
Open Journal of Applied Sciences, 2026, 16(2), 423-436 
https://www.scirp.org/journal/ojapps 

ISSN Online: 2165-3925 
ISSN Print: 2165-3917 

 

DOI: 10.4236/ojapps.2026.162026  Jan. 30, 2026 423 Open Journal of Applied Sciences 
 

 
 
 

Synthesis and Characterization of 
Superabsorbent Hydrogel from  
Activated Hydrochar-Sucrose  
Crosslinked with Maleic Acid 

Stanley M. Mukulu1 , Harun M. Mbuvi1 , Titus M. Kasimu2 , Francis Maingi3  

1Department of Chemistry, Kenyatta University, Nairobi, Kenya 
2Department of Physical Sciences, Machakos University, Machakos, Kenya 
3Department of Science Technology and Engineering, Kibabii University, Bungoma, Kenya 

 
 
 

Abstract 
Superabsorbent hydrogels are hydrophilic materials forming three-dimen-
sional polymer networks capable of absorbing large amounts of water. They 
are utilized in various fields, though most current types are non-biodegradable 
and costly to produce. This research explored a more sustainable approach by 
synthesizing superabsorbent hydrogels from activated hydrochar derived 
from sugarcane bagasse, using acidified potassium manganate for activation 
and sucrose for polymerization. Maleic acid was employed to create crosslinked 
structures, optimizing swelling capacity through varying conditions. Character-
ization through FT-IR confirmed successful crosslinkage. XRD analysis showed 
the amorphous nature of hydrochar and AH as compared to the increased 
crystallinity exhibited by AHSU polymer units and SAH superabsorbent hy-
drogel. SEM analysis revealed that the superabsorbent hydrogel had compact 
permeable surface network structures. The optimal synthesis ratio was found 
to yield a swelling capacity of 778% within 12 hours, highlighting the potential 
of these biocompatible hydrogels for agricultural applications in semi-arid and 
arid regions. 
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1. Introduction 

Superabsorbent hydrogels are three-dimensional polymer network structures 

How to cite this paper: Mukulu, S.M., 
Mbuvi, H.M., Kasimu, T.M. and Maingi, F. 
(2026) Synthesis and Characterization of 
Superabsorbent Hydrogel from Activated 
Hydrochar-Sucrose Crosslinked with Ma-
leic Acid. Open Journal of Applied Sci-
ences, 16, 423-436. 
https://doi.org/10.4236/ojapps.2026.162026 
 
Received: December 7, 2025 
Accepted: January 27, 2026 
Published: January 30, 2026 
 
Copyright © 2026 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/ojapps
https://doi.org/10.4236/ojapps.2026.162026
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0009-0007-4478-1979
https://orcid.org/0000-0002-3246-768X
https://orcid.org/0009-0000-2040-0536
https://orcid.org/0000-0002-2358-6775
https://doi.org/10.4236/ojapps.2026.162026
http://creativecommons.org/licenses/by/4.0/


S. M. Mukulu et al. 
 

 

DOI: 10.4236/ojapps.2026.162026 424 Open Journal of Applied Sciences 
 

with exceptional water or aqueous solution absorption and retention properties 
[1]. The polymer network contains polar hydrophilic groups, which include –OH, 
–COOH, –COO−Na+, –CONH2, and –SO3H/–SO3

−M+ [2], enabling them to ab-
sorb and retain water in their structure without dissolving. Due to increased pop-
ulation, the demand for hydrogels in agricultural application has enormously in-
creased. However, the hydrogels currently available in the market are environ-
mentally unfriendly since they have poor biodegradability [3]. Consequently, 
many researchers are working on developing superabsorbent hydrogels from low-
cost, biocompatible, and biodegradable biomass [4]. Biodegradable hydrogels can 
be synthesized from carbohydrate-based polymers that are biocompatible, non-
toxic, renewable, cheaper, and easy to obtain [5]. Biomass materials such as sug-
arcane bagasse is a waste product that is non-toxic, and biodegradable, with high 
cellulose content. Hydrochar is produced from biomass via dehydration process 
using concentrated sulphuric acid (chemical method). Due to high levels of cellu-
lose in sugarcane bagasse, it can used to prepare activated hydrochar monomers 
for synthesizing superabsorbent hydrogels [6]. This study therefore aimed at syn-
thesizing and characterizing superabsorbent hydrogel from hydrochar using sug-
arcane bagasse as a resource. 

2. Materials and Methods 
2.1. Chemical and Reagents 

The chemicals and reagents used in this study of analytical grade purchased from 
Amaris chemical solutions. They were sucrose, maleic acid, sodium hydroxide, 
potassium permanganate (VII), and concentrated sulphuric acid. 

2.2. Preparation of the Hydrochar 

The procedure used to prepare hydrochar was adopted from [6]. Small pieces of 
sugarcane bagasse were cleaned, dried. They were then placed in 1000 mL glass 
beaker. 100 mL of 18 M concentrated sulphuric acid was then added and allowed 
to stand for 30 minutes to allow complete dehydration. The char obtained was 
then washed with distilled water to remove excess acid and dried in an oven at 
80˚C to a constant mass. 

2.3. Preparation of Activated Hydrochar Sucrose Polymer Units 
(AHSU) 

20 g of grinded fine hydrochar was put in a 1000 mL beaker. 600 mL of 2 M acid-
ified potassium permanganate (VII) was then added and the mixture kept in a safe 
place for 16 hours to allow oxidation reaction to occur. The mixture was then 
filtered, and the residue washed with excess distilled water to remove the excess 
potassium permanganate (VII). The activated hydrochar (AH) obtained was then 
dried in an oven at 80˚C. Dry activated hydrochar (AH) obtained was ground to 
fine powder. 20 g was accurately weighed using a CZ-200 electric weighing bal-
ance and then placed in a 250 mL round-bottomed flask. 30 mL of distilled water 
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was added and the mixture refluxed while stirring for 10 minutes. 10 mL of 3.5 M 
sucrose was then added, followed by 2 M sodium hydroxide (initiator) Refluxing 
of the mixture was done for 3 hours. The mixture was then allowed to cool for 
polymerization to occur [7]. The polymer formed between activated hydrochar 
and sucrose was coded as AHSU. 

2.4. Crosslinking AHSU Polymer Units with Maleic Acid 

The polymer units (AHSU) obtained from section 2.3 was heated to boiling. The 
boiling mixture was then added 10 mL of 3.4 M maleic acid (MA) and the mixture 
refluxed for 2 hours. The refluxed mixture was placed in an oven at 80˚C to dry 
to a constant mass. The hot dried mixture was then placed in a desiccator to cool. 
The obtained crosslinked superabsorbent hydrogel was coded as SAH. Figure 1 
below shows the scheme for the synthesis of polymer units AHSU and crosslinked 
superabsorbent hydrogel SAH. 

 

 

Figure 1. Scheme for the preparation of AHSU and SAH. 

2.5. Evaluation of the Swelling Capacity of SAH 

2.0 g of accurately weighed dry hydrogel samples were placed in permeable polyester 
bags, and the total mass was recorded as (M). The samples were then immersed in 
distilled water, and the absorption process allowed to take place for 24 hours. The 
bags were then removed from the water, and the adhering water on the surface of 
the polyester bags dried using a tissue paper. The samples were then weighed, and 
the mass obtained recorded as (Z). The percentage absorption capacity of the hy-
drogel samples was determined using Equation 1 as per Khodami et al. [8]. 

% swelling capacity %Z M
M
−

= ×                    (1) 

where Z is the weight of the swollen hydrogel samples, M is the weight of the dry 
hydrogel samples. 
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2.6. Optimization of Synthesis Parameters 
2.6.1. Effect of the Maleic Acid Dosages on the Swelling Capacity of SAH 

Hydrogel 
The effect of maleic acid was evaluated by synthesising samples of the SAH with 
varied amounts of maleic acid ranging from 1, 2, 3, 4 and 5 g. The quantities of 
AH, SU and NaOH were maintained at 10 g, 5 g and 0.8 g respectively. 2 g of each 
prepared hydrogel samples was accurately weighed and immersed in distilled wa-
ter for 24 hours and then removed to determine the swelling capacity using Equa-
tion 1. 

2.6.2. Effect of the Amount of Sucrose on the Swelling Capacity of SAH 
Hydrogel 

The effect of sucrose dosage was investigated by preparing superabsorbent hydro-
gel samples by varying the amount of sucrose as 2, 4, 6, 8, and 10 g, while main-
taining AH, MA, and NaOH at constant masses of 10 g, 3 g, and 0.8 g, respectively. 
2 g of each synthesised SAH hydrogel sample was accurately weighed and im-
mersed in distilled water for 24 hours. Evaluation of swelling capacity was done 
using Equation 1. 

2.6.3. Effect of Contact Time on the Swelling Capacity of SAH Hydrogel 
The SAH samples synthesised at optimum conditions of sucrose and maleic doses. 
2 g of the synthesized samples and put in were accurately weighed and put into 
permeable polyester bags and then immersed in distilled water. The bags were 
then removed periodically at the lapse of each designated time (0.5, 1, 2, 4, 6, 8, 
12, and 24 hours). Swelling capacity of each sample was then determined using 
Equation 1. 

2.7. Characterization of the Hydrogels 
2.7.1. Functional Groups Analysis Using Fourier Transform Infrared  

(FT-IR) 
FT-IR analysis was done to determine the functional groups of the hydrochar, AH, 
AHSU and SAH using FT-IR spectroscopy (Shimadzu IR Tracer-100) according 
to the procedure by Kulkami et al. [9]. Upon synthesizing the samples, they were 
dried to a constant mass in an oven followed by grinding to obtain fine powder. 
The fine powder of samples was mixed with KBr and then compressed to form a 
transparent pellet that was analysed using FT-IR instrument. The spectra obtained 
were recorded at a wavelength between 400 and 4000 cm-1 on the transmittance 
axis scale. 

2.7.2. Scanning Electron Microscope (SEM) Analysis 
Microscopic structure and surface morphology of hydrochar, AH, AHSU and 
SAH were carried out using Scanning Electron Microscope TESCAN VEGA (SEM) 
operating at an accelerating voltage of 20 Kv. Drying of the samples prepared was 
done to a constant mass using an oven. The dried samples were ground using a 
mortar and pestle to obtain fine powder. The samples were then coated with gold 
and mounted on carbon tape and analyzed using SEM [10]. 
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2.7.3. X-Ray Diffraction (XRD) Analysis 
The XRD analysis was performed to determine the phase composition of the hy-
drochar, AH, AHSU and SAH using a Philips X’Pert instrument at 40 mA with 
Cukα radiation at 0.1541 nm. A monochromatic beam with a step size of 0.0170 
(2θ), a time step of 175.26 s and a scan range of 2θ from 0 - 1000 was applied. The 
prepared samples were dried and ground using a mortar and pestle to obtain fine 
powder. The dry powdered samples were then mounted on slides and placed in 
an XRD instrument for analysis [11]. 

3. Results and Discussions 
3.1. FT-IR Analysis 
3.1.1. Functional Groups Analysis for Hydrochar 
FT-IR technique was used to determine the functional groups of the synthesised 
hydrochar. Figure 2 show the IR spectra for the hydrochar. 

 

 

Figure 2. FT-IR spectrum for hydrochar. 

 
The spectrum showed a broad spectral band at 3418.88 cm−1 and 3142.09 cm−1 

ascribed to phenolic and alcoholic -OH groups [12]. The spectral peak at 1713.78 
cm−1 corresponded to the C=O stretching vibration for an aldehyde group[13]. 
The intense peaks at 1629.88 cm−1 and 618.20 cm−1 corresponded to skeletal vi-
bration and bending for the C=C aromatic ring [14] [15]. The sharp intense band 
at 1400.34 cm−1 and also at 954.78 cm−1 were associated to -OH groups in and out 
of plane bending for alcoholic and phenolic groups [16], while the spectral band 
at 1285.58 cm−1 was attributed to C-O asymmetric stretching vibration for ether 
[17]. The sharp spectral peaks at 1114.87 cm−1 and 1037.72 cm−1 were ascribed to 
C-O of the ether, alcoholic and phenolic groups. The spectral band at 813.97cm−1 
corresponded to -CH deformation vibration stretch [18]. 

3.1.2. FT-IR Analysis of the Activated Hydrochar (AH) 
The FT-IR technique was used to determine the functional groups of the acti-
vated hydrochar. Figure 3 show the functional groups for the activated hydro-
char. 

5007501000125015001750200025003000350040004500
cm-1

4

5

6

7

8

9

10

%T

34
18

.8
8

31
42

.0
9

23
58

.9
8

17
13

.7
8

16
29

.8
8 15

05
.4

7

14
00

.3
4

13
32

.8
3

12
85

.5
8

11
99

.7
4

11
14

.8
7

10
37

.7
2

95
4.

78
90

7.
52

81
3.

97

61
8.

20

CHARCOAL

https://doi.org/10.4236/ojapps.2026.162026


S. M. Mukulu et al. 
 

 

DOI: 10.4236/ojapps.2026.162026 428 Open Journal of Applied Sciences 
 

 

Figure 3. FT-IR spectrum for AH. 

 
A broad intense band of -OH for carboxylic group involved in intermolecular 

and intramolecular hydrogen bonding shifted from 3418.88 cm−1 to 3430.46 cm−1 
[19]. A new peak appeared at 1594.19 cm−1 for carboxylic acid C=O group [20]. 
This peak showed that oxidation reaction took place by introducing carboxylic 
functional groups on the surface of the hydrochar. 

3.1.3. FT-IR Analysis for AHSU Polymer Units 
The functional groups present in the polymer units AHSU was obtained using FT-
IR as shown in Figure 4. 

 

 

Figure 4. FT-IR spectrum for AHSU. 

 
The spectrum shown by Figure 4 showed a broad spectral peak at 1625.05 cm−1 

ascribed to C=O stretching vibration of the ester and carboxylic acid [21]. The 
C=O group implied successful polymerization through crosslinking between hy-
droxyl groups in sucrose (SU) and carboxylic groups in activated hydrochar (AH) 
forming activated hydrochar sucrose (AHSU) polymer chain units. 

3.1.4. FT-IR Characterization of SAH 
The FT-IR analysis was carried out to determine functional groups of SAH as 
shown in the spectrum in Figure 5. 
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Figure 5. FT-IR spectrum for SAH. 

 
SAH as synthesized by crosslinking AHSU polymer units with maleic acid 

(MA). FT-IR of SAH showed emergence of a new peak at 1708.96 cm−1 attributed 
to C=O carbonyl group for the ester [22]. This new peak is an indication that pol-
ymer units of AHSU were successfully crosslinked with maleic acid through ester 
linkage. 

3.2. SEM Characterization 

The SEM analysis was carried out to determine the surface morphology of the 
synthesised hydrochar, AH, AHSU and superabsorbent hydrogel SAH. The mi-
crographs in Figure 6 below show the surface morphology of hydrochar, AH, 
AHSU and SAH respectively. 

The hydrochar micrograph showed smooth layered structures with cracks and 
a small number of pores (white particles), indicating that the dehydration process 
created a large surface that was the target for the introduction of oxygen groups 
during the oxidation process. The AH micrograph showed that upon activation 
of the hydrochar, the external surface of the AH developed a quasi-cleavage frac-
tured surface with large cavities, a wider pore network, and crater-like surfaces, 
indicating a higher surface area [23]. This was a result of the introduction of car-
boxylic groups on carbon chains of hydrochar. Carboxylic groups were required 
to create ester linkage between the AH monomer and the SU monomer during 
polymerization. Upon reaction of AH with SU to form AHSU, a micrograph with 
a rigid cleavage fractured-like surface with unevenly distributed macropores was 
obtained. However, upon crosslinking of AHSU with MA, dense, evenly distrib-
uted micropores and macropores on the surface of SAH were observed. This is a 
clear indication of successful surface modifications during crosslinking. Rahman 
et al. [24] obtained similar results. 
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Figure 6. SEM analysis for hydrochar, AH, AHSU and SAH. 

3.3. X-Ray Diffraction Analysis 

The XRD analysis was carried out to determine the crystalline phase of the syn-
thesized hydrochar, AH, AHSU and SAH as shown on Figure 7. 

The diffractograms at 2θ angle range of the hydrochar and AH showed that they 
had single diffused broad hump peaks centred at 250 indicating that they were 
amorphous [25]. This was due to lignin and hemicellulose presence since they are 
both amorphous while the cellulose chains that are crystalline were partially de-
stroyed during the dehydration process [26]. The diffractograms for AHSU poly-
mer units and superabsorbent hydrogels SAH showed that they were more crys-
talline as compared to the amorphous broad hump diffractograms of hydrochar 
and AH. This was attributed to the carboxylate ions COO− of AHSU formed by 
the COOH functional groups of AH and OH groups of SU during polymerization, 
and the ones formed between the AHSU polymer units and MA during crosslink-
ing [27]. It was also attributed to the increased number of -OH hydroxyl groups 
during polymerization of AH and SU and after crosslinking of the AHSU polymer 
units with MA [28]. 
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Figure 7. XRD Diffractogram of hydrochar, AH, AHSU and SAH. 

3.4. Effect of the Amount of MA Crosslinker on the Swelling 
Percentage of Superabsorbent Hydrogel (SAH) 

The effect of the amount of maleic acid on the swelling percentage of SAH was 
determined by using the following doses: 1, 2, 3, 4, and 5 g. Figure 8 was obtained 
when 2 g of each superabsorbent hydrogel sample synthesized was immersed in 
distilled water for 24 hours. The mass change was used to determine mean swell-
ing percentages using equation 1. 

 

 

Figure 8. The effect of MA doses on the swelling percentage of 2 g of SAH (10 g AH, 5 g 
SU and 0.8 g NaOH). 
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Figure 8 showed that the swelling percentage significantly increased (p < 0.05) 
from 450% to 576% when the concentration of the MA was increased from 1.0 g 
to 3.0 g, followed by a significant decrease (p < 0.05) to 484% as doses increased 
above 3.0 g. The increase was attributed to the increase of crosslinking joints cre-
ated between the carboxylic hydrophilic functional groups, creating a polymer 
skeleton with more sites for water intake [29]. The decrease recorded after the 
optimal dose of 3 g could be attributed to the interlocking of the hydrogel poly-
meric chains caused by overcrowding of the crosslinking density that prohibits 
the expansion of the superabsorbent hydrogels’ skeleton during water absorption 
[30]. Therefore, the optimum dose of MA for the synthesis of superabsorbent hy-
drogel was found to be 3.0 g. 

3.5. Effect of Sucrose Dosage on the Swelling Percentage of 
Superabsorbent Hydrogel (SAH) 

The effect of the amount of SU on the swelling percentage of the synthesized SAH 
hydrogel was determined by varying the amount of the sucrose in the range of 2, 
4, 6, 8, and 10 g. Figure 9 shows the graph obtained when 2 g of each hydrogel 
sample was immersed in distilled water for 24 hours. Equation 1 was used to de-
termine swelling percentages of the hydrogels. 

 

 
Figure 9. The effect of SU dosage on the swelling percentage of 2 g (SAH) superabsorbent hydrogel (10 g 
AH, 3 g MA and 0.8 g NaOH). 

 
Figure 9 illustrates that increasing the SU dosage from 2.0 g to 8.0 g resulted in 

a substantial rise (p < 0.05) in swelling percentage from 573% to 769%, followed 
by a significant decrease (p < 0.05) as the dosage increased above 8.0 g. The in-
crease could be attributed to the fact that an increase in the number of hydroxyl 
groups increases grafting between the monomers, hence elevating the water ab-
sorption sites [31]. The decrease in the swelling percentage above the optimum 
dose is associated with the disproportion between the monomers as the SU be-
came more than the AH monomer [32]. The study obtained an optimal ratio of 
10 g AH: 8 g SU: 3 g MA for the preparation of the superabsorbent hydrogel. 
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3.6. Effect of Contact Time on the Percentage Swelling of the 
Superabsorbent Hydrogel (SAH) 

The effect of the contact time of the superabsorbent hydrogel SAH prepared at 
optimum conditions was determined by immersing 2.0 g of each hydrogel sample 
in 600 mL of water and determining swelling capacity at intervals of 0.5, 1, 2, 4, 6, 
8, 12 and 24 hours. Figure 10 below shows the graph of the mean swelling per-
centage capacity as a function of time (hours) for the superabsorbent hydrogel 
samples. 

 

 

Figure 10. The effect of the contact time of 2 g superabsorbent hydrogel (SAH). 

 
Figure 10 showed a significant increase (p < 0.05) in the percentage swelling 

capacity of SAH from 0 to 8 hours, attaining a maximum swelling capacity of 
778%. From 8 to 24 hours, there was no significant increase (p > 0.05) in the swell-
ing capacity since equilibrium had been attained. The increase in swelling capacity 
was attributed to distilled water penetrating the hydrogel’s network through dif-
fusion and capillary action, which occurred as the hydrogel transitioned into a 
glassy state due to the presence of hydrophilic functional groups like hydroxyl and 
carboxyl groups. The decreased rate of absorption after 12 hours was attributed to 
the reduction of electrostatic repulsion due to decreased hydrophilic groups 
through water absorption caused by saturation of the hydrogel’s network struc-
ture with distilled water [33]. 

4. Conclusion 

The study reports that the superabsorbent hydrogel (SAH) achieved a maximum 
swelling capacity of 778% using an optimal synthesis ratio of 10:8:3 for AH:SU:MA. 
FT-IR analysis confirmed successful crosslinking via a spectral band at 1708.96 
cm−1, indicative of the C=O carbonyl group. Scanning Electron Microscopy (SEM) 
illustrated a dense, uniformly porous surface for SAH compared to fewer pores in 
AHSU polymer units. X-ray Diffraction (XRD) analysis revealed amorphous phases 
in hydrochar and AH, while both AHSU and SAH exhibited increased crystallinity. 
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The high-water absorption capacity of SAH suggests its potential application in 
agriculture, particularly in arid and semi-arid regions. 
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