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Abstract : In this study, equilibrium, kinetics and thermodynamics of Crystal Violet (CV)
adsorption onto Downy wood mint seeds (DWMS) was investigated. Parameters that influence
the adsorption process such as pH, adsorbent dose, initial dye concentration, contact time and
temperature were studied by batch adsorption process using UV-Visible spectrophotometric.
The optimum conditions for removal of CV were found to be pH 7.0, equilibrium time 90 min,
biosorbent dosage 1.4 g, initial dye concentration 4 mg L *.The CV biosorption potential of
DWMS increased with increasing temperature. Biosorption data were modeled by Langmuir,
Freundlich, Temkin andDubinin— Radushkevich (D-R) isotherms, it seems to fit Freundlich
isotherm model with high coefficients of correlation at different temperatures. Kinetics of the
adsorption process was tested by pseudo-first-order and pseudo-second-order kinetics, and
intraparticle diffusion mechanism. Pseudo-second-order kinetic model provided a better
discretion. Thermodynamic parameters suggest that the biosorption process is spontaneous
and exothermic in nature.

Keywords : Adsorption; Crystal violet; Downy wood mint seeds; Kinetics; Isotherm;
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Introduction

Many industries; dyestuff, textile, pharmaceutical, paper, plastic, and tannery, make use of dyes to color
their products, the textile industry is the largest consumer of dyes, about 10,000 different textile dyes with an
estimated annual production of 7 x10° metric tons are commercially available worldwide [1].The traditional aim
of wastewater treatment is to enable it to be disposed of safely, without being a danger to public health and
without polluting watercourses or causing other nuisance. Increasingly another important aim is to recover
energy, nutrient, water, and other valuable resources from it. Wastewater management is one of the challenging
issues in the world. [2].Hence removal of dyes from wastewaters using economical means has become a real
challenge to global scientists [3]. Amongst the numerous techniques of dye removal, adsorption is the
procedure of choice and gives the best results as it can be used to remove different types of coloring materials
[4,5,6].

Adsorption has been found to be superior for wastewater treatment compared to other physical and
chemical techniques, such as flocculation, coagulation, precipitation, and ozonation, as they possess inherent
limitations, such as high cost, the formation of hazardous by-products, and intensive energy requirements
[7]. The crystal violet (CV) dye is a synthetic cationic dye and transmits violet color in aqueous solution. It is
also known as Basic Violet 3, gentian violet and methyl violet 10B, belonging to the group of triarylmethane
[8]. This dye is used extensively in the textile industries for dyeing cotton, wool, silk, nylon, in the manufacture
of printing inks and also the biological stain, a dermatological agent in veterinary medicine [8-9]. The CV is
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toxic and may be absorbed through the skin causing irritation and is harmful by inhalation and ingestion. In
extreme cases, can lead to kidney failure, severe eye irritation leading to permanent blindness and cancer [10-
11]. Therefore, removal of this dye from water and wastewater is of great importance.

The present study has been designed to investigate the potential use of Downy wood mint seeds for the
removal of crystal violet from aqueous solution. For this purpose, batch adsorption experiments have been
carried out under varying experimental conditions such as contact time, the initial concentration of crystal violet
solution, pH and temperature of the solution.

Materials and Methods:
Crystal violet solution:

Crystal violet dye was provided from (HIMEDIA) which is of analytical grade and used without further
purification. The structure of C.V is given in fig.1.
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Figure 1.The structure of crystal violet.

A stock solution of 40 mg.L*was prepared by dissolving 0.01 gm C.V (M.wt=407.9 gm.mol™) in 250
ml volumetric flask using distilled water as a solvent. Other concentrations needed were prepared by dilution of
a stock solution.

Sodium Chloride salt:

1M of a stock solution prepared by dissolving 5.84 gm of NaCl in 100 ml volumetric flask using distal
water as a solvent. Other concentrations needed were prepared by dilution of stock solution.

pH adjustment:

A stock solution of 1M standardized NaOH solution and 1M standardized H3PO4 solution were used to
adjust the pH of each solution used in our experiments.

The adsorbent:

The Downy Wood Mint seeds (Blephiliaciliate) was used as an adsorbent which was obtained from
local market. DWM were thoroughly washed with distilled water several times to remove any impurities if
presented on the surface, then soaks in 100 ml distilled water for at least 15 mint fig.2.
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Figure 2. a- dry seeds andb- socked in distilled water for 15 min

Batch adsorption studies:

Batch mode of adsorption studies was used to investigate the effect of different parameters which
affects adsorption process and its efficiencies, such as dye concentration (C.V), adsorbent dose (downy wood
mint), temperature, pH and contact time.

A solution of a definite concentration of C.V dye and one gm of soaks downy wood mint seeds were
taken in 500 ml round bottom flask and agitated in a water bath shaker at predetermined time intervals.

Adsorbate concentration was determined by UV-Vis spectrophotometer (UV-1800 Shimadzu) at its
wavelength Amax= 590 nm.

The amount of the adsorbed C.V were calculated by equation 1:

( C0 - Ce ) \
Q= —————onen ()
w
ge.= amount of metal ion adsorbed in (mg/g).
Co- initial metal ion concentrationin (mg/L).
Ce= is the concentration at equilibrium in (mg/L).
V= is the total volume of solution in (L).
w= mass of the adsorben(downy wood mint seeds) used in gram.
The percentage removal were calculated using [12] eq.2:
Co—Ce
%R= 100 ... (2)
Co

Results and Discussion:
Effectof some parameters on Adsorption:
Effect of adsorbent dose:

The adsorbent dose determines the capacity of the adsorbent for a given initial concentration. The
adsorption of CV on DWM seeds was studied by changing the quantity of adsorbent (0.2, 0.4, 0.6, 0.8, 1, 1.2,
1.4, 1.6 and 1.8 g) in the test solution while keeping the initial (CV) concentration 5.6 mg/L, temperature (27
2 °C), pH 7.0 and a contact times of 90 min Figure.3. An increase in adsorbent quantities strongly affects the
guantities of dye removed from the aqueous solution to certain limit it shows an increase in %R with increase in
the adsorbent dose up to 1.4g [13].
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Figure.3.Effect of adsorbent dose on adsorption of CV dye onto DWM seeds.

Effect of contact time:

Figure 4 shows the effect of contact time on the adsorption of CV dye on DWM seeds. In this
experiment using different time interval (10, 20, 30, 40, 50, 60, 70, 80 and 90 min) for adsorption of CV dye on
(1.4gm) of DWM seeds at room temperature and pH =7. The equilibrium adsorption percent increases with
increasing the contact time and approaches equilibrium after about 90 min. Initially, a large number of vacant
surface sites is available for adsorption; the adsorption rate is very fast, thus it rapidly increases the amount of
adsorbents accumulated on the adsorbent surface mainly within the first hour of adsorption. Adsorption rate
decrease after 30 min. and remains constant after 90 min. due to the saturation of the adsorption site and reaches
the equilibrium state (adsorption, desorption equilibrium) [14].

%R

time (min)

Figure.4. Effect of contact time on adsorption of CV dye onto DWM seeds.

Effect of pH

To study the effect of pH on the adsorption. The range of pH adjusted between 2 and 12. The
experimental date indicates that the removal of dye was so effective at pH 7. Figure 5 shows the effect of pH on
the removal of Crystal Violet on to DWM [15,16].
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Figure.5. Effect of pH on adsorption of CV dye onto DWM seeds.

Effect of temperature:

670

Experiments were carried out at different temperature 21, 27, 33, 39, 45, 55 and 65C° in conjunction
with the optimum other parameters, 90 min contact time, 1.4g adsorbent dose, and pH =7.figure -6 shows that at

65C° there are the best Removal % and so this temperature was chosen for further experiments.
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Figure.6. Effect of temperature on adsorption of CV dye onto DWM seeds.

Effect of initial concentration:

The initial concentration provides an important force to overcome all mass transfer resistances of all

molecules between the aqueous and solid phase [17].

Figure 7 shows the effect of different initial concentration (4, 4.4, 4.8, 5.6, 6, 6.4 and 6.8 ppm) of CV
adsorbed by DWM seeds. The adsorption decreases with the increase of the initial concentration of CV
solution. A decrease in R% with increase initial concentration is due to the saturation of the active site on the

adsorbent surface.
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Figure.7. Effect of initial concentration on adsorption of CV dye onto DWM seeds.

Adsorption Isotherm:

Adsorption isotherms play an important role in elucidating the interaction between the adsorbent and
further deepen the understanding of the mechanism of adsorption phenomenon.

The distribution ratio of the solute between the liquid and the solid phases is a measure of the position of
equilibrium. The preferred form of depicting this distribution is to express the quantity ge as a function of C.at a
fixed temperature and an expression of this type is termed an adsorption isotherm [18]. The quantity geis the
amount of solute adsorbed per unit weight of the solid adsorbent, and C.is the concentration of solute remaining
in the solution at equilibrium. The analysis of the isotherm data is important to develop an equation which
accurately represents the results and which could be used for design purposes [19].

In the present study, Langmuir, Freundlich, Temkin and Dubinin Radushkevich (D-R) models were
used to describe the equilibrium data.

Langmuir isotherm:

The Langmuir isotherm assumes that the sorption takes place at specific homogeneous sites within the
adsorbent [20]. The linear form of Langmuir isotherm is represented by the Eq. 3:

Ce/qe = 1/qu|_ + Ce/qm .......... (3)

Where C.is the equilibrium concentration (mg.L™), g. the amount adsorbed at equilibrium (mg.g™), gut he
adsorption capacity (mg.g™) and, k.is the energy of adsorption (Langmuir constant, L mg™). The values ofq,
and k_ were calculated from the slope and intercept of the linear plots C./ge versus C, which give a straight line
of slope 1/qthat corresponds to complete monolayer coverage (mg.g™) and the intercept is 1/¢mkv.

Freundlich isotherm:

The Freundlich isotherm is derived by assuming a heterogeneous surface with a non-uniform
distribution of heat of adsorption over the surface [21]. The logarithmic form is shown as Eq. 4:

log g = log K+ /nlog Ce  ........... 4)

whereK;and n are the Freundlich constants related to adsorption capacity and adsorption intensity of adsorbents,
respectively. They were calculated from the intercept and slope of the plot of log g. versus log C..

Dubinin—Radushkevich isotherm:

The Dubinin—Radushkevich isotherm (D-R) is generally applied to express the adsorption mechanism
(physical or chemical) with energy distribution onto a heterogeneous surface [22]. This isotherm model is more
general than Langmuir isotherm because it does not assume a homogeneous surface or a constant adsorption
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potential and is related to the porous structure of the adsorbent. The linear form of D-R isotherm equation is
represented as:

INge = Ings — Kag €. (5)

whereqgis the theoretical saturation capacity (mg. g*), K is a constant related to the mean free energy of
adsorption per mole of the adsorbate (mol® J%), ¢ is Polanyi potential which is mathematically represented as:

e=RTIN[L+1/Cy......... (6)

whereC_is the equilibrium concentration of adsorbate in solution (mol L™), R is the gas constant (J mol™ K™)
and T is the absolute temperature (K). The D-R model constants, Kyand gs, can be determined from the
intercept and slope of thelinear plot of Ingeversus €% respectively. The constant K. gives an idea about the
mean free energy E (kJ mol™) of adsorption per molecule of the adsorbate when it is transferred to the surface
of the solid from infinity in the solution and can be calculated from the relationship:

E=1UCKa)"? i (7)
Temkin isotherm:

Temkin isotherm contains a factor that explicitly taking into account if adsorbent-adsorbate interact and
is based on the adsorption that the free energy of adsorption is simply a function of surface coverage.[23]

The linearized Temkin isotherm is shown in equation (8):

ge= B Inkr + B InCe........... (8)

Where B equals to = [RT / br] In J/mol corresponding to the energy of adsorption, by is the Temkin isotherm
constant and kr (L/g) is the equilibrium binding constant related to the maximum binding energy.Temkin plot
of ge versus [nCe at 338K.

Both value of B and Ky computed from the slope and intercept of the plot. The Temkin isotherm
parameters B, Ky, by and R? are listed in Table 1. From the value of R? this model is applicable to the
description of equilibrium data.

Dimensionless separation factor R, were calculated from eq :
R=1/1+K_C,........ 9)

Table 1-Langmuir, Freundlich, Dubinin RadushKvich and Temkin isotherm model parameters and their
respective correlation coefficients for the sorption of CV onto DWM biosorbent.

Langmuir isotherm
Temperature qm Ki RL R’

(K) (mg/g) (L/mg)
Downy 306 3.5536 0.3338 0.4282 0.7355
Wood 312 2.0449 0.9018 0.2170 0.7860
Mint 318 5.0581 0.2751 0.4761 0.6453
Seeds 328 4.2955 0.5209 0.3243 0.6787
338 2.0742 1.4413 0.1478 0.9698




Aeshah Jamal Al —Timimi et a/ /International Journal of ChemTech Research, 2017,10(10): 666-679.

06 os
Calmg/L)

Freundlich isotherm
Temperature n Kt R’
(K) mg.g™*
Downy 306 1.3146 0.9585 0.8584
Wood 312 2.1101 0.9667 0.8277
Mint 318 1.0767 1.0886 0.9340
Seeds 328 1.3992 1.4743 0.9510
338 2.1949 1.2125 0.9648
g i ) R* - 01-7:.1:; ’ /
&
S

673

Figure 8- Langmuir's adsorption isotherm for the adsorption of CV onto DWM biosorbent at

338K.
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Figure 9- Freundlich adsorption isotherm for the adsorption of CV onto DWM biosorbent at

338K

v =0.5046x + 12216
R*«0.965
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Figure 10- Temkin isotherm model for the adsorption of CV by DWM biomassat 338K.
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Figurell- D-R isotherm model on the adsorption of CV onto DWM biosorbent at 338K.
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Figure 12- Adsorption isotherm models on the adsorption of CVinto DWM biosotbent at different
temperature
Kinetic Adsorption:

In order to understand the controlling mechanism of the adsorption process, the pseudo first-order, the
pseudo-second order and intraparticle diffusion models were applied to examine the experimental data.

The pseudo first-order rate expression of Lagergren is given as [24]:

IN@—0a)=Inge— Kyt ....... (10)

where k; ( min™) is the rate constant of the pseudo-first-order adsorption process which is obtained from the
slop of the plot of In(ge-q;) vs time and the intercept gives g (equilibrium or maximum adsorption capacity) as
shown in fig. 13.
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Figure. 13. Pseudo-first-order kinetic model plots for adsorption of CV on DWM seeds at 338K

The pseudo-second-order kinetics given by Ho’s equation [25]:

t/q = 1/KoGe? + t0. ... (11)

where k, (gmg™ min™) is the pseudo-second-order rate constant. The slopes andintercepts of plots of t/gtvs. t

were used to the calculatethe second-order rate constant k, and .
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Figure. 14. Pseudo-second-order kinetic model plots for adsorption of CV on DWM seeds at 338K
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Figure 15 :Intraparticle diffusion model plots for adsorption of CV on DWM of 6 mg/L at 338K



Aeshah Jamal Al —Timimi et a/ /International Journal of ChemTech Research, 2017,10(10): 666-679. 676

Table2: Kinetic Parameters Of The Adsorption Of C.VV Onto DWM Seeds at 6 mg/L

Temp. First-order Second-order Intra—particle
® diffusion
Qe K; Min" | R? Qe Ks R® Kd R?
(mg.g™ | ) (mg.g™) | (mg/g.min) (mg/g.min)

306 | 0.7936 | 0.0386 |0.9417 | 1.3199 | 0.0664 |0.9940| 0.0801 |0.9951
312 | 0.7626 | 0.0315|0.9889 | 1.3065 | 0.0523 ]0.9908 | 0.0883 |0.9953
318 | 1.0788 | 0.0507 | 0.9325 | 1.3943 | 0.0604 ]0.9959 | 0.0878 |0.9907
0.9881 | 0.0418 | 0.9764 | 1.4747 | 0.0509 ]0.9960| 0.0981 |0.9913

328
338 | 1.1387 | 0.0472|0.9722 | 1.4649 | 0.0452 ]0.9971| 0.1039 |0.9839

The values of regression coefficient for pseudo-second-order model are greater than those for pseudo-
first-order model. Thus the adsorption of CV onto DWM is best explained by the pseudo-second-order Kinetic
model. Adsorption rate constants and calculated adsorption capacities are summarized in Table 2.

The intra-particle diffusion model equation is given as [26]:
g=Kgt*®*+C ... (12)

whereky, the intra-particle diffusion rate constant (mg/g min0.5) which can be evaluated from the slope of the
linear plot of q; versus t°°, C represents the thickness of the boundary layer [27]. The intraparticle diffusion plot
is shown in fig. 15.

Adsorption Thermodynamics:

Thermodynamics of equilibrium sorption data can give more important information on sorption
process. In the present study, the effect of temperature on the adsorption was investigated at different dye
concentrations. It showed that the sorption of CV increase with increasing the temperature. The increase in the
dye sorption onto DWM biosorbent is due to the deformation of bonds between the dye molecules and the
active site of DWM biomass. Thermodynamic parameters were calculated using the following equations (12-
14) [28]:

Where AG® is standard free energy of adsorption, R is the gas constant, K, is the distribution coefficient for
sorption. The K¢q value was calculated from the following equation:

Where g, and C. are the equilibrium concentrations of dye ions in the adsorbed phase (mg/g) and in the solution
(mg/L), respectively. The standard enthalpy (AH®) and entropy (AS®) of adsorption can be estimated from Van't
Hoff equation:

InKeq= ASSIR—AH®IRT ................. (15)

The linear plots of InKe vs. LT (Figure 15) give the numerical values of enthalpy



Aeshah Jamal Al —Timimi et a/ /International Journal of ChemTech Research, 2017,10(10): 666-679. 677

(AH®) and entropy (AS®) from the slope and intercept, respectively.

The values of the thermodynamic parameters for the sorption of CV onto biosorbent are given in Table
3. The negative value of AH® indicates exothermic nature of adsorption while positive AS° value confirms the
increased randomness at the solid-liquid interface during adsorption [29-32]. The degree of the spontaneity of
the adsorption process is determined by the Gibbs free energy [33].

The negative values of AG° for the sorption of CV onto DWM biomass are attributed to the
spontaneous nature of sorption and it means that the adsorption process is thermodynamically favoured with
strong interaction of the dye molecules onto the biosorbent surface.

© 4{ppm)
D4.4{ppm)
& 4 8{ppm)

x 5.6(ppm)
x 6{ppm)

05 O 6.4({ppm)
+ 6 B{ppm)

Figure 15- Plot of 1/T vs. Inkq for the adsorption of CV onto DWM biosorbent

Table 3- Thermodynamic parameters of CV adsorption onto the DWM biosorbent at 6mg/L

-AH’(J/mol) | AS°(J/K/MOL) -AG’(J/mol)
931.16 9.5162 306K 312K 318K 328K | 338K
3372.69 | 3097.19 | 3963.93 | 4911.58 | 4445.35
Keg
3.7649 | 3.3003 | 4.4785 | 6.0565 | 4.8641

Conclusion:

DWM seeds were tested and evaluated as a possible biosorbent for removal of CV from its aqueous
solution, the removal efficiency approaches 90%. The temperature has a strong influence on the adsorption
process and the maximum removal was observed at 338K. experimental equilibrium data provide the best fit
with freundlich isotherm with R?=0.96, which signifies that a heterogeneous adsorption takes place between the
dye and the surface pf DWM seeds. The nature of adsorption was physical adsorption as inferred from the
Dubinin-Radushkevich isotherm model. The thermodynamic study indicated that this adsorption is spontaneous
and exothermic as evidenced by negative values of the changer in Gibbs free energy AG® and enthalpy AH®. The
pseudo-second order equation best describes the kinetics of adsorption system due do it, higher R*values than
that of the pseudo first-order.
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