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Abstract: Industrial dye-contaminated wastewater, predominantly originating from textile and related industries, 

poses a significant threat to ecosystems and human health. Rhodamine B (RhB), a water-soluble xanthene-based 

dye, is particularly concerning due to its potential carcinogenicity and environmental persistence. In this study, 

Bi₂MoO₆ (BMO), a layered Aurivillius phase oxide, was structurally and surface-modified via iodine doping to 

enhance its adsorption capacity for RhB. Comprehensive characterization using FTIR, XRD, XPS, SEM, and BET 

analyses confirmed successful incorporation of iodine, formation of BiOI phases, and substantial morphological 

evolution from dense nanospheres to nanoflower-like architectures with thinner nanosheets. BET measurements 

revealed an increased specific surface area (68.6 m²/g for 2% I-doped BMO vs. 41.9 m²/g for pristine BMO), 

indicative of an enhanced density of surface-active sites. Adsorption experiments demonstrated that 2% I-doped 

BMO exhibited a nearly tenfold increase in RhB uptake compared to the undoped material. Kinetic and isotherm 

modeling indicated pseudo-second-order kinetics and monolayer Langmuir-type adsorption behavior, with a 

maximum capacity of 68.83 mg/g at 25 °C and pH 4.8. These findings highlight the pivotal role of structural and 

surface modifications in optimizing BMO-based adsorbents for efficient dye removal from aqueous systems. 
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I. Introduction 

The growth of population and industrialization has significantly impacted water pollution, making it 

increasingly challenging to manage [1-2]. Over the past decade, synthetic dyes have become crucial in fabric 

production, coatings, and pigments, with a competitive market offering various types [1-2]. The substantial 

discharge of toxic organic dyes by industries such as printing, textiles, leather, and papermaking poses serious 

threats to human health and the environment [3]. Rhodamine B (RhB), a widely used organic dye in the industry, 

is particularly problematic due to its high photothermal stability, making it difficult to degrade and control [4-

6]. Developing effective techniques for dye removal from polluted water is crucial. Methods such as adsorption, 

photocatalysis, and chemical treatments are employed [7-13]. Adsorption, in particular, is recognized as a low-

cost and rapid method for effectively removing organic dyes, gaining widespread use in water treatment over 

the past decade. A key challenge is identifying adsorbents with high performance and good reusability [14-16]. 

Beyond dyes, the release of untreated wastewater containing other pollutants, like antibiotics used in medicines 

and chemical therapies, also causes significant environmental pollution [17-20]. Wastewater often contains 

organic pollutants such as acid red, methylene blue, or RhB from printing industries. While various techniques 
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have been explored to degrade organic pollutants, many face limitations for industrial application. Consequently, 

adsorption methods for dye removal have attracted significant attention. Among the materials investigated, Bi-

based semiconductors (e.g., Bi2WO6, Bi2MoO6, BiVO4, Bi2O2CO3, BiOX) have shown extensive study and high 

adsorption activity, particularly for RhB [21]. There are many methods for removal of pollutants from the 

environment waters, these can be classified as biological and physical purification (figure 1) gives a detailed 

explanation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Methods generally in use for removal of pollutants [22]. 

 

Adsorption is a highly favored technique for removing dyes from wastewater due to its economic viability, 

operational flexibility, and the absence of harmful byproduct generation, contrasting with some chemical 

treatments that can produce foul odors or expensive waste [22-29]. Biological methods, while effective for some 

pollutants, can be time-consuming; for instance, mixed bacteria decolorization may require 20-30 hours [41]. 

Physical methods like ion exchange might be ineffective for certain dyes, and processes such as electrokinetic 

coagulation can generate significant sludge volumes. Adsorption, however, offers a relatively rapid, efficient, 

and straightforward approach for eliminating a wide range of contaminants, including dyes and heavy metals 

[22-29, 45]. The concept of adsorption is ancient, with the Egyptians reportedly using charcoal around 1550 BC 

to adsorb odorous vapors from wounds and intestines [30]. The scientific understanding of adsorption advanced 

significantly in the 20th century with the development of isotherm models by Freundlich and Langmuir [31]. The 

invention of electron microscopy in 1935 further enabled detailed characterization and quality control of 

adsorbent materials [32-33]. The effectiveness of an adsorption process heavily depends on the characteristics 

of the adsorbent used. Key properties influencing contaminant removal include specific surface area, overall 

surface area, pore volume, pore size distribution, and particle/grain size [34]. These parameters directly impact 

the adsorbent's capacity and the efficiency of the removal process. Various types of adsorbents have been 

investigated for dye removal. Zeolites, naturally occurring or synthetically produced microporous 

aluminosilicates with a negative charge, are common. For example, 3A zeolite has demonstrated the ability to 

remove up to 90% of pollutants like Rhodamine B (RhB) from wastewater [35, 46]. Alumina (Al2O3), a porous 

crystalline material with a surface area typically between 200-300 m²/g, is effective for removing dispersed dyes 

[36]. Activated carbon, derived from sources like coconut shells, lignite, or coal, is perhaps the most well-known 

adsorbent. Despite its high effectiveness, its cost can be prohibitive for large-scale applications [37-38]. Natural, 

low-cost adsorbents derived from agricultural waste, such as mango peels, litchi pericarps, and jackfruit peels, 

are also being explored as economical alternatives [40]. Used adsorbents often require regeneration, achievable 
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through methods like electrochemical treatment, thermal treatment, chemical treatment, or ultrasonication 

[39]. 

The discharge of dye-laden effluents is a major environmental concern. Industries such as textiles, 

printing, leather, plastics, paper, and cosmetics are significant producers. The textile industry, in particular, is a 

major contributor, using approximately 100 liters of water to process 1 kg of textile material [42]. A substantial 

portion of dyes (ranging from 2% for basic dyes to 50% for reactive dyes) does not bind to the fabric and ends 

up in wastewater [42]. Globally, it's estimated that around 280,000 tons of textile dyes are released into the 

environment annually [42, 49]. These effluents are visually apparent due to their intense coloration, which not 

only impacts aesthetics but also blocks sunlight penetration, disrupting aquatic ecosystems [42, 45]. Even at low 

concentrations (as low as 1 mg/L), dyes pose threats to aquatic life and plant growth [42, 45]. Synthetic dyes, 

particularly azo dyes (the largest group of synthetic colorants), are problematic due to their complex molecular 

structures and inherent stability against oxidation, light, and biodegradation [42, 43, 47, 49]. This stability makes 

them resistant to conventional degradation methods. Many dyes, or their degradation byproducts, exhibit toxic, 

mutagenic, carcinogenic, or teratogenic properties [42, 45, 47]. Aromatic amines, potential degradation 

products of azo dyes, are particularly concerning [42]. The presence of dyes in water bodies increases 

Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD), further depleting oxygen levels 

essential for aquatic life [42, 45]. Consequently, finding cost-effective and efficient treatment methods for dye-

containing wastewater is imperative to mitigate environmental pollution and health risks [44]. Numerous 

treatment technologies exist for dye removal, including physicochemical methods (coagulation/flocculation, 

chemical oxidation, precipitation, filtration, electrolysis, photodegradation, membrane filtration, ion exchange) 

and biological methods (using microorganisms or biomass) [42, 45]. Traditional methods like sedimentation, 

chemical coagulation, and aeration have limitations, such as generating toxic sludge, high energy consumption, 

or requiring large treatment areas [40]. Adsorption stands out among these options due to its generally lower 

cost, simpler design and operation, rapid kinetics, and high effectiveness, especially for treating effluents 

containing recalcitrant pollutants [22-29, 40, 45]. The efficiency of adsorption is largely determined by the 

adsorbent's ability to capture the target pollutants. While biological treatment using living biomass can be 

effective for certain dyes, it is not universally applicable to all dye types [41, 47]. The complexity and stability of 

many synthetic dyes hinder their breakdown through biological pathways. In contrast, adsorption does not rely 

on biological degradation and can effectively remove a broad spectrum of dye molecules based on physical and 

chemical interactions with the adsorbent surface. This versatility, combined with its operational advantages, 

makes adsorption a widely investigated and applied technique for dye wastewater treatment [22-29, 45, 46]. 

Research continues to explore and develop more efficient adsorption processes. The emergence of 

nanoscience and nanotechnology has opened new avenues, with nanomaterials offering potentially large 

specific surface areas and unique properties that can enhance adsorption capacity and efficiency for dyes [48]. 

This ongoing research aims to address the challenges posed by the vast quantity and diverse chemical nature of 

dyes released into the environment, estimated at around 7 x 10⁵ metric tons annually worldwide [42, 49]. Given 

these factors, adsorption remains a crucial and actively developed technology for the sustainable treatment of 

dye-contaminated industrial wastewater before its safe discharge into the environment. 

 

II. Materials and methods 

1.1. Materials 

All the materials, including sodium molybdate dihydrate (Na2MoO4-2H2O), Bismuth (III) nitrate, Bi (NO3)3·5H2O), 

ethylene glycol (C2H6O2), ethyl alcohol absolute (C2H5OH), Potassium iodide (KI), RhB (C28H31ClN 2O3) were of 

analytical grade. Pure water was well used in this study. 

 

1.2. Synthesis of Bi2MoO6 

All selected samples were purchased from Shangdong Honrel Company limited. Preparation of Bismuth 

molybdenum oxide: A concentration of (0.325 mmol, 0.0786g) Na2MoO4.2H20 was completely dissolved in a 

concentration of 6ml ethylene glycol, (0.65 mmol, 0.3153g) concentration of Bi(NO3)3·5H2O was dissolved in a 
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concentration of 6 ml of ethylene glycol and was doped wisely into Na2MoO4·2H2O solution, the experiment was 

allowed to stir for 30 minutes. A concentration of 30 ml of absolute ethanol was added, which was allowed to 

stir at room temperature for 2 hours; the mixture was transferred to an autoclave lined with Teflon and aged at 

160 °C for 24 hours. Then the material was washed several times with distilled water and absolute ethanol and 

dried in the oven at 55°C for 12hours, and ground well for further use [83]. 

 

1.3.  Synthesis of I-doped BMO 

All selected samples for this synthesis were purchased from Shangdong Honrel Company limited. Preparation of 

KI: A concentration of 0.325 mmol, 0.0786g of Na2MoO4·2H2O was dissolved in 6 ml of ethylene glycol. A 

concentration of 0.65 mmol, 0.3153 g of Bi(NO3)3·5H2O was dissolved in 6 ml of ethylene glycol and dropped 

wisely into Na2MoO4·2H2O solution and allowed to stir for 30minutes. A concentration 30 ml of absolute 

ethanol was added with different concentration of KI was doped in the mixture, when I : Mo = 0.1, I : Mo = 0.2, 

I : Mo =  0.4, I : Mo = 0.6, I : Mo = 0.8, I : Mo = 1.0, I : Mo = 1.6, I : Mo = 2.0, I : Mo = 2.6, I : Mo =  3.0  were 

prepared respectively and stirred at room temperature for 2 hours, Then the mixture was transferred to a 50mL 

autoclave and reacted 160 °C for 24 hours. After naturally cooling at room temperature, Then the material was 

washed several times with distilled water and absolute ethanol and dried in the oven at 55 °C for 12hours, and 

ground well for further use. 

 

1.4. Characterization of BMO adsorbents 

The synthesized samples were examined by Fourier transform infrared spectroscopy (FTIR, Nicolet iS5) operated 

on a spectrometer from 4000-400 cm−1, at a resolution of 2 cm−1 with 70 scans averaging five spectra using KBr 

pellets (forms a translucent sheet in the infrared region and allows a 100% communication window in the range 

of wave number through the samples) [84]. The synthesized samples were examined by X-ray diffraction analysis 

which was recorded on a D8 Advance with Cu Kα as a radiation source ranging from 1-80°. The X-ray was applied 

to examine the morphologies of the synthesized samples [85]. The surface composition of the samples was 

analyzed by X-ray photoelectron spectroscopy (XPS, EscaLab Xi+, ThermoFisher, USA) with Al Ka radiation. The 

chemical and electronic states of the atoms within the synthesized material, as well as the elemental 

composition, were analyzed. The XPS spectrum is obtained by irradiating a solid surface with an X-ray beam and 

measuring the kinetic energy of the electrons emitted from the top 1-10 nm of the material. The photoelectron 

spectrum is recorded by counting the emitted electrons over a range of kinetic energy. The energy and intensity 

of the photoelectron peak enable the identification and quantification of all surface elements [86]. The 

morphology of the synthesized samples was examined by scanning electron microscopy (SEM) using a TESCAN 

MIRA LMS field. It was used to detect the sample section at an acceleration voltage of 15 Kv. [87]. 

 

1.5. Adsorption studies for BMO 

Adsorption studies were conducted in the dark to prevent the degradation of RhB. In these experiments, 20 mg 

of Bi₂MoO₆ was continuously dispersed into 50 mL of RhB solution with concentrations ranging from 10 to 300 

mg/L. The mixture was then vigorously stirred using a magnetic stirrer for 3 hours at room temperature and 

subsequently centrifuged at 10,000 rpm for 3 minutes. Finally, the collected samples were transferred into a 

microcell for the determination of RhB concentration at 554 nm using UV-Vi’s spectrophotometry. 

 

1.6. Adsorption studies for I-doped BMO 

Adsorption studies were carried out in the dark to prevent the degradation of RhB. In these experiments, 20 mg 

of I-doped BMO was continuously dispersed into 50 mL of RhB solution with concentrations ranging from 10 to 

300 mg/L. The resulting mixture was stirred for 3 hours using a magnetic stirrer under different temperature 

conditions (25 °C, 35 °C, and 45 °C), followed by centrifugation at 10,000 rpm for 3 minutes. Finally, the collected 

samples were transferred into a microcell for the determination of RhB concentration at 554 nm using UV-Vi’s 

spectrophotometry [89]. 
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III. Result and Discussion 

1.7. Fourier Transform Infrared (FTIR) spectroscopy Analysis 

The fourier transform infrared spectroscopy (FTIR) spectra of the synthesized samples are shown in Figure 2. 

The broad band at (3200-3600 cm-1) and (1500-1650 cm-1) are attributed to O-H group of the adsorbed water 

molecules on the surface [90]. The peaks in the range of 1000-1500 cm-1 are corresponded to C=O and C-O 

stretching in CO2 impurities on the surface of catalysts [91]. The peak located at 439 cm-1 is assigned to be the 

Bi-O vibration [92]. The two characteristic bands at 565 and 728 cm-1 are corresponded to the bending and 

asymmetric stretching of Mo-O in MoO6 octahedrons which could be related to the equatorial oxygen atoms 

[93]. The peaks at 794 and 841 cm-1 are also originated from the asymmetric and symmetric stretching modes 

of the apical oxygen atoms in MoO6 [94]. 

 

 
Figure 2. FTIR of BMO, BOI1-BMO, BOI2-BMO and BOI3-BMO 

 

1.8. XRD characterization 

The XRD patterns for the synthesized samples were recorded and shown in Figure 3. For the pure BMO, the 

diffraction peaks observed at 2θ = 28.3°, 32.5°, 46.7°, 55.44°, and 58.4° were assigned to the 131, 002, 202, 331, 

and 262 crystal planes of orthorhombic Bi2MoO6 (JCPDS no. 76-2388). When the ratio of I : Mo = 1, no other 

miscellaneous peaks are found. This may be due to the low doping amount of I. When the ratio increases to 2, 

there is an extra peak at 31.7. When the ratio is 3, more peaks appear at 31.7°, 45.5° and 51.5°. These peaks 

correspond to tetragonal BiOI (JCPDS no. 73-2062) [95]. 

 
Figure 3. XRD pattern of BMO, BOI1-BMO, BOI2-BMO and BOI3-BMO 

 

1.9.  XPS analysis 

Overall, XPS spectra of BMO and BOI2-BMO samples are shown in Figure 4. (a). Eight peaks corresponding to Bi 

5d5, Bi 4f, Mo3d, C 1s, Bi4d5, Bi4d3, O1s, and Bi4p3 were observed for both BMO and BOI2-BMO. I4d and I3d 

peaks appear for BOI2-BMO. The presence of C 1s peak has been attributed to contamination by base material 
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for calibration. As shown in figure 4. (d) two sets of Bi 4f spin-orbit doublet components are observed, including 

Bi 4f5/2 and Bi 4f7/2. The Bi 4f spectra can be decomposed into four peaks at 157.9, 159.7, 162.9 and 165.0 eV 

for BMO and 158.7, 159.5, 164.2 and 165.0 eV for BOI2-BMO. The peaks at 157.9, 162.9, 158.7 and 164.2 eV are 

assigned to the Bi 3+ species and the peaks at 159.7, 165.0, 159.5 and 165.0 eV are assigned to the Bi 5+ species. 

Furthermore, this indicates that the I doping had no effect on the chemical state of bismuth. From figure 4. (c), 

the Mo 3d XPS spectrum of BMO consists of two symmetrical peaks at 231.3 and 234 eV, corresponding to Mo 

3d 5/2 and Mo 3d 3/2, respectively. The Mo 3d XPS spectrum of BOI2-BMO is also composed of two symmetrical 

peaks at 232 and 235.5 eV, corresponding to Mo 3d 5/2 and Mo 3d 3/2, respectively. All peaks are characteristic 

of Mo 6+ species. The O 1s XPS spectra of BMO and BOI2-BMO samples are shown in Figure 4. (b). For O 1s XPS 

spectra, the asymmetric peek can be decomposed into two peak at 529.8 and 530.2 eV for BMO, 530 and 533.3 

eV for BOI2-BMO, and these peeks assigned to surface lattice oxygen (Olatt) and adsorbed oxygen (Oads ) 

species, respectively [96]. Bi/Mo molar ratio close to 2.0, Indicates that the BMO and BOI2-BMO samples are 

well proportioned. The surface Bi5+/Bi3+ and Oads /Olatt molar ratios increased after iodine doping, which helps 

to improve adsorption activity. 

 
 

Figure 4. XPS survey scans of (a) BMO and BOI2-BMO. High-resolution spectra of (b) O Is (c) Mo 3d (d) Bi 4f (e) I 

3d. 
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1.10. Morphology analysis 

The Scanning Electron Microscopy (SEM) of the synthesized pure BMO and I : Mo = 2.0 concentration of I-doped 

BMO are shown in Figure 5. The pure BMO is a self-assembled nanosphere composed of thick nanosheets (Figure 

5(a-b)). When doped with I, in Figure 5(c-d) the nanosheets become thinner and the nanospheres form 

nanoflowers. This structure provides a large number of adsorption binding sites to transport pollutants to the 

surface of the adsorbent, thus improving the adsorption performance [97-98]. 

 

 
 

Figure 5. SEM images of (a-b) BMO and (c-d) BOI2-BMO 

 

1.11.  Brunauer, Emmett and Teller (BET) Analysis 

The Brunauer Emmett and Teller (BET) surface area of pure BMO and I-doped BMO was determined by N2 

adsorption which are shown in (figure 6a. and 6b). The N2 adsorption curves was assigned as a type (IV) isotherm 

with a H3 hysteresis loop, indicating a mesoporous structure. This proves that I-doped Bi2MoO6 has largest 

surface area of 68.6 m2. g-1 which is much larger that pure BMO of value 41.9 m2. g-1. which also shows that I 

doped BMO has high adsorption performance. The large BET surface area provides more active sites to ensure 

easy adsorption of RhB and also facilitates the rapid transfer of adsorbate [99]. 

 
 

Figure 6. (a) Adsorption desorption curve and (b) pore size distribution curve of BMO and BOI2-BMO 
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1.12. Concentration of I-doped BMO  

I-doped BMO, concentration of I : Mo = 0.1, I : Mo = 0.2, I : Mo =  0.4, I : Mo = 0.6, I : Mo = 0.8, I : Mo = 1.0, I : 

Mo = 1.6, I : Mo = 2.0, I : Mo = 2.6, I : Mo = 3.0 were synthesized via hydrothermal method respectively, the I-

doped BMO samples exhibited much higher adsorption activity and I : Mo = 2.0 doped BMO (BOI2-BMO) shows 

the highest RhB adsorption rate, this was 10 times higher than pure BMO. 

 
Figure7. Effect of I doping concentration on adsorption of RhB 

 

1.13. Effect of adsorbent amount  

Results from different concentration of the absorbent 10 mg, 20 mg, 30 mg, 50 mg was investigated, all the 

different concentrations showed good absorption capacity but at 20 mg appears to have reached almost 95% 

RhB adsorption, The reason in this study, 20 mg was considered the best and used in all the characterization 

Technique tests that was carried out on the sample.  

 
 

Figure 8. Effect of concentration of BOI2-BMO on adsorption of 10 mg/L RhB 

 

1.14. Adsorption Kinetics 

The dye adsorption kinetics of the synthesized I-doped BMO was carried out in RhB concentration solution of 10 

mg/L. The RhB solution adsorption capacity of BOI2-BMO versus adsorption time is showed in figure (9). The 

kinetic data was accessed using pseudo-first-order and pseudo-second-order kinetics models aiming to further 

understand the mechanism of adsorption behavior, the adsorption kinetics studied by time change and 

concentration change shows that the adsorption data of BOI2-BMO follow the pseudo second-order kinetics 

[100]. The mathematical formulas of the two kinds of the models are shown below; 
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In (Q e - Q t) = ln Q e - k1 t                      (1) 

Where Qe and Q t (mg ∙ g-1) are the RhB adsorption amounts at equilibrium and at time. k1 is the rate constant 

(min-1) [101]. 

                        (2) 

Where k2 is the rate constant ( g ∙ mg-1 ∙ min-1). 

 

 
Figure 9 (a) Time-dependent adsorption behavior of 20 mg BOI2-BMO in 10 mg/L RhB, (b) pseudo-first-order 

kinetics plots of ln (Q e -Q t) vs. t and (c) pseudo-second-order kinetics plots of t/Q t vs. t. 

 

1.15. Effect of pH value 

The pH value is vital in affecting the adsorption capacity of BOI2-BMO because the pH value of the solution can 

change the existing forms of RhB molecules, the pH is adjusted by adding hydrochloric acid (0.1N) or sodium 

hydroxide (0.1N), due to the competition between H+ ions and molecules of RhB to occupy the adsorption sites. 

In this research, the effect of pH values ranging from 2 to 10 was tested and investigated by adding a substantial 

amount of B-R buffer solution, as shown in Figure 11. The figure below shows the adsorption capacities of 

different BOI2-BMO synthesized samples at different pH values; the highest adsorption capacity of all 

synthesized BOI2-BMO samples was obtained when the pH value was adjusted to 2. As the pH value of the 

synthesized solution is increased with values ranging from (2 to 10), the adsorption capacity decreases as well. 

This is due to the adsorption of RhB on BOI2-BMO being attributed to electrostatic interactions. Also, whiles the 

pH increases, the dissociation of BOI2-BMO is inhibited accordingly, which leads to a decrease in the RhB 

adsorption capacity [100]. 
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Figure 11. Adsorption capacities of BOI2-BMO for RhB at different pH values 

 

IV. Conclusion 

The novel I-doped BMO (I:Mo=2) synthesized during this project exhibited excellent adsorption capacity 

for RhB that was 10 times higher than unmodified BMO. I-doped BMO was characterized by FTIR, XRD, XPS, SEM, 

and BET. Results indicated, that while unmodified BMO formed self-assembled nanospheres composed of thick 

nanosheets, I-doped BMO was shaped into nanoflowers with thinner nanosheets. As confirmed by the BET 

experiment, the nanoflower structure provides a larger number of surface binding sites for organic pollutants, 

thus improving adsorption performance. FTIR and XRD spectroscopy confirmed the succesful synthesis of 

unmodified BMO and I-doped BMO. FTIR showed functional groups comprised into the BMO chemical structure. 

XRD for unmodified BMO, the exhibited diffraction peaks at 28.3°, 32.5°, 46.7°, 55.44°, and 58.4° assigned to the 

131, 002, 202, 331, and 262 crystal planes of orthorhombic BMO. When BMO was doped with large quantities 

of I, additional peaks appeared at 31.7°, 45.5°, and 51.5°. These peaks correspond to tetragonal BiOI. XPS survey 

spectra of BMO and BOI2-BMO samples had eight corresponding peaks corresponding to Bi 5d5, Bi 4f, Mo3d, C 

1s, Bi 4d5, Bi 4d3, O 1s, and Bi 4p3. I 4d and I 3d peaks appeared for BOI2-BMO. The O 1s XPS high-resolution 

spectra of BMO and BOI2-BMO showed two asymmetric peek at 529.8 and 530.2 eV for BMO and at 530.0 and 

533.3 eV for BOI2-BMO. These peaks were assigned to surface lattice oxygen (Olatt) and adsorbed oxygen (Oads) 

species, respectively. Interestingly, the Oads/Olatt as well as the the surface Bi5+/Bi3+ molar ratios increased 

after I doping, which facilitates adsorption activity. RhB adsorption by I-doped BMO was optimal at pH 2 and 

was consistent with the Langmuir isotherm adsorption model and the pseudo-second-order kinetics. The 

Langmuir isotherm adsorption model means this process belongs to monolayer adsorption. The pseudo-second-

order kinetics model assumes the adsorption process largely pertains to the chemisorption that the rate limiting 

stage related to the electrons sharing or exchange between I-doped BMO and RhB. In summary, I-dope BMO is 

a low-cost and environmentally-friendly adsorbent showing great potential for practical application in the field 

of water treatment.  
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