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In this work, we used ZnS-Ni/coco Ac nanocomposite as a cheap adsorbent 
for the elimination of Crystal Violet (CV) dye from an aqueous medium 
by ultrasound based adsorption method. First ZnS-Ni nanoparticles were 
synthesized by using microwave assisted co-precipitation method. These 
nanoparticles were then stabilized on activated carbons derived from 
coconut shells. The ZnS-Ni/coco AC composite was characterized using 
X-ray diffraction (XRD), field emission scanning electron microscopy 
(FESEM), transmitted electron microscopy (TEM) and energy- dispersive 
X-ray spectrometry (EDX). WE used response surface methodology 
(RSM) based on the central composite design (CCD) to study the effects 
of four various parameters including dye concentration, the amount of 
adsorbent, sonication time and pH on the process of adsorption. The 
optimal condition for removal of CV up to 98.96% was achieved for 
pH=6.31, 0.023 g of adsorbent for 16.06 mg/Ldye concentration and 
sonication time of 5 minutes. Adsorption equilibrium and kinetic data 
were fitted with the Langmuir monolayer isotherm model (qmax=178.57 
mg/g and R2= 0.9925) and like pseudo second-order kinetics mechanism 
(R2=0.9994).

INTRODUCTION
In today’s life, the lack of safe water is one of 

the main problems of human societies, so there’s 
no wonder that treatment of toxic and nontoxic 
pollutants from the water resource has become 
of great importance [1-3]. One of the most well-
known toxic pollutants for the environment and 
water resources are chemical dyes, which are 
widely present in industries such as textile, tanning, 

paper making, pharmaceuticals, plastic, carpet, 
food and cosmetic industries [4, 5]. The dyes used 
in these industries are mainly of organic origin and 
are derived from diazo salts, phthalocyanine and 
anthraquinone which have benzene rings [6-10]. It 
is necessary to point out that these dyes are water 
soluble and have great chemical stability and are 
highly carcinogenic [11-14].

Crystal Violet or Methyl Violet 10B with chemical 
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formula (C25H30N3Cl) is one of the azo dyes that is 
widely used in textile, paper and dyeing industries. 
Crystal Violet (CV) is also used as a preservant 
factor to prevent the growth of mold, fungi and 
intestinal parasites in animal feed.

Despite its many applications in industry, it 
should be noted that CV is one of the cationic 
synthetic dyes belonging to the triphenylmethane 
group which easily enters the surface of the cell 
membrane with a negative charge. This dye is 
inherently stable in theenvironment, causing 
cancer, increased heart rate, hypersensitivity 
urtication eyes, vomiting, cyanosis, jaundice, and 
fibrinoid necrosis in humans [10, 15-18]. CV also 
creates a bright and strong purple color in aqueous 
solutions that concentration of more than 1.5 
mg/lit of it in water causes severe discoloration 
and as a result can prevent photosynthesis and 
subsequently reduces oxygen concentration in 
water [9].

Treatment of industrial effluents contaminated 
with azo dyes is not easy due to the aromatic 
and complex structure of these dyes [19]. Today; 
physical, chemical and biological treatments and 
sometimes their combination are used to remove 
these dyes from water [20-22]. Among the most 
important of these methods are: electrodialysis 
[23]; chemical oxidation [24]; ozonation [25]; 
coagulation and flocculation [26]; photocatalytic 
degradation [27]; ultrafiltration [28]; reverse 
osmosis [29] and adsorption [30,31].

Among these methods, the adsorption method 
is widely used for industrial wastewater treatment 
due to its high speed, simplicity procedure, 
economic convenience and environmental 
compatibility [32, 33]. 

One of the most efficient methods to increase 
the efficiency of adsorption is the ultrasound 
based adsorption. Ultrasound waves generate the 
bubbles within the fluid and increase the porous 
structure so the efficiency of adsorption increases 
by raising adsorbent surface area. On the other 
hand, locally produced high-pressure waves in the 
fluid increase the mass transfer process among 
the adsorbent and contaminants [34-37].

In recent years researchers disclosed that 
organic chemical composites and also hybrid 
composites based on activated carbons and metal 
oxides are the best sorbents for azo dyes and 
industrial contaminants [38-40].

 Activated carbons are very popular in the nature 
and there are several resources for activated 

carbons such as eggshells [41], eucalyptus wood 
[42], bombax cieba [43], date palm and date pits 
[44], pineapple crown [45], nutshells [46-48], 
corncob and animal bone [49].

In this study, at first we synthesized ZnS-Ni 
nanoparticles using microwave assisted co-
precipitation method. In second step, we used a 
new nanocomposite which is composed of the 
nanoparticles of ZnS-Ni stabilized on activated 
carbons derived from coconut husk (ZnS-Ni/
coco AC) as a cheap adsorbent for elimination of 
CV from aqueous medium by ultrasound based 
adsorption method [50,51]. We used a central 
composite design (CCD) combined with response 
surface methodology (RSM) according to the 
desirability function (DF) to study the effects of 
various parameters such as dye concentration, 
the amount of adsorbent, sonication time 
and pH on the process of adsorption and the 
interaction between various parameters in dye 
elimination leading to optimum conditions for 
maximum dye removal from aqueous solutions 
with the minimum number of experiments [10, 
52, 53]. The equilibrium behavior of adsorbent 
and contaminants and kinetics of the adsorption 
process is also studied.

MATERIALS AND METHODS
Materials

In this study we used zinc acetate (Zn(CH3COO)2), 
thioacetamide (CH3CSNH2), nickel sulfate (NiSO4), 
sodium hydroxide (NaOH), hydrochloric acid (HCl), 
sulfuric acid (H2SO4),  phosphoric acid (H3PO4), 
sodium chloride (NaCl), ethanol, methanol from 
Merck company and double distilled water from 
Tehran Kimia-Acid company as raw materials for 
preparing of our nanomaterials. Crystal Violet (CV) 
from Merck was selected as dye. The dye chemical 
structure and its adsorption spectra was illustrated 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The chemical structure of Crystal 
Violet dye.
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in Fig. 1.

Devices
Nano particles were synthesized by microwave- 

assisted co- precipitation using a simple kitchen 
microwave with power of 180-900Watt from 
Panasonic company. Morphology of ZnS-Ni 
nanoparticles was analysed by field emission 
scanning electron microscopy (FE-SEM: VEGA//
TESCAN- LMU). The samples were coated with 
gold film and acceleration voltage of apparatus 
was 15.0 kV. The TEM image of ZnS-Ni/coco AC 
sample was obtained by (TEM: Zeiss-EM10c- 
100 kV) microscope. The element composition 
of samples were analysed by energy- dispersive 
x-ray spectrometry (EDX). To determine the 
structural characterization of ZnS:Ni sample, we 
used XRD analysis with CuKα radiation (λ=1.5418 
A) operating at 40 kV, 30 mA in the range of 2θ= 
10°- 80°. Double- beam UV-Vis spectrometer 
(Hewlett-Packard 8453 diode array controlled by a 
Hewlett- Packard computer /Agillent) was used to 
determine the concentrations of dyes in the dye 
solutions before and after the adsorption. A digital 
pH meter (M-12//Horiba) was used to measure 
the pH of solutions. A 40 kHz and 355 W ultrasonic 
bath was used for assisting the adsorption 
processes (SONICA 3200ETH S3// SOLTEC, Italy) 
and the phase separation was carried out using a 
centrifuge (RST 24S// D.T.A.P, Iran) at 3000 rpm for 
5 minutes.

Synthesis of ZnS-Ni nanoparticles
We mixed 16 ml of thioacetamide 0.5 molar 

solution with 5 ml of zinc acetate 0.12 molar 
solution on a magnetic stirrer at a constant 
temperature of 40 °C to create a white precipitate. 
Then we add few droplets of concentrated sulfuric 
acid to dissolve the precipitate. After that 5 ml 
of nickel sulfate 0.3 molar solution and 24 ml 
thioacetamide 0.5 molar solution were added. The 
final volume of the solution was increased to 100 
ml and the pH was adjusted to 7.0.

To increase the amount of substance, we 
repeated this action three times with the same 
procedure. Then we put the obtained solutions in 
the microwave with 180 power for 5 minutes to 
form nanoparticles in solid phase.

Preparation of activated carbon from coconut husk
The method of Mohan et al. [48] was used to 

prepare activated carbon from coconut shell. 
Coconut shell after collecting and washing with tap 
water were dried at room temperature and then 
placed in phosphoric acid activating solution for 24 
hours at a weight ratio of 1:1. After that activated 
carbon was prepared through slow pyrolysis. 
Pyrolysis was carried out in an atmosphere 
controlled furnace under nitrogen (flow rate= 
0.1 m3h-1). The using of nitrogen prevented feed 
combustion. 

The shells were pyrolyzed in a nitrogen-
controlled atmosphere (flow rate : 0.1  m3h-1) in 
a furnace. The furnace temperature was set on 
170°C for 30 minutes and then the temperature 
increased to 450°C for 1 h. The resulting material 
was then cooled in ambient temperature and 
washed several times with double distilled water 
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Fig.2. Schematic of activate carbon preparation from coconut shell
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to remove any extra contaminants. The washing 
was continued until pH remained stable at 7.0. 
Then they were dried for 24 hours at 100 °C and 
the final product was sieved with 50 μ mesh 
filter into 50 B.S.S mesh size to obtain uniform 
and homogeneous particles. Fig. 2 schematically 
shows the preparation of activated carbon from 
coconut shell.

Preparation of ZnS-Ni /coco AC
At First, 15 g of activated carbon prepared from 

coconut husk was poured into 300 ml of double-
distilled water and added to the synthesized ZnS-
Ni nanoparticles, and the resulting solution was 
stirred for 20 hours to become uniform. Then 
it was filtered and washed several times with 
water and dried in an oven at 60 °C for 15 hours. 
Schematic of the synthesis of ZnS-Ni nanoparticles 
and ZnS-Ni/coco AC nanocomposite preparation is 
shown in Fig. 3.

The resulting material should be used as an 
adsorbent in dye adsorption experiments.

Ultrasound based adsorption experiment
About 50 ml of CV solutions in different 

concentrations (5-25 mg/L) where poured to 
different containers and the pH of the solutions 
were adjusted between 3 to 8 using 1 M 
hydrochloric acid and sodium hydroxide.

Then different amounts of the prepared 
adsorbent (0.003-0.03 g) were added into the 
colored solutions and the containing including the 
colored solution plus the adsorbent with different 
pH were put into the ultrasonic bath and were 

sonicated for 2-6 minutes. The contents of various 
parameters (pH, dye concentration, the amount of 
adsorbent and sonication time) were considered 
according to the RSM design.

After going out from ultrasonic bath, the 
solutions centrifuged and the final absorbance of 
each at λmax (594 nm) was determined by UV-Vis 
spectrometer. All experiments were performed 
at 3 times and the mean value of the results are 
reported.

The removal percentage was determined 
according to the following equation:                             

 C0−Cf
C0 × 100                                                                                            (1) 

where C0 and Cf  are the initial and final dye 
concentrations (mg/L) respectively.

The equilibrium adsorption capacity of ZnS-Ni/
coco AC nanocomposite for CV solutions can be 
expressed by the following equation:
  

(C0−Ce)V
W

                                                              (2)
                                         

In the above equation, qe is the equilibrium 
adsorption capacity (mg/g), C0 and Ce are initial 
and equilibrium concentrations (mg/L) of CV 
dye, V is the volume (L) of the solution and W is 
the weight (g) of ZnS-Ni/coco AC nanocomposite 
sorbent powder.

Central composite design
Central composite design (CCD) was utilized to 

evaluate the effect of adsorption conditions on the 
efficiency of CV removal. CCD was performed for 
four factors (pH (A: 3-8); the amount of adsorbent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Schematic of ZnS-Ni nanoparticles and ZnS-Ni/coco AC nanocomposite preparation.
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(B: 0.003-0.03 g); dye concentration (C: 5-25 mg/L) 
and sonication time (D: 2-6 min)) at five levels 
according to Table 1. 

The factor levels were coded as –α (lowest), 
-1 (low), 0 (middle), 1 (high) and +α (highest). As 
seen from Table 1, the complete design consisted 
of 30 runs were done randomly. The model of the 

adsorption process is explained by the following 
quadratic equation:
       
𝑌𝑌 = β0 + ∑ βi 

k

i=1
Xi +  ∑ βii

k

i=1
 Xi

2  + ∑ ∑ βij

k

j=1

k

i=1
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                                                                               (3)
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Factors 
Levels 

-α Low (-1) Central (0) High (+1) +α 

(A):pH 4 5 6 7 8 
(B):Adsorbent mass(g) 0.003 0.01 0.017 0.023 0.03 

(C):CV concentration(mg/L) 5 10 15 20 25 
(D):Sonication time(min) 2 3 4 5 6 

Run 

Factors 
R%CV 

 

pH Adsorbent 
mass(g) CV concentration(mg/L) Sonication 

time(min) Observed Predicted Residual 

1 7.00 0.010 16.00 5.00 76.00 76.35 -0.35 

2 6.00 0.017 24.00 4.00 88.55 87.99 0.56 
3 6.00 0.017 24.00 4.00 89.59 87.99 1.60 

4 5.00 0.010 32.00 5.00 74.99 73.46 1.52 
5 4.00 0.017 24.00 4.00 78.88 76.25 2.63 

6 6.00 0.017 8.00 4.00 95.49 95.08 0.40 
7 7.00 0.023 32.00 3.00 70.85 70.90 -0.06 

8 6.00 0.017 24.00 6.00 99.88 99.15 0.74 
9 7.00 0.023 16.00 3.00 70.32 71.92 -1.60 

10 7.00 0.023 32.00 5.00 80.49 80.64 -0.15 
11 8.00 0.017 24.00 4.00 52.32 54.26 -1.93 

12 7.00 0.010 32.00 3.00 66.79 64.71 2.08 
13 5.00 0.010 16.00 3.00 80.46 80.41 0.05 

14 6.00 0.017 24.00 4.00 88.21 87.99 0.22 
15 5.00 0.010 16.00 5.00 85.99 86.34 -0.35 

16 6.00 0.017 24.00 4.00 89.36 87.99 1.38 
17 5.00 0.023 32.00 3.00 83.15 83.04 0.10 

18 6.00 0.017 24.00 2.00 83.01 83.05 -0.04 
19 6.00 0.017 40.00 4.00 81.11 80.82 0.29 

20 6.00 0.030 24.00 4.00 84.09 82.22 1.87 
21 7.00 0.023 16.00 5.00 94.68 92.75 1.93 

22 7.00 0.010 16.00 3.00 62.51 60.96 1.55 
23 5.00 0.023 16.00 3.00 89.23 89.60 -0.37 

24 6.00 0.003 24.00 4.00 59.37 60.60 -1.23 
25 5.00 0.023 16.00 5.00 98.61 100.97 -2.36 

26 5.00 0.010 32.00 3.00 76.25 78.62 -2.37 

27 6.00 0.017 24.00 4.00 84.07 87.99 -3.91 

28 6.00 0.017 24.00 4.00 88.20 87.99 0.22 
29 5.00 0.023 32.00 5.00 81.16 83.33 -2.17 

30 7.00 0.010 32.00 5.00 68.79 69.01 -0.22 

Table 1. Central Composite Design Parameters Obtained for Various Runs, Experimental Values of four Variables, and Responses for 
the Adsorption of CV by ZnS-Ni/Coco AC
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Where Y is the predicted response function 
(% Removal), β0 and ε are constant and error 
terms respectively, Xi and Xj are the coded values 
of our independent parameters, βi is the linear 
coefficient, βii is the quadratic coefficient and βij is 
the interaction coefficient.

The collected number of 30 runs were 
applied to find mathematical correlate 
among the independent parameters and the 
corresponding response values. Results were 
analyzed by using the analysis of variance 
(ANOVA) and the validity of the response 
surface model was investigated by measuring 
the regression coefficients (R2) and the 
lack of fit (LOF) of the model. Moreover, the 
most effective factors were determined on 
the basis of F- values and P- values (confidence 
surface= 0.95). In addition, by plotting the three-

dimensional plots of response (% Removal) vs. 
significant parameters using Design-Expert 7 
software, the best condition of dye adsorption was 
found graphically [10,54].

RESULTS AND DISCUSSION
Characterization
FESEM and TEM analysis

Fig. 4 shows the images of FESEM analysis 
of ZnS-Ni nanoparticles. The almost uniform 
structure of the fine and coarse grains glued to 
each other with holes between them indicates 
the passage of the nucleation stage. The porous 
structure indicates the readiness of a suitable 
nanostructure of ZnS-Ni for adsorption.

Also FESEM images of activated carbons from 
coconut husk is seen in Fig. 5. Fine and almost 
identical grains join to each other to form islands 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. SEM images of ZnS-Ni nanoparticles.   

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. SEM images of activated carbon.   
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with voids between them.
FESEM instrument’s software revealed that 

the grain size in both samples were between 30 
to 60 nm. The mean diameter of particles of both 
samples was determined by “motic” measurement 
software that uses in medical laboratories for 
determining the size of microscopic components.

Each FESEM image was carried to software 
medium and 40 particles on it was selected 
randomly. The boundary of each particle was 
determined by motic optical pen and the area of it 
was estimated by software. By considering of each 
particle as a sphere, the radius of it was calculated. 
The average of these 40 results was introduced as 
the mean diameter of particles for each sample. 
Table 2 indicates the calculated mean diameter of 
particles in both samples. The mean size less than 
100 nm for particles confirms the formation of 
nanostructure for our samples. 

In Fig. 6, TEM images of ZnS-Ni /coco AC was 
shown. It is evident that the ZnS-Ni nanoparticles 
are uniformly distributed between nanoparticles 
of AC. Dark areas revealed more concentration 
of mass and the light areas reveal foci of less 

concentrated mass. So it can be concluded that 
the nanoparticles of coco AC were surrounded 
the ZnS-Ni nanoparticles like a shell. The porous 
and spongy structure of AC not only provides 
perfect condition for CV adsorption by ZnS-Ni 
nanoparticles, but also causes more dye to be 
adsorbed by the activated carbon itself.

The histogram of Fig. 7 shows the particle 
size in the range of 0 to 50 nm in the prepared 
nanocomposite which has been drawn from the 
information obtained from TEM software.

XRD and EDX analysis
Fig. 8 indicates the x-ray diffraction (XRD) 

patterns of ZnS-Ni sample. In this pattern, there 
are three large peaks in 2θ= 29.2°, 48.8°, 57.8° 
respectively related to (111), (220) and (311) lattice 
planes of cubic zinc blend structure according to  
JCPDS no. 01-080-0020 of ZnS. Largeness of these 
peaks shows the formation of crystalline phases 
and high purity of the synthesized sample.

The mean crystallite size of samples was 
calculated from the full width at half maximum 
(FWHM) of the diffraction peaks using Debye-

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. TEM images of ZnS-Ni/coco AC nanocomposite.

 

 

Sample Mean diameter of particles (nm) 
ZnS-Ni 49 

Activated carbon 61 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. The mean diameter of nanoparticles of ZnS-Ni and activated carbon samples.
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Scherrer’s equation:

𝑑𝑑 = 𝑘𝑘𝑘𝑘
𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽                                                               (4)

                                                                       
where d is the mean crystalline dimension 

perpendicular to the reflecting phases, λ is the 
x-ray wavelength, k is Scherrer constant (0.94), β is 
the FWHM intensity of a Bragg reflection excluding 
instrumental broadening and θ is the Bragg angle 
[55]. The calculated mean crystallite size was 5 nm.

Finally, the EDX spectrums of ZnS-Ni 
nanoparticles and ZnS-Ni/coco AC nanocomposite 
are seen in Fig. 9a,b. The presence of Zn, S and 

Ni peaks indicates the incorporation of these 
elements in both samples. Sharp and intense peak 
assign to carbon in Fig. 7b confirms the formation 
of ZnS-Ni/coco AC nanocomposite.

Experimental Design
RSM approach and statistical analysis

As previously described in this study, CCD 
method was used to investigate the effect of 
four factors: pH, sonication time, the amount of 
sorbent and dye concentration to remove Crystal 
Violet and determine the necessary conditions for 
optimizing the results.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. XRD pattern of ZnS-Ni nanoparticles.

Fig. 7. The histogram of the particle size in the range of 0 to 50 
nm in ZnS-Ni/coco AC nanocomposite.
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The factors coded in Table 1 are the coefficients 
and constants calculated through the software and 
the percentage of color removal (R) is placed in 
equation 3 and the following equation is obtained:
R% CV = 87.61 − 5.53𝐴𝐴 + 5.41𝐵𝐵 − 3.74𝐶𝐶 + 3.92𝐷𝐷 + 0.46𝐴𝐴𝐵𝐵 + 1.38𝐴𝐴𝐶𝐶 + 2.36𝐴𝐴𝐷𝐷 −1.24𝐵𝐵𝐶𝐶 + 1.41𝐵𝐵𝐷𝐷 − 2.77𝐶𝐶𝐷𝐷 −

5.68𝐴𝐴2 − 4.05𝐵𝐵2 − 0.008923𝐶𝐶2 + 0.78𝐷𝐷2
R% CV = 87.61 − 5.53𝐴𝐴 + 5.41𝐵𝐵 − 3.74𝐶𝐶 + 3.92𝐷𝐷 + 0.46𝐴𝐴𝐵𝐵 + 1.38𝐴𝐴𝐶𝐶 + 2.36𝐴𝐴𝐷𝐷 −1.24𝐵𝐵𝐶𝐶 + 1.41𝐵𝐵𝐷𝐷 − 2.77𝐶𝐶𝐷𝐷 −

5.68𝐴𝐴2 − 4.05𝐵𝐵2 − 0.008923𝐶𝐶2 + 0.78𝐷𝐷2                                                                                     (5)
R% CV = 87.61 − 5.53𝐴𝐴 + 5.41𝐵𝐵 − 3.74𝐶𝐶 + 3.92𝐷𝐷 + 0.46𝐴𝐴𝐵𝐵 + 1.38𝐴𝐴𝐶𝐶 + 2.36𝐴𝐴𝐷𝐷 −1.24𝐵𝐵𝐶𝐶 + 1.41𝐵𝐵𝐷𝐷 − 2.77𝐶𝐶𝐷𝐷 −

5.68𝐴𝐴2 − 4.05𝐵𝐵2 − 0.008923𝐶𝐶2 + 0.78𝐷𝐷2
       

R% CV = 87.61 − 5.53𝐴𝐴 + 5.41𝐵𝐵 − 3.74𝐶𝐶 + 3.92𝐷𝐷 + 0.46𝐴𝐴𝐵𝐵 + 1.38𝐴𝐴𝐶𝐶 + 2.36𝐴𝐴𝐷𝐷 −1.24𝐵𝐵𝐶𝐶 + 1.41𝐵𝐵𝐷𝐷 − 2.77𝐶𝐶𝐷𝐷 −
5.68𝐴𝐴2 − 4.05𝐵𝐵2 − 0.008923𝐶𝐶2 + 0.78𝐷𝐷2

      
Where A, B, C and D are pH, the amount of 

adsorbent, dye concentration and sonication time 
respectively. Parameter analysis and model validity 
were performed using ANOVA test and the R2, LOF, 
F- value and P- value were determined. Obtained 
values are demonstrated in Table 3.

The F-value (58.13) indicates the significance 
of the model [56]. The P-value which is less than 
0.0001 means the significance of the parameters 
[57, 58].

The pH with F-value =141.1 and P< 0.0001 is a 
powerful factor in dye elimination. For R2 and R2

adj, 
the values of 0.9818 and 0.9650 were obtained, 
respectively, which are close to 1, showing a good 
correlation between the experimental results and 
the predicted results. The quadratic equation 
confirms the value of 98.8% for adsorption. The 
value obtained for LOF confirms that the predicted 
values and the actual values correspond to each 
other.  Also, the predicted model has an acceptable 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source SSa dfb MSc F-value p-Value Remark 
Model 3707.20 14 264.80 58.13 < 0.0001 significant 

A 733.95 1 733.95 161.11 < 0.0001  
B 667.92 1 667.92 146.62 < 0.0001  
C 289.45 1 289.45 63.54 < 0.0001  
D 368.18 1 368.18 80.82 < 0.0001  

AB 3.14 1 3.14 0.69 0.4197  
AC 30.68 1 30.68 6.73 0.0203  
AD 89.46 1 89.46 19.64 0.0005  
BC 22.78 1 22.78 5.00 0.0410  
BD 29.63 1 29.63 6.50 0.0222  
CD 123.00 1 123.00 27.00 0.0001  
A2 882.42 1 882.42 193.70 < 0.0001  
B2 437.44 1 437.44 96.02 < 0.0001  
C2 2.177E-003 1 2.177E-003 4.778E-004 0.9828  
D2 16.54 1 16.54 3.63 0.0761  

Residual 68.33 15 4.56    
Lack of Fit 48.16 10 4.82 1.19 0.4479 not significant 
Pure Error 20.17 5 4.03    
Cor Total 3775.53 29     

Model Summary Statistics 
Model R2 R2 Adj R2 Pred PRESS Std. Dev CV% 

Quadratic 0.9819 0.96819 0.91818 307.50 2.13 2.64 
aSum of square, bDegree of freedom, cMean square 

 

 

 

 

 

 

 

 

 

 

Table 3. Analysis of variance (ANOVA) of the fitted quadratic equations for the adsorption of CV by ZnS-Ni/coco AC.

Fig. 9. EDX spectrum of: (a) ZnS-Ni nanoparticles (b) ZnS-Ni/coco AC nanocomposite.
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PRESS (Predicted Residual Sum of Square) and 
adequate precision values of 307.50 and 30.953, 
respectively, which show the high sensitivity and 
power of the model and the appropriate signal-to-
noise ratio. A value of 2.13 for standard deviation 
and 2.64 for coefficient of variation also indicates 
the high accuracy of the model prediction

Adequacy of model  
One of the useful tools for determining the 

adequacy of model is the use of residual charts. 
The Fig. 10a-d disclose these charts.

In Fig. 10a the normal probability curve is seen. 
As seen, the residuals are distributed on both sides 
and very near to line curve and indicates normal 
distribution and high accuracy of model [59]. 

In the residual chart in terms of run number 
(Fig. 10b), random residual values in each run of 
test is evident because these values do not follow 
any specific pattern.

Also Fig. 10c disclose the residual values in 
comparison to predicted values. The presence 
of residual values on both negative and positive 
sides reveals the absence of systematic errors in 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Observation of efficiency adsorption model of the CV by ZnS-Ni/coco AC by using: (a) normal probability plot (b) residuals 
versus prediction plot (c) residuals versus run plot and (d) predicted versus actual plot.
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performed experiments. In Fig. 10c the random 
values in each run of test is evident because they’re 
residual values are not consistent with any specific 
pattern. Finally, Fig. 10d shows the predicted 
values in terms of the values   obtained. All data are 
close to the line with a slope of 45 degrees, which 
indicates the normal distribution of data and high 

reliability and accuracy of the model. This ensures 
that this model provides a suitable platform for 
the process of optimizing the color removal result.

Investigation of the interaction between variables
The Figs. 11a-c show the interaction of color 

concentration, the amount of adsorbent, pH and 
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Fig. 11.The 3D response surface and contour plots for the ultrasound assisted adsorption of CV for interactive effect of a) pH and 
adsorbent dosage, b) Sonication time and CV concentration, c) pH and CV concentration
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sonication time on the percentage of CV dye 
removal which is demonstrated with 3D diagrams 
and contours.

The diagram 11a shows that lower dye 
concentration and higher amount of adsorbent 
lead to higher dye removal percentage. By 
increasing of the amount of adsorbent, the more 
active sites are available for the CV dye. If the 
amount of adsorbent is low, the percentage of 
dye removal decreases due to insufficient active 
adsorption sites.

Also, in low concentrations of dye the ratio of 
dye molecules to active sites will be low, which 
leads to an increase in the percentage of dye 
removal.

At high dye concentrations, the active sites of 
the adsorbent are saturated with dye molecules 
and the dye removal stops.

But in Fig. 11b, the simultaneous effects of 
dye concentration and sonication time on the 
percentage of Crystal Violet removal are examined. 
As can be seen, at low dye concentration, a 
shorter time is required for dye adsorption 
because the number of available active adsorption 
sites for adsorbing of dye molecules is higher. It 

is clear from the figure that the speed of color 
removal equilibrium is very high, which confirms 
the efficiency of ultrasound waves to help dye 
removal. Ultrasound waves causes the adsorbent 
to be properly dispersed in the solution and the 
adsorption surface areas to be more available 
for the dye molecules. Ultrasound also helps to 
create the porous structures and voids to help the 
adsorption of more dye molecules.

Finally, Fig. 11c shows that as the pH increases, 
the percentage of dye adsorption increases. 
Increasing the pH, increases the reaction sites 
of the solution and increases the likelihood of 
electrostatic bonding of the adsorbent with the 
molecules of cationic CV dye.

At low pH, due to the protonation of the 
functional groups of ZnS-Ni /coco AC nanoparticles, 
the surface of adsorbent find positive charge, as 
a result a strong repulsion occurs between the 
cationic dye molecules and the positive adsorbent 
surface, which prevents the accumulation of dye 
molecules on the adsorbent surface.

Optimization
 In the Fig. 12 the optimal conditions for 
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R%CV = 99.8971

52.3226 99.8816

Desirability = 1.000

 

 

 

 

 
Approach 

Factors Removal efficiency (%) 
 

pH 
 Adsorbent mass CVconcentration 

 Sonication time Experimental predicted 

CCD 6.31 0.023 16.06 4.92 98.96±1.03 99.89 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Optimal conditions in experience obtained for removing the color of CV.

Fig. 12. Optimized process conditions for removing the CV dye.
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removing the CV dye, which has been designed 
and predicted by the software, can be seen.

In this figure, the effect of different factors on 
the dye removal response and the optimal values 
of each factor for dye removal in the ideal state 
are specified.

Based on the results obtained from the figure, 
the highest color removal percentage of 99.88% is 
predicted.

In the Table 4 optimal conditions in experience 
obtained for removing the color of CV in four 
repetitions of the experiment is shown which 
reveal that in the optimal conditions of dye 
removal, efficacy of about 97.96 % was obtained.

The predicted results were close to the 
experimental results and disclose that the model 
designed to remove the color of CV with ZnS-Ni/
coco AC nanoparticles is a suitable model.

Adsorption kinetics
The study of the mechanism of the adsorption 

process depends on the physical and chemical 
properties of the system and its conditions.

In this study, two kinetic models (like pseudo 
first-order and like pseudo second-order) were 
applied to the adsorption kinetic data under 
optimal experimental conditions in order to 
estimate the rate of adsorption mechanism of dye 
[60]. The fixed parameters and characteristics of 
each model are listed in Table 5. As shown in Fig. 
13a,b the correlation coefficient for like pseudo 
first and second order models of this absorption is 
0.9077 and 0.9994, respectively.

k1: Rate constant of pseudo-first order 
adsorption (min-1), k2: second-order rate constant 
of adsorption(g mg–1 min–1), qe(calc): equilibrium 
capacity (mg g–1).

Thus, it is clear that the adsorption process in 
this study is like pseudo second-order and reveal 
that the amount of adsorption is highly correlated 
with the concentration of dye on the adsorbent 
surface and adsorption occurs in equilibrium.

 

 

 

 

 

 

 

 

 

 

Model Equation Plot Parameters Value 

Pseudo-first-order 𝑙𝑙𝑙𝑙(𝑞𝑞𝑒𝑒 − 𝑞𝑞𝑡𝑡) = 𝑙𝑙𝑙𝑙(𝑞𝑞𝑒𝑒) − 𝑘𝑘1𝑡𝑡 𝑙𝑙𝑙𝑙(𝑞𝑞𝑒𝑒 − 𝑞𝑞𝑡𝑡)  𝑣𝑣𝑣𝑣. 𝑡𝑡 

k1(min-1) 

qe(calc)( mg g–1) 

R2 

0.8862 

24.1310 

0.9077 

Pseudo-second-order 
𝑡𝑡

𝑞𝑞𝑡𝑡
= 1

𝑘𝑘2𝑞𝑞𝑒𝑒2
+ ( 1

𝑞𝑞𝑒𝑒
) 𝑡𝑡 

𝑡𝑡
𝑞𝑞𝑡𝑡

 𝑣𝑣𝑣𝑣. 𝑡𝑡 
k2(g mg–1 min–1) 

qe(calc)( mg g–1) 

R2 

0.0771 
37.7358 

0.9994 

  Experimental data qe (exp) (mg g-1) 35.8942 
k1: Rate constant of pseudo-first order adsorption (min-1), k2: second-order rate constant of adsorption(g mg–1 min–1), qe(calc): equilibrium capacity 
(mg g–1). 
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Fig. 13. (a) Pseudo first order kinetics plot (b) Pseudo second order kinetics plot for CV and ZnS-ni/coco AC

Table 5. The fixed parameters and characteristics of the kinetic models for the adsorption of CV dye by ZnS-Ni/coco AC.
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On the other hand, close experimental and 
computational adsorption capacity (qe) values 
confirm the following of the like pseudo second-
order kinetic model.

Adsorption isotherm
 Determination of adsorption isotherm and 

adsorbent capacity is one of the most important 
features that should be considered in studies on 
dye adsorption by different adsorbents [61].

In this study, the number of CV dye molecules 

adsorbed on ZnS-Ni /coco AC was described as a 
function of the initial dye concentration using the 
Langmuir and Freundlich adsorption isotherms, 
the results of which are shown in Fig. 14. Also 
the fixed parameters and characteristics of each 
adsorption isotherms   are listed in Table 6. 

Comparison of the results shows that the 
adsorption capacity is more consistent with the 
Langmuir adsorption isotherm and the value of 
the correlation coefficient (R2) in the Langmuir 
adsorption isotherm is higher than the value in the 

 

 

 

 

 

 

 

 

 

qm: maximum adsorption capacity reflected a complete monolayer (mg g–1), KL: Langmuir constant or adsorption equilibrium constant (L mg–1), RL 
indicates the type of isotherm, 1/ n: isotherm constant indicates the empirical parameter, KF: isotherm constant indicates the capacity parameter 
(mg g–1)(L mg–1)1/n 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model Equation Plot Parameters Value 

Langmuir 
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+ 𝐶𝐶𝑒𝑒
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𝑅𝑅𝐿𝐿 = 1
1 + (𝐾𝐾𝐿𝐿𝐶𝐶0) 

Ce/qe vs. Ce 

qm( mg g–1) 

KL ( L mg–1) 

RL 

R2 

178.57 

0.2931 

0.0865 

0.9925 

Freundlich 𝑙𝑙𝑙𝑙 𝑞𝑞𝑒𝑒= 𝑙𝑙𝑙𝑙 𝐾𝐾𝑓𝑓 + 1
𝑙𝑙 𝑙𝑙𝑙𝑙𝐶𝐶𝑒𝑒 ln qe vs. ln Ce 

1/ n 

Kf (mg g–1)(L mg–1)1/n 
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32.8581 
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Adsorbent Conditions Sorption capacity (mg g-1) Ref. 
Alg-Cst/Kal pH = 6.5, T = 35 °C 169.49 62 

chitosan aniline composite using 
peanut waste pH = 7, room temperature 100.6 63 

rice husk  25.46 64 
CS/SiO2@ β-CD pH = 7, T = 30 °C 165 65 

Sr3.8 Fe25.7 O70.4-CMNs pH = 8, room temperature 33.5 66 
activated charcoal pH = 7.3, room temperature 24 67 

ZnS-Ni/Coco AC pH = 6.3 , room temperature 178.57 
 

Present 
study 

 

 

 

 

Table 6. Constants of the isotherm models calculated for the adsorption of CV by ZnS-Ni/coco AC.

Fig. 14. (a) Langmuir adsorption isotherm (b) Freundlich adsorption isotherm of ZnS-Ni/coco AC nanocomposite.

Table 7. Comparison between the maximum monolayer adsorption of Crystal Violet dye onto the various adsorbents.
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Freundlich adsorption isotherm.
According to Langmuir isotherm, the maximum 

adsorption capacity (qe) for dye removal by this 
adsorbent was estimated to be 178.58 mg/g 
and the monolayer adsorption process with this 
isotherm was proposed, which is related to the 
homogeneous distribution of active sites of ZnS-
Ni/coco AC nanoparticles. Also, the Langmuir 
constant or adsorption equilibrium constant 
indicates that the desired adsorption value is 
predicted by this model.

Comparison with other adsorbents
Finally, a comparison between the maximum 

monolayer adsorption of Crystal Violet dye onto 
the various adsorbents including our studied 
nanocomposite is shown in Table 7.

CONCLUSION
 In this research, Activated Carbon (AC) was 

prepared using coconut husk and successfully 
coated on ZnS-Ni nanoparticles in association 
with ultrasonic waves to remove Crystal Violet 
(CV) dye from aqueous solutions. The results 
obtained from RSM design showed that the 
factors of dye concentration, the amount of 
adsorbent, sonication time and pH are effective 
on the percentage of dye removal and in optimal 
conditions 99% of dye is removed from the 
aqueous solution. Using the results obtained 
from the studies of synthetic parameters, it was 
concluded that the like pseudo second-order 
synthetic model is most compatible with the 
experimental data and the dye removal process on 
the surface of the adsorbent nanoparticles follows 
a like pseudo second-order model. This indicates 
that the speed of the adsorption process is under 
the control of the dye concentration on the 
adsorbent surface. Also, dye adsorption isotherm 
studies on nanoparticle surface followed Langmuir 
isotherm and the maximum adsorption capacity 
was 175.57 mg/g with this model.

Thus, it was found that under optimal 
conditions the use of ZnS-Ni/coco AC adsorbent 
for elimination of CV dye from aqueous medium 
by ultrasound based adsorption method has a 
suitable efficiency.
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