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ABSTRACT

Azo dyes are generally used in food, cosmetic, textile, pharmaceutical, and leather industries. Many of these dyes
are carcinogens and need a treatment. The aim of the present study was to use chitosan (CHT), phosphogypsum
(PG) and natural phosphate (NP) powders for the removal of Disperse Blue 79 (DB 79) from aqueous solution.
The effects of contact time, initial dye concentration, absorbents doses, solution pH, and temperature on the batch
adsorption process were systematically studied. Isotherm models were applied to the experimental equilibrium
data and pseudo-first order, pseudo-second order kinetic models were used to describe the kinetic data and to
evaluate the rate constants. The thermodynamic parameters, such as the changes in enthalpy, entropy, and Gibbs
free energy were also studied. The results show that the chitosan, phosphogypsum and natural phosphate could be
used for the removal of DB 79 in wastewater treatment.

INTRODUCTION

Dyes represent an important class of organic pollutants, which are generally used for coloring products in textile
industries. Azo dyes are widely used in many industries, especially the disperse azo dyes [1]. Disperse dyes have
an aromatic moieties linked together by azo (-N N-) chromospheres and have been used in the textile industry
[2]; these dyes are not degraded during conventional treatment of industrial effluents and need to be treated. To
treat the dyeing wastewater, a number of methods including adsorption [3], ozonation [4] and coagulation-
flocculation [5] have been investigated.

The adsorption process is an effective method to remove pollutants from wastewater. To save the environment,
the adsorbents based on biopolymers such as cellulose [6], alginate [7] and chitosan [8], composites [9] and clay
[10], etc. as adsorbents for the removal of dyes from wastewater.

Chitosan and natural phosphate are abundant and low-cost adsorbents in the world [11, 12], phosphogypsum [13]
is a by-product of production of phosphoric acid, which is produced in large quantities worldwide.

In this study, chitosan, phosphogypsum and natural phosphate powders were characterized and the adsorption
behavior of DB 79 by different adsorbents was investigated. Kinetics, isotherms and thermodynamic parameters
of adsorption process were calculated.

MATERIALS AND METHODS

Chemical and physical properties of different adsorbents

The chitosan was purchased from sigma-Aldrich the product number is 419419, the treated NP was obtained from
khouribga region and has the following chemical composition: CaO (54.12%), P,Os (34.24%), F (3.37%), SiO-
(2.42%), SOz (2.21%), CO; (1.13%), Na.O (0.92%), MgO (0.68%), Al.O3 (0.46%), Fe-0O3 (0.36%), K»0 (0.04%)
and diverse metals in the range of ppm, PG was obtained from phosphate industries and the chemical composition
was CaO (32.27%), P20s (0.93%), F- (0.12%), SiO. (0.55%), SO3 (45.1%), Na20O (0.14%), MgO (0.16%), Al,O3
(0.14%), Fe;03 (0.83%), K20 (0.18%).
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Test chemicals and analysis

Disperse Blue DB 79 (DB 79) was purchased from sigma-Aldrich the product number is 12239-34-8 and used
without any further purification. The chemical structure of DB 79 is shown in Figure 1. The initial pH was adjusted
with NaOH or HCI solutions. All of the reagents were analytical reagent grade.

A stock solution of 100 mg.L* was prepared by dissolving exactly 100 mg of DB 79 in 1000 mL distilled water.
The desirable experimental concentrations of solutions were prepared by diluting the stock solution with distilled
water.
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Figure 1: Molecular structures of disperse blue 79.

Adsorption experiments

Kinetic adsorption experiments of DB 79 were carried out in batch process in the presence of specific amounts of
CHT, PG and NP in 100 mL solution by varying the DB 79 concentration (20, 50, 70 and 100 mg.L™*) and
adsorbent dose from 0.1 to 1g.L™ for CHT, 1 to 15g.L™ for PG and NP. Samples were then collected at different
time intervals and the left out concentration in the clear centrifugation supernatant solution was analyzed using
Jasco V-630 UV visible spectrophotometer at Amax=537 hm of DB 79. The effect of pH on the removal amount of
DB 79 was analyzed over the pH range from 4 to 10, whereby adjustment was made using 0.1 N NaOH and 0.1
N HCI solutions. The experiments were also conducted at different temperatures, 293, 303, 313, 323 and 333 K,
while agitation was provided for 135 min for CHT, PG and 240 for NP using velp scientifica AG 460, which was
sufficient to reach equilibrium.

The adsorption percentage (%R) and adsorption capacity values at equilibrium ge mg.g™* and time gt (mg.g?)
were calculated using the following equations:

%R =222 %100 (1)

0
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Where C; is the dye concentration at time (t), Co (mg.L?) is the initial dye concentration, C. is the dye
concentration at equilibrium, V (1) is the volume and W (g) is the amount of the adsorbent in the solution.

RESULTS AND DISCUSSION

Characterizations of CHT, PG and NP

The surface functional groups of CHT, PG and NP were identified using an FT-IR spectrometer (Alpha Burker).
The FT-IR spectra of the samples were then analyzed at a range of 400-4000cm. The X-ray diffraction (XRD
using X Pert Pro (PANalytical) produced at 45 kV and 40 mA. The diffraction angles (20) were scanned between
6° and 60°.

FT-IR spectroscopy

Figure 2 exhibits the IR of CHT, PG and NP. The spectrum of CHT presented in figure. 2.a is composed of several
characteristic peaks. The spectrum shows a peak at 3363 cm™ that was assigned to O—H stretching band and N—
H stretching bands appear at 3284 cm™. The characteristic bands of C-O—C linkage were observed at 1150 and
1034 cm™. Finally, the C—N band appears at 898 cm™ [14].
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The spectra obtained for the phosphogypsum is shown in figure. 2.b. The IR spectrum of phosphogypsum has an
intense peak around 1100 cm™'. The PG has an additional two weak bands at 650 cm™ and at 2300
cm'correspondig of sulfate groups. The PG has also two bands characteristic of H,O at 3500 cm—1 and 1500

cm '[15].

The IR absorption spectrum (Figure 2.c) shows band characteristics of NP. The bands located between 1455 and
1430 cm-1. The spectrum of IR shows also the bands of phosphates, bands located between 780 and 800 cm-1
which could appear from the vibration of the silicate groups [16].
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Figure 2 FT-IR patterns of (a) chitosan, (b) phosphogypsum and (c) natural phosphate.

X-ray powder diffraction:
The spectrum of CHT ( Figure 3a) showed two peaks, one at 26= 10° and another at 26= 21°which were assigned

to (020) and (110) [17].

The X-ray spectrum of the PG was presented in Figure 3.b. The PG was identified to the dihydrated calcium
sulfate CaS04.2H,0 [18]. Figure 3.c shows the patterns of X-ray diffraction of NP. The peaks that correspond to
the SiO; structure appears around 26 = 26° and 20 = 35° characterized by diffraction planes (002) and (202). The
peak characteristic of CaF, appears at 30.2°. The Figure 3.c shows also that the structure of NP is similar to that
of fluoroapatite (Caio(PQOa4)sF2) [19].
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Figure 3. XRD patterns of (a) chitosan, (b) phosphogypsum and (c) natural phosphate.

Effect of concentration and contact time

The effect of contact time on DB 79 adsorption by CHT, PG and NP was investigated at different initial
concentrations of DB 79. As it can be seen in Figure 4, the adsorption of DB 79 was fast at the initial stage, and
then, it became slower near the equilibrium. The optimum contact time was found to be 60 min in the case of
chitosan and PG and180 min for NP.

The percentage of DB 79 removal decreased with increasing initial dye concentration for all adsorbents. The
decrease of DB 79 adsorption rate is perhaps due to the slow pore diffusion of the dye ions into the bulk of
adsorbents.
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Figure 4. Effect of contact time and initial dye concentration on the adsorption of DB 79 onto (a) CHT, (b)
PG and (c) NP

Effect of adsorbent dosage
In order to find the optimum dose of each adsorbent for maximizing the interactions between DB 79 molecules

and adsorption sites of different adsorbents in the solution, various amounts of CHT (0.1- 1 g.L'%), PG and NP (1-
15 g.L1) were varied.

Figure 5 presents the effects of CHT, PG and NP dosages on the adsorption of DB79. It was observed that initially,
the removal percentage of DB 79 increased rapidly with the increase in adsorbents doses, after the critical dose,
the removal percentage almost reached a constant value. The increase in DB 79 removal percentage was due to
increased available sorption surface and the availability of more adsorption sites [20].

Therefore, 0.5 g.L* of CHT, 10 g.L* of PG and 7 g.L"* of NP were chosen for further studies on DB 79 removal.
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Figure 5. Effect of adsorbent dose on the adsorption of DB 79 by CHT, PG and NP (experimental conditions:
initial dye concentration: 50mg.L%, temperature: 293 K, contact time: 60 min for CHT, PG and 180 min for
NP).

Effect of pH

The influence of pH on adsorption of DB 79 is shown in Figure 6. For the three adsorbents the maximum removal
was achieved at pH ranging from 4 to 8. While the pH increased from 8 to 10, the removal of DB79 decreased to
81%, 90% and 95%, for CHT, PG and NP respectively. Such phenomena, is maybe due to the decomposition of
the azo group in disperse dye molecules because the azo group is unstable in higher pH [21] for this reason, at pH
alkaline, more dye chromospheres were damaged, leading to a decrease in the adsorption removal by the different
adsorbents.
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Figure 6. Effect of pH on the adsorption of DB 79 by CHT, PG and NP (experimental conditions: initial dye
concentration: 50mg.L™?, temperature: 293 K, contact time: 60 min for CHT, PG and 180 min for NP)

Effect of temperature

Adsorption studies were carried out at five different temperatures (293, 303, 313, 323 and 333 K). The
experimental results showed that the removal of DB 79 using CHT decreased with the increase in temperature
(figure 7 a), indicating the exothermic nature of the adsorption reaction of DB 79 onto chitosan. The decrease in
the rate of adsorption with the increase in temperature may be due to the affinity of DB 79 to escape from the
solid phase to bulk phase [22]. The removal of DB 79 by PG and NP increases with increasing temperature. The
rise in removal of DB 79 with increasing temperature is due to the fact that the reaction rate between DB 79 and
the surface of the NP and PG increases with temperature. This suggests that the interaction between the adsorbate
and the adsorbent is endothermic in nature [23].
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Figure 7: Effect of temperature on DB 79 refavahiy (a) CHT, (b) PG and (¢) NP

Evaluation of adsorption Kinetics

In order to determine the kinetic parameters of DB 79 removal by CHT, PG and NP, the kinetic models including
the pseudo-first-order and the pseudo-second-order were applied to evaluate the experimental data.
The pseudo-first order equation can be expressed as follows [24]:
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K
log(qe —qr) = logge — - t O
Where k; (min?) is the rate constant of the adsorption process, while ge and gt are the adsorption capacities at

equilibrium, and at time t (min). The values of ge and k; were determined from the intercepts and the slope of the
plot of log (ge—qr) versus t.

The rate equation for pseudo-second-order model [25] is given by:
t 1 t

eI

a  Kq3  qe

Where g and q; are the adsorption capacities at equilibrium, and at time t (min), while k2 (g.mg*min) is the rate
constant of second-order adsorption.

The Kinetic parameters from the pseudo-first and the pseudo-second order models were calculated and listed in
Table 1. The plots of pseudo-first-order and pseudo-second-order kinetics models are shown in Figure 8 I and 11.
The results indicate that the pseudo-second order model fits the experimental data of DB 79 removal for all
adsorbents, since all of their correlation coefficient (R?) values are beyond 0.995.

The values of Q. calculated by the pseudo-second-order model showed a good agreement with the experimental
values (ge exp). But, the values of Qe calculated obtained from the pseudo-first order model do not give reasonable
values. These results suggested that the pseudo-second-order adsorption mechanism was predominant for the
adsorption of DB 79 onto CHT, PG and NP in this study.
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Figure 8.1: Pseudo-first-order plots for adsorption of DB 79 onto (a) CHT, (b) PG and (c) NP.
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Figure 8.11: Pseudo-second-order plots for adsorption of DB 79 onto (a) CHT, (b) PG and (c) NP.
Table 1 : Kinetic parameters for the adsorption of DB 79 onto CHT, PG and NP.
pseudo-First ordre pseudo-seconde ordre
Adsorbent C (mg-l—_l) Q exp Q calcul K R? Q calcul K R2
20 37.50 28.12 0.08 0.949 38.46 0.02 0.997
CHT 50 99.17 03.97 0.06 0.976 111.11 0.002 0.975
70 103.83 71.78 0.04 0.83 111.11 0.00 0.99
100 116.83 116.950 |0.097 |0.997 125.000 0.004 0.994
20 2.01 0.822 0.064 |0.785 2.012 0.520 0.999
PG 50 4.93 0.398 0.060 |0.785 4.975 0.126 0.997
70 6.50 2.844 0.051 [0.742 6.494 0.113 0.997
100 8.44 4121 0.060 |0.822 8.475 0.080 0.996
20 2.82 1.866 0.012 |0.858 2.786 0.023 0.964
NP 50 7.02 5.000 0.009 |0.840 6.944 0.008 0.942
70 8.47 5.943 0.014 |0.891 8.621 0.008 0.970
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Adsorption isotherms
The Langmuir isotherm supposed that a monomolecular layer is created when adsorption takes place without any
interaction between the adsorbed molecules and the adsorbent [26]. It is used to evaluate maximum dye adsorption

capacity. The Langmuir equation is represented as (Eq. (6)):

C=p et C (6

de KL dm qdm

Where gm and ge (mg.g') are the maximum and equilibrium adsorption capacity, respectively, Ce is the
equilibrium concentrations of dye solution (mg.L?) and KL (L.mg™) is the Langmuir adsorption constant related
to the energy of adsorption. The essential characteristics of the Langmuir isotherm can be expressed by means of
RL a dimensionless constant separation factor [27], The R is defined as: (7)

RL=1/(1+K.Co) (7)

Where Co (mg L) is the highest initial concentration of adsorbent, and K. (L.mg™') is the Langmuir constant.
The parameter Ry indicates the type of adsorption:

The adsorption is unfavorable when R, > 1, favorable when 0<R_ < 1, irreversible when R .= 0 and when R =1,
the adsorption is linear.

The Freundlich isotherm is a special model for heterogeneous surface energy of adsorption [28]. The Freundlich
isotherm can be described as:

qe = KrC'" ®

Where ge is the amount of adsorbate adsorbed at equilibrium (mg.g?), C. is the equilibrium concentration of the
adsorbate (mg.L™), KF is the Freundlich constant and n is the heterogeneity factor.

The linear form of Dubinin-Radushkevich (D-R) isotherm is expressed as [29]:

2
4. = qp X e(—BDX[RTln(1+é)] ) )

Where gmax (mg.g™?) is the D-R isotherm constant related to the degree of adsorbate adsorption by the adsorbent
surface, ge is the amount adsorbed at equilibrium (mg.g), Bp is related to the free energy of adsorption per mole
of the adsorbate as it migrates to the surface of the adsorbent from infinite distance in the solution (mol2.kJ?), T
(K) is the temperature and Ce (mg.L?) is the equilibrium concentration of DB 79 at solution. The linearized form
of the D-R equation is given in equation (10):

Inqe = Inqmax — BD82 (10)

e=RTIn(1+2) (11)
The apparent energy E of adsorption from Dubinin-Radushkevich is
E=—r (12)

(2Bp

The value of the apparent energy E between 8 and 16 kJ.mol indicates a chemisorption process, but the values
of E below 8 kJ.mol represented a physical adsorption process
The linear form of Temkin isotherm is expressed as [30]:

The isotherm constants are presented in Table 2. The value of E in the present study is found to be below 8 kJ.mol-
! (Table 2) corresponding to physical adsorption process.

Temkin isotherm was described by the following equation:

qe=(RT/bT)In (ATCe) (13)

B = RT/bT (14)

http: // www.gjesrm.com © Global Journal of Engineering Science and Research Management
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B is the Temkin constant related to heat of sorption (J.mol), A is the Temkin isotherm constant (L.g), R the gas
constant (8.314 J.mol! K1), b is Temkin isotherm constant and T is the temperature (K).

The parameters for the four isotherm models with regression coefficients (R?) are summarized in Table 2. The
capacity of DB 79 adsorbed at equilibrium increased from 37,5 to 121,167 mg.g™*; 1,95 to 8,175 mg.g™* and 2,819
to 10,95 for CHT, PG and NP respectively by increasing the initial dye concentrations from 20 to 100 mg.L™2. It
can be seen that the Langmuir model was evidently the most appropriate to describe the adsorption process for all
adsorbents due to their high correlation coefficients relative to the ones obtained from Freundlich, temkin and
Dubinin—Radushkevich models. This result indicating that the monolayer of DB 79 covers the CHT, PG and NP
surfaces.

The data of equilibrium isotherms of DB 79 onto all adsorbents is poorly described by the Freundlich, Temkin
and Dubinin—Radushkevich models, due to their low values of R? compared to other models.

Table 2: Langmuir, Freundlich, Temkin and Dubinin—Radushkevich adsorption isotherms constants, correlation
coefficients and the adsorption capacities of CHT, PG and NP for DB 79.

Table 2 : Isotherm parameters for the adsorption of DB 79 onto CHT, PG and NP.

Adsorbent CHT PG NP
ke(mg.g? (L.g™%)1/n) 60.39 2.61 3.65
Freundlich N 5.181 2.525 3.322
R? 0.502 0.662 0.963
k (L.mg%) 0.615 0.244 0.318
_ Q (mg.gh) 125 10 10.87
Langmuir
R? 0.994 0.95 0.973
RL 0.09 0.08 0.14
go (mg.g™) 120 8 8,00
Dubinin_Radushkevich Bp (mol? kJ?) 0.0000002 | 0.0000006 |0.0000001
Ep (KJ.mol ) 1.6 0.9 2.2
R? 0.682 0.713 0.933
Ar (L.gh) 119.902 4.163 11.986
Temkin bt (J.mol?) 14.11 1.825 1.631
R? 0.572 0.795 0.951

Thermodynamic parameters
The thermodynamic parameters such as change in Gibbs free energy (AG®), enthalpy (AH®) and entropy (AS°) are
calculated using the following equations [31]:

AG°=-RT In KL (15)
and Ik, = -2 4 & (16)
RT R

Where R (8.314 J mol K1) is the gas constant, T (K) is the absolute temperature, and K. (L.mol?) is the Langmuir
constant. The calculated constants are listed in Table 3, the values of AG® are negative, which indicates that the
adsorption process is spontaneous. Moreover, the positive values of AH® show that the adsorption was
endothermic for DB 79 onto PG and NP, but the negative value of AH® for CHT show that the adsorption was
exothermic, the positive AS® values suggest the increasing randomness at the PG/ DB 79 and NP/DB 79 interface

http: // www.gjesrm.com © Global Journal of Engineering Science and Research Management
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during the adsorption processes [32], however the negative AS® value for CHT suggests a decrease in randomness
at its CHT/DB 79 interface [33]

Table 3 : Thermodynamic parameters for the adsorption of DB 79 onto CHT, PG and NP.

AG° KJ mol?
Adsorbent 293 303 313 323 333 AH° KJ mol? | AS°KJ mol? Kt
CHT -11.00 -6.86 -5.47 -4.41 -2.47 -68.11 -0.20
PG -0.67 -1.31 -1.71 -2.39 -3.13 16.83 0.06
NP -0.02 -0.23 -1.87 -2.77 -4.07 65.99 0.21
CONCLUSION

The results of this investigation show that CHT, PG and NP can efficiently remove DB 79 from aqueous solution.
The adsorption equilibrium is attained within 60 min for CHT and PG and 180 min for NP. The adsorption kinetics
were verified by pseudo-second-order model for all adsorbents. The equilibrium adsorption isotherms were
described by the Langmuir model for CHT, PG and NP. Maximum adsorption reached 125 mg.g-1, 10 mg.g-1
and 10.87 mg.g-1 for CHT, PG and NP respectively. The adsorption was found to be spontaneous for the three
adsorbents, exothermic for CHT and endothermic for PG and NP according the thermodynamic parameters. The
CHT, PG and NP can be used as low cost and abundant adsorbents for the removal of DB 79.
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