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Abstract: A study on the manufacture of bacterial cellulose IPN hydrogel 
crosslinked poly acrylic acid using the MBA crosslinker. This study aims to 
characterize and observe the reaction to form bacterial cellulose-based hydrogel 
IPN. The BC-g-PAA was characterized by the degree of cross-linking, swelling 
ratio, and FTIR analysis. The results of this study found predictions of the reaction 
process for the formation of IPN Hydrogel in several process stages, namely 1) 
The polymerization process of bacterial cellulose chains that form cross-linked 
networks independently, 2) The process of cross-linking Acrylate monomers with 
MBA crosslinkers in three steps, i.e. initiation, propagation and termination, 3) 
Reaction process Formation of IPN network. The results of the characterization 
test for the degree of crosslinking were 54.55%; Swelling ratio of 1631.25%. FTIR 
analysis shows that there is a peak that identifies the occurrence of crosslinking.  
 
Keywords: Bacterial cellulose; Characterization; Crosslinking; IPN Hydrogel; 
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Introduction  
 

In the last few decades, hydrogels have attracted 
increasing attention of researchers. Its unique features 
have made hydrogel a biomaterial that can be used in 
many applications, especially in the medical world (Hu 
et al., 2019), including for contact lenses, soft tissue 
engineering (Dutta et al., 2019; Silva et al., 2022), drug 
delivery and wound healing world (Firlar et al., 2022). In 
addition, hydrogel research has also been developed in 
environmental control processes, namely the 
incorporation of hydrogel-based thermo-responsive 
compounds (Orlando, 2019). Hydrogel as a hydrophilic 
material which have the ability to swell in water and 
develop a 3D network structure but insoluble (Aswathy 
et al., 2020; Khan et al., 2021). Hydrogel retains its 
original shape when it swells. It has special surface 
properties to stimulate tissue as a good biocompatibility 
when in contact with blood, body fluids and living 
tissues. Hydrogel is a bioactive material for biological 

application, care product, and agriculture (Chaiyasat et 
al., 2018). 

IPN hydrogel has advantages in the pharmaceutical 
industry (Zou et al., 2020), including in engineering bone 
tissue (C. Wang et al., 2019; Zhang et al., 2019), its good 
swelling capacity can increase the solubility of 
hydrophobic drugs, it is effective in controlling drug 
retention (Lee et al., 2019). This IPN delivery system has 
low antigenicity, and has good biodegradability 
properties. IPN Hydrogels have special features in the 
cross-linking process that occurs. This IPN occurs when 
2 or more polymers are connected to form a network that 
is linked before other polymers without covalent bonds, 
where the polymers have the same kinetics and are not 
separated by a dramatic phase (Wu et al., 2020). The 
formation of IPN occurs in two stages, namely a 
sequential free radical polymerization process in which 
the very relative molecular mass is neutral, and the 
second step is the incorporation of the polymer network 
onto the first network of swollen heterogeneous 
polyelectrolytes (Y. Wang et al., 2019). This IPN 
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hydrogel is good for use in drug delivery systems of 
relieved release due to the nature of the multi-polymer 
chemical–physical combination. IPN hydrogels have 
superior mechanical strength, are stable phases and 
produce a synergistic effect of the polymer components 
(Na et al., 2019).  

Hydrogel has been developed from both a) natural 
include chitosan, gelatin, alginate, agarose, collagen, 
cellulose etc. and b) synthetic polymers include 
polyvinyl alcohol, polyethylene oxide, 
polyphosphazene, polyacrylic acid, etc (Kabir et al., 
2018). Hydrogel biopolymer base is a naturally sourced 
hydrogel. It has biokompatibily, biodegradability, non 
toxicity. Mainly from naturally polysacharide cellulose. 

Cellulose can be used for hydrogel production, 
several structures and properties to act as a platform for 
tissue engineering (Dutta et al., 2019; Irham, 
Marpongahtun, et al., 2023). Bacterial Cellulose was 
produced by Acetobacter Xylinum, it has biodegradablity, 
and pure cellulose content (Iqbal et al., 2022; Irham et al., 
2021; Santosa et al., 2022). Bacterial Cellulose has a high 
tensile strength, porous and easy to store (Irham, 
Hardiyanti, et al., 2023; Suryanto, 2017). 

In this study, pH-responsive hydrogel based on BC, 
grafted with AA were synthesized by using gamma 
radiation polymerization. The grafting monomer of AA 
were determined and compared between two types of 
ratio BC: AA. The characteristics of the pH-responsive 
hydrogel were analyzed using ATR-FTIR. The pH-
responsive of the hydrogel was investigated using 
swelling test in different pH buffer solutions.  
 

Method  
 
Materials 

We used NaOH (pa Sigma), H2O2 (pa Sigma), 
sodium hypochlorite (merck), oxalic acid (Merck), 
sodium hypochlorite (pa Sigma), oxalic acid (pa Sigma), 
DMSO (pa Aldrich), N, N’- methylenebisacrylamide (MBA) 
(pa Aldrich), potassium persulfate (pa Aldrich). 

 
Preparation of Bacterial Cellulose 

500 ml of coconut water, 1 gram of ammonium 
sulfate and 80 grams of sugar are stirred until 
homogeneous, added glacial acetic acid (p.a) to be pH 4, 
poured to a steriled media, added 80 ml of Acetobacter 
xylinum culture is to the solution, than cooled at 30 ± 2. 
Check the solution after 7 days. The pellicle produced 
(nata) are washed by water, NaOH and H2O2.  Then 
pressed to removed purified pellicle from water content 
(Irham et al., 2020). 

 
Preparation of Hydrogels IPN 

The bacterial cellulose, 40 mL of distilled water was 
heated to a temperature of 650C while stirring with a 

stirrer, and left for half an hour at this temperature, then 
0.25 g of potassium persulfate was added while still 
heating and stirring, and left for half an hour at 65 0C. 

4 mL of acrylic acid, 10 mL of distilled water were 
neutralized with 12% NaOH to pH 5. This solution was 
added to the bacterial cellulose solution which was 
being heated, while still being heated and stirred, and 
left for half an hour at a temperature of 650C. Then 0.25 
g of N, N'-methylenebisacrylamide (MBA) was added, 
while still heating and stirring until thickened. Then 
pour it into a cup mold, let it cool, then put it in the oven 
at 650C until it forms a hydrogel (Aswathy et al., 2022). 
Then removed from the mold. The obtained hydrogel 
was washed repeatedly with distilled water to remove 
residual acid until it reached a neutral pH. 

 

 
Figure 1. Reasearch flow chart 

 

Result and Discussion 
 

Interpenetrating Polymer Networks (IPN) 
hydrogels can be formed from at least two 
independently cross-linked polymers without covalent 
bonds between networks. Cellulose hydrogels can be 
prepared from cellulose solutions by physical cross-
linking. It cause cellulose has many hydroxyl groups 
which can form hydrogen bond networks easily. 

The predicted reactions accured on hydrogel IPN 
from this study. 

 
Polymerization Stage of Bacterial Cellulose Chains 

The stability of long molecular chains in an ordered 
system is caused by the presence of functional groups 
that can interact with one another. OH groups are able 
to interact with one another. Hydrogen bonds are 
formed by the H atom from the OH group is close to the 
lone pair of electrons on the O atom. Hydrogen bonds 
occur from cellulose OH groups and OH-water. Water 
molecules attached to the cellulose surface can be single 
water molecules or groups of water. Water absorption 
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by cellulose depends on the number of OH groups that 
are not bound to each other or are called free OH groups. 
The entry of water into the cellulose structure means 
swelling of the structure (Smyslov et al., 2022). 

The mechanism of bacterial cellulose 
polymerization is predicted in Figure 1.  

 

Figure 2. Mechanism of bacterial cellulose polymerization reaction 

 
Crosslinking Reaction Process Acrylate-MBA Initiation  

On 600C, potassium persulfate will undergo 
homolytic bond cleavage and produce sulfate anion 

radicals. This anion radical adds to the double bond in 
the monomer. As a result, monomer radicals are formed  

 
 

 
Figure 3. Mechanism of initiation 

 

Propagation  
In the propagation stage, monomer radicals will 

add to other monomers to form oligomers or polymers. 

Then a radical chain addition of oligomers or polymers 
occurs to the monomers that are still available. The 
cross-link has been formed after this. The oligomer or 
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polymer radical adds a double bond to one of the MBA 
olefin groups, producing an oligomer or polymer radical 
that has been cross-linked MBA. This radical will add to 

other MBA olefin groups so that a polymer network is 
formed.

 

 
Figure 4. Mechanism of propagation 

 

Termination 
The termination stage is the final stage of the 

polymerization reaction. The propagation reaction will 
stop when the number of monomers has completely 

reacted or another reaction has stopped. At the 
termination stage, two radical polymers will change or 
transfer hydrogen atoms from one end of to the other 
(disproportionation).

 

 
Figure 5. Mechanism of termination findings can happen and to extend to which the research findings can be applied to other 

relevant problems 
 

Establishment of the IPN Hydrogel 
The IPN hydrogel is formed when bacterial 

cellulose polymer is added to the cross-linked polymer 

network of poly acrylic acid - MBA, and then forms 
entanglements the BC-g-PAA IPN hydrogel. 

This IPN hydrogel can be depicted by the following 
illustration.

 

 
Figure 6. Illustration of establishment of the IPN hydrogel 
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The cross-linking of bacterial cellulose and PAA-
MBA is a chemical bond, and the interaction that occurs 
of the two polymer networks is a physical interaction by 
hydrogen bonds, called an IPN network. 

Establishment of the IPN Hydrogel will be tested 
using an FTIR test which will later be able to see the 
functional groups contained in the spectra and show the 
characteristics of the BC-g-PAA IPN hydrogel. 

 
Crosslinking Degree 

Cross-linked hydrogel functions as a shape 
memory which allows very large elastic deformations to 
occur. The desired network is to form a chain as long as 
possible and cross-linked in several places. 

 
Table 1. Crosslinking Degree Data IPN HBC-g-PAA 
Test Initial Weight 

(g) 
Final Weight 

(g) 
Crosslinking Degree 

(%) 

1 1.10 0.60 54.55 
2 1.09 0.61 55.96 
3 1.03 0.55 53.40 

 
Determination of Swelling Ratio 

Hydrogels are able to absorb water due to the 
presence of OH groups from cellulose. The hydrogel will 
reach optimum conditions, which is due to the cross-link 
density in the hydrogel. 
 
Table 2. Swelling Ratio Data 
Test Initial Weight Final Weight Swelling Ratio 

(g) (g) (%) 

1 1.60 27.7 1631.25 
2 1.56 26.5 1598.72 
3 1.65 28.6 1633.33 

 
Fourier Transform Infrared (FT-IR) Spektroscopy 

FTIR analysis is intended to see the success of the 
IPN hydrogel formation process based on the step-by-
step identification of functional groups. 
 

 
Figure 7. Bacterial cellulose FTIR spectrum 

 
Figure 8. Poly acrylic acid FTIR spectrum 

 

Figure 9. BC-g-PAA IPN hydrogel FTIR spectrum 

 
Based on figure 8 BC-g-PAA IPN Hydrogel FTIR 

spectrum, the OH functional group can be seen at the 
peak of 3369.5 cm-1 It is bacterial cellulose and also poly 
acrylic acid (Zhao et al., 2023). Another functional group 
which is characteristic of poly acrylic acid is sp3 CH, in 
poly acrylic acid its peak is at a wavelength of 2920 cm-1 
and shifts slightly to a wavelength of 2922.2 cm-1 after 
IPN is formed on bacterial cellulose (Abiaziem et al., 
2020; Nesrinne et al., 2017).  

The presence of bacterial cellulose in the FTIR IPN 
spectrum of bacterial cellulose-g-poly acrylic acid 
hydrogel (figure 8) is proven by the absorption peak at a 
wavelength of 1550.6 cm-1 which indicates aromatic C=C 
bonds from bacterial cellulose. Wave 1237.5 cm-1 which 
indicates the presence of C-O-C bonds from bacterial 
cellulose, also absorption peaks at wavelengths 1162.9 
cm-1 and 1013.8 cm-1 indicate the presence of the C-OH 
functional group from bacterial cellulose (Huang et al., 
2017). 

The peak at a wavelength of 1699.7 cm-1 on the FTIR 
spectrum data of IPN bacterial cellulose-g-poly acrylic 
acid hydrogel (figure 8) is the C=O functional group 
which has a higher intensity than the C=O functional 
group in poly acrylic acid which is at a wavelength of 

4000 3500 3000 2500 2000 1500 1000 500

40

50

60

70

80

90

100

%
 T

Wavenumber (cm
-1
)

 IPN HBC-g-PAA

3369,5

2922,2

2087,3

1699,7

1550,6

1446,2

1237,5

1162,9

1013,8



Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2024, Volume 10, Issue 5, 2537-2544  
 

2542 

1750 cm-1 (figure 7), this is due to the addition of the C=O 
functional group apart from acrylic acid, namely there is 
also C=O which is obtained from bond interactions by 
the MBA crosslinker. So it can be said that cross-linking 
of poly acrylic acid with MBA cross-linking has 
occurred. The PAA-MBA crosslinking process is also 
proven by the presence of a peak at a wavelength of 
2087.3 cm-1 which is the C-N group of MBA (Gao et al., 
2019). 

The peak at a wavelength of 1446.2 cm-1 on the FTIR 
spectrum data of IPN bacterial cellulose-g-poly acrylic 
acid hydrogel (figure 8) is CH2 bending which has a 
higher intensity than CH2 bending in poly acrylic acid 
which is at long wave 1400 cm-1 (figure 7), this is also due 
to the addition of CH2 bending apart from acrylic acid, 
and also CH2 bending which is obtained from bond 
interactions by the MBA crosslinker, namely the PAA 
radical bond adds to the C=C double bond in MBA, so 
that PAA-MBA crosslinking process occurs. Besides 
that, it is also a shift from the CH3 bending of bacterial 
cellulose which is at a wavelength of 1398.68 cm-1. This 
peak indicates that there has been PAA cross-linking 
with MBA cross-linking, and there has also been an 
interaction process of forming bacterial cellulose 
hydrogel IPN with PAA-MBA to form BC-g-PAA IPN 
hydrogel. This proves that the process of forming an IPN 
network of bacterial cellulose-g-poly acrylic acid 
hydrogel network has occurred. 

 

Conclusion  

 
This study has explained establishment and its 

characteristic of IPN hydrogel. The polymerization by 
Composed of repeating β (1 → 4) and formating of two 
intra-molecular hydrogen bonds with each glucose 
residue.  Crosslinking reaction process Acrylate-MBA 
by Initiation, propagation, and initiation stages, and next 
reaction process Formation of IPN network. The results 
of the characterization test for the degree of crosslinking 
were 54.55%; Swelling ratio of 1631.25%. FTIR analysis 
showed peaks that identifies the occurrence of IPN 
Hydrogel. 

 
Authors Contribution 
Conceptualization, W.H.I..; methodology, S.W.S..; validation, 
J.; formal analysis, J..; investigation, W.H.I..; resources, S.W.S..; 
data curation, J..; writing-original draft preparation, W.H.I..; 
writing-review and editing, J. all authors have read and agreed 
tc the published version of the manuscript. 
 
Funding 
This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for- profit sectors. 
 
 
 

Conflicts of Interests 

The author declares that there is no conflict of interest 
regarding the publication of this article. 
 

References  
 

Abiaziem, C. V., Williams, A. B., Inegbenebor, A. I., 
Onwordi, C. T., Ehi-Eromosele, C. O., & Petrik, L. 
F. (2020). Isolation and Characterisation of 
Cellulose Nanocrystal Obtained from Sugarcane 
Peel. Rasayan Journal of Chemistry, 13(01), 177–187. 
https://doi.org/10.31788/RJC.2020.1315328 

Aswathy, S. H., Narendrakumar, U., & Manjubala, I. 
(2020). Commercial hydrogels for biomedical 
applications. Heliyon, 6(4), e03719. 
https://doi.org/10.1016/j.heliyon.2020.e03719 

Aswathy, S. H., NarendraKumar, U., & Manjubala, I. 
(2022). Physicochemical Properties of Cellulose-
Based Hydrogel for Biomedical Applications. 
Polymers, 14(21), 4669. 
https://doi.org/10.3390/polym14214669 

Chaiyasat, A., Jearanai, S., Moonmangmee, S., 
Moonmangmee, D., P Christopher, L., Nur Alam, 
M., & Chaiyasat, P. (2018). Novel Green Hydrogel 
Material using Bacterial Cellulose. Oriental Journal 
of Chemistry, 34(4), 1735–1740. 
https://doi.org/10.13005/ojc/340404 

Dutta, S. D., Patel, D. K., & Lim, K.-T. (2019). Functional 
cellulose-based hydrogels as extracellular matrices 
for tissue engineering. Journal of Biological 
Engineering, 13(1), 55. 
https://doi.org/10.1186/s13036-019-0177-0 

Firlar, I., Altunbek, M., McCarthy, C., Ramalingam, M., 
& Camci-Unal, G. (2022). Functional Hydrogels for 
Treatment of Chronic Wounds. Gels, 8(2), 127. 
https://doi.org/10.3390/gels8020127 

Gao, M., Li, J., Bao, Z., Hu, M., Nian, R., Feng, D., An, D., 
Li, X., Xian, M., & Zhang, H. (2019). A natural in 
situ fabrication method of functional bacterial 
cellulose using a microorganism. Nature 
Communications, 10(1), 437. 
https://doi.org/10.1038/s41467-018-07879-3 

Hu, W., Wang, Z., Xiao, Y., Zhang, S., & Wang, J. (2019). 
Advances in crosslinking strategies of biomedical 
hydrogels. Biomaterials Science, 7(3), 843–855. 
https://doi.org/10.1039/C8BM01246F 

Huang, B., Liu, M., & Zhou, C. (2017). Chitosan 
composite hydrogels reinforced with natural clay 
nanotubes. Carbohydrate Polymers, 175, 689–698. 
https://doi.org/10.1016/j.carbpol.2017.08.039 

Iqbal, M., Yuniarti, E., Amran, A., & Putra, A. (2022). 
Karakterisasi Komposit Selulosa Bakteri – Ekstrak 
Daun Kacapiring (Gardenia Jassminoides J.Ellis) 
dengan Penambahan Crosslinker. Jurnal Periodic 
Jurusan Kimia UNP, 11(1), 84. 



Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2024, Volume 10, Issue 5, 2537-2544  
 

2543 

https://doi.org/10.24036/p.v11i1.113666 
Irham, W. H., Hardiyanti, R., & Rugaya. (2023). 

Structural analysis of bacterial cellulose 
supplemented Curcuma Longa Linn extract for 
wound healing. AIP Conference Proceedings, 2431, 
050002. https://doi.org/10.1063/5.0116604 

Irham, W. H., Marpongahtun, & Dur, S. (2023). 
Improving mechanical properties of bacterial 
cellulose with supplemented Curcuma Longa Linn 
extract for wound healing. AIP Conference 
Proceedings, 2431, 050001. 
https://doi.org/10.1063/5.0114810 

Irham, W. H., Tamrin, Marpaung, L., & Marpongahtun. 
(2020). Characterization of bacterial cellulose from 
coconut water supplemented Curcuma Longa Linn 
and Ziziphus Mauritiana extract. AIP Conference 
Proceedings, 2267, 020056. 
https://doi.org/10.1063/5.0023953 

Irham, W. H., Tamrin, Marpaung, L., & Marpongahtun. 
(2021). Morphology of bacterial cellulose-Curcuma 
longa Linn from acetobacter xylinum for wound 
healing. AIP Conference Proceedings, 2342, 060002. 
https://doi.org/10.1063/5.0045493 

Kabir, S. M. F., Sikdar, P. P., Haque, B., Bhuiyan, M. A. 
R., Ali, A., & Islam, M. N. (2018). Cellulose-based 
hydrogel materials: chemistry, properties and their 
prospective applications. Progress in Biomaterials, 
7(3), 153–174. https://doi.org/10.1007/s40204-
018-0095-0 

Khan, M. U. A., Iqbal, I., Ansari, M. N. M., Razak, S. I. 
A., Raza, M. A., Sajjad, A., Jabeen, F., Mohamad, M. 
R., & Jusoh, N. (2021). Development of 
antibacterial, degradable and ph-responsive 
chitosan/guar gum/polyvinyl alcohol blended 
hydrogels for wound dressing. Molecules, 26(19), 
5937. https://doi.org/10.3390/molecules26195937 

Lee, D. S., Kang, J. Il, Hwang, B. H., & Park, K. M. (2019). 
Interpenetrating Polymer Network Hydrogels of 
Gelatin and Poly(ethylene glycol) as an Engineered 
3D Tumor Microenvironment. Macromolecular 
Research, 27(2), 205–211. 
https://doi.org/10.1007/s13233-019-7072-x 

Na, R., Liu, Y., Lu, N., Zhang, S., Liu, F., & Wang, G. 
(2019). Mechanically robust hydrophobic 
association hydrogel electrolyte with efficient ionic 
transport for flexible supercapacitors. Chemical 
Engineering Journal, 374, 738–747. 
https://doi.org/10.1016/j.cej.2019.06.004 

Nesrinne, S., & Djamel, A. (2017). Synthesis, 
characterization and rheological behavior of pH 
sensitive poly(acrylamide-co-acrylic acid) 
hydrogels. Arabian Journal of Chemistry, 10(4), 539–
547. https://doi.org/10.1016/j.arabjc.2013.11.027 

Orlando, I. (2019). Antibiotic-Free Antibacterial Hydrogels 
For Wound Healing Applications. University of 

Westmister. https://doi.org/10.34737/qz084 
Santosa, B., Tantalu, L., & Sairo, N. W. (2022). Sintesis 

selulosa bakteri dari jerami kulit nangka dengan 
penambahan beberapa konsentrasi sukrosa. 
AGROMIX, 13(1), 67–73. 
https://doi.org/10.35891/agx.v13i1.2881 

Silva, I. G. R. da, Pantoja, B. T. dos S., Almeida, G. H. D. 
R., Carreira, A. C. O., & Miglino, M. A. (2022). 
Bacterial Cellulose and ECM Hydrogels: An 
Innovative Approach for Cardiovascular 
Regenerative Medicine. International Journal of 
Molecular Sciences, 23(7), 3955. 
https://doi.org/10.3390/ijms23073955 

Smyslov, R. Y., Kopitsa, G. P., Gorshkova, Y. E., 
Ezdakova, K. V., Khripunov, A. K., Migunova, A. 
V, Tsvigun, N. V, Korzhova, S. A., Emel’yanov, A. 
I., & Pozdnyakov, A. S. (2022). Novel 
biocompatible Cu2+-containing composite 
hydrogels based on bacterial cellulose and poly-1-
vinyl-1,2,4-triazole. Smart Materials in Medicine, 3, 
382–389. 
https://doi.org/10.1016/j.smaim.2022.05.002 

Suryanto, H. (2017). Analisis Struktur Serat Selulosa 
Dari Bakteri. Prosiding SNTT 2017, 3(October), 17–
22. Retrieved from 
https://www.researchgate.net/publication/3205
08509 

Wang, C., Feng, N., Chang, F., Wang, J., Yuan, B., Cheng, 
Y., Liu, H., Yu, J., Zou, J., Ding, J., & Chen, X. (2019). 
Injectable Cholesterol‐Enhanced Stereocomplex 
Polylactide Thermogel Loading Chondrocytes for 
Optimized Cartilage Regeneration. Advanced 
Healthcare Materials, 8(14), 1900312. 
https://doi.org/10.1002/adhm.201900312 

Wang, Y., Jiang, Z., Xu, W., Yang, Y., Zhuang, X., Ding, 
J., & Chen, X. (2019). Chiral Polypeptide 
Thermogels Induce Controlled Inflammatory 
Response as Potential Immunoadjuvants. ACS 
Applied Materials & Interfaces, 11(9), 8725–8730. 
https://doi.org/10.1021/acsami.9b01872 

Wu, G., Jin, K., Liu, L., & Zhang, H. (2020). A rapid self-
healing hydrogel based on PVA and sodium 
alginate with conductive and cold-resistant 
properties. Soft Matter, 16(13), 3319–3324. 
https://doi.org/10.1039/C9SM02455G 

Zhang, Y., Yu, J., Ren, K., Zuo, J., Ding, J., & Chen, X. 
(2019). Thermosensitive Hydrogels as Scaffolds for 
Cartilage Tissue Engineering. Biomacromolecules, 
20(4), 1478–1492. 
https://doi.org/10.1021/acs.biomac.9b00043 

Zhao, C., Liu, G., Tan, Q., Gao, M., Chen, G., Huang, X., 
Xu, X., Li, L., Wang, J., Zhang, Y., & Xu, D. (2023). 
Polysaccharide-based biopolymer hydrogels for 
heavy metal detection and adsorption. Journal of 
Advanced Research, 44, 53–70. 



Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2024, Volume 10, Issue 5, 2537-2544  
 

2544 

https://doi.org/10.1016/j.jare.2022.04.005 
Zou, Z., Zhang, B., Nie, X., Cheng, Y., Hu, Z., Liao, M., 

& Li, S. (2020). A sodium alginate-based sustained-
release IPN hydrogel and its applications. RSC 
Advances, 10(65), 39722–39730. 
https://doi.org/10.1039/D0RA04316H 

 


