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Abstract 

In this study, a facile low-temperature hydrothermal method was applied for the synthesis of bismuth subcar-

bonate nanoplates (Bi2O2CO3). The material was then characterized by FTIR, XRD, SEM, BET, and TGA. The ap-

plicability of Bi2O2CO3 was evaluated via the treatment of methyl blue (MB) in water by adsorption and photocata-

lytic degradation. The experiment results with different pH from 2 to 12 indicate that the pH of the solution affect-

ed the surface charge of the synthesized Bi2O2CO3, thus having strong effects on the adsorption and photocatalytic 

degradation abilities of Bi2O2CO3 for MB removal. In adsorption tests, pH 6–7 is the most suitable condition for the 

adsorption of Bi2O2CO3. In photocatalytic tests, Bi2O2CO3 had the highest and lowest efficiencies of 64.19% (pH 5) 

and 17.59% (pH 2), respectively, under UV irradiation for 300 min.  
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1. Introduction 

Industries, such as: textiles and dyeing, cos-

metics, plastics, paints, printing, and tanning, 

usually produced large quantities of colored 

wastewater caused by persistent organic mat-

ters. The presence of these dye compounds in 

the aquatic environment hinders the penetra-

* Corresponding Author. 

   Email: ntthanh@agu.edu.vn (T.T. Nguyen);

 nnhuy@hcmut.edu.vn (N.H. Nguyen); 

Received: 7th January 2022; Revised: 13th March 2022; Accepted: 14th March 2022 

Available online: 21st March 2022; Published regularly: June 2022 

tion of light and affects aquatic animals and 

plants [1]. Furthermore, dyes are recalcitrant, 

colorants, stable, and even potentially carcino-

genic and toxic [2]. Therefore, these wastewater 

and dye compounds are of concern and it is nec-

essary to treat them before being discharged in-

to the environment to protect the environment 

as well as human health. 

Textile dyeing wastewater was treated by 

many different methods such as chemical oxida-

tion, precipitation, biological activated sludge, 

https://creativecommons.org/licenses/by-sa/4.0
https://doi.org/10.9767/bcrec.17.2.13370.331-339
https://bcrec.id
http://crossmark.crossref.org/dialog/?doi=10.9767/bcrec.17.2.13370.331-339&domain=pdf


 

Bulletin of Chemical Reaction Engineering & Catalysis, 17 (2), 2022, 332 

Copyright © 2022, ISSN 1978-2993 

filtration, ozonation, reverse osmosis, or cataly-

sis to remove different pollutant types in 

wastewater [3]. Among them, photocatalysts 

are developed and increasingly used for practi-

cal applications in the treatment of air pollu-

tion and water pollution [4]. Some photocata-

lytic nanomaterials are capable of treating and 

degrading dyes, such as TiO2 and its modified 

forms [5–8], ZnO [9–11], and β-Bi2O3/Bi2O2CO3 

[12]. Among them, the Bi2O2CO3 emerges as a 

new and effective material for adsorption and 

photocatalytic application. Depending on the 

preparation method, nanomaterials have differ-

ent physical, chemical, and photocatalytic prop-

erties [13]. Besides, the photocatalytic efficien-

cy of the materials is affected by environmental 

conditions such as temperature, pH, concentra-

tion, exposure time, and light intensity [8]. In 

particular, the pH value greatly affects the 

treatment efficiency of a photocatalytic process 

because the ions to be treated will transform 

into different forms and the material properties 

are also affected when the pH changes [14]. 

However, there has not been a report about the 

pH effect on the abilities of adsorption and pho-

tocatalysis of MB using Bi2O2CO3 nanoplates. 

Therefore, this study aims to examine the 

effect of pH on the color treatment in textile 

dyeing wastewater using photocatalyst. Specifi-

cally, the ability to remove methyl blue in the 

solution at different pH levels using Bi2O2CO3 

material was evaluated via both adsorption and 

photocatalysis. The mechanisms for adsorption 

and photocatalytic degradation of MB using 

Bi2O2CO3 material were also proposed. 

 

2. Materials and Methods 

2.1 Materials 

Lab-grade chemicals such as bismuth ni-

trate pentahydrate (Bi(NO3)3.5H2O), hydrochlo-

ric acid (HCl), sodium hydroxide (NaOH), 

cetyltrimethylammonium bromide (CTAB, 

[(C16H33)N(CH3)3]Br), sodium carbonate 

(Na2CO3), nitric acid (HNO3), and methylene 

blue (MB, C16H18ClN3S) were from China. Po-

tassium bromide (KBr) for FTIR analysis was 

from Germany. Deionized water used in the ex-

periments was from a local water machine in 

the laboratory. 

 

2.2 Synthesis and Characterization of 

Bi2O2CO3 Materials 

Bi2O2CO3 nanomaterial was prepared by hy-

drothermal method [15]. Firstly, 4.85 g 

Bi(NO3)3.5H2O was added and stirred in 10 mL 

of HNO3 solution in a beaker for 30 min. The 

solution was then dropped slowly into a 90 mL 

solution containing 8.45 g of Na2CO3 and 1 g of 

CTAB under continuous stirring conditions. Af-

ter 10 min of stirring, the material was filtered 

and washed several times with deionized water 

and alcohol before being dried at 60 °C for 4 h 

to obtain the Bi2O2CO3 powder. 

The surface morphology and elemental com-

position of Bi2O2CO3 were studied by scanning 

electron microscopy (SEM-EDX, JCM-7000, 

JEOL, Japan). The crystalline structure was 

determined by X-ray diffraction (XRD, AERIS, 

Malvern Panalytical, The Netherlands) while 

the surface chemistry was examined by Fourier 

transform infrared spectroscopy (FTIR, Alpha, 

Bruker, Germany). The thermal stability and 

phase transformation of Bi2O2CO3 were investi-

gated by thermogravimetric analysis (TGA, 

model Q500, TA Instruments, USA). The sur-

face area was measured by the Brunauer-

Emmett-Teller method (BET Sorptometer, 

model BET-202A, Porous Materials, USA). The 

ultraviolet-visible light (UV-Vis) absorption of 

the material was measured by using a spectro-

photometer (Cary 5000, Agilent, USA) and the 

bandgap was determined following our previ-

ous study [16]. 

The experiment to determine the isoelectric 

point (point of zero charge, pHpzc) of Bi2O2CO3 

was carried out as follows: 0.2 g of Bi2O2CO3 

was added to 50 mL of 0.1 M KCl 0.01 N in ten 

plastic beakers. The initial pH value (pH0) was 

adjusted to 2–11 by  0.1 M HCl and 0.1 M 

NaOH and controlled by using a pH meter (Lab 

850, SI Analytics, Germany). These solutions 

were shaken for 24 h and then measured the fi-

nal pH value (pHf). The isoelectric point of a 

material is the pH value that does not change 

or change very little from the initial value of 

the KCl solution. A graph showing the depend-

ence of the difference between the initial and 

final pH values (∆pH = pH0 – pHf) on pH0 was 

plotted and the point of intersection with the 

horizontal axis gives us the pHpzc value to be 

determined [17]. 

 

2.3 Adsorption and Photocatalysis Experi-

ments   

In adsorption tests, MB solutions with a vol-

ume of 50 mL and concentration of 20 mg/L 

were prepared and adjusted at different pH 

values using 0.1 M NaOH or 0.1 M HCl solu-

tions. After that, 30 mg of Bi2O2CO3 was added 

into the solution under magnetic stirring and 

let in the dark condition for 60 min of adsorp-

tion. The mixture was then centrifuged and the 

supernatant was taken for dye concentration 
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measurement a maximum absorbance peak of 

λmax = 664 nm [18]. Ultraviolet and visible spec-

troscopy methods were used to determine the 

content of dyes in aqueous solutions and were 

performed on a UV–Vis spectrometer recorded 

on a SPECORD 210 UV-Visible Spectrophotom-

eter (SPECORD 210, Analytik Jena, Germany). 

The solid material and the supernatant were 

then added back into the beaker and stirred in 

the dark condition for further photocatalytic 

tests. The UV light (7 W, λ = 350 nm) was then 

turned on for photocatalytic degradation of dye 

in the solution under continuous stirring and 

the MB concentration was measured at every 

30 min of reaction.  

The concentrations before and after degra-

dation of MB were determined according to the 

equation: 
 

(1) 
 

where, Abs is the absorbance of MB at the 

wavelength of λmax = 664 nm and C is the con-

centration of MB. The photocatalytic degrada-

tion efficiency (η%) is calculated as follows: 

 

(2) 

 

where, C0 is the initial MB concentration and 

Ct is the concentration after UV light irradia-

tion. 

3. Results and Discussion 

3.1 Characterization of Bi2O2CO3 

As displayed in Figure 1(a) and 1(b), the 

synthesized Bi2O2CO3 material consists of 

many flowerlike hierarchical microspheres 

with many petals fused together, which is simi-

lar to the study of Huang et al. [19]. SEM im-

ages with higher magnification in Figure 1(c) 

and 1(d) provide more detailed information 

about the microstructure, showing more porosi-

ty between them. This results in a high surface 

area of 38.3 m2/g (BET result) for both adsorp-

tion and photocatalysis. As the surface area is 

larger and a more porous structure is present, 

the inner space of the hierarchical structures is 

more useful and facilitates the contact and in-

teraction with the pollutants. The material 

Bi2O2CO3 synthesized in this study has a larg-

er surface area than Bi2O2CO3 flower (24.43 

m2/g [20]) and Bi2O2CO3 nanomaterial (33.2 

m2/g [21]) (Table 1). The large surface area of 

the material is also a favorable condition for 

light absorption, increasing the efficiency of the 

photocatalysis process to decompose the pollu-

tants. The EDX result in Figure 2(a) shows an 

elemental composition of C, O, Al, and Bi with 

weight ratios of 24.2, 22.8, 4.2, and 48.8%, re-

spectively, where Bi accounts for nearly 50%. 

Figure 1. SEM images of synthesized Bi2O2CO3 with different resolutions: (a) 5000x, (b) 10000x, (c) 

30000x, and (d) 100000x magnification 

(a) (b) 

(c) (d) 

6.98 1.11C Abs=  −

0

0

% 100tC C

C


−
= 
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(a) 

(c) 

(e) 

(b) 

(d) 

(f) 

Figure 2. (a) EDX, (b) XRD, (c) FTIR, (d) TGA, (e) pHzpc, and (f) UV-Vis absorption results of the syn-

thesized  Bi2O2CO3. 

Material BET (m2/g) Crystallite size (nm) Reference 

Flower-like Bi2O2CO3 20.43 - [20] 

Sponge-like porous sphere Bi2O2CO3 50.60 - [20] 

Plate-like Bi2O2CO3 4.30 - [20] 

Sponge-like Bi2O2CO3 33.2 - [21] 

Egg-tart shaped Bi2O2CO3 40.8 - [21] 

Microspheres 22.86 30.2 [30] 

Grinded microspheres 17.27 21.4 [30] 

Bi2O2CO3 microspheres 38.3 11.08 This study 

Table 1. Comparison of BET and XRD results with previous publications. 
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As plotted in Figure 2(b), the XRD spectrum 

of the sample shows the appearance of a peak 

at 13.6°, 24.9°, 29.1°, 33.6°, 39.6°, 42.3°, 47.0°, 

54.1°, 57.0°, and 63.1°, corresponding to planes 

of (002), (011), (013), (110), (006), (114), (020), 

(121), (123), and (206) (JCPDS Card No. 41-

1488). The narrow peaks with high intensity at 

(013) and (110) are characteristic peaks of 

Bi2O2CO3, showing that the photocatalytic ma-

terial is successfully synthesized with good 

crystallinity. Moreover, the peak at (110) has a 

higher intensity than that at (013), indicating 

the anisotropic crystal growth along the (110) 

plane of the Bi2O2CO3 flower-like microspheres 

[22]. The average crystal size calculated by the 

Debye-Scherrer equation from the (110) plane 

is 11.08 nm [23] and the comparison with other 

Bi2O2CO3 is also provided in Table 1. 

In the FTIR spectrum (Figure 2(c)), the peak 

at 541 cm−1 of the ionic carbonate is the charac-

teristic peak of Bi2O2CO3 nanomaterial. The 

peaks at 1384 and 1468 cm−1 are the stretching 

vibrations of C=O [19]. The bands at 541 and 

851 cm−1 were assigned to the stretching vibra-

tion of Bi−O [24], while the wide band at 3442 

cm−1 and peak at 1640 cm−1 are the stretching 

and deformation vibrations of OH− groups in 

physically absorbed water molecules [25]. 

Overall, the results showed that no impurities 

(e.g. NO3
−) were detected, which could confirm 

the purity of Bi2O2CO3 nanomaterial. 

Figure 2(d) shows the thermal stability, 

phase transformation, and composition change 

of Bi2O2CO3 from 35 to 750 °C with a mass loss 

of 32%. There was a lightly loss in the mass of 

the sample at about 5% in the temperature 

range of 35–200 °C due to dehydration (e.g. 

moisture release). From 250 to 300 °C, the 

mass of Bi2O2CO3 changed significantly with a 

mass loss of 9.5%, corresponding to the trans-

formation reaction of Bi2O2CO3 → Bi2O2 + CO2 

[26]. 

The isoelectric point of Bi2O2CO3 (pHpzc) 

was determined at 5.5 (Figure 2(e)) and it is an 

important parameter to determine the surface 

charge of the material under different solution 

pH. The UV-Vis absorption of the Bi2O2CO3 

material is presented in Figure 2(f), showing 

Figure 3. MB removal by (a) adsorption and (b) photocatalysis and the comparison of (c) pH effect on 

adsorption and photocatalysis and (d) effect of different processes. 
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that Bi2O2CO3 is a good photocatalytic material 

in both UV and visible light irradiation with a 

calculated bandgap of 3.0 eV [16].  

 

3.2 Adsorption of MB onto Bi2O2CO3 Material 

The adsorption of MB onto Bi2O2CO3 is af-

fected by the pH value of the MB solution, as 

demonstrated in Figure 3(a). The solution at 

pH 6 and pH 7 has higher adsorption capacities 

than those at the remaining pH values. Since 

the isoelectric point of Bi2O2CO3 (pHpzc) was 

determined at 5. At pH <5.5, the positively 

charged surface of the material reduces its in-

teraction with MB cations, resulting in low ad-

sorption efficiency at pH ranges below 5 and es-

pecially the lowest efficiency at pH 2. This 

could also be because of the competition of H+ 

ions with MB cations in solution from pH ad-

justment with HCl. When pH >5.5, the nega-

tively charged surface of the material supports 

its interaction with MB cations, so the efficien-

cy increases significantly. But when the pH 

value is too high (e.g., pH 11 and 12), the excess 

of OH− anion inhibits the interaction between 

the material surface and MB. In brief, the solu-

tion pH greatly affects the MB adsorption ca-

pacity of Bi2O2CO3 material. 

The MB degradation by photocatalysis using 

Bi2O2CO3 during 6 h at different pH values is 

presented in Figure 3(b). The Langmuir-

Hinshelwood kinetic was applied to describe 

the photocatalytic degradation of MB [27,28] 

with k (1/min) being the pseudo-first-order rate 

constant. Table 1 lists the pseudo-first-order 

rate constant determined from the slope of a 

plot of ln(C0/Ct) versus t. 

 

(3) 

 

As compared in Figure 3(c), the degradation 

of MB by Bi2O2CO3 reached the highest effi-

ciency at pH 5. The rate of photocatalytic deg-

radation k at different pH ranges was signifi-

cantly different, of which the highest at pH 4 

was 2.6×10−3 min−1 (Table 1). The results in 

Table 2 and Figure 3(c) showed that the MB 

adsorption efficiency at neutral pH was better 

than those at other pH values. In addition, 

acidic solutions are more effective than alka-

line solutions for photocatalytic decomposition, 

which can be explained by the H+ ion generat-

ed from photocatalysis, as illustrated in Equa-

tion (6) and Figure 4. With a large surface area 

and high pore volume, the adsorption sites in-

side or on the surface of the material are avail-

able to adsorb dye molecules in the solution. 

Once excited by ultraviolet light, electron-hole 

pairs are formed when electrons (e−) are excited 

and enter the conduction band, leaving holes 

(h+) in the valence band (Equation (4)). The 

photoexcited electrons and holes then migrate 

onto the Bi2O2CO3 surface, where e− reduces 

oxygen to form oxygen radicals (*O2
−, Equation 

(5)) while h+ oxidizes water to form hydroxyl 

radicals (*OH, Equation (6)), which then effec-

tively degrade the MB in water (Equations (7) 

and (8)). 

 

Bi2O2CO3  + hv  → h+   +  e− (4) 

O2 + e−  → *O2
− (5) 

H2O + h+  → *OH + H+ (6) 

MB + *O2
−  → CO2 + H2O (7) 

MB + *OH  → CO2 + H2O (8) 

 

The comparisons of the MB removal effi-

ciency by adsorption (by Bi2O2CO3 and activat-

ed carbon) and photocatalysis under light irra-

diation (visible light and UV light) are shown 

in Figure 3(d). Results showed that Bi2O2CO3 

material has a lower MB adsorption efficiency 

pH k (10−3/min) R2 

2 0.7 0.9750 

3 1.9 0.9835 

4 2.6 0.9875 

5 1.8 0.9071 

6 1.6 0.9928 

7 1.3 0.9801 

8 1.4 0.9915 

9 1.1 0.9897 

10 1.1 0.9833 

11 1.1 0.9933 

12 0.5 0.9922 

Table 2. Rate constants for photocatalytic deg-

radation of MB using Bi2O2CO3. 

Figure 4. Proposed mechanism of MB adsorp-

tion and photocatalytic degradation using 

Bi2O2CO3. 

0ln
t

C
kt

C

 
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than activated carbon (i.e. 30% vs. 40%). How-

ever, after a period of exposure to light, the MB 

removal efficiency by activated carbon re-

mained unchanged, while that by Bi2O2CO3 in-

creased significantly. Moreover, the efficiency 

increased by about 40% under visible light and 

about 60% under UV light. The adsorption ca-

pacity of activated carbon was higher because 

it has a large surface area of about 180.5 m2/g 

[29] as compared to 38.3 m2/g for Bi2O2CO3. 

The photocatalytic removal of MB under UV 

light was higher than that of visible light. This 

can be explained by the bandgap of the 

Bi2O2CO3 is 3.0 eV, thus it can not effectively 

utilize the whole range of visible light for the 

photocatalytic process. 

The effects of solution temperature and ini-

tial MB concentration on its photocatalytic re-

moval are shown in Figure 5. As seen in Figure 

5(a), the MB removal efficiency is proportional 

to the temperature. The treatment efficiency at 

40 °C was quite high at more than 75% while 

those at  20 and 30 °C were only around 55%. 

This is possible because the intrinsic photocata-

lytic reaction rate increases at a higher temper-

ature, and also the molecules of MB become 

more mobile, facilitating the ability to contact 

with Bi2O2CO3 surface. As seen in Figure 5(b), 

the MB decomposition efficiency was inversely 

proportional to the increase in MB concentra-

tion. This may be because the increased con-

centration of MB corresponds to the increase in 

color in the water, thereby affecting the trans-

mission of light to the surface of Bi2O2CO3 ma-

terial. Also, more MB needs more hydroxyl rad-

icals for the degradation. Also, under a fixed 

amount of Bi2O2CO3 and light intensity, more 

MB needs more time to be degraded. It can be 

seen that the MB removal efficiency decreases 

nearly halved from more than 80% to about 

40% when the MB concentration increased 

from 5 to 30 mg/L. 

 

4. Conclusions 

This study successfully synthesized and 

characterized Bi2O2CO3 photocatalyst material 

by facile hydrothermal method. In the MB re-

moval test, the solution pH had a great influ-

ence on the adsorption capacity as well as the 

photocatalytic removal efficiency. The adsorp-

tion was highest at pH 6 and 7 with the ad-

sorption efficiency of more than 29.7% after 60 

min while the photocatalytic degradation was 

highest at pH 5 with an efficiency of 64.19% 

under UV light after 300 min. 
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