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A B S T R A C T  
 

 

Nano sized BaBiO3 is prepared through Pechini method and characterized by SEM, XRD, FTIR, DT-

TGA and UV DRS. The kinetic studies of adsorption and degradation phenomena involved in the 

photocatalytic degradation of Malachite Green dye using a batch reactor under visible light were 
investigated. Experiments were performed in a suspended BaBiO3 photocatalyst system. The effect of 

catalyst loading, solution pH and initial dye concentration on dye degradation is investigated. In 

addition, adsorption experiment is also performed which indicates that adsorption pattern follows 
Langmuir model. The decomposition of Malachite Green dye follows pseudo first order kinetics and 

the Langmuir-Hinshelwood mechanism is found to be valid. Different kinetic parameters for 

adsorption and photocatalytic degradation of dye are also determined. 
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INTRODUCTION1 

 
The industrial and textile wastewater is a considerable 

source of non-aesthetic pollution in the environment and 

can create dangerous byproducts through oxidation, 

hydrolysis or other chemical reactions that take place in 

the wastewater phase [1-2]. The presence of small 

amount of dyes is clearly visible and considerably 

influences the water ecosystem. 

Amongst the different pollutants from the textile 

industry, Malachite Green (MG) is the one of the main 

disastrous pollutant[3-4]. The use of this dye has been 

banned in several countries and is not approved by US 

Food and Drug Administration; it is still being used in 

many parts of the world due to its low cost, ready 

availability and efficacy [5]. 

MG degradation has been studied by various 

biological and physiochemical methods [6-7]. However, 

these treatment methods only provide separation of the 

dyes without any dye degradation, creating a waste 

disposal problem with the large quantities of sludge 

production. To resolve this problem, advanced oxidation 

processes based on heterogeneous catalysis techniques 
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are being used for the degradation of MG. In several 

studies TiO2 is used predominantly due to its low cost and 

non toxicity [8-9]. However, photochemical efficiency of 

TiO2 is limited to UV region only, due to its wide band 

gap [3.2eV]. Various modifications including cation and 

anion doping, coupling with semiconductors have been 

used to enhance photoabsorption ability of TiO2 in visible 

region[10-11]. These modified samples of TiO2 show 

good photocatalytic activity in visible region, but their 

activity is not high enough for practical application 

because of their less stability [12]. Also, sometimes these 

modifications may cause the distortion of band structure 

and these additional elements act as a scattering centre 

which further leads to decrease in photocatalytic activity 

[13]. Therefore, developing a visible light active 

photocatalytic material is essential for practical 

application of photocatalytic technology at wide range. 

The energy gap of perovskite [14-15] is usually less than 

3.0 eV hence it shows good photocatalytic activity in 

visible light region. Recently, Bismuth based visible light 

active perovskites such as LiBiO3[16], KBiO3 [16], 

AgBiO3 [17] are prepared by hydrothermal synthesis and 

solvent thermal synthesis respectively. In this paper, we 
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present a simple Pechini type [18] polymerizable 

complex route, based on polyesterification between citric 

acid and ethylene glycol that has been successfully used 

to synthesize several other compounds with perovskite 

structure [19-20]. Sol-Gel method is advantageous 

compared to other processing methods, as it allows 

control over size, calcinations temperature and also it 

provides chemically uniform powders. The prepared 

catalyst is characterized by XRD, SEM, UV-DRS, FTIR 

for structural determination. The photocatalytic activity 

of thus prepared sample has been evaluated via the 

degradation of MG dye in aqueous solution under visible 

irradiation. The initial rates of the reaction are calculated 

for various initial dye concentrations. The Langmuir-

Hinshelwood model [21-22] is found suitable for 

interpreting the initial rate data and for the development 

of a rate equation for degradation of MG dye. An 

adsorption study of BaBiO3 has also been discussed. 

 

MATERIAL AND METHODS 
 

Materials  

In this study all chemicals used are of analytical reagent 

grade. Barium nitrate, Bismuth nitrate, citric acid and 

ethylene glycol are purchased from Merck (India ). 

Malachite green is obtained from SDS Fine Chem. (P.) 

Ltd.(India). Deionised water purified with a milli-Q-

water ion exchange system (Millipore Co.) is used 

throughout the study. Chemical structure of malachite 

green dye is depicited below- 

 

 
Figure 1. Structure of Malachite Green dye 

 

Preparation of BaBiO3 perovskite 

BaBiO3perovskite is prepared by the sol-gel route 

[Pechini method][17]. Barium nitrate and bismuth nitrate 

are firstly dissolved in doubly distilled water and dil 

HNO3 respectively to get 1.0M solution each.These two 

are used as starting materials. Both the above solutions 

are mixed and then magnetically stirred to get a uniform 

solution. After addition of 1M citric acid [CA] to above 

solution stirring is performed up to 30 minutes followed 

by addition of ethylene glycol [EG]. Here, CA and EG 

are used as complexing agents. The molar ratio among 

Barium, Bismuth cations is 1:1. The CA/metal ratio is 

fixed at 4.0 while keeping the CA/EG ratio as 60/40.Thus 

obtained solution is transferred to a hot plate where it is 

heated upto 90oC resulting in the formation of brown 

resin. This resin is pulverised and then calcined at 850o C 

for 12 hours to obtain BaBiO3 Perovskite. 

 

Characterization 

Ex-star 6300 thermal analyzer is used to make 

thermogravimetric (TGA) and differential 

thermoanalytic (DTA) measurements in air flow (200 mL 

min-1) in the temperature range 31-900 oC with a heating 

rate of 5 oC min-1. The structural  characterization is done 

by X-ray diffraction using a X-ray diffractrometer 

[Siemens D500] equipped with a high intensity CuKα 

radiation, and operated at 45kV and 40mA accelerating 

voltage and the applied current, respectively. A scan rate 

of 5o min-1were used for 0-90o 2θ values. The 

morphology and particle size are analyzed using 

Scanning electron microscope [HitachiX650, Japan]. 

Fourier transform infrared (FTIR) [Spectrum 100, Perkin 

Elmer] is utilized to identify chemical bonds existed in 

the powder.UV-DRS spectrum is carried out using 

Schimadzu Lambda 900 Spectrophotometer. The 

spectrum is recorded at 240-800 nm wavelengths. 

 

Catalytic activity 
The adsorption experiments in dark are carried out in 

order to evaluate the equilibrium constant of adsorption. 

Stock solutions of the different initial dye concentration 

(C0) are prepared. A fixed amount of the adsorbent 

(0.1gram) is added to the 100 mL of above solution. The 

flasks are then agitated simultaneously for 2h at room 

temperature. The suspension is centrifuged in order to 

remove BaBiO3 catalyst. The amount of adsorbate uptake 

qe (mgg-1) can be calculated as- 

 

qe=(C0-Ce) V/ W × 100     (1) 

 

where C0 is the initial adsorbate concentration (mgL-1); 

Ceis the equilibrium concentration in solute on (mgL-1); 

V is the volume of solution (L);W is the mass of the 

adsorbent (g); and qe is the amount adsorbed(mgg-1). 

The visible light irradiation experiments are carried 

out in an indigenously prepared immersion type 

photocatalytic reactor. A 500W Xe arc lamp 

(intensity=137 mWcm-2) is used as a visible light source. 

This lamp is placed in a quartz tube which is sealed from 

one side. This tube is then immersed in a cylindrical 

borosilicate reactor (capacity 1 L). In this,mixture of 

catalyst and dye solution are taken following which the 

mixture is placed in a water bath circulated at a constant 

speed to keep the above suspension homogenous. 

Different dye solutions of various concentrations are 

made from the stock solution (100 mgL-1) by appropriate 

dilutions. Before irradiation, the suspensions are 

magnetically stirred in the dark for 20 minutes to get an 

adsorption-desorption equilibrium between the catalyst 

and dye solution.The equilibrium concentration of the 

dye (Ceq) in contact with the catalyst, instead of that of 
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the feed dye solution, represents the true dye 

concentration in solution at the start of irradiation. For 

this reason Ceq has been used as Co for the 

photodegradation kinetics.  The pH of the solutions is 

adjusted using 0.1N NaOH and 0.1N HCl. 

The decrease in absorbance of the dye solution at the 

characteristic wavelength is observed by taking out the 

samples at regular intervals throughout the complete 

experimental run. The aliquots are centrifuged and 

filtered through Whatman filter paper (No. 42) to remove 

the catalyst. 

The residual dye concentration in the samples are 

determined using a Systronics double beam  UV-VIS 

spectrophotometer 2203. After that, the absorbance 

corresponding to the λmax.= 620nm are converted to the 

residual concentration using the predetermined 

calibration curves for MG dye. Also, the degradation 

efficiency of the dye at any time t is calculated using the 

following formula 

 

Degradation %= Co-Ct/ Co × 100 (2) 

 

where C0= concentration of dye solution before 

photoirradiation (mg L-1), Ct= Concentration of dye 

solution after photoirradiation (mg L-1). 

Blank experiments with the pure dye solution (no 

addition of catalyst) with constant stirring under visible 

light irradiation for 30 minutes, are conducted prior to the 

photocatalytic experiments. No significant degradation 

of the solution is observed indicating that the direct 

photolysis of the dye is negligible. 

 
RESULTS AND DISCUSSION 
 

Characterization of catalyst 

Fig. 2 shows the DTA- TG analysis curves of the BaBiO3 

precursor resin. It can be see that the decomposition of 

BaBiO3 precursor resin takes place in three distinct steps. 

The first weight loss region (31-185 ºC) corresponds to 

the loss of physio-absorbed water and accompanied by 

8.9% weight. The second weight loss (60.80%) region is 

in temperature range of 186-416 ºC, which can be 

attributed  to the pyrolysis and combustion of organic 

compounds and the degradation of intermediate species 

formed during the polymerisation process. The next 

weight loss around 13.0% lies in the range of 417-440ºC 

and can be attributed to the decomposition of nitrates and 

nitrites residue. The DTA curve shows three weak 

exothermic peaks at 200, 259, 292 ºC and one strong 

exothermic peak at 456 ºC, which are correlated to the 

weight loss mentioned above and subsequent 

crystallization of the residual amorphous phase. This 

observation is supported by powder X-ray diffraction 

(XRD) of the sample obtained from calcinations of the 

precursor at 350, 650 and 800 ºC. (Fig. 3)   

 

 
Figure 2. TGA/DTA curves showing thermal 

decomposition of precursor to a stable BaBiO3 

 

Fig. 3 shows XRD patterns of the samples which were 

calcined at different temperature 300oC(a), 600oC(b) and 

800oC(c). The XRD pattern (a) at 350 oC is found to be 

amorphous in nature as no sharp peak is observed in the 

diffraction pattern. At 600 oC,the crystalline perovskite 

type structure of BaBiO3 started to form and the degree 

of crystallinity increased with increasing the calcinations 

temperature as shown in Fig. 3 (b). It is evident from 

Fig.3 (c) that at 800 oC fully crystallized single-phase 

oxide BaBiO3 with well pronounced perovskite crystal 

structure has  formed and its diffraction peaks 

corresponds to a monoclinic structure with the lattice 

parameters  a=6.183 Å , b=6.13 Å , c=8.666 Å. (JCPDS 

35-1020). The main diffraction peaks are observed at 2θ 

=29.23o, 45.00o, 51.67o and 59.90o, which is similar to the 

previously reported data for BaBiO3[23]. 

 

 
Figure 3. XRD patterns of BaBiO3 (a) at 350°C (b) at 

600°C (c) at 800°C 

 

The diffuse reflectance spectra of BaBiO3 (Fig. 4) 

shows a strong fundamental absorption edge at 600nm, 

which indicates the photocatalytic activity in the visible 

light as well as the solar light. Further, the optical band 

gap Eg was determined from Tauc’s formula, i.e. 
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(α E)2 =A (E-Eg) (3) 

 

where α=4πκ/λ is the absorption coefficient, E is the 

photon energy, and A is a constant. The Egvalues are 

determined by extrapolating the linear portion of the plot 

relating (αhν)2[ Kubelka-Munk Function] [24]versus hν 

to (αhν)2 =0 [ Kubelka- Munk conversion spectrum]. The 

optical band gap is estimated to be about 2.07 eV from 

the onset of the absorption edge. 

 

 
Figure 4.Kubelka-Munk conversion spectrum of 

BaBiO3.The inset shows an estimation of band gap 

energy by extrapolation method. 

 

SEM micrographs of BaBiO3 (Fig. 5) show that the 

nanorods with average width 520nm and length as small 

as 2.55μm are synthesized by the calcination at 800oC. 

This nanosize is further confirmed by the small width of 

XRD peaks (Fig. 3 c) 

 

 

Figure 5.SEM micrographs of BaBiO3 at 1µ 

magnification 
 

Fig.6 shows the FTIR spectra of the BaBiO3 powder in 

the range of 400-3500 cm-1, calcined at 800ºC. The FTIR 

is similar to the most other ABO3-type perovskite 

compounds which have common BO6 oxygen-octahedral 

structure. [25]The band at nearly 468 cm-1 is related to 

Bi-O bending vibrations.[26] A less intense peak around 

850 cm-1 is attributed to the bending vibration of Ba-O 

bond. [27] The calcined sample shows an absorption 

around 1446 cm-1, which is due to the adsorption of 

atmospheric CO2 during drying processes.  

 

Adsorption studies 

Since, the photo-assisted degradation of the dyes 

occurs predominantly on the photocatalystsurface, 

studies on the adsorption of the dyes from aqueous 

solution onto 

 
Figure 6. FTIR spectra of BaBiO3perovskite 

 

BaBiO3 nanoparticles are relevant and important. 

Equilibrium adsorption data collected in the study are 

fitted on Langmuir adsorption isotherm[28]. Here in, we 

used the Langmuir model by assuming the monolayered 

adsorption phenomenon due to the presence of limited 

active adsorption sites. The linear form of Langmuir 

Isotherm is represented by the following equation: 

 
𝐶𝑒

𝑞𝑒
=  

1

𝑄𝑜𝑏
+

𝐶𝑒

𝑄𝑜
 (4) 

 

where Ce is the concentration of the adsorbate (mgL-1) at 

equilibrium.qe is the amount of adsorbate per unit mass 

of adsorbent at equilibrium in mgg-1. Qo is the maximum 

adsorption at monolayer coverage in mgg-1, b is the 

Langmuir adsorption constant in Lmg-1. The plots of 

Ce/qe versues Ce are linear and presented in Fig. 7. 

Langmuir adsorption constant (b) and the maximum 

adsorbable dye quantity (Qo) are calculated from the 

intercept and slopes of this figure as 0.055 mgmL-10.334 

mgg-1, respectively. The correlation coefficient was 

found to be 0.917. 

 

 
Figure 7.Linear transform of Langmuir isotherm 

[BaBiO3=0.75gL-1; pH=6.0] 
 

Effect of catalyst loading 

In order to avoid the use of excess catalyst, it is desirable 

to find out an optimum catalyst loading for efficient 

degradation. A series of experiments is carried out by 
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varying the amount of catalyst from 0.25 to 1.25 gL-1at 

pH 6.0 and 50 mgL-1 MG concentration. It is observed 

that up to 0.75 gL-1 loading of photocatalyst degradation 

rate increases and then with further increase in loading, 

the rate decreases. The enhancement of removal rate may 

be due to the increase in the availability of active sites of 

the photocatalyst. When the concentration of BaBiO3 

catalyst increased above the limiting value the 

degradation rate decreased, due to the disruption of light 

by the suspension. Our results are in agreement with the 

earlier reports [8]  Fig. 8 shows a plot of the degradation 

rate constant (Kapp) as a function of the BaBiO3 

concentration at the fixed MG concentration (50 mgL-1) 

and pH 6.0. Also, an empirical relationship between the 

initial dye concentration has been reported by Galindo et 

al (roα[catalyst]n [dye]) , where n is a exponent less than 

1 for all the dyes studied relative to low concentration of 

catalyst [29] As it can be seen in Fig. 9, the dependence 

of the BaBiO3 concentration  on the initial decolorization 

rate of MG follow a similar relationship 

 

roα[BaBiO3]0.72 [MG] (5) 

 

when the BaBiO3 concentration is less than 1gL-1 

 

Effect of pH 

The effect of pH on the rate of degradation of dyes 

solution is investigated in the pH range 4.0-8.0 with 
 

 
 

 
Figure 8. Effect of BaBiO3  loading on the degradation 

rate  [MG=50mgL-1; pH=6.0] 

 
Figure 9.Relationship between LnKapp.and the 

amount of BaBiO3  [MG=50mgL-1; pH=6.0] 

 

constant catalyst loading of 0.75 gL-1 and 50 mgL-1 MG 

concentration. It is observed that the degradation 

efficiency increases with increase in pH upto 6.0 and with 

further increase in pH the degradation efficiency 

decreases. An increase in the rate of degradation with 

increase in the pH is due to the generation of more OH-  

ions. These ions loose an electron to the hole generated 

at the semiconductor surface and OH• free radicals are 

formed. These formed free radicals cause oxidation of the 

dye. On the further increase in pH above 6.0, a decrease 

is observed because at very high pH MG becomes 

negatively charged and so it repels negatively charged 

OH-ions. This repulsive force does not allow the 

approach of OH- ions to the surface of catalyst and free 

radical generation is retarded. Fig. 10 shows a plot of the 

degradation rate constant (Kapp) as a function of the pH . 

 

 
Figure 10. Effect of pH on the degradation rate 

[BaBiO3=0.75gL-1; MG=50mgL-1] 

 

Effect of initial dye concentration 

The effect of the initial dye concentration of dye on the 

rate of degradation is studied by varying the initial dye 

concentration from 20to 80mgL-1 at pH 6.0, with a 

constant catalyst loading of 0.75gL-1. It is observed that 

up to 50mgL-1 the degradation efficiency increases due to 

the greater availability of dye molecules for excitation 

and consecutive degradation, hence there is an increase 

in the rate. After this as the dye concentration is increased 

, the equilibrium adsorption of  dye on catalyst surface 

increases; hence competitive adsorption of OH- on the 

same site decreases, which further decreases the rate of  
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formation of OH• radical, which is the principal oxidant 

necessary for a high degradation efficiency. On the other 

hand, considering Beer-Lambert law, as the initial dye 

concentration increases, the path length of photon 

entering the solution decreases, resulting in the lower 

photon adsorption on the catalyst particles and 

consequently a lower photodegradation rate [8].  

In this work, we employed Langmuir-Hinshelwood 

model [21-22] to describe the total degradation of MG. 

L-H model covers both adsorption and photocatalytic 

phenomenon for explanation of dye degradation kinetics. 

The first order relationship for photocatalytic 

decomposition of dye can be represented as: 

 

-ln (C0/Ct)= Kapp.t (6) 

 
where C0, Ct and Kapp are the initial dye concentration, 

concentration at time ‘t’ and Kapp is the apparent pseudo 

first order rate constant. The plots of ln(C0/Ct) versus ‘t’ 

with different initial concentration are shown in Fig. 11. 

The value of Kapp is calculated by the slope of the above 

curves. 

The value of initial degradation rate (ro)is obtained by the 

multiplying the Kappvalues to the corresponding initial 

dye concentration, as follows;  

 

ro= Kapp. Co (7) 

 

A linear expression can be conventionally obtained by 

plotting the reciprocal of initial rate (1/ro) constant 

against reciprocal of initial concentration (1/Co) (Fig. 12). 

The linear form of Langmuir–Hinshelwood kinetics can 

 
Figure 11. Effect of initial dye concentration on 

photodegradation of MG dye [BaBiO3=0.75gL-1; 

pH=6.0] 

 

also be given by the following expression  

 

1/ro=1/Kr+1/Kr.KLH.Co (8) 
 

here, Kr is the reaction rate constant and KLH is the 

adsorption coefficient of the reactant also known as 

Langmuir-Hinshelwood constant. Table1 summarizes all 

the kinetic parameters calculated using the Langmuir–

Hinshelwood model for dye degradation on using 

BaBiO3photocatalyst. Kr and KLH values are25.64 mgL-

1min.-1,1.42 Lmg-1 respectively. It is noteworthy that the 

Langmuir adsorption constant (b=0.055 Lmg-1) obtained 

from the dark experiments are different from that 

determined by Langmuir-Hinshelwood equation(KLH 

=1.42 Lmg-1). This is due to the photoadsorption and very 

rapid photoreaction of the dyes on the catalyst surface 

[31].   

 

 

Table 1. Influence of various parameters on visible light degradation of MG in BaBiO3 suspension: 

[MG] 3BaBiO pH 2-×10appK or Kr LHK 

1-mgL 1-gL  1-Min 1-Min1-mgL 1-Min1-mgL 1-Lmg 

 0.25  2.1 1.05   

 0.5  3.8 1.9   

50 0.75 6.00 6.5 3.25   

 1  6.3 3.15   

 1.25  6 3   

20   5.1 1.02   

40   5.7 2.28   

50 0.75 6.00 6.5 3.25 25.64 1.42 

60   4.6 2.76   

80   3.5 2.8   

  4.00 2.7 1.35   

  5.00 3.5 1.75   

50 0.75 6.00 6.5 3.25   

  7.00 5.9 2.95   

  8.00 4 2   
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Figure 12.  Langmuir-Hinshelwood plot of visible 

light degradation of MG in BaBiO3 [BaBiO3=0.75gL-

1; pH=6.0] 

 
 
CONCLUSION  
 

The synthesis of BaBiO3 through Pechini method 

resulted in the formation of nanosized, mono phase 

crystalline material which has proved its potential as a 

photocatalyst in visible light owing to its low band gap of 

2.07 eV. The photocatalytic activity and the 

corresponding degradation kinetics shows that it can 

efficiently degrade MG dye in the aqueous suspension 

under visible light irradiation. The dependence of the 

BaBiO3 concentration on the initial degradation rate can 

be explained as (roα[BaBiO3]0.72 [MG]), when the 

BaBiO3 concentration is less than 1 gL-1 . The Langmuir 

adsorption constant (b) and the maximum adsorption at 

monolayer coverage Qo are calculated as 0.055 Lmg-1 and 

0.334 mgg-1 respectively .The photocatalytic degradation 

of MG by BaBiO3is nicely fitted to the Langmuir-

Hinshelwood kinetic model. The calculated values of the 

reaction rate constant (Kr) and Langmuir-Hinshelwood 

adsorption constant (KLH) are 25.64 mgL-1min-1and 1.42 

Lmg-1 respectively. Therefore, this simple technology of 

degradation of the colored effluents has the potential to 

improve the quality of the wastewater from textile and 

other industries. 
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 چکیده

جذب  یتیکیمشخص شد . مطالعات سن UV DRS و ,TGA -DT, FTIR XRD, SEM یزهایآن با آنال یاتآماده شده و خصوص Pechiniبا روش  3OBaBiنانو ذره 

 یستمس یکها در  یش. آزما شد یبررس  یی،( با استفاده از راکتور بسته تحت نور مرMalachite)  یترنگ سبز مالاک یستیفوتو کاتال یه، در تجز یهتجز یدهو پد

 ینشده اند. علاوه بر آن ، همچن یرنگ بررس یهتجز یرو یهمحلول و غلظت رنگ اول pH،  یستکاتال یمعلق انجام شدند . اثر بارگذار BaBiO3 یستیفوتو کاتال

درجه   یتیک( از شبه سنMalachite)  یتمالاک بزرنگ س یهکند. تجز یم یرویپ Langmuirجذب انجام شده است  که نشان داده الگو جذب از مدل  یشآزما

 یننرنگ همچ یستیفوتو کاتال یهجذب و تجز یبرامختلف  یتیکیسن  یمعتبر شناخته شد. پارامترها Langmuir-Hinshel Wood یسمکند و مکان یم یرویاول پ

 شد.   یینتع
 


