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      This work examines the possibility of removing the crystal violet (a cationic dye), used in dyeing of cotton, wood, and silk, onto 
untreated coffee waste. The influence of various experimental parameters on the adsorption of crystal violet has been analysed: pH, 
adsorbent dose and initial dye concentration. The optimum adsorption of crystal violet took place at pH 6 and at lower temperatures. 
Further, the adsorbent was characterised by Fourier transform infrared (FTIR) spectroscopy. The FTIR analysis revealed the presence of 
several functional groups that are responsible for the adsorption process. Adsorption equilibrium follows the Langmuir’s model with 
maximum retention of 63.3 mg g-1. The kinetics of the crystal violet adsorption were studied using the pseudo-first order and pseudo-
second order equations. Adsorption of the dye can be described by pseudo-second order kinetics, reaching the equilibrium at 40 min. The 
value of the activation energy shows that adsorption is physisorption. The Weber-Morris model indicates that this adsorption occurs in two 
steps. Thermodynamic parameters suggest that the adsorption is spontaneous and exothermic. 
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INTTRODUCTION 

 
Currently more than 700,000 tons/year of dyes are 

manufactured [1], 15 to 20% are discharged with the liquid 
effluent, without any prior treatment [2]. These discharges 
present a real danger to humans and to the environment due 
to their low biodegradability. For this reason, colored-
effluents require appropriate treatment before being 
discharged into nature. In this context, a wide variety of 
physical techniques (adsorption, membrane filtration, 
precipitation, coagulation, flocculation and decantation), 
chemical  (ion  exchange  resin,  oxidation),   and  biological 
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(aerobic and anaerobic treatment) [3] have been employed. 
Among various techniques, adsorption has proven to be 
efficient, easy to implement, and inexpensive [4]. Activated 
carbon is the most widely used adsorbent, because of its 
interesting adsorption properties, but it is expensive and 
difficult to regenerate [5].  

Research is then directed towards the exploitation of 
natural materials, agricultural by-products, and some 
industrial wastes, because of their abundance and low cost 
[6]. Several studies show that these materials have 
interesting properties for dyes removal. Such as olive cake 
waste [7], Luffa aegyptica peel [8], Bombax buonopozense 
[9], almond shells [10], pineapple peelings and 
coconut shells [11],  Cortaderia selloana flower spikes [12],  
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rice husk [13], potato peel [14], corn cob [15], garlic straw 
[16], coconut coir dust [17], bananas waste [18] and 
Cucumis sativus peel waste [19].  

World coffee production, according to the International 
Coffee Organisation, is 160 million bags in 2018 (1 bag is 
60 kg). Except for a few losses, all these quantities of coffee 
end up as spent coffee grounds (SCGs) in the rejects. SCGs 
is an excellent candidate for the adsorption of cationic dyes 
because it has a high carbon content (cellulose, lignin and 
hemicelluloses) and is rich in functional groups such as 
hydroxyl carboxyl and phenols [20]. In addition, the use of 
SCGs as an adsorbent requires little or no treatment. 
      The SCGs have been used for bioenergy, bioactive 
compounds and materials, and for adsorption of several 
heavy metals [21]. However, studies of the use of SCGs as 
an adsorbent for basic dyes are rare. 

The present study is part of this perspective and consists 
of testing SCGs to remove a cationic dye widely used in the 
textile industry, which is crystal violet. It also aims to 
optimize their retention capacity by studying the effects of 
operating parameters. 
 
MATERIALS AND METHODS 
 
Adsorbent Preparation and Characterization 
      The spent coffee grounds were collected from a coffee 
shop in Meknes City (Morocco). The collected SCGs were 
washed thoroughly with hot distilled water (60 °C), until a 
neutral pH was reached, and then they were dried in an oven 
at 105 °C for 24 h. The dried SCGs were sieved to obtain a 
grain size of fewer than 250 μm. The product was stored in 
a clean and dry place. The surface chemistry of SCGs was 
studied by determining the pH at the point zero charge 
(pHPZC), and the surface functions. 

The pHpzc was determined by the salt addition technique: 
a mass of 0.2 g of SCGs was introduced into a series of 
tubes each containing 40 ml of NaCl solution (0.1 M). The 
pH was adjusted using a solution of HCl (0.1 M) and NaOH 
(0.1 M) as required. The pH values of the supernatant in 
each tube were designated as pHi. The samples were 
agitated for 24 h at 200 rpm. After settling, the pH values of 
the supernatant in each tube were measured and designated 
as pHf. The pHPZC was obtained from the plot of                
ΔpH (= pHf  - pHi) vs. pHi at ΔpH = 0. 

 
 

      Chemical groups present on the SCGs surface were 
characterised by Fourier transform infrared (FTIR) 
spectroscopy using a Fourier transform infrared 
spectrometer (Shimadzu, JASCO 4100). The samples were 
prepared in KBr discs from very well dried mixtures of 
about 4% (w/w). The FTIR spectra were recorded from 
4000 to 400 cm-1 by an accumulation of at least 64 scans 
with a resolution of 4 cm-1 per sample. 
 
Adsorbate Dye 

The dye considered in this study is a crystal violet (CV) 
with very high purity (98%) and a C.I. index of 42,555. Its 
molecular structure is shown in Fig. 1 and its main 
characteristics are presented in Table 1. It has been           
used without any prior purification. A stock solution of          
400 mg l-1 was prepared by dissolving 400 mg of dye in 1L 
of distilled water. The colored solutions of different 
concentrations used in this study were prepared by dilution 
with distilled water. 
 
Adsorption Experiments 
      Adsorption experiments were carried out in a batch 
mode. The various experimental conditions are shown in 
Table 2. A precisely weighed quantity of adsorbent is 
introduced into a volume (40 ml) of the CV of C0 
concentration. The initial solution pH was adjusted using 
0.1 M HCl and 0.1 M NaOH solutions. The reaction 
mixtures were stirred at 600 rpm, using a heated magnetic 
stirrer, at an adjustable temperature, for a specified time. At 
the end of each experiment the colored solution was 
separated from the adsorbent by centrifugation at 3000 rpm 
for 20 min. The absorbance of the supernatant solution was 
measured using a UV/visible spectrometer (Shimadzu, UV-
1240), at the wavelength corresponding to the maximum 
CV absorbance (λmax = 590 nm). The residual dye 
concentration Ct in the reaction mixture was calculated 
using a previously drawn calibration curve. 

The amount of adsorbed CV qt (mg g-1), and the   
removal percentage Rt (%) were determined by the 
following Eqs. (1) and (2) [22]: 

 
      

m
VCCq t

t
).( 0                                                                 (1) 
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Fig. 1. Chemical structure of crystal violet. 
 
 

                         Table 1. Chemical Properties and Characteristics of Crystal Violet 
 

Generic name Crystal violet 

Chemical formula C25H30N3Cl 

Molecular weight (g mol-1) 407.98 

Type of dye Cationic 

λmax (nm) 

 

Chemical safety 

590 nm 

 
 

 
 
              Table 2. Effect of Parameters on the Adsorption Process 
 

  Parameters 

 pH Concentration dye 

(mg l-1) 

Adsorbent dosage 

(g l-1) 

 

Time 

(min) 

Temperature 

(°C) 

Effect of pH 2-12 100 2 50 25 

Effect of adsorbent dosage 6 100 0.1- 7 50 25 

Effect of time 6 100 2 0-120 25 

Effect of temperature 6 100 2 50 25-50 
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where C0 and Ct are the CV initial concentration and 
concentration (mg l-1) at the time t, V is the solution volume 
(L), and m is the adsorbent mass (g). 
 
Kinetics and Isotherms Modeling 
      In order to understand the mechanism of CV adsorption 
on the SCGs, the kinetic data were analysed by the linear 
forms of the pseudo-first order and pseudo-second order 
kinetic models, as well as the intra-particle diffusion model. 
On the other hand, the modeling of the adsorption 
equilibrium was undertaken by the non-linear forms of 
Langmuir, Freundlich, and Temkin isotherms. The validity 
of the kinetic models and isotherms were confirmed by the 
coefficient of determination (R2). All the corresponding 
equations are summarised in Table 3. 

The KL value of the Langmuir adsorption isotherm is 
used to determine the separation factor RL, given by Eq. (3): 
 
      

01
1

CK
R

L
L 
                                                               (3)                                                                                   

 
The value of RL is used to predict the favorability of the 

adsorption process: adsorption is favorable when 0 < RL < 
1, linear when RL = 1, unfavorable when RL > 1, and 
irreversible when RL = 0. 
      Where qt (mg g-1) and qe (mg g-1) are the quantities of 
adsorbed dye at the time t and at equilibrium, k1 (min-1) and 
k2 (g mg-1 min-1) are the constants of pseudo-first order and 
pseudo-second order models, respectively. kd and C are the 
intra-particle diffusion rate constant and thickness of the 
boundary layer, respectively. Ce (mg l-1) is the equilibrium 
concentration; qm (mg g-1) is the maximum adsorption 
capacity; KL (l mg-1) is the Langmuir constant;                      
KF (mg g-1) (l mg-1)1/n and n are the Freundlich constants. A 
and b are the Temkin constants, R is the universal gas 
constant (8.314 J mol-1 K-1), and T is the absolute 
temperature in Kelvin. 
 
Thermodynamic Parameters 

The thermodynamic behavior of CV adsorption on 
SCGs was evaluated by the thermodynamic parameters:  

 
 

Gibbs free energy (∆G°), enthalpy (∆H°), and entropy (∆S°). 
These parameters were calculated using the following 
equations [22]: 
 
      

RT
H

R
SK D

 



)ln(                                                      (4) 

 
where KD is the distribution coefficient:                 
 
      

e

e
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CC
K


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       STHG                                                          (6) 
 
RESULTS AND DISCUSSION 

 
Effect of Operating Parameters 
      Effect of pH. The influence of the initial pH on the 
adsorption was studied in the range of pH 2-12. Figure 2 
shows that the amount retained by the adsorbent is closely 
related to the initial pH value. The retention rate is 
appreciable for pH values between 6 and 9, with a retention 
peak around pH = 6. Above pH = 10, a drop-in efficacy was 
observed. A similar trend in the effect of pH was observed 
for the adsorption of basic red on sawdust [28]. In order to 
elucidate the effect of pH on the adsorbent surface charge, 
the determination of the point of zero charge or pHPZC was 
carried out. The pHPZC is very important in the adsorption 
phenomenon, especially when the forces of electrostatic are 
involved in the mechanisms, which is the case for biomass 
[29]. Figure 2 shows that the pHPZC of the SCGs is 5.3. This 
value is comparable to that found by Min-Suk Kimin [30] 
for cadmium adsorption onto SCGs. The overall surface 
charge is positive for solutions with a pH below this value, 
and it is negative when the pH is above pHPZC. As the dye 
used is alkaline, its dissolution releases positively charged 
ions. This explains why retention is most noticeable when 
the pH is above 5.3. Nevertheless, this loss of CV removal, 
as the pH increases, shows that the reaction is rather 
complex and far from being a simple electrostatic attraction 
between opposite charge species. Elbariji et  al. [31] have 
reported that the hydroxide functions of cellulose and lignin, 
in the presence of NaOH, are transformed into alcoholate 
functions.  This  hypothesis  suggests  that  if   the   medium  
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becomes very alkaline, competition is likely between Na+ 

cations, which are smaller and more mobile than those of 
the dye, preventing them from accessing the surface of the 
adsorbent. 
      Effect of adsorbent dose. The influence of the 
adsorbent dose was studied in the range of 0.1-7 g l-1, for an 
initial CV concentration of 100 mg l-1. The curve in Fig. 3 
shows that a dose of 2 g l-1 of SCGs can remove 90% of the 
dye. Above this dose, the elimination rate remains 
unchanged due to saturation of the active adsorption sites 
[32]. Similar results have been reported on the removal of 
the CV dye by Anatolian black pine [33]. In the following, 
we will work with adsorbent dose of 2 g l-1. 
 
Adsorption Isotherms 

The isotherms of CV adsorption on SCGs were studied 
at an initial concentration range of 0-400 mg l-1. The 
experimental points obtained are shown in Fig. 4. The non-
linear forms of the Langmuir, Freundlich and Temkin 
models were used to modeling the adsorption equilibrium. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 shows the non-linear curves of these models, 

and Table 4 gives the calculated constants of these three 
models. These results indicate that the Langmuir model best 
reflects the adsorption of the dye on SCGs. The equilibrium 
parameter RL is equal to 0.010 (0 < RL < 1), indicating that 
adsorption is favourable. The coefficient of determination 
R2 is also the best compared to the other models used          
(R2 = 0.999). This indicates that the retention of CV on the 
SCGs is monolayer at homogeneous adsorption sites                
with no interaction between the adsorbed cations of the             
dye. The maximum CV adsorption capacity on SCGs                      
(qm = 63.3 mg g-1) is comparable to those reported in the 
literature for different adsorbents, as shown in Table 5. 
 
Adsorption Kinetics  

The results of the kinetics obtained are shown in Fig. 5. 
The equilibrium time of CV adsorption by SCGs for the 
four temperatures is 40 min. The curves show that CV 
adsorption is slightly temperature-dependent. An increase in 
temperature has a negative effect on adsorption,  indicating  

    Table 3. The Equations of the Models Used in this Work 
 

Kinetic models   Ref. 

Pseudo-first order tkqqq ete 1ln)ln(   [23] 

 

Pseudo-second order t
qqkq

t

eet

11
2

2

  [24] 

Weber and Morris iidt Ctkq  2
1

  [25] 

 

Isotherm models 

 

Langmuir 

 

eL

eLm
e CK

CKq
q




1
 

  

[26] 

 

Freundlich n
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Loulidi et al./Phys. Chem. Res., Vol. 8, No. 3, 569-584, September 2020. 

 574 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
that the process is exothermic [27]. For all temperatures, 
adsorption takes place rapidly during the first few moments, 
due to the availability of sites on the adsorbent surface. 
Over time, the adsorption efficiency decreases, due to the 
progressive decrease in the number of free sites, on the 
adsorbent surface [22]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In order to modeling the kinetics and to understand the 
mechanism of adsorption, the experimental points were 
analysed by two models, namely the pseudo-first order 
(PFO) and pseudo-second order (PSO) models. To identify 
the most suitable model, the experimental data were 
analysed  using  the  coefficient  of  determination (R2). The 

 

 

Fig. 2. The effect of pH and determination of pHPZC (adsorbent dose = 2 g l-1; time = 50 min; temperature 25 °C; 
                 V = 40 ml; stirring rate = 400 rpm). 
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Fig. 4. Isotherm plots for CV adsorption on SCGs at 25 °C. 

 
 
                                        Table 4. Isotherm Constants for CV Adsorption on SCGs at 25 °C 
 

Isotherm Parameters 

Langmuir  

qm (mg g-1) 63.3 

KL (l mg-1) 0.249 

RL 0.010 

R2 0.999 

Freundlich  

KF (mg g-1) (l mg-1)1/n 29.1 

n 0.155 

R2 0.876 

Temkin  

A (l g-1) 12.2 

B 8.560 

R2 0.918 
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Fig. 5. Effects of contact time and temperature on the adsorption of CV on SCGs (pH = 6; C0 = 100 mg l-1; V = 40 ml;  
             adsorbent dose = 2 g l-1; stirring rate = 400 rpm) 
 
 
                                     Table 5. Comparison of the Equilibrium Capacity for CV onto the other 
                                                    Different Adsorbents 
 

Adsorbent      qm 

 (mg g-1) 

         Ref. 

SCGs 63.3 This work 

Anatolian black pine 12.4 [33] 

Spathodea campanulata leaves 12.7 [34] 

Kaolin KM 20 23.6 [35] 

Epichlorohydrin modified corncob 71.4 [36] 

Commercial activated carbon 22.7 [37] 

Almond shells 1.1 [38] 

Date Palm Fibre 0.3 [39] 

NaOH-modified rice husk 44.9 [40] 

Bottom ash 6.9 [41] 
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representation of the models is summarised in Fig. 6, and 
the values of the different kinetic parameters are given           
in  Table 6. It is  clear  from  Table  6  that  the  PSO  model 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
describes well the experimental points for all temperatures, 
leading to equilibrium adsorption capacity values (qcal) that 
are in perfect  agreement  with  those  found  experimentally 

 

 
Fig. 6. The plots of pseudo-first order and pseudo-second order model for CV on SCGs for different temperatures. 
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(qexp). Moreover, this result is confirmed by the values of 
the coefficient of determination R2 which is very close to 1. 
From the pseudo-second order rate constant k2, the 
activation energy Ea for adsorption of CV onto SCGs was 
determined using the Arrhenius Eq. (4) [27]: 
 
       

RT
EAK a )ln()ln( 2

                                                      (7) 

                                                                                                                     
where k2 is the pseudo-second order rate constant                   
(g mg-1 min-1), A is the Arrhenius constant (min-1), Ea is the 
activation energy (KJ mol-1), R is the universal gas constant 
(8.314 J mol-1 K-1) and T is the temperature (K).  

Ea was obtained by plotting ln(k2) vs. 1/T (the figure is 
not shown). From the slope, the value of Ea is 17 kJ mol-1. 
The activation energy is less than 40 kJ mol-1, suggesting a 
physisorption mechanism [42]. 

The Weber-Morris intraparticle model was tested to 
study the process of external and internal diffusion of CV 
on the adsorbent surface. The representation of qt vs. t0.5 for 
the kinetic data is given in Fig. 7. For the four temperatures, 
we notice that each curve has two line segments indicating 
that the adsorption process takes place in two steps, the first 
step is fast, corresponding to the first line segment, which is 
attributed to external diffusion. The second with the lowest 
intra-particle diffusion rate constant is related to the 
intraparticle diffusion. These lines do not pass through the 
origin, indicating that intraparticle diffusion is  not  the only 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

limiting step [43].   
 
Adsorption Thermodynamic  

The thermodynamic study is represented by the plot of 
ln(KD) vs. 1/T (Fig. 8). Values of ΔH° and ΔS° were 
obtained from the slope and the intersection with the origin. 
The thermodynamic parameters are grouped in Table 8. The 
results confirm the exothermic nature of the process (ΔH° 
negative). The negative values of ΔG° and ΔS° indicate that 
the adsorption of CV on SCGs is spontaneous and that the 
adsorption is accompanied by a decrease in the disorder 
[44]. This observation is similar to the results obtained 
when CV was adsorbed onto black tea leaves [45] where the 
adsorption process was found to be exothermic. 
 
Adsorbent Characterisation by Fourier Transform 
Infrared (FTIR) Spectroscopy 

The FTIR spectra of the SCGs, recorded between 400 
and 4000 cm-1, are shown in Fig. 9. The spectra show a 
wide band centred at 3432 cm-1, related to the O-H bond 
stretching vibration of hydrogen bonds of alcohols and 
phenols [20]. The two bands at 2934 and 2852 cm-1 are 
allocated to the symmetrical and asymmetric C-H stretching 
of the aliphatic chains. The thin band around 1740 cm-1 is 
attributed to the stretching vibration of the carbonyl 
group C=O of aldehydes, ketones, lactones, carboxylic acids 
and aliphatic esters [20]. The bands around 1644 cm-1, 1465, 
1242, and 1379 cm-1 indicate the presence of CO and COO- 

  Table 6. The Pseudo-first Order and Pseudo-second Order Adsorption Rate Constants Obtained at Different Temperatures 
 

 
 

 
 

Pseudo-first-order kinetic model Pseudo-second-order kinetic model 

T  
(°K) 
 

qe,exp 

(mg g-1) 
qe,cal 

(mg g-1) 
k1 

(min-1) 
R2 

qe, cal 

 (mg g-1) 
k2 

(g mg-1 min-1) 
R2 

298 45.06 22.79 0.110 0.936 45.79 0.017 0.999 

303 44.88 24.05 0.115 0.906 45.75 0.022 0.999 

313 42.38 22.06 0.122 0.942 43.09 0.026 0.999 

323 40.00 22.03 0.125 0.941 40.77 0.030 0.999 
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Fig. 7. Intraparticle diffusion plot for the CV adsorption on SCGs for different temperatures. 

 
 

            Table 7. Constants of the Intraparticle Diffusion Model 
 

 Step1 Step2 

T  

(°K) 

kd1 

(mg min2 g-1) 

C1 R2 kd2 

(mg min2 g-1) 

C2 R2 

298 13.25 2.65 0.976 0.50 40.69 0.920 

303 12.93 2.40 0.941 0.65 39.17 0.956 

313 12.34 2.45 0.975 0.51 37.92 0.923 

323 11.60 1.45 0.983 0.51 35.57 0.928 
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 groups on the surface of adsorbent [20]. Other bands appear 
between 1200-1000 cm-1 are attributed to the stretching 
vibration of the C-O group of esters, phenols, ethers, 
anhydrous and carboxylic acids[20].   
 
CONCLUSIONS 
 

The objective of this study was to test the potential of 
SCGs as an adsorbent  to remove a  cationic dye.  The FTIR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 spectra of SCGs indicate the presence of several 

functional groups as the adsorption sites. The optimal dose 
of  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

adsorbent, for a solution of 100 mg l-1, is 2 g l-1, and the 
optimal pH value is around 6. The increase in temperature 
slightly disadvantages adsorption, indicating the exothermic 
nature of the process. The adsorption equilibrium was 
analysed by the non-linear forms of Langmuir, Freundlich 
and Temkin models. The adsorption data were better 
adapted to the Langmuir isotherm, and the maximum 
biosorption capacity was 63.3 mg g-1. Biosorption kinetics 
were studied  at  four  temperatures  using  pseudo-first  and  

 
Fig. 8. The plot of ln (KD) vs. 1/T. 

 
 

                             Table 8. Thermodynamic Parameters for the Adsorption of CV on SCGs 
 

Temperature  

(K) 

ΔH°  

(kJ mol-1) 

ΔS°  

(J mol-1 K-1) 

ΔG°  

(kJ mol-1) 
R2 

298 -5.626 

303 -5.250 

313 -4.497 

323 

-28.06 -75.28 

-3.745 

0.988 
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pseudo-second order kinetic models. The data for all four 
temperatures were followed by the pseudo-second order 
kinetic model. The intraparticle diffusion model plots, for 
the four temperatures, showed that the adsorption process 
takes place in two steps and that intraparticle diffusion is 
not the only limiting step. Thermodynamic parameters 
(ΔG°, ΔH°, ΔS°) also indicated that CV adsorption on 
SCGs is feasible, spontaneous and exothermic in nature. 
These results clearly show that SCGs can be promoted as an 
effective and inexpensive adsorbent for removing CV from 
the aqueous solutions. 
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