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Simultaneous removal of methylene blue and crystal violet was investigated.
Adsorbents made of clinoptilolite/FesOs (Clin/FesOs) nanocomposites and
alginate/clinoptilolite/Fes3Os (Alg/Clin/Fes04) nanocomposite beads were used. The
effects of effective environmental parameters such as pH, adsorbent amount,
temperature, contact time, and dye concentration were examined in the adsorption
process. The results showed that the highest amount of dye adsorption using both
adsorbents was obtained under pH = 8, adsorbent dose of 2 g/l, contact time of 60
minutes, temperature of 25 °C, and dye concentration of 10 ppm. Under optimal
conditions, the adsorption percentage of methylene blue dye was obtained as 80.36
and 74.51 %, and the adsorption percentage of crystal violet dye was obtained as
75.83 and 70.19 %, using Clin/FesO4 and Alg/Clin/FesO4 adsorbents, respectively.
Investigating isothermal models showed that both dyes' adsorption process was
mainly physical and desirable. Experimental data on dye adsorption using both
adsorbents was most consistent with the Langmuir isotherm and the pseudo-second-
order kinetic models. The thermodynamic study showed that the adsorption process
was exothermic and spontaneous.
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Figure 1: FTIR analysis of granular nanocomposite before and after simultaneous adsorption of methylene blue and crystal violet dyes.
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Figure 2: SEM analysis of (a) powder adsorbent before adsorption, (b) granular adsorbent before adsorption, (c) granular adsorbent after adsorption.
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Figure 3: The effect of pH on the efficiency of simultaneous adsorption of methylene blue and crystal violet dyes in the conditions of: adsorbent dose
1 g/l, dye concentration 10 ppm, contact time 60 min, temperature 25 °C.
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Figure 4: The effect of adsorbent dose on the efficiency of simultaneous adsorption of methylene blue and crystal violet dyes under the conditions of:
pH = 8, contact time 60 min, dye concentration 10 ppm, temperature 25 °C
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Figure 5: The effect of contact time on the efficiency of simultaneous adsorption of methylene blue and crystal violet dyes in the conditions of: pH =
8, adsorbent dose 2 g/L, dye concentration 10 ppm, contact time 60 min, temperature 25 °C.
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Figure 6: The effect of temperature on the efficiency of simultaneous adsorption of methylene blue dyes and violet crystal under conditions of: pH =
8, adsorbent dose 2 g/L, dye concentration 10 ppm, contact time 60 min.
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Figure 7: The effect of initial dye concentration on efficiency of simultaneous adsorption of methylene blue and crystal violet dyes under conditions
of: pH = 8, adsorbent dose 2 g/l, contact time 60 min, temperature 25°C.
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Table 1: Constants and parameters determined using different isotherm models for the simultaneous removal of methylene blue and crystal violet dyes.

Isotherms Parameters

Dyes

I N B =

Langmuir gm (Mg/ g)
K (L/mg)
Ru
RZ
Freundlich n
Kr (mg/g)
RZ

Om (Mg/ g)

Bx107 (mol?/ kJ?)

E (Kj/ mol)

RZ

13.850 11.778
0.385 0.458
0.089-0.613  0.068-0.500
0.981 0.965
2.5901 2.733
4314 3.925
0.832 0.720
11.831 11.102
8.213 12.776
0.779 0.625
0.915 0.938

PY-0r A(EY) Y /55) 509U 9 pgle (Sole dy puis

FY



ry o Janngs 1T Slghxo I iniis ok 9 AT o BB Ulejed B3a w2/ Jgpwloid @320 9 595 @200

(a)

.
Lo
e
.
.
.
Q
ee®
.
""""
. .
. .
. .
)

e MB
*CV

o
ul
b
*
L J
g

ces
.....
...........

o
(8]
L

InCe

Inq,
—

0 eMB
eCVv

0 0.05 0.1 0.15 0.2 0.25 0.3

g2*107
ssk 5 @l olite LIS, Glojea i (59, guesSisl - uingd Joo (€) dig d Joo (0) 25eSSY Jus @) iz slop ignl (Jas abul, :A JSUb

. )m .'

Figure 8: Linear relationship of adsorption isotherms (a) Langmuir model (b) Freundlich model and (c) Dubinin-Radeshkovich model on
simultaneous adsorption of methylene blue and crystal violet dyes
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Figure 9: Kinetic models of (a) pseudo first order (b) pseudo second order (c) intraparticle diffusion and (d) Elovich on the simultaneous adsorption

of methylene blue and crystal violet dyes.
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Table 2: Kinetic parameters determined by pseudo first order, pseudo second order, intraparticle diffusion and Elovich models for the simultaneous
adsorption process of methylene blue and crystal violet dyes.

Dyes

Pseudo-first-order

Pseudo-second-order

Elovich

Intraparticle diffusion

ge (Mg/g) 2510 2530
Qe.exp (MY/Q) 4320 4.082
k1 (1/min) 0.114 0.101
R? 0.920 0.928

ge (Ma/g) 5310 5.282
Ge.exp (MY/Q) 4320 4.082
Kz (1/min) 0.007 0.005
R? 0.978 0.997
a(mg/g. min) 0986 0.773
B(g/mg) 0.448 0.443
R? 0.944 0.934
ki(mg/g. min*2 0.792  0.802
© 0.902 0.330

R? 0.937 0.933
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Figure 10: Linear relationship between In kq and 1/T in order to determine the thermodynamic parameters of the simultaneous adsorption of
methylene blue and crystal violet dyes.
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Table 3: Thermodynamic parameters determined for the simultaneous adsorption process of methylene blue and crystal violet dyes.
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Table 4: Comparison of gmax Of different adsorbents for methylene blue and crystal violet dyes.
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