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ABSTRACT 
 

Commercial titanium dioxide Degussa P25 (TiO2) was used for the adsorption of reactive red 120 
(RR120) dye in a batch system. The optimization functions such as solution pH (3-12), adsorbent dosage 

(0.02 g-1.2 g), and initial dye concentration (30-400 mg/L) were studied. The equilibrium adsorption data 

for RR120 dye was analyzed by two types of isotherm models which are Langmuir and Freundlich 

models. The adsorption at equilibrium showed a better fit for linear Langmuir isotherm with the 
adsorption capacity, qmax of 18.62 mg/g at 303 K. The adsorption kinetic was well-described by pseudo-

second order model. TiO2 showed a decent outcome due to the ability to adsorb target pollutants with the 

added advantage of providing large hydroxyl groups (OH) on the surface of TiO2 so that pollutants can be 
adsorbed by interacting on the surface of OH. 
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INTRODUCTION 
 

Titanium dioxide Degussa P25 is commonly known in the field of photocatalytic reaction systems. 

Degussa P25 is composed of anatase and rutile crystallites typically with a ratio of 70:30 and 80:20. TiO2 

photocatalyst has unique features for widespread environmental applications due to its low price, high 
photoactivity, high chemical stability, reactivity, and biocompatibility [1]. TiO2 has excellent sorption 

characteristics because of the wide surface on the adsorption site [2]. Furthermore, TiO2 has become one 

of the most useful substances because many aromatic compounds can be degraded to safe products such 
as H2O and CO2. Other than that, TiO2 posed an advantage when the pollutants can be adsorbed onto the 

TiO2 surface when a high concentration of hydroxyl groups (OH) is present on the surface [3]. Evidence 

showed that TiO2 nanoparticles are being discharged into water bodies during their application. The first 
case of nano-TiO2 where paints was emitted into urban runoff ruins on building facades. [4]. TiO2 in the 

form of nanoparticle is difficult to be removed therefore, increasing the risk of humans and animals being 

exposed to such pollutant [5]. 

 
Photocatalysis is one of the most commonly used techniques for TiO2 nanoparticles. The abundance of 

research was found on the photocatalytic reaction in the absorption of dyes from wastewater due to its 

ability of this technique to completely mineralize the target pollutant [6]. In scientific fact, the adsorption 
of acidic dye using Degussa P25 is necessary to determine the effectiveness and efficiency of the catalyst. 

Other than the photocatalysis process, TiO2 has also been widely used in the adsorption process for the 

reduction of wastewater pollutants [7]. Fewer findings were reported on the adsorption of TiO2 because it 

is widely used in photocatalysis studies and difficult to find any other photocatalyst showing higher 
activity levels than P25. The benefits of the adsorption process such as convenient, rapid, and inscrutable 

to toxic contaminants. Herein, we report the adsorption properties of commercial TiO2 Degussa P25 and 

the influence of different parameters on the adsorption rate of RR 120 dye. 
 

 

EXPERIMENTAL 
 

Materials 

 
Titanium dioxide (TiO2) (Degussa P-25, 80% anatase, 20% rutile) and Reactive red 120 (MW: 1469.34 

g/mol; MF: C44H24Cl2N14Na6O20S6; λmax: 534 nm) was purchased from Sigma-Aldrich. Acetic acid, 

hydrochloric acid, and sodium chloride were purchased from R&M Chemicals. Pure water of 18.2 MΩ 
cm-1 was used during this work.  

 

Characterization  

 
pH meter, Metrohm, Model 827 pH Lab, Switzerland was used to determine the value of pHpzc. 

PerkinElmer, Spectrum RX I in the spectra range between 4000-400 cm-1 was used to detect the 

functional groups of TiO2 before and after RR 120 adsorption for the analysis of FTIR. Identification of 
crystalline phases and orientation of the TiO2 was analyzed by X-Ray diffraction model X’Pert PRO, 

PAnalytical. Diffraction data are acquired by exposing powder samples to Cu-Kα X-ray radiation. 
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Adsorption experiments  

 
The experiments were done in duplicates to determine the RR120 adsorption capacities. The experimental 

variables such as adsorbent dosage (0.02 g to 1.2 g), solution pH (3 to 12), initial dye concentration (30 to 

400 mg/L), and contact time (0 to 500 minutes) were varied in order to determine the optimum condition. 
0.10 M HCl or 0.10 M NaOH were used to adjust the initial pH of RR 120 dye. The samples were placed 

in an Erlenmeyer flask and agitated in a water bath shaker (Memmert water bath model WNB7-45, 

Germany) at a fixed shaking speed of 90 strokes/min and 303 K until equilibrium was achieved. The 

samples then were collected by centrifugation (KUBOTA model 2800) at 2400 rpm for 5 minutes. The 
solutions obtained were analyzed by using a UV spectrophotometer (model HACH DR2800). The 

adsorbent uptake, qe (mg/g), and the percent of color removal, CR% of RR 120 were calculated using 

equation (1) and (2) respectively.  
 

 
qe= (Co-Ce)/Vm   (1) 

 

CR %= (Co-Ce)/Cox 100               (2) 

 
where Co (mg/L) is the initial RR 120 dye concentrations, Ce (mg/L) is the dye uptake at equilibrium, V is the 

volume of the dye solution (L) and m (g) is the mass of TiO2. 

 

 

RESULTS AND DISCUSSION 

 
Characterization of TiO2 Degussa P25 

 

The pH-dependent surface charges (pHpzc) is solely related to the surface of the particle and the pH of the 

adsorbate. The analysis was conducted with pH ranging from 2 to 12 as shown in Figure 1. The value 
obtained for TiO2 was 6.29 which accounts for the positively charged surface where the pH of the 

solution was lower than pHpzc [8]. Therefore, RR120 dye is the perfect fit as adsorbate as TiO2 will bind 

with negatively charged anions. 
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Figure 1: Point of zero charge for all adsorbent. pHpzc for TiO2: 6.29 
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Spectra of TiO2 powder before and after the adsorption of RR 120 dye are presented in Figure 2. The 

noticeable peaks at 1630 and 1625 cm-1 are attributed to the deformation mode of molecular water [9]. 
TiO2 after adsorption with RR120 dye showed an asymmetric stretching which indicates the presence of 

sulfonate group (S=O) at 1360 cm-1 that is present in the RR120 chemical structure [10].  

 
 

 

 
 

Figure 2: FTIR spectra of (a) TiO2 before adsorption and (b) TiO2 after adsorption of RR 120 dye  

(initial pH = pH 5.22 (unadjusted), [RR120]o dye = 100 mg/L, volume of solution = 100 mL,  

shaking speed = 90 strokes/min, T= 303K) 

 
 

X-Ray Diffraction analysis is an analytical technique for crystalline material that provides phase 

identification as well as the sample degree of crystallinity. The characteristic diffraction peaks of TiO2 are 

presented in Figure 3. The peak at 2θ = 25o, 37o, and 48o correspond to the phase of TiO2 nanoparticles 
[11]. According to Ohtani et al. [12] the peaks at 2θ = 25° and 27° are isolated anatase and rutile 

respectively as illustrated in XRD pattern of TiO2. The strongest peaks depicted at 2θ = 25°, 38°, 48°, 

54°, 62°, 68°, 74°, and 82° clearly demonstrated as the anatase phase of TiO2 nanocrystals [13]. The peak 
at 2θ = 25° has the highest peak, indicating that the embedding of TiO2 nanoparticles [11].  
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Figure 3: XRD spectrum of TiO2 Degussa P-25 

 

 

Adsorption study 

 

Effect of adsorbent dosage 

 

The variables at a concentration of 100 mg/L were analyzed between 0.02 g and 1.2 g. As shown in 

Figure 4, it is noticeable that the dye removal percentage increase as the amount of adsorbent increase. 
The percentage of dye removal increase from 15.11% to maximum efficiency of 99.96% where no further 

progress of dye removal and eventually becomes plateau. The result implies a completed dye removal and 

no further removal could be achieved even though a large amount of adsorbent were applied [14, 15]. 

This is due to the mobility of dye ions to the active adsorption sites becomes limited thus reduced the 
adsorption efficiency [16].  
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Figure 4: Effect of adsorbent dosage on the percentage removal of RR120 dye. Optimum dosage  

for TiO2, is 0.8 g (Initial pH of solution = pH 5.22 (unadjusted), [RR120]o dye = 100 mg/L,  
volume of solution = 100 mL, shaking speed = 90 strokes/min and contact time for TiO2 = 180 min. 

 

 

Effect of pH 
 

The effect of pH solution contributes significant effects on the degree of ionization and structural changes 

of dye molecules as well as surface properties of adsorbent [16]. Figure 5 shows the effect of pH on 

RR120 removal that was accomplished within the pH range of 3-12. The removal of RR120 shows almost 
the same percentage of removal for pH ranging from 3-9. However, as the pH increases from pH 9-12, the 

adsorption capacity of RR120 decreases remarkably. At higher pH which is higher than pHpzc, the surface 

charge becomes negative which will result in the repulsion of dye onto the surface of TiO2. Conversely, 
the adsorbent surface acquires a positive charge at lower pH, therefore resulting in an increase of dye 

adsorption due to increasing electrostatic attraction between positively charged adsorbent and negatively 

charged adsorbate [17, 18].  The optimum pH used throughout this study is pH 5. 
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Figure 5: Effect of initial pH on the adsorption of RR120 dyes ([RR120]o dye = 100 mg/L,  
amount of adsorbent TiO2: 0.8 g, temperature: 303 K, contact time: 180 min,  

agitation speed = 90 strokes/min, and volume of solution = 100 mL) 

 

 

Initial dye concentration on TiO2  

 

Figure 6 displays the effect of initial RR120 concentration on the adsorption of TiO2 at various 

concentrations ranging from 30 to 400 mg/L. It is noticeable that the adsorption increased tremendously 
in the first 60 min, after which the adsorption slowed down eventually drawing down to equilibrium at 

120 min. The adsorption capacity increased as the initial dye concentration increased from 30 mg/L to 

400 mg/L. This phenomenon occurs when the driving force for mass transfer of the concentration gradient 

increases at a high initial dye concentration [19]. 
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Figure 6: Effect of initial dye concentration on the adsorption of RR120 dye  

(initial pH of solution = pH 5, amount of TiO2 adsorbent = 0.8 g, temperature = 303 K,  
agitation speed = 90 strokes/min and volume of solution = 100 mL) 

 

  

Adsorption isotherm  

 

Adsorption isotherm commonly defines the behavior of the adsorption process. It describes the molecule 

distribution of adsorbate between the liquid phase and solid phase once the interaction reached 

equilibrium. Generally, the adsorption equilibrium can be expressed by various isotherm models. In this 
study, two commonly used isotherm which is Langmuir and Freundlich models were fitted to determine 

the most suitable model to represent the adsorption process. The linear form of Langmuir isotherm can be 

expressed as equation (3) 
 

   (3) 

 
where Ce is the equilibrium concentration of TiO2 adsorbed (mg/L) and qe is experimental adsorption capacity 
(mg/g), KL is the Langmuir equilibrium constant and qm is the amount of adsorbate required to form a monolayer.  
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Figure 7 shows the plot of Ce/qe versus Ce where a straight line of a slope (1/qm) and an intercept as (1/qm 

KL) is presented.  
 

 

 
 

Figure 7: Langmuir isotherm for adsorption of RR120 on TiO2 (Adsorbent dosage 0.8 g;  

volume of solution = 100 mL; pH = 5 (unadjusted); T = 303 K) 

 
 

The Freundlich isotherm is commonly presented as equation (4) [20]. 

 

   (4) 

 
 

where Ce is the equilibrium concentration (mg/L), qe is the amount of RR 120 adsorbed per unit mass of TiO2 
(mg/g), KF, and n are Freundlich constants. KF (mg/g (l/mg) 1/n) gives the information on the adsorption which 

represents the quantity of dye adsorbed onto adsorbent for a unit equilibrium concentration.  

 

 

 

 

 

 

 

 

 
 

 



 

 

 

 

https://scilett-fsg.uitm.edu.my/ 

Vol. 14(1) JANUARY 2020 

 

 

ISSN: 1675-7785 

eISSN: 2682-8626 

DOI: 10.24191/sl.v14i1.10607 

 

  78 Science Letters Vol. 14(1) JANUARY 2020  

 

Figure 8 shows the plot of ln qe versus ln Ce. 

 
 

 
 

Figure 8: Freundlich isotherm for adsorption of RR120 on TiO2 (Adsorbent dosage 0.8g;  

volume of solution = 100 mL; pH = 5; T = 303 K) 

 

 
As presented in Table 1, the calculation reveals that the adsorption isotherm is best fitted for Langmuir 

model based on the correlation coefficients. The R2 value for Langmuir was relatively high as compared 

to Freundlich models. This proved that the adsorbent has formed a monolayer on the adsorbent surface. 
The adsorption capacity, qmax for TiO2 was 18.62 mg/g.  

 

 
Table 1: Isotherm parameters for removal of RR120 onto TiO2 at 303 K. 

 

Langmuir Value Freundlich Value 

qmax (mg/g) 18.62 KF (mg/g (L/mg)1/n) 6.71 

KL (L/mg) 0.17 n 5.14 

R2 0.9742 R2 0.97 
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Adsorption kinetics 

 
The rate-controlling step of the transport mechanism can be determined by interpreting the experimental 

data obtained, thus pseudo-first-order and pseudo-second-order model were applied [21]. The pseudo 

first-order model is used to describe the reversibility of equilibrium between liquid and solid phases [22]. 
The pseudo-first-order rate model was proposed by Lagergren, 1898 [23] and its linearized form can be 

expressed as equation (5): 

 

   (5) 
 
 

where qe (mg/g) and qt (mg/g) are the amounts of RR120 adsorbed onto TiO2 at equilibrium and time t, respectively; 
while k1 (1/min) is the pseudo-first-order rate constant.  

 

 

The values of k1 determined from the slope of the plots of ln (qe – qt) versus t are presented in Figure 9. 
The data obtained were summarized in Table 2.  

 

 

 
 

Figure 9: Pseudo-first order kinetics of RR 120 adsorption on TiO2 at various initial concentrations 
 (adsorbent dosage = 0.8 g; temperature= 303 K; agitation speed = 90 strokes and volume of solution = 100 mL) 
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Table 2: Pseudo first-order kinetic adsorption parameters applied to experimental data for the adsorption  

of RR120 on TiO2 at 303 K. 

 

Concentration 

(mg/L) 

Pseudo- first order 

qe, cal qe,exp k1 R2 

30 1.36 ± 3.75 1.5234 0.75 

50 2.47 ± 6.09 0.9284 0.85 

100 8.62 ± 4.92 0.0270 0.88 

150 14.01 ± 7.25 0.0241 0.90 

200 4.69 ± 13.09 0.0262 0.81 

250 1.81 ± 18.61 0.0139 0.61 

300 1.97 ± 24.97 0.0196 0.67 

350 1.46 ± 29.36 0.0093 0.88 

400 1.63 ± 35.63 0.0179 0.69 

 

 
The linear form of pseudo second-order equation is generally expressed as equation (6) 

 

     (6) 

where k2 (g/min mg) is the pseudo second order rate constant. 

 

 

Figure 10 shows the graph of t/qt versus t, where the values of k2 and qe (Theo), were calculated from the 
intercept and slope. As displayed in Table 3, the kinetic data for the adsorption of RR120 onto TiO2 under 

various conditions was calculated from the related plot and presented in Table 3. The correlation 

coefficients, R2 values for pseudo second-order model are much higher than the pseudo first-order model 

which indicates that the pseudo second order model best describes the adsorption of RR 120 onto TiO2 
powder. The R2 values were more than 0.99 for all concentrations of RR 120. Moreover, qe calculated is 

similar to the qe experimental for all concentration that was tested. This suggests that the overall rate of 

the dye adsorption process was controlled by the chemical process and the pseudo second order 
mechanism was predominant [24]. 
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Figure 10: Pseudo-second order kinetics of RR 120 adsorption on TiO2 at various initial  

concentrations; adsorbent dosage = 0.8 g; temperature= 303 K, contact time= 180 min;  

agitation speed = 90 strokes/min and volume of solution = 100 mL) 

 
 

Table 3: Pseudo second-order kinetic adsorption parameters applied to experimental data  

for the adsorption of RR120 on TiO2 at 303 K. 

 

Concentration 

(mg/L) 

Pseudo-second order 

qe, cal qe,exp k2 R2 

30 3.75 3.75 236.56 1 

50 6.20 6.20 21.654 1 

100 13.50 13.39 0.0122 0.99 

150 19.23 18.94 0.0042 0.99 

200 16.81 16.79 0.0179 0.99 

250 20.37 20.40 0.0285 1 

300 26.74 26.75 0.0401 1 

350 30.96 30.96 0.0468 1 

400 37.45 37.45 0.0291 1 
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CONCLUSIONS 
 

In this work, commercial titanium dioxide TiO2 was used to conduct the efficiency of adsorption capacity 

for the removal of dye pollutant RR120 from aqueous solution. Investigation showed that an increase in 

adsorbent dosage increases dye removal. Moreover, the dye removal increases by decreasing the solution 
to the acidic environment. The equilibrium data obtained from the experiment can be described by the 

Langmuir isotherm model whereas the kinetic data are correlated with the pseudo second-order model. 

The maximum adsorption capacity achieved for the adsorption of RR 120 dye was 18.6 mg/g. 
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