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Abstract 

This research presents a novel method for producing hydroxyapatite modified partly hydrolyzed rice husk (HAp/RH), 

which is then used to filter out heavy metals and dyes from water. The hydrochloric acid was used to break down half-chain of 

cellulose in the rice husk at 100oC for 6h. The partial hydrolyzed rice husk surface was then covered with thin layer of 

hydroxyapatite. The as-synthesized HAp/RH was differentiated by FTIR, XRD and SEM, then studied for elimination of copper 

(II), nickel (II) ions and Sunfix Supra Red S3B 150% dyestuff. The result showed that the optimal condition for the hydrolysis of 

rice husk in 5% HCl an aqueous solution. The maximum removal efficiencies were ~ 99 and 70% for copper (II) and nickel (II) 

ions, respectively. Additionally, the removal efficiencies of copper (II) and nickel (II) ions from industrial wastewater by HAp/RH 

were 99.3% and 61.9% for 120 min, respectively. The result also indicated that 99.3% of the Sunfix Supra Red S3B 150% was 

removed after 150 min at initial concentration of 10 mg/L. According to the results of this research, HAp/RH shows promise as an 

adsorbent for the elimination of metal ions and textile colors. 

 

Keywords: Rice husk, Hydroxyapatite, Heavy metal ions, Textile dyes, Adsorption. 

 
Full length article *Corresponding Author, e-mail: nvc@iuh.edu.vn 
 

1. Introduction 

Rice husk is produced as a byproduct of growing and 

milling rice (RH). It is significant to note that amorphous 

silica and carbon are both present in rice husk. These are 

porous materials with enormously high specific surface areas 

that can be applied to a wide range of situations [1]. The rice 

husk contains approximately 75% volatile organic matter that 

was burned during combustion and 25% inorganic matter [2]. 

The main organic components of rice husk are cellulose 

content (38-50%), hemicellulose (23-32%) and lignin (15-

25%) [1]. From rice husk, lignin and hemicellulose could be 

isolated and hydrolyzed using a base and acid solution [3-4]. 

About 94 wt% of the inorganic stuff was silica, and 6 

wt% comprised oxides of potassium, calcium, manganese, 

magnesium, aluminum, and phosphorus [5]. Rice husk was 

used as a promising source of biofuels, bioplastics 

production, adsorption of textile dye and heavy metal from 

wastewater [6]. Heavy metals are non-biodegradable, non-

toxic when they are free elemental form and dangerous to 

living organisms in cationic form due to their ability to bind 

to short carbon chains leading accumulation in the organism 

after many years [7]. Due to the toxicity of heavy metal 

pollution, which endangers the aquatic life and puts human 

health at risk, it has become critical in many estuaries and 

coastal regions around the world [8-9]. Moreover, heavy 

metal and organic dyes pollution in wastewater have 

increased recently owing to the expanding global population 

and industrialization [10]. It is important to avoid the 

exposure to these pollutions to the environment. There are 

many methods for treating heavy metals and organic dyes, 

including adsorption, ion exchange, membrane filtration, 

flocculation, advanced oxidation and chemical precipitation 

[11-13]. Among all the adsorption method is frequently 

utilized because of its inexpensive, easily accessible 

materials, high adsorption capacity, and repeatability [9]. It is 

a well-known fact that the surface of rice husk is uneven 

therefore it might facilitate for the adsorption of metals and 

other contaminants. Additionally, RH has been utilized to 

treat wastewater in many places across the world since it has 

been found to effectively absorb metal ions and organic 

contaminants [14-15].  
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In this study, the rice husk was hydrolyzed to reduce the 

cellulose chain and create a silica film on the rice husk 

surface, then the layer of hydroxyapatite material was 

deposited on the rice husk's layer so as to increase the 

adsorption capacity of metal ions and solution-based dye. 

 

2. Materials and methods 

 

2.1. Materials  

Rice husk was taken from a Giang province (Vietnam). 

CuSO4, Ni (NO3)2, HCl (36wt%), NaOH, Ca (OH)2, and 

H3PO4 (98wt%) were as analytical grade without further 

purification. Sunfix Supra Red S3B 150% textile dye was 

donated from 7-Textile Company (Vietnam). The anhydrous 

CuSO4 and Ni (NO3)2 were dissolved in deionized water to 

make 1000 ppm copper (II) and nickel (II) solutions, 

respectively. After that, a standard solution was manufactured 

by diluting the stock solution until it reached the desired 

concentration. The wastewater at the plating factory was 

collected from Bien Hoa II Industrial Park, Dong Nai 

province, Vietnam. 

 

2.2. Methods  

 

2.2.1. Preparation of hydrolyzed rice husk (RH) 

Rice husk was given a wash in double-distilled water to 

get rid of the dust, and then it was heated to one 100oC to dry. 

Amount of 0.5 g RH was added to 250 mL of HCl (36wt (%) 

solution in round bottom flask. The combination was 

subjected to refluxing for a duration of 6 h. The hydrolyzed 

RH was neutralized using 1N NaOH solution to pH 7.0. 

Hydrolyzed RH was produced by filtering, washing, and 

drying the solid product with double-distilled water. The HCl 

concentration was 1, 2.5, 5, and 10% and sample was referred 

as RH. 

 

2.2.2. Synthesis of hydroxyapatite modified RH (HAp/RH) 

The preparation of HAp/RH was prepared by co-

precipitation method. 10 g of hydrolyzed RH was inserted 

into100 mL deionized water containing 0.5g Ca (OH)2, and 

then 0.3 mL H3PO4 was drop-wised to solution under 

continuously agitation. The pH level was brought up to 8.5 

with the use of 0.1 N NaOH solution, and then it was filtered. 

The final product was dried under vacuum at 45oC until 

constant weight. 

 

2.2.3. Adsorption experiments 

 

2.2.3.1. Adsorption of copper (II) and nickel (II) 

Adsorptions of copper (II) and nickel (II) ions were 

investigated at room temperature in a batch setting, with 

adsorbent amounts ranging from 0.1 to 1.0 g.  In brief, the 

HAp/RH adsorbent was added to 50 mL of single metal ion 

solution (20 mg/L). After that, the mixes were left at room 

temperature for 100 min under continuous stirring. The 

concentrations of copper (II) and nickel (II) ions in aqueous 

samples were measured by means of AAS. The effect of 

contact time was analyzed at metal ion concentrations of 20 

mg/L, adsorbent doses of 0.5 g, and time intervals ranging 

from 0 to 480 min. Metal ion concentrations were determined 

by withdrawing aqueous samples at various time intervals. 

Furthermore, the effect of concentration was tested for 100 

min at concentrations ranging from 5 to 30 mg/L. The 

adsorption yield was determined by (C0 – Ce)/C0×100, Here, 

C0 and Ce represent the initial and equilibrium concentrations 

of metal ions in the solution (mg/L). Metal ion removal from 

real industrial wastewater was determined using 0.5 g of 

HAp/RH adsorbent in 50 mL of industrial wastewater for 2 h 

at room temperature. The levels of copper (II) and nickel (II) 

ions in the remaining solutions were assessed using the AAS 

technique. 

 

2.2.3.2. Adsorption of Sunfix Supra Red S3B 150% dye 

Adsorbent dosages of 0.1, 0.2, 0.25, 0.5, and 0.75 g were 

evaluated to determine their influence. Each 100 mL of 

Erlenmeyer flask containing the determined amount of 

adsorbent was added 50 mL of Red S3B dye at an initial 

concentration of 50 mg/L. The resulting mixtures were being 

stirred at a rate of 150 rpm. UV-VIS spectroscopy at 540 nm 

determined dye concentration. The impact of the initial 

concentration and the duration of contact was examined in a 

50 mL Red S3B dye solution with concentrations of 10, 20, 

30, 40, 50, 75, and 100 mg/L, adsorbent amount of 0.5 g, and 

adsorption time ranging from 0 to 250 min. 

 

2.3. Characterization 

The specimens were analyzed using Fourier-transform 

infrared spectroscopy (FT-IR) on a Tensor 27-Bruker 

instrument from Germany, covering a scanning range of wave 

numbers between 400 and 4000 cm-1. X-ray powder 

diffraction (XRD) was employed with a LabX XRD-6100 

apparatus from Shimadzu in Japan to investigate the 

structural attributes of the produced materials. Additionally, 

the surface characteristics were assessed using scanning 

electron microscopy (SEM) with a HITACHI-S-4800 

instrument from Tokyo, Japan. 

 

3. Results and Discussion 

 

3.1. Preparation and characterization 

RH was hydrolyzed for 6 h at 100oC with varying 

concentrations of HCl (1, 2.5, 5, and 10 wt%). The surface of 

the rice husk was rougher after hydrolysis process. 

Furthermore, the weight retention of rice husk decreased as 

the HCl concentration increased. For HCl concentrations of 

1, 2.5, 5, and 10%, the mass loss of RH was 28, 33, 56, and 

57%, respectively. The mass loss at 5 and 10 wt% HCl was 

comparable to the total hemicellulose and cellulose content in 

rice husk (54%) [16]. The results showed that all 

hemicellulose and amorphous cellulose are hydrolyzed [17]. 

As a result, rice husks hydrolyzed with 5 wt% HCl were 

chosen for future experiments. The surface of hydrolyzed rice 

husk (RH) was coated with hydroxyapatite using the co-

precipitation method of Ca (OH)2 and H3PO4 to form 

HAp/RH. The results of the FT-IR and XRD studies the 

structure of synthetic materials. Figure 1 demonstrates the 

broad absorption band at 3376 cm-1, which is attributed to –

OH stretching vibrations. The bending of C-H is represented 

by a weak peak at 2915 cm-1. The absorption band at 1512 

cm-1 is assigned to lignin, and its intensity increased after the 

RH was treated with HCl. The strong absorption bands at 

1040 ~1104 cm-1 are attributed to the hemicelluloses and 

cellulose structures. Due to the hemicellulose in RH was 

hydrolyzed by HCl solutions, the strength of these peaks was 

reduced with increasing HCl concentration [18].  
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The intensity of the 805 cm-1 absorption band is due to 

symmetric stretching between Si-O-Si. Furthermore, Figure 

1 shows the peaks at 1600~1641 cm-1 corresponding to C=C 

stretching of aromatic and benzene rings in lignin [19]. All of 

the absorption bands observed in the HCl-treated RH spectra 

were presented in the HAp/RH spectra indicating that they 

have similar compositions. Additionally, the asymmetric 

stretching vibrations of PO4
3- were at 1039, 960, 609 and 

567cm-1 belonging to HAp [20]. Figure 2 displays the XRD 

patterns obtained from the RH and HAp/RH samples. It is 

possible to suppose that the major characteristic peak for RH, 

which ranges from 20 to 25.2o and is centered at 22.8o, 

corresponds to the overlapped peaks of amorphous lignin and 

amorphous silica [17]. The main characteristic peak for RH 

ranged from 20 to 25.2 o and was centered at 22.8o, which 

could be attributed to overlapping amorphous lignin and 

amorphous silica peaks [4]. With increasing HCl 

concentration, the intensity of the peak at 22.8o decreases 

significantly. The XRD result showed peaks at 2θ values of 

16.2 and 34.2°, which are attributed to the crystal structure of 

cellulose. In addition, the intensity of these peaks decreased 

as the HCl concentration increased. As a result of the more 

extensive elimination of cellulose and hemicelluloses through 

acid treatment, the treated sample displays elevated levels of 

lignin concentrations in contrast to the unprocessed sample. 

Furthermore, the XRD of HAp/RH shows all the peaks of RH 

as well as new HAp peaks at 26 and 32o [21]. Figure 3 

displays SEM images of both the untreated and acid-treated 

RH. An ordinated cellulose structure with repeating regular 

and geometrical features defines the morphology of raw RH. 

The asperities were found in raw RH and were eliminated by 

HCl treatment. The acid-treated RH underwent a 

considerable alteration in surface structure. The surface of the 

acid-treated RH was relatively rough because the acid 

solutions had corroded it. The hydrolysis of cellulose and 

hemicellulose may be responsible for the difference in 

surface properties. The presence of silica particles was also 

observed in acid-treated RH [15]. Furthermore, silica 

particles appeared on the surface of RH hydrolyzed with 5 

wt% HCl acid rather than 1 wt% HCl. Moreover, the surface 

of the HAp/RH appeared uneven and cracked. The HAp 

particle was deposited on the surface of the treated rice husk. 

As seen in Figure 3d, a thin layer of HAp made of tiny needle-

like crystals that were organized in a coral-like structure was 

applied to the surface of acid-treated RH. The surface area 

and porosity of the HAp/RH were computed through the 

Brunauer-Emmet-Teller (BET) technique, employing the N2 

gas adsorption approach with a Nova Station A BET Surface 

Area Analyzer (Quantachrome Instruments). This analysis 

involved adsorption of N2 at a temperature of 77.3 K. The 

outcomes indicate that the created samples exhibit isotherms 

classified as type IV in accordance with the IUPAC 

(International Union of Pure and Applied Chemistry) 

standards. This classification signifies a characteristic 

combination of micropores and mesopores. The specific 

surface area value and pore volume of composite are 37.1 

m2/g and 0.011 cm3/g, repsectively. 

 

3.2. Removal of metal ions 

3.2.1. Influence of adsorbent amount 

The adsorbents' mass is an essential factor in the process 

of adsorption. Figure 4 demonstrates the number of adsorbent 

increases; the adsorption of Cu (II) and Ni (II) ions increases 

progressively. Higher adsorption efficiency was observed at 

higher amounts of adsorbent due to greater availability of 

active sites on the surface area [8,22]. The removal 

percentage of Cu (II) ion increased from 71.67 to 93.3% as 

HAp/RH adsorbent increased from 0.01 to 0.5 g. The removal 

percentage reached equilibrium after 0.5 g of adsorbent, and 

the maximum removal efficiency was 98.56 at 1.0 g of 

adsorbent. Nevertheless, under equivalent adsorbent 

quantities, the adsorption effectiveness for Ni (II) ions was 

found to be inferior to that of Cu (II) ions. The removal 

efficiency was 64.10% for 0.5 g of HAp/RH adsorbent and 

reached a maximum of 70% for 1.0 g of HAp/RH adsorbent. 

 

3.2.2. Influence of time and initial concentration  

The significance of adsorption duration is widely 

recognized in the adsorption procedure. The impact of 

varying adsorption periods on the capacity for adsorption was 

explored over a span ranging from 0 to 480 min under room 

temperature conditions. In this investigation, the adsorbent 

quantity and the concentrations of metal ions were 

standardized at 0.5 g and 20 mg/L, respectively. Figure 5 

shows that adsorption capacity increased rapidly from 0-380 

min, then became almost constant, and reached equilibrium 

at time of 300 min for both Cu (II) and Ni (II) ions. Cu (II) 

adsorption efficiency increased from 26.6 to 70% for contact 

times ranging from 15 to 200 minutes, reaching a peak at 90% 

for 300 min. However, the adsorption efficiency of Ni (II) 

was 48.7% after 200 min and reached a maximum of 66.7% 

after 300 min. The higher adsorption of Cu2+ onto HAp/RH 

in comparion with Ni2+. This can explain due to the exchange 

of Cu2+ with Ca2+ ions of HAp and its surface complexation 

with HAp in mixed metal suspension. The smilar result was 

obeserbed by Zou and cor-workers [22]. Remarkably, it is 

observed that elevating the initial concentration (ranging 

from 5 to 30 ppm) of Cu (II) and Ni (II) ions led to a reduction 

in the adsorption effectiveness of HAp/RH, as depicted in 

Figure 6. This is because of the effects of mass transfer and 

the driving power of the concentration gradient, which is 

directly related to the concentrations at the initial stage [23-

24]. The percentage removal for 5 mg/L of Cu (II) and Ni (II) 

ions was 88 and 75%, respectively. However, at 30 mg/L of 

Cu (II) and Ni (II) ions the percentage removal decreased to 

61 and 42%, respectively. The adsorption mechanism is 

physical adsorption followed by chemical adsorption. The 

first step was to perform a rapid surface adsorption on the 

HAp/RH composite. The second step was ion exchange with 

ion metal, followed by precipitation of the ion metal. Based 

on results show that the adsorption capacity of the HAp, and 

rice husk, the ion metal adsorption and color removal of 

HAp/RH is higher than those of HAp, and rice husk. For Cu2+ 

ion, adsorption efficiency was 68 and 35% for the HAp, and 

rice husk, respectively while the removal for composite was 

93.3%. The industrial wastewater was collected from plating 

factory in Bien Hoa II Industrial Park, Vietnam. AAS was 

used to determine the Cu (II) and Ni (II) concentrations in 

effluent. Cu (II) and Ni (II) concentrations in the effluent 

were diluted to 25.53 and 27.7mg/L, respectively. Adsorption 

efficiency of HAp/RH towards Cu (II) was 99.3% while the 

one towards Ni (II) was 61.9%. 

The results of this study imply that HAp/RH could be 

used to treat wastewater by removing heavy metal ions. 

 

3.2.3. Adsorption of Sunfix Supra Red S3B 150% 
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The effect of HAp/RH dose on Sunfix Supra Red S3B 

150% dye removal efficiency was studied by employing 

adsorbents at concentrations ranging from 0.1 to 1.0 g while 

maintaining the volume (50 mL) and dye concentration (20 

mg/L). As shown in Figure 7, Sunfix Supra Red S3B 150% 

dye adsorption onto HAp/RH increased from 50.1 to 87.9% 

for adsorbent doses of 0.1 to 0.5 g, respectively. At higher 

amount of 0.5 g, the removal percentage reached equilibrium. 

Due to the larger concentration of adsorbents in the solution 

and the greater availability of active sites for the dye 

molecules, the maximum removal was 98% for an adsorbent 

quantity of 0.75 g [25]. Figure 8 depicts the adsorption yield 

as a function of initial concentration and contact time. The 

adsorption efficiency increased rapidly in the first 50 min, 

then became nearly constant and reached equilibrium after 

100 min. Furthermore, the adsorption efficiency decreased as 

the initial dye concentration increased from 50 to 100 mg/L, 

possibly due to a decrease in the number of available active 

sites of the adsorbent. Adsorption yields ranged from 99.3 to 

17.7% for dye solutions with initial concentrations ranging 

from 10 to 100 mg/L. These findings confirm that the initial 

dye concentrations played a significant role in composite 

adsorption. The high removal yield at low concentration 

could be attributed to dyes moving more quickly into the 

active sites of the composite. The removal of reactive dyes 

from wastewater yielded similar results [26]. From this 

experiment showed that the combination of HAp and rice 

husk increases dye adsorption capacity to 98% in comparion 

to unmodified materials (76% for rice husk and 82% for 

HAp). 

 

 

 

 

 
 

Figure 1: FT-IR of hydrolyzed RH at various HCl concentration and HAp/RH. 
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Figure 2: XRD of hydrolyzed RH at various HCl concentration and HAp/RH. 

 

 

 
 

Figure 3: SEM images of untreated RH (a), hydrolyzed RH using HCl 1 wt% (b), 5 wt% (c), and HAp/RH using HCl 5 wt% (d). 
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Figure 4: Effect of adsorbent amount to adsorption capacity of HAp/RH towards Cu(II) and Ni(II) ions (50 mL metal ion solution 

of 20 mg/L and time of 100 min). 

 

 

 
 

Figure 5: Effect of contact time to adsorption efficiency of HAp/RH towards Cu(II) and Ni(II) ions (50 mL metal ion solution of 

20 mg/L and 0.5 g of HAp/RH). 
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Figure 6: Effect of initial concentration of metal ions to adsorption efficiency of HAp/RH towards Cu (II) and Ni (II) ions (0.5 g 

of HAp/RH, and 100 min of contact time). 

 

 
 

Figure 7: Effect of adsorbent dose to adsorption efficiency of HAp/RH towards Sunfix Supra Red S3B 150% dyestuff. 
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Figure 8: Effect of initial concentration and contact time to adsorption efficiency of HAp/RH towards Sunfix Supra Red S3B 

150% dyestuff.

4. Conclusions 

In the current study, rice husk was hydrolyzed using 

various HCl acid concentrations, and subsequently coated 

with HAp. The as-synthesized HAp/RH was utilized for 

removal of Cu (II), Ni (II), and Sunfix Supra Red S3B 150% 

dyestuff. The XRD and FT-IR results revealed that granular 

silica has an amorphous structure, and the presence of HAp 

was demonstrated on the surface of hydrolyzed RH. The 

adsorption process involving Cu (II), Ni (II), and Sunfix 

Supra Red S3B 150% dyestuff onto HAp/RH was analyzed, 

revealing a reliance on dosage, initial concentration, and 

contact duration. Notably, the extraction of Cu (II) and Ni (II) 

ions from industrial wastewater using HAp/RH yielded 

removal rates of 99.3 and 61.9%, respectively. Additionally, 

the results indicated that 99.3% of the Sunfix Supra Red S3B 

150% was removed at initial concentration of 10 mg/L. 
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