was lower. Where as for the variation of 

KKPAG105 and KKPAG205 with the addition of variations of glutaraldehyde 0.53 g it has a 

smaller degree of crosslinking compared to the variation of other compositions, causing a 

greater degree of swelling. The amount of chitosan composition will cause more carbonyl 

groups to react with the amine group in chitosan co-polycarylamide polymer therefore the 

process of forming crosslinks is faster[16]. The increased concentration of glutaraldehyde 

causes crosslinking degrees to increase but decreases the degree of swelling[17]. The increasing 

content of crosslinking agents will accelerate the achievement of gel points and gel content, but 

can reduce the mechanical stability of the hydrogel.  

4  Conclusion  

The success of syntheses is known based on the characterization of FTIR functional group 

analysis. SEM was used to confirm the formation of pores in the manufacture of co-

polyacrylamide chitosan hydrogels which were modified by the addition of binding agents to a 

variety of compositions, to achieve the highest swelling value based on the formed pore. This 

makes it possible to reduce the amount of wasted water (control released) at the time of 

application as a soil conditioner. Control releases also play a role in regulating nutrition because 

of the water content that is always fulfilled at all times. The experimental results show that this 

product has an excellent water retention capacity so that it has the potential to be used as a soil 

conditioner for agricultural applications and for regeneration of  mining area. 
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