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Abstract. This study aims to determine the absorption and ability of hydrogels to hold water. The 
hydrogel was synthesized using the freeze-thaw method, then the absorption ability and water 
retention time in the hydrogel were tested and characterized by FTIR and trinocular stereo 
microscope. The FTIR results showed that the resulting hydrogel had N–H, O–H, aliphatic C–H, bend 
N–H, C–O, and C–N functional groups. The highest absorption of the hydrogel with a ratio of 
cellulose:chitosan:EDTA variations of 2:2.25:0.25 (g) respectively, which was 287.46% and the 
appearance of the hydrogel under a microscope showed that the structure of the hydrogel was rather 
hollow, so that it affected its absorption. 

Introduction 
Water hyacinth is a type of plant that floats on the water, is green in color, has a single oval-shaped 

leaf, and slippery has a flower in the form of grains and petals. The breeding rate of water hyacinth 
is very high and is recognized as one of the 10 worst weeds in the world [1]. The content of water 
hyacinth is very much, and the most dominating is cellulose which was 46.15% [2]. The high cellulose 
content in water hyacinth can be used to make hydrogels. 

Hydrogel, better known as the water-absorbing gel, can absorb quite high water. This property 
makes hydrogels widely used as planting media, loosening dry soil, maintaining moisture in drug 
delivery, dye absorbents, and many more [3-5]. First, the hydrogel was successfully synthesized from 
the cellulose of risk husk with the addition of a crosslinker, obtaining a hydrogel with high absorption 
of 1162% [6]. Then, the hydrogel was successfully synthesized from chitosan and EDTA, which 
functions as a soil freshener and improve soybean plants' performance [7]. 

There are three methods of making hydrogels, namely chemical crosslinking, physical crosslinking, 
and radiation crosslinking [8]. This study used the physical crosslinking method, namely the freeze-
thaw method, which is expected to improve the physical and mechanical properties of the hydrogel. 

Several previous studies have used plasticizers from chemicals. In this study, the lime extract will 
be used as a plasticizer. The lime extract contains citric acid, which can reduce the intermolecular 
forces on the hydrogel to widen the distance between molecules, which will reduce the level of 
stiffness and increase polymer flexibility [9, 10]. This property will increase the hydrogel's resistance 
to water. This study aims to determine the cellulose content in water hyacinth and the ability of the 
resulting hydrogel to absorb and retain water. 

Experimental Section 
Materials. The materials used in this study were NH3 13% (w/v), 15% (w/v) and 17% (w/v), water 
hyacinth (Eichornia crassipes), lime extract, EDTA, pH paper, normal filter paper, chitosan, NaOH 
9% (w/v), and H2O2 5% (w/v). 
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Preparation of Water Hyacinth. Water hyacinth was cleaned of roots and leaves. Then, it was 
washed and cut into small pieces. The cutwater hyacinths were dried in direct sunlight. Next, it was 
ground and sieved with a 100 mesh sieve. 
Isolation of Cellulose from Water Hyacinth. Water hyacinth powder was put into 3 maceration 
containers of 20 g each and soaked into 9% NaOH for 24 h. After the maceration process, the sample 
was filtered. The residue from the filtering process was washed with distilled water until neutral pH 
and dried in an oven at 105 °C. The residue was then immersed back into the NH3 solution with a 
solvent variation of 13%, 15%, and 17%. Then, each mixture was heated for 60 min. After that, the 
mixture was filtered again, and the residue was washed with distilled water until neutral pH. Then the 
residue was dried again in the oven at a temperature of 105 °C. Next, the dried samples were soaked 
into 5% H2O2 solution and heated at 70 °C for 2 h. The mixtures were filtered again, and the residues 
were washed with distilled water until neutral pH. Finally, the mixtures were dried in an oven at a 
temperature of 105 °C. The resulting cellulose was analyzed using FTIR. 

The yield of cellulose can be calculated with the formula: 

%yield = weight of yield cellulose
weight of water hyacinth′spowder

x 100% (1) 

Synthesis of Hydrogel. Two grams of cellulose were put in 3 containers. 2.25, 2, and 1.75 g of 
chitosan were added, respectively, dissolved with 50 mL of 0.6 M CH3COOH, and stirred using a 
magnetic stirrer for 15 min. 0.25, 0.5, and 0.75 g of EDTA were added, respectively. Added lime 
juice as much as 2 mL. Add 2 M NaOH solution drop by drop to form a gel. 

The gel formed was put into a mold and frozen at -20 °C for 18 h, then placed at room temperature 
for 6 h. The treatment was carried out for 4 cycles. Then the hydrogel was dried in an oven at 70 °C 
for 4 h. The results obtained were then analyzed with FTIR and a trinocular stereo microscope. 
Swelling Test. The dry hydrogel was weighed first (wo) and soaked in water for 24 h, and then 
filtered and weighed again (wt). Finally, the difference between dry weight and wet weight was 
calculated. 

%S = wt−wo
wo

x 100% (2) 

Deswelling Test. The dry hydrogel was weighed and soaked in water for 6 h. Next, it was put in a 
nylon bag, hung in the room at 26 °C for 15 min, and then weighed (me). Next, the nylon bag 
containing the hydrogel was immersed in warm water at a constant temperature of 60 °C for 10 min. 
Then, the hydrogel was lifted and hung in the room for 15 min, then weighed (mt). The water retention 
in the gel was calculated as Wr(%) with the following formula: 

%Wr = mt
me

x 100% (3) 

Results and Discussion 
Isolation of Cellulose from Water Hyacinth. Cellulose produced from the isolation of water 
hyacinth is a fine brownish-white powder (Fig. 1), odorless and insoluble in water. This property 
follows the theory put forward by Zainal [11]. The amount of cellulose obtained from each variant of 
NH3 concentration can be seen in Table 1. 

Table 1 shows that the highest amount of cellulose was obtained at a concentration of 13% NH3, 
32.88%. These data indicate that the higher the concentration of NH3, the lower the cellulose obtained. 
An increase in the porosity of cellulose increases the conversion of cellulose to glucose [12]. Research 
conducted showed that the cellulose obtained with varying concentrations of 9% NaOH and 15% 
NH3 was 81% [13]. This result is due to the different methods used to isolate water hyacinth and the 
amount of cellulose wasted during the cellulose neutralization process by the decantation method. 
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Fig. 1. The cellulose powder of water hyacinth 

Table 1. Variation of cellulose 

Concentration 
of NH4OH (%) 

First weight 
(g) 

Final weight 
(g) 

Yield of 
cellulose (%) 

13 20 6.5769 32.88 
15 20 6.2800 25.12 
17 20 5.6468 22.59 
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Fig. 2. FTIR spectrum of cellulose 

The results of the cellulose FTIR readings (Fig. 2) showed the group of OH at a wavelength of 
3331 cm–1, the group of OH lignin and hemicellulose at 2917 cm–1, the group of fiber OH at 1633 
cm–1. The CH (CH2) group was observed at 1427 cm–1, the group of CO at a wavelength of 1052  
cm–1, and the group of CH at 897 cm–1. The OH, CH, and CO groups are the main constituents of 
cellulose [14]. 
Synthesis of Hydrogel. The hydrogel synthesized from water hyacinth cellulose and chitosan with 
the addition of EDTA and lime extract had a soft gel texture, brownish-yellow in color (Fig. 3). The 
composition of the hydrogel can be seen in Table 2. 

 
Fig. 3. Hydrogels 
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Table 2. Variation of hydrogels 

Cellulose (g) Chitosan (g) EDTA 
(g) Code 

2 
2.25 0.25 H1 
2.00 0.50 H2 
1.75 0.75 H3 
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Fig. 4. FTIR spectrum of hydrogels (H1) 

The infrared spectrum of the hydrogel (H1) (Fig. 4) showed the presence of N–H strain at a 
wavenumber of 3335 cm–1, the OH group at 3292 cm–1, the CH group at 2918 cm–1, NH bending at 
1560 cm–1, the NH group at 1560 cm–1, CO at 1204 cm–1, and the CN group at 1317 cm–1. The 
appearance of OH, CH, and CO groups is because these groups are constituents of cellulose water 
hyacinth [15]. The CO group can also be derived from EDTA and the NH group derived from chitosan 
[7]. In addition, the CN functional group also appears, which indicates that there is a bond between 
cellulose and chitosan. However, there was no strong binding due to the absence of functional groups 
C=O and C=N at wave number 1690–1640 cm–1, which was a sign of the occurrence of bonds 
between chitosan-EDTA and chitosan-cellulose [16]. Thus, the hydrogel formed does not have a 
strong structure.we 
Swelling Test. The hydrogel obtained was then evaluated for its water absorption. The results were 
shown in Table 3. The results indicate that the hydrogel that has the highest water absorption capacity 
is H1 at 287.46%, and the lowest is H3 at 194.54%. This result is in line with the theory that the more 
crosslinkers are added to the hydrogel, the lower the water absorption capacity because the more 
crosslinkers are used, the tighter the network structure will make it difficult for water molecules to 
enter the tissue [7]. In this case, EDTA acts as a chemical crosslinker. 

Fig. 5 shows the swelling of the hydrogel that has been in contact with water. The swelling is up 
to several times than that of hydrogel before contact with water and it still retains the same shape. 
The addition of a plasticizer into hydrogels is supposed to increases the elasticity and water resistance 
of the resulted gels [17]. 

Table 3. Swelling of hydrogels 

Hydrogel First weight (g) Final weight (g) Swelling (%) 
H1 0.3477 1.3472 287.46 
H2 0.3283 1.0417 217.30 
H3 0.2306 0.6792 194.54 
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Fig. 5. Hydrogel (a) Before the swelling test, (b) After swelling test 

As the hydrogel observed under a trinocular stereo microscope, it can be seen that the more 
crosslinkers added, the more solid the hydrogel surface. The solid surface shape allows the hydrogel 
to have low water absorption [7]. It can be seen in Fig. 6. 

 
Fig. 6. Hydrogels observation under a trinocular stereo microscope (a) H1, (b) H2, (c) H3 

Deswelling Test. Water retention ability in hydrogel can be seen in Table 4. Hydrogels that have 
absorbed water can experience structural damage if extreme changes in their environment, such as 
high-temperature changes. This change can cause the hydrogel structure to break down. 

Table 4. Deswelling of hydrogels 

Hydrogel Weight before 
heating (g) 

Weight after 
heating (g) Deswelling (%) 

H1 0.2932 0.2907 99.15% 
H2 0.2370 0.2278 96.12% 
H3 0.1881 0.1776 94.42% 

From the data in Table 4, the greatest water resistance at high temperatures is in hydrogels with 
H1 variation of 99.15%, and the lowest is the hydrogels with H3 variation of 94.42%. This result 
shows that the more crosslinkers are added, the lower the water resistance in the hydrogel will be. 
When the temperature increases, the longer the polymer chains will close tightly so that it will be 
difficult for water to enter the network [18]. 

Conclusion 
The results of cellulose isolation from water hyacinth, which were dignified with NaOH and NH3 

solution, were the highest at a concentration of 13% NH3, which was 32.88%, and the highest water 
absorption and resistance of the hydrogel produced were found in the H1 variation, which respectively 
was 287.46% and 99.15%. 
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