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a b s t r a c t
In this study, a batch system was applied to investigate the adsorption behavior of disperse dyes 
(Disperse Blue 79 [DB 79] and Disperse Blue 165 [DB 165]) and an anionic dye (Reactive Yellow 145 
[RY 145]) on natural phosphate doped by titanium dioxide (NP-TiO2). The NP-TiO2 was charac-
terized by X-ray diffraction, Fourier transform-infrared and Brunauer–Emmett–Teller surface area 
techniques. The established optimum contact time for DB 79, DB 165 and RY 145 was 60, 90 and 75 min, 
respectively, at a dye concentration of 50 mg/L, DB 79, DB 165 and RY 145 dye removal rates reached 
97%, 99% and 78%, respectively. Kinetic parameters were estimated using the pseudo-first-order and 
pseudo-second-order kinetic models, the adsorption rate was fitted by pseudo-second-order model 
for DB 79 and RY 145. However, the DB 165 was described by pseudo-first-order model. Further 
investigations demonstrated that the adsorption isotherm fitted well with the Langmuir model for 
DB 79 and DB 165, but the RY 145 dye was described by the Freundlich model. The thermodynamic 
parameters were also studied.

Keywords:  Disperse Blue 79 (DB 79); Disperse Blue 165 (DB 165); Reactive Yellow 145 (RY 145); 
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1. Introduction

Dye wastewater is potentially toxic, carcinogenic and 
non-biodegradable, which causes enormous environmental 
concerns [1]. Azo dyes are one of the most widely used chro-
mospheres in the dye chemistry. These dyes can be divided 
into monoazo, diazo, triazo classes according to the pres-
ence of one or more azo bonds (–N=N–) [2]. Azo dyes are 
very stable and difficult to remove from wastewater because 
they have complex aromatic structures [3,4]. However, their 
removal is difficult by conventional wastewater treatment 

systems [5]. For this reason, several treatment methods have 
been developed for this purpose [6], such as coagulation 
[7,8], chemical oxidation [9–11], photocatalysis [12], elec-
trochemical methods [13] and adsorption [14]. The removal 
of dyes from wastewater by adsorption has become the 
best alternative compared with other expensive treatment 
methods. In recent years, many researchers have developed 
excellent low cost and environmentally-friendly adsor-
bents [1,5,15]. Natural phosphate is an abundant resource 
in Morocco [16], it can be used not only as fertilizers, but 
also it has been successfully utilized as an adsorbent either 
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alone or modified to remove dyes from wastewater [17–19]. 
In this study, Moroccan natural phosphate doped by tita-
nium dioxide was used as an adsorbent to remove disperse 
and anionic dyes from aqueous solutions.

2. Materials and methods

2.1. Materials

Disperse blue 79, Disperse blue 165 and Reactive yellow 
145 were purchased from Sigma-Aldrich (Morocco). The 
chemical structures of these dyes are shown in Fig. 1. NP 
was collected from the local phosphate industry located in 
Khouribga, Morocco, TiO2 (Degussa P25) was obtained from 
Ahlstrom Company (France). All other chemicals were used 
without purification.

2.2. Preparation of NP-TiO2

NP-TiO2 was synthesized by mixing 0.02 g of TiO2 
(Degussa P25) with 1 g of natural phosphate. The mixture 
was ground in a mortar and was calcined at different 
temperatures (200°C, 400°C, 500°C, 600°C, 700°C and 800°C) 
for 14 h in the oven [20].

2.3. Characterization methods

Wide-angle X-ray diffraction (XRD) patterns were recorded 
by XPERT-PRO with a KCu = 1.5406 nm target at a scan rate of 
0.02° (2θ) from 15° to 80°. Fourier transform-infrared (FTIR) 
spectra of samples were recorded with KBr pellet in the range 
of 4,000–600 cm–1 on FTIR, Vertex 70 de BRUKER spectrometer 
(Rabat, Morocco) at room temperature. The Brunauer–
Emmett–Teller (BET) surface area was determined using 
Autosorb IQ of Quantachrome Instruments (Rabat, Morocco).

2.4. Adsorption experiments

To study the effect of environmental parameters such 
as adsorbent dose, contact time, initial dye concentration, 
solution pH and solution temperature for the removal of DB 

79, DB 165 and RY 145 using NP-TiO2, batch experiments 
were carried out using 100 mL of different initial dyes con-
centrations (20–100 mg/L) with addition of a specific dose 
of NP-TiO2 (0–10 g/L). The pH was adjusted in the range of 
4.0–10.0 by concentrated HCl and NaOH. The effect of tem-
perature was studied at temperature ranged between 20°C 
and 60°C. The NP-TiO2-adsorbate was then separated by 
centrifugation. The supernatant solutions were measured 
with UV–Vis spectrophotometer (Jasco V-630, El Jadida, 
Morocco) at a maximum wavelength of 537, 540 and 419 nm 
of DB 79, DB 165 and RY 145, respectively. Each experiment 
was replicated three times and error bars were presented 
in all graphs. The removal percentage of dyes (%), capacity 
of adsorption at equilibrium qe (mg/g) and at time qt (mg/g) 
were computed as follows:
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where Ct is the dye concentration at time t, C0 (mg/L) is the 
initial dye concentration, Ce (mg/L) is the dye concentration 
at equilibrium, V (L) is the volume of dye and W (g) is the 
amount of the adsorbent in the solution.

3. Results and discussion

3.1. Characterization of NP-TiO2

3.1.1. Chemical composition

The chemical composition of natural phosphate is 
reported in Table 1. It mostly contains CaO, and P2O5 with 
traces of sodium, potassium, magnesium while Fe2O3 and 
Al2O3 are present in low percentages. The ratio of CaO/P2O5 

 

Fig. 1. Chemical structure of investigated dyes.
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1.67 confirms that the NP used in this study has a carbonated 
fluorapatite structure.

3.1.2. XRD analysis

The XRD patterns of TiO2, NP and NP-TiO2 calcined at 
different temperatures are presented in Fig. 2a. The analysis of 
the natural phosphate X-ray diffractogram shows a well 
crystallized sample which consists mainly of fluorapatite. 
Two main peaks of TiO2were observed at 2θ: 24.3° and 28.4°. 
The anatase phase was located at 2θ: 24.3° and the rutile 
phase was seen at 2θ: 28.4°, these two phases are associ-
ated with (101) and (110) planes for anatase and rutile, 
respectively [21].

At temperatures ranging from 200°C to 500°C, the two 
peaks of anatase and rutile phases remain constant. At 600°C, 
the rutile peak intensity increased compared with that of the 
anatase peak intensity that decreased. However, the anatase 

phase peaks disappeared at temperatures above 600°C while 
the rutile phase peak intensities increased [22].

3.1.3. FTIR analysis

The IR absorption spectrum (Fig. 2b) shows the charac-
teristic bands of NP and NP-TiO2. The spectrum indicated 
that the NP used in this study had a fluorapatite structure. 
The bands located between 1,430 and 1,461 cm–1 were 
attributed to carbonated fluorapatite [19]. Moreover, the IR 
spectrum shows independently the bands of phosphates 
located between 700 and 1,100 cm–1. However, the bands 
positioned at 3,500 cm–1 in the NP were assigned to hydroxyl 
stretching mode of vibration [20]. The anatase and rutile 
characteristic vibration peaks were observed at 1,080 after 
phosphate modification [23].

3.1.4. BET surface area

The BET surface areas of NP and TiO2 are 10 is 50 m2/g, 
respectively. However, after the surface modification of NP 
with TiO2, the specific surface area of NP-TiO2 calcined from 
200°C to 800°C decreased from 28.249 to 7.580 m2/g; due to 
the damage of structure of TiO2 at higher temperatures [20].

3.2. Comparison of the adsorption of dyes by NP, TiO2 and 
NP–TiO2

The adsorption of DB 79, DB 165 and RY 145 onto NP, 
TiO2 and NP-TiO2 at room temperature and different cal-
cined temperatures was performed. The results are shown 
in Fig. 3. It can be observed that NP-TiO2 calcined at 600°C 
exhibited completely different behavior compared with 
other adsorbents. DB 79 and DB 165 were adsorbed almost 
completely using NP-TiO2 calcined at 600°C, however, the 
adsorption of RY 145 only reached 78%; this is probably 

Fig. 2. (a) XRD patterns NP and NP-TiO2 calcined from 200°C to 800°C (A: anatase phase, R: rutile phase) and (b) FTIR spectra of NP 
and NP-TiO2 calcined from 200°C to 800°C.

Table 1
Chemical composition of Moroccan natural phosphate (%)

CaO 54.12
SO3 2.24
P2O5 32.24
CO2 2.21
Al2O3 0.68
Fe2O3 0.46
K2O 0.36
F– 3.37
MgO 0.92
Na2O 1.13
SiO2 2.42
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due to the complex molecular structure of the RY 145 dye 
compared with that of the DB 79 and DB 165 dye; the molec-
ular weight of DB 79 and DB 165 is 639.416 and 405.41 g/mol, 
respectively, whereas the molecular weight of RY 145 is 
1,026.25 g/mol, for this reason the RY 145 molecules find 
much difficulty adhering on NP-TiO2 surface compared with 
DB 79 and DB 165 molecules [24].

The NP-TiO2 calcined at 600°C manifested higher 
removal percentage (%DB 79 = 97%, %DB 165 = 99% and 
%RY 145 = 78%) compared with NP (%DB 79 = 70%, %DB 
165 = 69% and %RY 145 = 44%), NP-TiO2 non-calcined and 
calcined at different temperatures; this can be explained by 
the fact that the NP-TiO2 calcined at 600°C had two phases 
(anatase and rutile) and considered as last step to convert 
the anatase to rutile phase [25]. Therefore, the 600°C was 
chosen as the optimum calcination temperature for the 
NP-TiO2 adsorbent in this study.

3.3. Effect of contact time

Fig. 4 shows the effect of contact time on the adsorption 
of DB 79, DB 165 and RY 145 dyes onto NP-TiO2, using a 
constant adsorbent dose of 5 g/L and initial dyes concentra-
tion of 50 mg/L. To ensure maximum removal percentage, 
135 min was applied as time of contact for the adsorption 
experiments. The adsorption rate was rapid during the first 
30 min and then gradually decreased reaching a plateau 
after approximately 60, 90 and 75 min of contact for DB 79, 
DB 165 and RY 145, respectively. The first rapid adsorption 
step of the three dyes was due to the large number of vacant 
surface sites of the adsorbent, and the slower adsorption rate 
after 30 min was due to sluggish diffusion of dyes into the 
interior of NP-TiO2.

3.4. Effect of concentration

The effect of the initial DB 79, DB 165 and RY 145 dyes 
concentration depends on the immediate relation between 

dyes and the available binding sites on NP-TiO2 [26]. The 
effect of the initial dyes concentration on the removal 
percentage is shown in Fig. 5. The removal uptake of the 
three dyes decreased with the increase in the initial dyes 
concentration from 20 to 100 mg/L; at concentrations rang-
ing from 20 to 50 mg/L, the removal percentage was optimal 
for the three dyes due to vacant sites of the NP-TiO2. Above 
50 mg/L, the active sites required for the adsorption of the 
three dyes will eventually decrease [27,28].

3.5. Effect of adsorbent dose

Fig. 6 shows that initially the removal efficiency of dyes 
increased rapidly with the increase in adsorbent dose of 
NP-TiO2, after reaching the optimal dose (5 g/L), the removal 

 

Fig. 3. Adsorption of DB 79, DB 165 and RY 145 by NP, TiO2 and NP-TiO2 at room and different temperatures of calcination (DB79, DB 
165 and RY 145 concentration: 50 mg/L; adsorbent dosage: 5 g/L; pH = 6 and time: 135 min).

 
Fig. 4. Effect of contact time of DB 79, DB 165 and RY 145 by 
NP-TiO2 (dye concentration: 50 mg/L; adsorbent dosage: 5 g/L; 
pH = 6; T = 20°C).
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efficiency became constant. The DB 79 removal efficiency 
increased from 60% to 97%, from 16% to 99% for DB 165 and 
from 27% to 78% for RY 145 by increasing the adsorbent dose 
from 0 to 10 g/L. The increase of the adsorbent dose multi-
plied the number of vacant adsorption sites, thus leading to 
an increase in the removal uptake [29]. Consequently, 5 g/L 
was chosen as optimal dose for all further studies.

3.6. Effect of solution pH

The variation of removal percentages at different pH 
values for DB 79, DB 165 and RY 145 removal is shown in 
Fig. 7. There was no significant decrease in the dyes uptake 
when varying the solution pH from 4 to 10 for DB 79 and 

DB 165. However, the adsorption was found to decrease 
with increasing pH solution from 6 to 10 for RY 145; it could 
be explained by the repulsion charges between the neg-
atively charged NP-TiO2 and the negative charge of dye 
molecules [30].

3.7. Effect of temperature

The effect of solution temperature on the adsorption 
of DB 79, DB 165 and RY 145 onto NP-TiO2 was studied by 
measuring the adsorption uptake at various temperatures 
varying between 20°C and 60°C.

The results are presented in Fig. 8, the removal efficiency 
of DB 79, DB 165 and RY 145 increased as the temperature 

 
Fig. 5. Effect of initial concentration of DB 79, DB 165 and RY 145 
by NP-TiO2 (adsorbent dosage: 5 g/L; pH = 6; T = 20°C).

 
Fig. 7. Effect of pH of DB 79, DB 165 and RY 145 onto NP-TiO2 
(dye concentration 50 mg/L; adsorbent dosage: 5 g/L; T = 20°C).

 
Fig. 6. Effect of adsorbent dose of DB 79, DB 165 and RY 145 
using NP-TiO2 as adsorbent (dye concentration: 50 mg/L; pH = 6; 
T = 20°C).

 
Fig. 8. Effect of temperature of DB 79, DB 165 and RY 145 onto 
NP-TiO2 (dye concentration 50 mg/L; adsorbent dosage: 5 g/L; 
pH = 6).
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increased from 20°C to 60°C. These results revealed that 
DB 79, DB 165 and RY 145 removal was endothermic [31].

3.8. Adsorption kinetics

Adsorption kinetics was investigated to understand the 
interactions of adsorbate–adsorbent system. The linearized 
forms of pseudo-first-order and pseudo-second-order kinetic 
equations are given as Eqs. (4) and (5), respectively [32–34]:

log log
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where K1 (min–1) and K2 (g/mg min) are the rate constants of 
the adsorption process for pseudo-first-order and pseudo- 
second-order respectively, while qe (mg/g) and qt (mg/g) are 
the adsorption capacities at equilibrium, and at time t (min).

Figs. 9a and b show the linear plot of log (qe – qt) vs. t and 
t/qt vs. t. Table 2 shows that the experimental data fitted better 
with the pseudo-second-order kinetic model compared with 
the pseudo-first-order kinetic model for DB 79 and RY 145 
with R2 > 0.99, the table also shows good agreement between 
the experimental and the calculated adsorption capacities 
for DB 79 and RY 145 dyes. However, the experimental data 

fitted best with pseudo-first-order for DB 165 with R2 = 0.95, 
furthermore, the experimental adsorption capacity was close 
to that calculated by pseudo-first-order.

3.9. Adsorption isotherms

The adsorption isotherm describes the interaction 
between the adsorbent and the adsorbate, and gives a com-
prehensive understanding of the nature of interaction. 
Several isotherm equations were developed and used for 
such analysis; two important isotherms were investigated in 
this study, Langmuir and Freundlich isotherm models.

Langmuir isotherm can be represented as follows [35–37]:

C
q K q q

Ce

e L m m
e= +

1 1  (6)

where qe and Ce are the adsorption capacity (mg/g) and the 
dye concentration (mg/L) at equilibrium, respectively, qm 
represents the maximum adsorption capacity of the adsor-
bent (mg/g) and KL the Langmuir adsorption constant 
(L/mg). The values of qm and KL are calculated from the 
slope and intercept of the linear plot of 1/qe against 1/Ce.

The Freundlich isotherm is a special model for hete-
rogeneous surface energy of adsorption [37]. It can be 
described as:

q K Ce F e
n= 1/  (7)

Fig. 9. (a) Pseudo-first-order kinetics of dyes adsorption and (b) Pseudo-second-order kinetics of dyes adsorption onto NP-TiO2 at 
20°C, adsorbent dose 5 g/L and 50 mg/L of initial dye concentration.

Table 2
Pseudo-first-order and pseudo-second-order kinetic parameters for the adsorption of DB 79, DB 165 and RY 145 onto NP-TiO2 
(temperature: 20°C; pH: 6, 5 g/L and 50 mg/L of initial dye concentration)

Adsorbate Concentration (mg/L)

Pseudo-first-order Pseudo-second-order

qe,exp (mg/g) qe,calc (mg/g) K1 (min–1) R2 qe,calc (mg/g) K2 (g/mg min) R2

DB 79 50 9.867 5.598 0.048 0.807 10.204 0.035 0.997
DB 165 50 9.893 11.066 0.032 0.951 12.195 0.003 0.824
RY 145 50 7.844 3.741 0.035 0.601 8.197 0.031 0.994
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where KF is the adsorption capacity at unit concentration and 
1/n is the adsorption intensity. The 1/n value ranges between 
0 and 1 and it is a measure of surface heterogeneity. Also, 
it indicates the type of isotherm to be irreversible (1/n = 0), 
favorable (0 < 1/n < 1) and unfavorable (1/n > 1). KF and n can 
be obtained from the intercept and the slope of the linear plot 
of ln qe vs. ln Ce.

The best-fit model was selected based on the linear 
regression correlation coefficient values (R2); which must be 
higher than 0.90 [38].

Fig. 10 shows the equilibrium isotherms for DB 79, DB 
165 and RY 145 adsorption by NP-TiO2. The adsorption of DB 
79 and DB 165 using NP-TiO2 was well fitted by the Langmuir 
isotherm model (R2 were 0.97 and 0.975 for DB 79 and DB 165, 
respectively), indicating a monolayer adsorption of dyes on 
the surface of NP-TiO2. The correlation coefficients and the 
adsorption capacities of both dyes are shown in Table 3.

The Freundlich isotherm model gave the highest R2 

values (greater than 0.97 for RY 145), this shows that the 
adsorption of RY 145 onto NP-TiO2 was best described by this 
model. The values of 1/n presented in Table 3 shows that the 
adsorption was favorable for the three dyes.

3.10. Adsorption thermodynamics

The thermodynamic parameters of adsorption process 
such as standard Gibbs free energy change (∆G°), standard 

enthalpy change (∆H°) and standard entropy change (∆S°), 
were calculated using Eqs. (8) and (9) [39,40]:

∆G° = –RT ln Ka (8) 

and

∆
∆ ∆G RT K K H
RT

S
Ra a° = − = −

°
+
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where R (8.314 J/mol K) is the gas constant, T (K) is the 
absolute temperature, and Ka has no unit, is the standard 
thermodynamic equilibrium constant determined from the 
Langmuir isotherm model [41]:

q q
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e L

e L
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where Ce is the concentration at equilibrium (mmol/L), 
qmax is the capacity of adsorption obtained from Langmuir 
model and KL is the Langmuir adsorption constant (L/mmol). 
The slope and intercept of the linear plot of ln (Ka) vs. 1/T 
(Fig. 11) provided the values of ∆H° and ∆S°.

The obtained ∆G°, ∆H° and ∆S° for the adsorption of DB 
79, DB 165 and RY 145 onto NP-TiO2 are listed in Table 4. 
The values of ∆H° are positive for all dyes, which indicate 
that the adsorption processes are endothermic in nature [42]. 

Fig. 10. (a) Langmuir isotherm of dyes adsorption and (b) Freundlich isotherm of dyes adsorption onto NP-TiO2 at 20°C, adsorbent 
dose 5 g/L and 50 mg/L of initial dye concentration.

Table 3
Langmuir and Freundlich isotherms parameters for the adsorption of DB 79, DB 165 and RY 145 onto NP-TiO2 (at 20°C, dye: 50 mg/L; 
pH: 6; adsorbent dose 5 g/L)

Freundlich

R2

Langmuir

q (mg/g) R2k N 1/n KL (L/mg)

DB 79 5.649 2.571 0.389 0.814 0.386 18.519 0.970
DB 165 7.413 5.128 0.195 0.764 0.933 14.286 0.975
RY 145 0.794 1.053 0.95 0.977 0.037 33.333 0.900
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In addition, adsorption of DB 79 and DB 165 onto NP-TiO2 
was spontaneous and favorable at all the experimental 
temperatures as a result of negative values of ∆G°. It was 
also noted that the values of ∆G° decreased by increasing 
temperature, which indicates that the adsorption was more 
favorable at higher temperatures. The positive values of ∆S° 
indicate an increase in randomness at the solid–solution 
interface.

3.11. Comparison study of the adsorption of DB79, DB 165 and 
RY 145 using different adsorbents

The adsorption capacities of DB 79, DB 165 and RY 145 
removal using different adsorbents is shown in Table 5; the 
adsorption performance of the NP-TiO2 prepared in this 
study was higher than other adsorbents used in different 
studies for DB 79 and DB 165.

4. Conclusion

NP-TiO2 was successfully used as adsorbent for the 
adsorption of DB 79, DB 165 and RY 145. Adsorption 
isotherms and kinetics explained well the adsorption mech-
anisms for the three dyes. The composite was characterized 
using XRD, FTIR spectroscopy and BET. Equilibrium 
isotherm data fitted well with Langmuir isotherm data for 
DB 79 and DB 165, however, the adsorption of RY 145 onto 
NP-TiO2 fitted best with Freundlich isotherm model. The DB 
79 and RY 145 adsorption was well described by the pseu-
do-second-order kinetic model while the adsorption of DB 
165 fitted best with pseudo-first-order model. The optimum 
conditions were noted at 5.0 g/L of adsorbent dose, 50 mg/L 
of initial dye concentration and 60°C of temperature for the 
three studied dyes. The results suggested that NP-TiO2 is a 
promising adsorbent for the successful removal of DB 79, DB 
165 and RY 145 from aqueous solution.
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