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1. Introduction  

The technology of material development, especially hydrogel, is currently growing rapidly. One 
of the uses of hydrogel is as a planting medium. In agriculture, an inadequate amount of moisture in 
plants leads to untimely leaf fall, reduced chlorophyll content, and reduced seeds and fruits produced 
in plants [1, 2]. Therefore, it is necessary to carry out good water management to maintain humidity 
and increase water storage capacity in the soil.  

A hydrogel is a three-dimensional cross-connective tissue structure of a polymer chain and can 
work as a store of water around the roots of plants. Hydrogels can absorb water up to thousands of 
times their size [3]. 

Due to the characteristics of the hydrogel, there is a considerable possibility of retaining 
irrigation water and rainwater so that it can be stored and released slowly (through the diffusion 
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 Superabsorbent hydrogel is a hydrophilic network that can absorb and 
bind large amounts of water but is insoluble in water. The hydrogel can 
be applied in various fields, including medical applications, planting 
mediums, and waste absorbers. One type of hydrogel that has been 
widely developed is Carboxymethyl Cellulose (CMC) based hydrogel. 
However, CMC-based hydrogels still have several shortcomings, 
namely mechanical properties and low water absorption. In this study, a 
superabsorbent hydrogel was synthesized from CMC and acrylic acid 
with the addition of PVA and citric acid as a cross-linking agent and 
ammonium persulfate as an initiator. This research was conducted to 
determine the effect of PVA on the characteristics of the CMC-
Poly(Acrylic Acid) hydrogel. The variation of the concentration of PVA 
used was 0% to 2.5% (w/v). The analyzed characteristics include gel 
fraction, swelling ratio, and mechanical properties (tensile strength and 
elongation). The results showed that adding PVA decreased gel fraction 
from 60.35% to 48.68% and increased the swelling ratio from 719% to 
895%. The mechanical properties of hydrogel also increased by 
increasing the concentration of PVA, as seen in the tensile strength 
value (0.365 MPa to 2.165 MPa) and the percent elongation (13.96% to 
30.82%). The results of the FTIR spectrum showed the presence of the 
OH functional group at the absorption wave number 3284.42 cm-1, and 
a new absorption band appeared due to the cross-linking at the wave 
number 1303.88 cm-1 (C-C group). 
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process) for the needs of plants in the long term. The hydrogel can reduce the danger of drought in 
plants by acting as a water store and releasing water slowly. 

The superabsorbent hydrogel can be made from derivatives of natural materials such as starch, 
collagen, flour, gelatin, cellulose, chitosan, dextran, and alginate, which have a hydrophilic group 
and have a high-affinity power to water or synthetic materials. One of the natural polymers that can 
be used is CMC. This polymer is easy to absorb water, non-toxic, biocompatible, and biodegradable 
[4]. 

However, cellulose superabsorbent hydrogels exhibit poor mechanical properties, so some efforts 
are needed to improve the mechanical properties of hydrogels and reduce the possibility of damage 
to superabsorbent hydrogels [5]. 

Polyvinyl Alcohol (PVA) is a synthetic polymer with high tensile strength and flexibility. PVA 
has hydrophilic properties so it can improve the properties of chitosan gel by lowering the gelation 
time and increasing mechanical strength [6]. 

In this study, it is hoped that the addition of PVA to the superabsorbent hydrogel CMC-Poly 
(Acrylic Acid) can improve the mechanical strength and inflate ability of superabsorbent polymers. 
This increase in characteristics is expected to meet the requirements for the application of growing 
media. This superabsorbent hydrogel is made with citric acid as a cross-linking agent carried out by 
the cross-linking process. 

2. Research Methodology 

2.1. Materials  

The materials used in this study include Polyvinyl Alcohol (PVA), Carboxymethyl Cellulose 
(CMC), Acrylic Acid, Citric Acid, Ammonium Persulfate, and Distilled water. 

2.2. Procedures 

1) Synthesis of Hydrogel Film 

CMC is used as the main material in the manufacture of hydrogels. First, the CMC is heated in 

distilled water at a temperature of 60 °C and stirred using a magnetic stirrer for 30 minutes until 

homogeneous. The PVA is fed into the CMC solution, then heated to a temperature of 85 °C, 

and stirred until homogeneous. The composition of the ratio of the PVA content in hydrogel 

solutions is varied from 0%, 1%, 1.5%, 2%, and 2.5% (w/v). Next, 0.06 grams of Ammonium 

Persulfate is added to the polymer mixture and heated at a temperature of 60-70 °C to stir for 30 

minutes. A total of 0.2 grams of acrylic acid is introduced into the mixture and then stirred until 

homogeneous. Next, 0.2 grams of citric acid as a crosslinker is added to the mixture and stirred 

for 30 minutes. A hydrogel mixture of 35 ml is poured into a petri dish, then dried in the oven to 

create a three-dimensional block shape at a temperature of 50 °C for 24 hours [7]. 

2) Characterization of the Superabsorbent Hydrogel Functional Group 

The analysis was carried out using an FTIR spectrophotometer to determine the functional 

groups contained in the hydrogel structure. Measurements on the infrared spectrum were carried 

out in areas with a wavelength of 4000-400 cm-1 [7]. 

3) Gel Fraction Determination 

Gel fraction analysis was carried out by soaking the hydrogel base at a temperature of 50 °C in 

distilled water for 24 hours, then dried in the oven at 40 °C for 24 hours to remove the water 

contained in the hydrogel. Many undissolved fractions indicate cross-links formed from 

hydrogels [8]. 

Gel fraction (%) = (W1/Wo) x 100% (1) 

W1 = The weight of the dry hydrogel after soaking,   

Wo = The weight of dry hydrogel (before soaking).  
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4) Swelling Ratio Determination 

The swelling ratio is measured by soaking a hydrogel into the distilled water at room 

temperature. Gels that have absorbed water are weighed at certain times after removing the 

remaining water on their surface using filter paper. This continues to be done until there is no 

more weight gain [8].  

Swelling ratio (g/g) = [(Ws-Wd)/(Wd)]x100% (2) 

Ws = Weight of the hydrogel after swelling,  

Wd = Weight of the dry hydrogel. 

5) Determination of Mechanical Properties 

Mechanical properties analysis was carried out using a universal instron testing instrument with 

a Tensile speed of 50 mm/min at room temperature. The hydrogel with the shape of a dumbbell 

is clamped at both ends with a special clamping device, and the engine is started in the on 

position, then there will be a withdrawal process at one of the clamp positions [9]. 

3. Results and Discussion 

3.1. FTIR Analysis 

The FTIR spectrum analysis in Figure 1 shows that the superabsorbent hydrogel has a typical 
peak in the absorption of wave number 3294.42 cm-1, which indicates the presence of an OH group. 
The absorption that appears in the wave number 2924.09 cm-1 indicates the presence of a CH group. 
Then there is absorption that appears at the wave number 1415.75 cm-1, indicating the vibration of 
the CH2 functional group of the PVA. An uptake appears at the wavelength number 1303.88 cm-1, a 
single bond group (C-C) that indicates a cross-linking process in the hydrogel. This follows previous 
studies [9], where the double bond (C=C) at the wave number 1617 cm-1 does not appear on all 
hydrogel spectrums. The double bond comes from acrylic acid, which has turned into a single bond 
(C-C) on the hydrogel spectrum. 

 

Fig. 1.   FTIR spectrum of 2% PVA hydrogel after cross-linking. 

3.2. Gel Fraction Analysis 

Figure 2 shows that the percent of the gel fraction obtained decreases as the concentration of 
PVA in the hydrogel mixture increases. The hydrogel PVA 0% has a gel fraction percentage of 
60.35%. Then there was a decrease in the gel fraction value in the PVA concentration hydrogel from 
1% to 2.5%, with the gel fraction value of 57.26% dropping to 48.68%.  
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Fig. 2.  The effect of PVA concentration on the gel fraction of the superabsorbent hydrogel CMC-

Poly(Acrylic Acid)-PVA. 

A decrease in the value of such gel fractions indicates that there are fewer and fewer 
crosslinkings formed. This is due to the formation of hydroxyl bonds in the hydroxyl group of the 
PVA [10].  The presence of hydroxyl groups contained in PVA can inhibit the occurrence of cross-
linking. The higher the concentration of added PVA will cause the hydroxyl group to react more and 
more. This will result in the cross-linking being inhibited, so the gel fraction value will decrease. 
Based on the results of previous studies [11], hydrogels with gel fractions can be used for planting 
media applications between 50-60%. This shows that the hydrogel in this study that qualifies as a 
planting medium is a PVA concentration of 0%, which is 60.35% to a concentration of 1.5%, which 
is 51.24%. 

3.3. Swelling Ratio 

Based on Figure 3, it can be seen that there is an increase in the hydrogel PVA concentration of 
0%-2.5%. The ratio of swelling hydrogel with PVA concentrations of 0% to 2.5% ranges from 
719% to 895%. The swelling ratio value increases because the PVA has a hydrophilic group that 
triggers a synergistic effect with other polymer groups that form hydrogen bonds between molecular 
chains so that water molecules easily penetrate the hydrogel's pores [12]. The hydrophilic groups of 
other polymers that affect percent swelling are hydroxyl groups from cellulose [13] and carboxylic 
groups (COOH) of acrylic acid, which have a large affinity for water [14]. 

 

Fig. 3.  The Effect of PVA Concentration on the Swelling Ratio of the Superabsorban Hydrogel CMC-

Poly(Acrylic Acid)-PVA. 
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Based on previous research, the swelling value that can be used for planting media applications is 
between 300-600% [15]. In this study, a swelling ratio with a value range of 719.59-895.51% was 
obtained, so that this value met the requirements for superabsorbent hydrogels as a planting medium. 

3.4. Mechanical Properties of Hydrogel 

Figure 4 shows that the superabsorbent hydrogel's tensile strength value increases as the amount 
of PVA concentration in the hydrogel mixture increases. The tensile strength of the superabsorbent 
hydrogel CMC-Poly(Acrylic Acid)-PVA has increased at each concentration from 0% to 2.5%, with 
a strong tensile value from 0.365 – 2.165 MPa. Increasing in tensile strength value is due to the 
addition of PVA, which causes an increase in hydrogen interaction bonds between the unreacted OH 
group of the PVA and the carbonyl group of other components (the cross-link between acrylic acid 
and citric acid) in the hydrogel film. In addition, adding more PVA concentrations will cause the 
hydrogel matrix formed to be tighter so that the structure of the hydrogel produced is stronger. 

Previous research on Biodegradable Hydrogel as a planting medium obtained a tensile strength 
value of 0.55-22.34 KPa [16]. In this study, the strong tensile value obtained has entered the range of 
these values so that the hydrogel formulation in this study can be applied as a planting medium. 

 

Fig. 4.  The Effect of PVA Concentration on tensile strength of the Superabsorbent Hydrogel CMC-

Poly(Acrylic Acid)-PVA. 

The measurement of tensile strength is followed by the measurement of elongation, which is the 
maximum change that a material undergoes at the time of being pulled until it breaks. 

 

Fig. 5.  The Effect of PVA Concentration on the Elongation of The Superabsorbent Hydrogel CMC-

Poly(Acrylic Acid)-PVA. 
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From Figure 5, it can be seen that the addition of PVA concentrations will increase the 
percentage of elongation of the hydrogel. The elongation of superabsorbent hydrogels continues to 
increase at each concentration, namely at a PVA concentration of 0% - 2.5% having an elongation of 
13.96%-30.82%. The increase in the elongation value is likely due to the addition of PVA which 
will increase the interaction bond between PVA and CMC and Acrylic Acid, which will cause the 
mobility of polymer chains to increase so that it will produce a hydrogel film that is more elastic and 
extensible or can be extended. 

In a previous study on Cellulose-Based Superabsorbent Hydrogel as a Planting Medium, an 
elongation value of 3%-7% was obtained [17, 18]. In this study, the elongation value obtained has 
exceeded this value so that the hydrogel formulation in this study can be applied as a planting 
medium. 

4. Conclusion 

The degree of cross-binding of the CMC-Poly(Acrylic Acid)-PVA hydrogel decreases as the 
PVA increases. The value of the gel fraction obtained is 60.35% to 48.68%. The gel fraction level 
included in the range of requirements as a planting medium (above 50%) is at a PVA concentration 
of 0% to 1.5%. The swelling hydrogel ratio has increased with the increase in PVA concentration 
from 0.5% to 2.5%, ranging from 719% to 895%. This value has met planting media applications' 
requirements ranging from 300% to 600%. The mechanical properties of the hydrogel are in terms 
of tensile strength values and percent elongation. The tensile strength value obtained from this study 
was 0.365 MPa – 2.165 MPa. This value has increased with the increase in PVA levels and has met 
mechanical strong standards as a planting medium The percentage of elongation has also increased 
along with the addition of PVA, which is 13.96% to 30.82%. 

Acknowledgment  

We want to express our gratitude to the Universitas Muhammadiyah Purwokerto for funding the 
main project of hydrogel development research as a planting medium. 

References 

[1] C. L. Imalia, G. A. Selviana, A. Chafidz, and Haryanto, “The Development of Hydrogel Polymer from 

Diapers Waste with The addition of Straw Nano Fibers as The Growing Media of Green Beans Plant,” 

IOP Conference Series: Materials Science and Engineering, vol. 771, 2019. 

[2] C. N, Y. LH, G. L, and E. Al., “History and Applications of Hydrogels,” J Biomed. Sci, vol. 4, no. 2, 

2016. 

[3] Haryanto, N. A. Nurulita, E. Sundhani, P. H. Huh, and S. C. Kim, “Effect of Molecular Weight of 

Poly(Ethylene Glycol) Dicarboxylate on the Properties of Cross-Linked Hydrogel Film as an 

Antiadhesion Barrier,” Polym. Plast. Technol. Eng., vol. 57, no. 14, 2018. 

[4] R.C. Rowe, P.J. Sheskey, and S.C. Owen, “Carboxymethylcellulose Sodium,” Handbook of 

Pharmaceutical Excipients (5th ed.). Washington: American Pharmacist Association, 2006. 

[5] D. Das, P. Prakash, P. K. Rout, and S. Bhaladhare, “Synthesis and Characterization of Superabsorbent 

Cellulose-Based Hydrogel for Agriculture Application,” Starch, vol. 73, no. 1–2, 2021. 

[6] S. Jiang, S. Liu, and W. Feng, “PVA hydrogel properties for biomedical application,” J. Mech. Behav. 

Biomed. Mater., vol. 4, no. 7, pp. 1228–1233, 2011.  

[7] R. A. Hasibuan, D. A. Nasution, and B. Wirjosentono, “Thermal and Morphological Properties of 

Polyvinyl Alcohol-based Hydrogel Containing Microcrystal Cellulose,” in Proceedings of the 1st 

International Conference on Chemical Science and Technology Innovation (ICOCSTI 2019), pp. 312–

318, 2019. 

[8] A.Z. Abidin, et al, “Hydrogels Micro Composites Based on Polyvinyl Alcohol/bentonite,” J. Sains 

Mater. Indones., vol. 13, no. 4, pp. 7-10, 2018. 

[9] A. Gadri, F. Lestari, G. C. E. Dharma, R. Kartika, and U. Shafira, “Formulasi Pembalut Luka Hidrogel 

Serbuk Getah Jarak Cina (Jatropha Multifida Linn) Berbasis Kappa-Karagenan,” in Prosiding 

SNaPP2015 Kesehatan, 2015. 



66 Chemica: Jurnal Teknik Kimia   ISSN 2355-8776 

 Vol. 9, No. 2, August 2022, pp. 60-66 

 Rahma Falah Maulidina et.al (The Effect of The Addition Of Polyvinyl Alcohol (PVA) Concentrations on the …) 

[10] G. Saragih, T. Tamrin, N. Marpongahtun, D. Yunus, and Abdillah, “Preparation of semi-IPN hydrogel 

from starch nanoparticles of mangrove fruit and monomer acrylic acid using crosslinker N,N’ methylene 

bisacrylamide,” in AIP Conference Proceedings, 2018.  

[11] M. Ibrahim, “Preparation, Characterization and In-Vitro Evaluation Of Chitosan-Based Smart Hidrogels 

For Controlled Drug Release,” Massey University, New Zealand, 2016. 

[12] Baron, R.I., Culica, M.E., Biliuta, G., Bercea, M., Gherman, S., Zavastin, D., Ochiuz, L., Avadanei, M. 

and Coseri, S., “Physical Hydrogels of Oxidized Polysaccharides and Poly(Vinyl Alcohol) for Wound 

Dressing Applications,” Materials, vol. 12, no. 9, p. 1569, 2019. 

[13] Bhattacharya, S. S., Mishra, A., Pal, D., Ghosh, A. K., Ghosh, A., Banerjee, S., and Sen, K. K. 

“Synthesis and Characterization of Poly(acrylic acid)/Poly(vinyl alcohol)-xanthan Gum Interpenetrating 

Network (IPN) Superabsorbent Polymeric Composites,” Polymer-plastics Technology and Engineering, 

vol. 51, no. 9, pp. 878–884, 2012. 

[14] A. Olad, F. Doustdar, and H. Gharekhani, “Starch Based Semi-IPN Hidrogel Nanocomposite Integrated 

with Clinoptilolite: Preparation and Swelling Kinetic Study,” Carbohydrate Polymers, vol. 200, pp. 516-

528, 2018. 

[15] V. S. Ghorpade et al., “Citric acid cross-linked carboxymethylcellulose-poly(ethylene glycol) hydrogel 

films for delivery of poorly soluble drugs,” Int J Biol Macromol, vol. 15, no. 118, 2018. 

[16] F. A. Aouada, M. R. de Moura, and L. H. C. Mattoso, “Biodegradable Hydrogel as Delivery Vehicle for 

the Controlled Release of Pesticide,” Pesticides-formulations, effects, fate, vol. 808, 2011. 

[17] Kaczmarek-Szczepańska, B., Mazur, O., Michalska-Sionkowska, M., Łukowicz, K., and Osyczka, A. 

M., “The Preparation and Characterization of Chitosan-Based Hydrogels Cross-Linked by Glyoxal,” 

Materials, vol. 14, no. 9, p. 2449, 2021. 

[18] Titani, F. R., Nurulita, N. A., and Chafidz, A., “The Effect of the Adding of Banana Sap on the 

Properties of PEGDMA/PEO Hydrogel Film Sap for Wound-Healing Acceleration,” in Polymeric 

Biomaterials and Bioengineering, Springer, Singapore, pp. 119-126, 2022.  

  


