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a b s t r a c t
About 40,000 synthetic pigments and dyes are consumed in different industries throughout the world 
that severely contaminate water sources. The present study has been undertaken to remove extremely 
toxic and hazardous acid yellow dye from water. In total seven hybrid nanocomposites were pre-
pared by mixing various materials with calcinized white stone powder (CWSP) and screened out 
for their dye removal efficiencies. The functional groups involved in the dye adsorption using 2% 
Cu/TiO2 composite with calcinized white stone powder were Si–O, –CO and –OH. Scanning elec-
tron microscopy micrographs of 2% Cu/TiO2 composite with calcinized white stone powder show 
that it has nano-granular structure as compared to other materials. The presence of distinctive and 
sharp peaks in X-ray diffraction indicated the crystalline nature of white stone powder, CWSP and 
2% Cu/TiO2-CWSP composite. The zeta potential measurements (−22.4 mV) of calcinized white 
stone powder indicate that these have anionic nature. The overall acid dye removal efficacy of var-
ious hybrid nanocomposites was in the following order: Cu/TiO2-CWSP composite > Li/TiO2-CWSP 
composite > CaO-Fe3O4-CWSP composite > CaO-Fe2O3-CWSP composite > FeSnO4-CWSP composite, 
FeCdO-CWSP composite > Na2SiO3-CWSP composite. It is important to note that adsorbents have 
shown good adsorption at 30°C and 40°C. The optimized conditions for maximum removal of dye 
were pH 7, dose 0.05 g/L, initial concentration 40 mg/L and temperature 40°C. Almost 99.19% of 
acid yellow dye was removed by Cu/TiO2-CWSP composite under optimized conditions.
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1. Introduction

Acid dyes are anionic and applied at low pH values. 
Textile dyes including acid dyes are highly toxic, potentially 
carcinogenic, and have been linked to a variety of human 
and animal diseases [1,2]. Acid yellow dye is potentially 
harmful to human health and the environment. Acid yel-
low dye is one of the most used dyes and utilized in textile, 
personal care, cleaning materials and food industries [3]. 
Acid yellow dye is associated with risk of serious damage 
to eyes, impaired fertility, irritation to respiratory system 

and skin. It is extremely harmful to aquatic organisms, may 
cause long-term adverse effects in the aquatic environment 
[4]. The presence of this dye in water reduces penetration of 
sunlight into water sources and severely affects life present 
in aquatic systems. It also affects biochemical and physio-
logical body mechanisms such as osmoregulation, mortality, 
respiration, and even reproduction. During the reduction 
of intermediates of dyes, the highly mutagenic or carcino-
genic compounds are formed, having detrimental effects 
on aquatic life and microorganisms [5]. When humans use 
such polluted water, a number of detrimental health effects 



219R. Shaheen et al. / Desalination and Water Treatment 312 (2023) 218–233

have been observed like, tissue necrosis, allergic reactions, 
breathing problems, immune suppression, disorders of the 
nervous system, infections related to eyes and skin, and 
behavioral problems.

Various techniques have been investigated for remov-
ing dye, including adsorption [6], electrochemical oxidation 
[7], chemical methods [8], biological methods [9], coagula-
tion [10] and membrane separation [11]. Every technology, 
however, has advantages and disadvantages [2,5,12–15]. 
The main disadvantage of utilizing oxidation methods is 
that they might produce harmful byproducts in wastewa-
ter, from even biodegradable colors, which makes it difficult 
to remove pollutants completely. Frequently used chem-
ical oxidation processes such as coagulation–flocculation 
and use of chlorine are slow and need reactive species that 
are hazardous to transport and store. Advanced oxidation 
processes like ozonation, photo Fenton, and photo catalyst 
are expensive and uneconomical [16]. Chemiocoagulation 
causes pollution due to the formation of colloids in polluted 
water [17].

Nanomaterials are efficient as adsorbents because of 
their low temperature modification, large surface area, 
short intraparticle diffusion distance, many sorption sites, 
surface chemistry, and variable pore size [18]. The charac-
teristics and efficiency of nanoadsorbents are also influ-
enced by their shape and morphology. The delicate balance 
between elastic deformation, surface area, and energy from 
polar charges, results in a variety of morphologies. The mor-
phology besides the composition and surface area affected 
the behavior of nanoadsorbents towards the toxic materials 
[19,20]. Because of their chemical and physical properties, 
they are used as adsorbents more frequently than typi-
cal adsorbents. Moreover, chemical, physical and material 
properties are extremely affected by intrinsic composi-
tions, external functionalization of nanoadsorbents, innate 
surface properties, and apparent sizes [21]. Wherever, the 
nature and allocation of active sites on nanoadsorbents sur-
face, as well as the number and types of functional groups 
in nanoadsorbents, result in transitions of their properties 
and behavior, such as the high surface area, location of 
most atoms on surface, high chemical activity, high surface 
binding energy and high adsorptive capacity [22]. A raw 
substance, the marble stone is mainly comprised of calcite 
(CaCO3), and dolomite [(CO3)2(CaMg)], that are based on 
carbonate material that exhibit very efficient removal capac-
ities for dyes. According to an estimation, the marble waste 
production is around 6 million tonnes per year [23]. This 
marble waste causes pollution, so the use of marble waste 
in a productive way not only causes reduction in pollution 
but it is also economically favorable.

The present study has been undertaken to remove acid 
yellow dye using adsorption process by utilizing waste 
stones powders. In addition, hybrid composite materials 
were also studied for efficient dye removal. Cu/TiO2 and Li/
TiO2 were prepared by doping of Cu and Li, respectively 
with TiO2. Both Cu/TiO2 and Li/TiO2 were highly active 
photocatalysts and incorporated in the composite forms to 
optimize their photocatalytic and adsorption abilities in the 
hybrid form. CaO-Fe2O3, CaO-Fe3O4, FeSnO4, and FeCdO are 
magnetically active compounds, and their hybrid forms were 
prepared with calcinized white stone. Sodium metasilicate 

(Na2SiO3) structure consists of layers containing SiO4 tetra-
hedra and SiO6 octahedra has high purifying and pH buff-
ering abilities. The novelty of the study lies in the fact that 
the first-time adsorption process was applied in combina-
tion with various active materials including photocatalysts, 
magnetic materials and purifiers. Resultantly, two benefits 
were obtained, firstly, higher reduction in the acid yellow 
dye color was attained and secondly, the dye removal time 
has been reduced from 240 to 60 min. Finally, the effect of 
various process parameters including pH, dose, initial con-
centration, time and temperature was optimized and mate-
rials with high uptake capacities were characterized using 
advanced analytical techniques.

2. Materials and methods

2.1. Reagents/chemicals

All the chemicals used during the present study were of 
high purity and of analytical grade purchased from Sigma-
Aldrich (USA). The used chemicals were including HCl, 
NaOH, CuSO4, TiO2, Na2SiO3, CaO, Fe2O3, Fe3O4, SnO4, CdO.

2.2. Determination of maximum wavelengths of dye

Acid yellow 50 ppm solution was prepared, and wave-
lengths were scanned from 330 to 1,000 nm using UV-Visible 
spectrophotometer in order to determine their maximum 
absorption wavelengths.

2.3. Preparation of adsorbent materials

Abundantly available waste materials in powdered form 
white stone were used as adsorbent in the present study. 
The waste stones fine granules were washed with distilled 
water to remove dust and other contaminating materi-
als. After washing these materials were dried at 70°C. The 
dried materials were grinded to fine powder form by using 
pestle and mortar. This material was calcinized in fur-
nace at 700°C for 4 h to produced calcinized form.

2.4. Preparation of composites

To prepare Cu impregnated TiO2 nano material, sus-
pended 10 g of TiO2 nanoform in 20 mL of distilled water 
at room temperature by constant slow stirring. The desired 
amount of cupric sulphate (for example 0.1 g for 1% dop-
ing) was added dropwise into TiO2 suspension and mixture 
was stirred for 30 min magnetically. The obtained slurry was 
dried in an electric oven at 60°C till complete dryness. For 
calcination, the dried powder was heated at 450°C for 2 h. By 
using same procedure Cu impregnated TiO2 nanoparticles 
of 0.5%–2.5% were prepared [24]. To prepare Li impregnated 
TiO2 nano material, suspended 10 g of TiO2 nanoform in 
20 mL of distilled water at room temperature by constant slow 
stirring. The desired amount of LiNO3 (for example 0.1 g for 
1% doping) was added dropwise into TiO2 suspension and 
mixture was stirred for 4 h magnetically. The obtained slurry 
was dried in an electric oven at 120°C till complete dryness. 
For calcination, the dried powder was heated at 600°C for 
2h [24,25]. To prepare CaO-Fe3O4 (nano-magnetic material), 
added calcium nitrate (0.05 g) in 100 mL deionized distilled 
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water, then placed this mixture on magnetic stirrer and 
added 3.5 g of Fe3O4. The mixing was continued at 1,500 rpm 
for 10 min and then solution was dispersed at ultrasonic 
bath for 15 min. Then 100 mL of 2 M NaOH solution was 
added dropwise under constant stirring at 1,500 rpm until 
pH reached 12. The suspension was mechanically stirred 
overnight at 1,500 rpm. After that solution was filtered and 
precipitates were washed with excess quantity of distilled 
water obtained pH 7. The precipitates were heated at 80°C to 
complete dryness. After grinding to fine powder, the mate-
rials was subjected to calcination process at 550°C for 1 h in 
an electric furnace [26]. CaO-Fe2O3 (nano-magnetic material) 
was also prepared using above procedure just by replacing 
Fe3O4 with Fe2O3 [27]. FeCdO, and FeSnO (nano-magnetic 
material), were prepared through co-precipitation of SnCl2 
(0.5 mol/L) and CdCl2 (0.5 mol/L) solution using FeCl3 in an 
alkaline. The obtained dark precipitates were washed out 
using distilled water and the sediments were treated with 
HNO3 (1 mol/L) and finally washed with distilled water. 
The obtained dark precipitates were filtered using Whatman 
filter paper No. 1. The precipitates were dried at 100°C in 
an electric oven for 2 h to completely remove moisture. The 
prepared FeCdO, and FeSnO nanoparticles were heated 
for 4 h at 300°C for activation [28,29]. After activation, the 
obtained materials were final ground before preparing com-
posite materials. Cu/TiO2-CWSP composite, Li/TiO2-CWSP 
composite, Na2SiO3-CWSP composite, CaO-Fe2O3-CWSP 
composite, CaO-Fe3O4-CWSP composite, FeSnO4-CWSP 
composite, FeCdO-CWSP composite were prepared by mix-
ing materials with calcinized white stone powder (CWSP) 
in 10:90 ratio.

2.5. Factors affecting the dye removal process

Deionized distilled water (DDW) was used to prepare 
all the solutions. All the experiments were triplicated. For 
studying hybrid composite materials containing photocata-
lysts, all the samples were processed under sunlight.

2.5.1. Effect of pH

To determine the effect of pH, 50 ppm solutions of acid 
yellow dye was maintained at 5, 6, 7, 8, and 9 pH. The pH of 
solutions was set using a 1 N solution of nitric acid and a 1 N 
solution of sodium hydroxide. The pH of solution was mon-
itored using a pH meter. After maintaining the pH of solu-
tions having 50 ppm initial dye concentrations, 0.005 g/10 mL 
of adsorbent or composite material was added. Both blank 
and sample solutions were shaken at 40°C at 200 rpm for 
240 min. Blank solution was run for every pH. After com-
pletion of required time period, the solutions were removed 
from orbital shaker, filtered using syringe filter (0.45 µm) 
and the absorbance was measured using a UV-Visible 
spectrophotometer [30].

2.5.2. Effect of dose

To determine the effect of adsorbent/composite dose, 
0.5, 1, 2, 3, and 4 g/L were weighed accurately on an ana-
lytical balance and then added to 50 ppm solutions of acid 
yellow dye. The sample solutions (10 mL) were taken in 

taken 15 mL falcon tubes and were shaken at 40°C at 200 rpm 
for 240 min. After completion of required time, the blank 
and sample solutions were removed from orbital shaker, 
filtered using syringe filter (0.45 µm) and the absorbance 
were measured using a UV-Visible spectrophotometer [20].

2.5.3. Effect of initial dye concentration

The stock solutions of 100 ppm were prepared of acid 
yellow dye. The solutions of 5, 10, 15, 25, and 50 mg/L were 
prepared from the stock solution by dilution method. The 
10 mL of each of these ppm solutions were taken in fla-
con tube and 0.005 g of each adsorbent or composite were 
added to it. These tubes were shaken at 200 rpm at 40°C for 
240 min. The purpose of shaking was to increase the contact 
or interaction between the functional groups of adsorbents 
and molecules of dye in the solution. After shaking these 
solutions were filtered with the help of a syringe filter and 
the readings (absorbance) were measured at λmax of dye 
using UV-Visible spectrophotometer [31].

2.5.4. Effect of time and temperature

The effect of time and temperature was determined by 
performing experiments at the temperature of 30°C, 40°C, 
50°C, 60°C, and 70°C for a contact time interval of 15, 30, 60, 
120, and 240 min. The 50 ppm solutions of acid yellow dye 
were prepared. 10 mL solutions were taken in 15 mL capac-
ity falcon tube and added 0.005 g of adsorbent or composite. 
The sample solutions were shaken at 200 rpm. At the end 
of each experiment, adsorbent or composite was separated 
using syringe filter (0.45 µm) and absorbance were deter-
mined using a UV-Visible spectrophotometer at the λmax 
of dye. All experiments of varying time interval and tem-
perature conducted by adopting procedure [31].

2.6. Adsorption isotherms

This isotherm describes how adsorbate interacts with 
the adsorbent and critical in optimizing adsorbent usage. 
Adsorption equilibrium studies are arranged to associate 
the concentration of adsorbate (Ce, mg/L) and adsorption 
capacity (qe, mg/g) in liquid phase. Different isotherm mod-
els were applied to understand complex adsorption system 
in liquid phase including Langmuir, Freundlich, Dubinin–
Radushkevich, Temkin, and Harkin–Jura isotherms [32].

2.7. Kinetic modelling

Pseudo-first and second-order kinetic models were 
fitted to experimental data to describe the kinetics of the 
dye removal process [33].

2.8. Characterization studies

Fourier-transform infrared (FTIR) spectra was obtained 
using Agilent Technologies (USA), FTIR spectrometer from 
4,000 to 650 cm–1 [25,34]. The scanning electron microscopy 
(SEM) images of adsorbents and composites were generated 
using the Nova NanoSEM 450, FEI, Oregon, USA equipped 
with built in ETD and TLD [35]. The X-ray diffraction (XRD) 
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spectra were obtained by using Shimadzu Model XRD-6000 
Power X-ray Diffractometer (Japan) using Cu-Kα radiation 
(40 kV and 30 mA) with wavelength (λ) of 1.5406 Å. Data 
were collected over a 2θ range from 15° to 70° with a step of 
0.02° at speed 6°/min. The obtained diffraction peaks were 
compared with standard compounds described in the JCPDS 
(Joint Committee on the Powder Diffraction Standards) 
databank [26,36]. Malvern, Zetasizer Nano ZSP was used to 
measure the particle size (hydrodynamic diameter) and size 
distribution.

2.9. Statistical analysis

The one-way analysis of variance (ANOVA) was used 
to compare the means between the treatments and to deter-
mine whether any of treatment means was statistically sig-
nificantly different from each other. The Tukey’s honestly 
significant difference test (Tukey’s HSD) was used describe 
ANOVA results and to test differences among sample 
means for significance [37].

3. Results and discussions

3.1. Characterization studies

3.1.1. FTIR analysis

FTIR is a spectroscopic technique, used to identify the 
fingerprints, and functional group in a particular sample [38]. 
Some common peaks found in the FTIR spectra (Fig. 1) of 
most materials are as follows. The absorption peaks between 
950–920 cm–1 could be assigned to Si–O bond stretching [38]. 
The shoulder peak in the range of 776–725 cm–1 corresponds 
to the Al–O bond stretching [38]. The medium intensity 
sharp peak around 3,650–3,550 cm–1 is due to –OH bond 
stretching present in Si–OH and Al–OH. The broadness and 
the shoulder of the OH bands are generally due to the com-
binations of several OH groups, occurring in the alkali fam-
ily feldspar group from which stones powder are belonged 
to [39]. The presences of above-described functional groups 
in the stones powders provides effective adsorption sites for 
dye contaminants [40]. It is clear from results that calcinized 
white stone powder has more absorption bands in FTIR 
spectra. This means it can offer more active sites for adsorp-
tion of dyes. The involvement of regenerated absorption 
sites can be confirmed from dye loaded spectra of calcinized 
white stone powder. A comparison between FTIR spectra of 
calcinized white stone powder and its composite with 2% Cu/
TiO2 shows that after preparing composite materials maxi-
mum changes found to occur in 1,300–900 cm–1 (Si–O stretch-
ing vibrations). Cu/TiO2 also interacted with calcinized 
white stone powder absorption peaks in the region of 1,800–
1,500 cm–1 (–CO stretching vibrations) and 3,900–3,500 cm–1 
(–OH stretching region) as the vibrations frequencies of 
functional groups reduced. The functional groups involved 
in the dye adsorption using 2% Cu/TiO2 composite with cal-
cinized white stone powder were Si–O, –CO and –OH). The 
dye removal by 2% Cu/TiO2 composite with calcinized white 
stone powder occurred through photocatalysis in addition 
to adsorption. FTIR spectra of 10% Li/TiO2 composite with 
calcinized white stone powder did not produce any major 
change from 1,300–900 cm–1 (Si–O stretching vibrations). 

However, there was prominent change in the frequency 
of absorption peaks in the region of 1,800–1,500 cm–1 (–CO 
stretching vibrations) and 3,900–3,500 cm–1 (–OH stretching 
region). A sharp band near 3,700 cm–1 in 10% Li/TiO2 compos-
ite with calcinized white stone powder is attributed to –OH 
stretching (Si–OH and Al–OH). FTIR spectra of sodium metal 
silicate/calcinized white stone powder composite show a sig-
nificant change in absorption peaks in the region of 1,300–
900 cm–1 (Si–O stretching vibrations) of dye loaded 10% Li/
TiO2 composite with calcinized white stone powder suggests 
involvement of Si–O group in dye removal. FTIR spectra of 
CaO-Fe2O3/calcinized white stone powder composite has 
shown a prominent absorption peak around 1,008 cm–1 due 
to Si–O stretching in silicates. The Si–O group of silicates 
was involved in dye removal. FTIR spectra of CaO·Fe3O4/
calcinized white stone powder composite shows that incor-
poration of CaO·Fe3O4 into calcinized white stone powder to 
produce a composite material mainly produced changes in 
the absorption peaks in the region of 1,800–1,500 cm–1 (–CO 
stretching vibrations) and 3,900–3,500 cm–1 (–OH stretch-
ing region). A sharp band near 3,700 cm–1 in composite is 
attributed to –OH stretching (Si–OH and Al–OH). FTIR 
spectra of dye loaded samples confirms the involvement 
of Si–O stretching vibrations region (1,300–900 cm–1) in the 
dye adsorption process. FTIR spectra of FeCdO/calcinized 
white stone powder composite and FeSnO4/calcinized 
white stone powder composite shows the involvement of 
the regions in the range of 1,300–900 cm–1 (Si–O stretching 
vibrations), 1,800–1,500 cm–1 (–CO stretching vibrations) and 
3,900–35,00 cm–1 (–OH stretching region) in dye removal.

3.1.2. SEM analysis

SEM using built in ETD and TLD were utilized to inves-
tigate the surface structure of composites. Fig. 2 shows the 
SEM micrographs produced for the adsorbents and com-
posites. According to these micrographs, the white stone 
powder and CaO-Fe2O3 composite with calcinized white 
stone powder has an aggregate coarse morphology with a 
heterogeneous surface. Calcinized form of white stone pow-
der has more porous structure than non-calcinized form. 
It has many pores with irregular forms, rough and uneven 
surfaces. These pores have a larger area of contact and 
easy pore diffusion during adsorption. There are also other 
cage-like chambers. The porosity and voids in the treated 
composite increased the surface area and distance between 
the adsorption sites. SEM micrographs of 2% Cu/TiO2 com-
posite with calcinized white stone powder show that it has 
nano-granular structure as compared other materials. This 
composite is particularly effective in acid yellow dye removal 
because of increased surface area, porosity, and voids, 
which provide additional locations for reaction to occur [41].

3.1.3. X-ray diffraction analysis

The XRD spectra of white stone powder, calcinized white 
stone powder and 2% Cu/TiO2-calcinized white stone pow-
der composite is shown in Fig. 3. The presence distinctive 
and sharp peaks indicated the crystalline nature of white 
stone powder, calcinized white stone powder and 2% Cu/
TiO2-calcinized white stone powder composite. The XRD 
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Fig. 1 (Continued)
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pattern of white stone powder, calcinized white stone pow-
der and 2% Cu/TiO2-calcinized white stone powder com-
posite showed the characteristic pattern at 2θ values as 
23.03°, 29.45°, 36.00°, 39.48°, 43.18°, 47.46°, 48.55°, and 51.06°; 
23.06°, 29.42°, 30.93°, 33.56°, 39.41°, 43.20°, 47.59°, and 48.52°; 
and 29.34°, 30.93°, 35.99°, 39.42°, 41.11°, 43.21°, 48.53°, and 
64.50°, respectively. These characteristic peaks clearly show 
that calcination has produced significant changes in white 
stone powder. The XRD pattern of white stone powder, 
calcinized white stone powder and 2% Cu/TiO2-calcinized 
white stone powder composite showed the characteristic 
pattern at 2θ values as 23.03°, 29.45°, 36.00°, 39.48°, 43.18°, 
47.46°, 48.55°, and 51.06°; 23.06°, 29.42°, 30.93°, 33.56°, 39.41°, 
43.20°, 47.59°, and 48.52°; and 29.34°, 30.93°, 35.99°, 39.42°, 
41.11°, 43.21°, 48.53°, and 64.50°, respectively. These char-
acteristic peaks clearly show that calcination has produced 
significant changes in white stone powder [42–44]. The 
XRD patterns were thoroughly examined for calcium car-
bonate nanoparticles. In Fig. 3a, the XRD patterns of CaCO3 
are presented, unequivocally confirming the presence of a 
rhombohedral structure with the space group denoted as 
(R-3c). Notably, the discernible peaks in the XRD pattern 
correspond to specific Miller indices, including (012), (104), 
(006), (110), (113), (202), (018), (116), (211), (122), (214), and 
(300), aligning remarkably well with the JCPDS card number 
01-086-2334, further affirming the rhombohedral nature of 
the structure. However, beyond the primary rhombohedral 

structure, it is evident that the introduction of copper and 
cobalt dopants led to the formation of some secondary 
phases. Specifically, the peaks labeled (002) and (131) can 
be attributed to the presence of CuO, as corroborated by 
the JCPDS File number 5-0661. It is worth noting that the 
symbol ‘&’ designates the CuO phase in the XRD pattern.

3.1.4. Zeta sizer

Calcinized white stone powder was used to prepare all 
composite materials because of its higher uptake capaci-
ties. Zetasizer analysis of calcinized white stone powder is 
given in Fig. 4. There are two peaks in size distribution by 
intensity graph of calcinized white stone powder appeared. 
The peak 1 has 541.6 d.nm (size), 71.5% (intensity) and 
174.0 (St. Dev.). The peak 2 has 180.9 d.nm (size), 28.5% 
(intensity) and 42.47 (St. Dev.). Z-average (d.nm) was 545.9. 
Zetasizer results of peak 1 show that particles of calcinized 
white stone powder have variable size and might be pres-
ent in the form aggregates. SEM image of calcinized white 
stone powder also shows that it possesses a degree of het-
erogeneity. Zeta potential provides a measure of the parti-
cle’s stability. The calcinized white stone powder has a zeta 
potential measurement (Fig. 4) of –22.4 mV with standard 
deviation of 5.50 mV and conductivity of 0.0525 mS/cm. If 
the zeta potential signal of nanoparticles is less than ‒30 mV 
or greater than +30 mV, these are considered as strongly 
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Fig. 1. Fourier-transform infrared spectra of (a) white stone powder, (b) white stone powder loaded with acid yellow dye, 
(c) calcinized white stone powder, (d) calcinized white stone powder loaded with acid yellow dye, (e) 2% Cu/TiO2 composite with 
calcinized white stone powder, and (f) 2% Cu/TiO2 composite with calcinized white stone powder loaded with acid yellow.
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anionic and strongly cationic, respectively. The zeta poten-
tial measurements (−22.4 mV) of calcinized white stone 
powder indicate that these have anionic nature.

3.1.5. Determination of λmax and standard curves

The spectroscopic analysis are preferred because of 
accuracy, sensitivity, cost effectiveness, less waste of sample 
solution, and vastness [45]. In the present study, absorption 
wavelengths of acid yellow dye were scanned through 330 

to 1,000 nm. λmax of acid yellow dye was found to be 427 nm. 
The peak absorption at lambda wavelength (λmax) is most 
important for studying material’s properties like energy 
bandgap, sensitivity, electronic structure etc. λmax, therefore, 

(a) 

 

(b) 

 

(c) 

 

Fig. 2. Scanning electron micrographs of (a) white stone pow-
der, (b) calcinized white stone powder, and (c) 2% Cu/TiO2 
composite with calcinized white stone powder.

15 20 25 30 35 40 45 50 55 60 65 70
0

200

400

600

800

1000

(3
00

)
(2

14
)

(1
22

)
(2

11
)(1

16
)

(0
18

)
(2

02
)

(1
13

)

(0
06

)

(1
10

)

(0
12

)

(1
04

)

In
te

ns
ity

 (a
.u

.)

2� (degree)

 1A

15 20 25 30 35 40 45 50 55 60 65 70
0

500

1000

1500

2000

2500

15 20 25 30 35 40 45 50 55 60 65 70

In
te

ns
ity

 (a
.u

.)

2� (degree)

 1B

(3
00

)
(2

14
)

(1
22

)
(2

11
)

(1
16

)
(0

18
)

(2
02

)
(1

13
)

(0
06

)

(1
10

)

(0
12

)

(1
04

)

15 20 25 30 35 40 45 50 55 60 65 70
0

500

1000

1500

2000

15 20 25 30 35 40 45 50 55 60 65 70

& CuO
# TiO2

In
te

ns
ity

 (a
.u

.)

2� (degree)

 1C
(2

11
)

(1
31

) &

(0
24

)

(3
00

)
(2

14
)

(1
22

)

(1
05

) #

(1
16

)
(0

18
)

(2
02

)

(1
13

)

(0
02

) &
(1

10
)

(0
12

)

(1
04

)

Fig. 3. X-ray diffraction analysis of (1A) white stone powder, 
(1B) calcinized white stone powder, and (1C) 2% Cu/TiO2 and 
calcinized white stone powder composite.
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provides a clear hint of sample properties for identification 
and further analysis. In practice, unique λmax values are deter-
mined by the use of pure samples [46]. The visible region is 
often preferred for distinguishing between different dyes 
samples. Spectroscopic analysis provides adequate speed 
required for water treatment studies [47]. Standard curves 
show the relationship between two variables or quantities. 
In absorption spectroscopy, the standard curves are drawn 
to find the relationship between absorbance and concentra-
tion. The concentration of unknown samples can be deter-
mined using standard curves. The standard curves for acid 
yellow dye were drawn using standards of 5, 10, 15, 25, 50, 
75 and 100 ppm. The standard curve for acid yellow dye 
had a linear equation of y = 0.0093x–0.003 and R2 of 0.9997. 
These results clearly suggested that there was a linear rela-
tionship between absorbance and concentration in the 
studied concentration range of 5–100 ppm of acid yellow dye.

3.2. Effect of pH

One of the most critical parameters affecting dye adsorp-
tion onto adsorbent is pH. Typically, pH is referred to as the 
“master variable”. Because of its effect on the surface bind-
ing sites of the sorbent, the pH of the aqueous solution has a 
significant impact on dye sorptive absorption. Investigations 
have been done on how pH affects the elimination of dye 
from solutions. The degree of ionization of the adsorbate 
in the solution, the surface charge of the adsorbent, and the 

dissociation of different functional groups on the adsor-
bent’s active sites are all significantly influenced by pH. 
The positively charged surface of the adsorbent and dye 
are electrostatically attracted to one another at low acidic 
to neutral pH values, which increases the dye absorption. 
However, when the pH above neutral rises, the positively 
charged adsorbent sites diminish and the adsorbent’s sur-
face becomes negatively charged. As a result of effective 
competition between OH– ions and dye ions at high pH, 
dye sorption is reduced. Additionally, a pH change has an 
impact on the adsorptive process by causing functional 
groups on the adsorbent surface to dissociate, which tends 
to modify the equilibrium properties of the adsorption pro-
cess. White stone abundantly available waste material in 
powdered form was used in the present study. This material 
was calcinized in furnace at high temperatures to produce 
calcinized forms. On calcination various volatile materi-
als and adsorbed gases are released thus resulting in the 
increase of adsorption sites and adsorption capacities [48].

The effect of pH (5, 6, 7, 8, 9 and 10) on acid yellow dye 
adsorption is shown in Fig. 5a. Two things were concluded 
from the results obtained. Calcinized form of material had 
shown better dye adsorption than its parent form. Secondly, 
dye adsorption was highest at neutral pH. The surface of the 
adsorbents and dye exhibited a strong electrostatic interac-
tion at pH 7.0 in the present study. The number of negatively 
charged sites rises and the number of positively charged sites 
falls as the pH of the system rises. Due to electrostatic repul-
sion, a negatively charged surface site on the adsorbent does 
not encourage the adsorption of dye anions. Additionally, 
the existence of extra ions that compete with the dye anions 
for adsorption sites is the cause of the decreased dye adsorp-
tion at alkaline pH. According to the literature, at lower pH, 
the surface charge may become positively charged, leading 
(H+) ions to compete efficiently with dye cations, resulting 
in a decrease in the quantity of dye adsorbed. At higher 
pH levels, the adsorbent materials may become negatively 
charged, enhancing the positively charged dye cations 
via electrostatic forces of attraction. Other authors explain 
this occurrence in the following ways: When dyes are dis-
solved in water, they emit positively charged ions. Thus, 
in an acidic media, the positively charged surface of the 
sorbent tends to impede cationic sorbate species adsorp-
tion. When the pH of the dye solution rises, the surface 
tends to acquire a negative charge, resulting in enhanced 
dye adsorption due to greater electrostatic interaction 
between positively charged sorbate and negatively charged  
sorbent [49].

3.3. Effect of adsorbent dose

The adsorption is a partitioning process of the adsorbate 
between the adsorbent and the fluid phase. An equilibrium 
distribution is reached, if the fluid and solid are placed in 
contact for a long time, and this equilibrium can be described 
quantitatively. It was observed that as the dose of adsorbent 
was increased, the efficacy of color removal improved. The 
nanocomposite dosage is critical in the absorption process 
since it impacts the nanocomposite’s ability to absorb the 
dye. The efficiency of color removal improves as the mix-
ture dosage is increased [50]. It is because the surface area 
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Fig. 4. Calcinized white stone powder (a) zetasizer analysis and 
(b) zeta potential distribution graph.
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and active sites accessible for adsorption have increased. 
As a result, using a small amount of adsorbent with the 
same dye removal efficacy as a big amount of adsorbent is 
not advantageous in terms of cost and sludge output [51]. 
The effect of adsorbent dosage is shown in Fig. 5b. It can be 
observed from the results that higher uptake capacity can 
be obtained at lower adsorbent doses. The highest uptake 
capacity of acid yellow dye for white stone and calcinized 
white stone was obtained at 0.005 g/10 mL (0.5 g/L). On 
increasing dose from 0.005 g/10 mL to 0.04 g/10 mL, agglom-
eration of adsorbent molecules and fall in the inter-cellular 
space resulted in reduction in uptake capacity at higher  
doses [52].

3.4. Effect of initial concentration

The direct relationship between the dye concentration 
and the available binding sites on an adsorbent surface 
determines how the initial dye concentration will affect the 
surface. The removal of toxic dye acid yellow using white 
stone, and calcinized white stone were studied by varying 
initial dye concentration from 5 to 50 mg/L (Fig. 5c). From 
the results obtained, it can be seen clearly that acid yellow 
dye adsorption capacity of all adsorbents was high in the 
studied concentrations range. Calcinized form of adsor-
bent have shown better dye adsorption abilities than non- 
calcinized forms. The highest acid yellow adsorption was 

shown by calcinized white stone. The dye uptake capacity 
(mg/g) of calcinized white stone was 9.78, 19.35, 28.48, 47.18, 
and 93.93 mg/g for acid yellow concentrations (mg/L) of 5, 
10, 15, 25, and 50 mg/L, respectively. The dye percentage 
removal (%) of calcinized white stone was 97.83%, 95.70%, 
94.93%, 94.35%, and 93.71% for acid yellow dye concen-
trations (mg/L) of 5, 10, 15, 25, and 50 mg/L, respectively. 
The percentage removal of dye was high at lower concen-
trations, and it decreased at higher concentration for most 
of adsorbents used. With an increase in initial dye concen-
tration, the percentage of dye removal often declines, which 
may be caused by the saturation of adsorption sites on the 
adhesive surface. When the initial dye concentration is low, 
there will be open active sites on the adsorbent surface, and 
as the initial dye concentration rises, the active sites needed 
for dye molecule adsorption will vanish. The strong driving 
force for mass at a high initial dye concentration may be the 
reason for the increased loading capacity of the absorbent 
that will result from an increase in the initial dye concen-
tration. In other words, with larger starting dye concen-
trations, the residual concentration of dye molecules will 
be higher. Low initial dye molecule concentrations result 
in a low initial dye molecule to accessible adsorption site 
ratio, which makes fractional adsorption independent of 
initial concentration [53]. The percentage of dye removed, 
and quantity of dye (g/mg) adsorbed are significantly influ-
enced by the initial concentration of the dye. Dye removal 
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efficiency is decreased when all the adsorption sites are 
occupied due to increased initial dye concentration. Increase 
in the contact time increases the amount of dye adsorbed 
regardless of the initial concentration of the dye used. All 
the resistances during transformation of dye from solution 
to adsorbent is overcome with the help of driving forces 
offered by the initial dye concentrations [54]. Furthermore, 
as the driving force of mass transfer between adsorbent and 
solution, the initial dye concentration is crucial. The high 
active sites on the composite interface and the low dye con-
centration in the solution resulted in a high sorption effi-
ciency at low dye content. The ratio of active sites to dye 
molecules decreases as dye concentration in the solution 
increases, resulting in a decrease in sorption efficiency [50].

3.5. Isothermal adsorption modelling

Adsorption isotherms are useful for explaining how 
adsorbed species molecules or ions react with surface 
adsorption sites. As a result, correlation of equilibrium data 
using a mathematical or experimental equation is critical 
for adsorption interpretation and prediction [3]. Adsorption 
mechanisms are equations that represent the connection 
between the amount of the substance adsorbed by the adsor-
bent and the concentration of the solute in the liquid phase. 
They are crucial in the design of an adsorption process 
because they define how an adsorbed species interacts with 
an adsorbent. To characterize the connection between iso-
therms at equilibrium, several steady state models have been 
proposed. Langmuir, Freundlich, Temkin, and Dubinin–
Radushkevich are commonly used to predict adsorption 
mechanisms. Adsorption isotherms are useful models for 
describing adsorption behavior in solid–liquid adsorption 

systems. When the adsorption process approaches equilib-
rium, the adsorption isotherm may show how dye mole-
cules are distributed across the solid and liquid phases [22]. 
The close agreement between experimental uptake capacity 
and calculated uptake capacities and high values of linear 
regression coefficient (R2) (Table 1) shows that the best fit-
ted model for the adsorption of acid yellow dye to various 
adsorbents was Freundlich adsorption isotherm (Table 1). 
Freundlich adsorption isotherm states that the concentration 
of the solute absorbed onto the surface of the solid and the 
concentration of solute in the liquid phase have an empir-
ical connection. The linearized forms of the Freundlich 
adsorption equations are applicable to liquid–solid adsorp-
tion equilibria. Since this connection is solely empirical, 
adsorption behavior should only be correctly suited by 
isotherms that have a theoretical foundation [55].

3.6. Effect of contact time at different solution temperatures

An immediately recognizable contaminant is dye, a 
component that is widely used in the textile, pulp, plastic, 
food, and cosmetics sectors. Environmental managers are 
presently facing a serious issue with decolorizing wastewa-
ter from textile and other industries. Because of the presence 
of aromatic hydrocarbons, metals, chlorides, and other sub-
stances in dyes, these substances may dramatically impact 
the photosynthetic activity of aquatic life. Numerous indus-
trial colors are resistant to aerobic and are durable to light 
and oxidation. One of the most important aspects in the 
batch adsorption process is contact time.

Effect of contact time was studied at various tempera-
tures including 30°C, 40°C, 50°C, 60°C and 70°C for the 
removal of toxic dye acid yellow using white stone and 

Table 1
Adsorption models for acid yellow

Isothermal model White stone powder Calcinized white stone powder

Langmuir isotherm
R2 0.8752 0.6653
QCal 204.08 169.49
KL 0.0373 0.3296

Freundlich isotherm

R2 0.9996 0.9797
QCal 71.76 81.354
Kf 8.05 38.21
1/n 0.8284 0.6698

Dubinin–Radushkevich isotherm
R2 0.7371 0.7326
QCal 39.527 50.703
β 6.00E-07 5.00E-08

Temkin isotherm model

R2 0.8999 0.8948
At 0.247 0.197
QCal 35.7505 17.428
B 28.77 36.61

Harkin–Jura isotherm model

R2 0.749 0.8419
A 80 140.845
QCal 19.1171 24.2918
B 0.928 0.253

Experimental uptake capacity (mg/g) QExp 72.19 93.93
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calcinized white stone and obtained results are shown in 
Fig. 5d. The results obtained clearly demonstrated that 
adsorption process can be divided into two phases. An ini-
tial phase during first 60 min during which adsorption of 
dye was very fast followed by a slower phase till equilib-
rium time of 240 min. The appropriate adsorption time for 
acid yellow dye was 240 min.

Regardless of the dye’s starting concentration, a longer 
contact period increases the quantity of dye that is adsorbed. 
The driving forces provided by the initial concentrations of 
dye are used to overcome all resistances during the dye’s 
transition from solution to adsorbent [54]. The initial amount 
of dye is also critical because it serves as the catalyst for 
mass transfer between the adsorbent and solution. A higher 
adsorption efficiency at low dye content was achieved due 
to the high active sites on the composite surface and the low 
concentration of dye in the solution. As the concentration of 
dye in the solution rises, the ratio of catalyst surface to dye 
molecules declines, which lowers the sorption efficiency 
[50]. The adsorption rate grew fast at first, and the opti-
mum removal efficiency was obtained in around 240 min. 
Further increase in contact time did not show significant 
change in equilibrium concentration; that is, the adsorption 
phase reached equilibrium.

The change in temperature significantly affect the pro-
cess in two ways; change in temperature before and after 
the attainment of equilibrium affect the rate at which the 
dye gets adsorb. More precisely, adsorption equilibrium is 
affected by the temperature equilibrium for specific adsor-
bate. Dye adsorption can be any of these processes, that 
is, endothermic, and exothermic. Increase in temperature 
increases the adsorption for endothermic adsorption reac-
tion and decrease in temperature enhance the capacity of 

adsorption for exothermic adsorption reaction. The adsorp-
tion of acid yellow dye using white stone, and calcinized 
white stone was studied in the temperature range from 
30°C to 70°C. Acid yellow dye adsorption was increased 
on increasing temperature from 30°C to 40°C and then 
decreased on increasing temperature 40°C to 70°C. It is 
important to note that adsorbents have shown good adsorp-
tion at 30°C and 40°C. This suggested that adsorption pro-
cess can be conducted at ambient conditions without any 
requirement of elevated temperatures [54].

3.7. Kinetic modelling

Pseudo-first-order and pseudo-second-order kinetic 
models were applied to the removal of toxic dye acid yel-
low using white stone and calcinized white stone at various 
time intervals on temperatures 30°C to 70°C. Kinetic data or 
equilibria data is critical for understanding the mechanism 
of adsorption processes. It was obtained during the exper-
imental work through kinetic models (Table 2). The calcu-
lated parameters for pseudo-first-order and pseudo-second- 
order kinetic models for acid yellow dye is shown in 
Table 2. The results obtained clearly demonstrated that 
pseudo-second-order better fitted to data.

The slope of the presented graph connecting time (t) and 
log(qe–q) were used to compute the values of qe and K1,ads. 
The disparity between the practical and estimated q values, 
as well as the correlation coefficient R2 values, indicated 
that acid yellow dye was not obeying pseudo-first-order 
kinetics. The intercept and slope of the presented graphs 
connecting time (t) and t/q were used to compute the val-
ues of qe and K2,ads. Pseudo-second-order kinetics is based on 
the idea that the rate limiting step is chemisorption, which 

Table 2
Kinetic models for acid yellow at different temperatures

Adsorbents Pseudo-first-order kinetics Pseudo-second-order kinetics 

qe (mg/g) Cal K1,ads R2 q (mg/g) Exp qe (mg/g) K2,ads R2

30°C

White stone 38.9941 0.0276 0.9171 72.20 76.3358 0.00116 0.9984
Calcinized white stone 41.2097 0.01335 0.9972 93.93 99.0099 0.000679 0.9979

40°C

White stone 40.8319 0.0343 0.9309 73.93 77.5193 0.0011282 0.9988
Calcinized white stone 41.8793 0.0165 0.9809 96.98 102.04 0.000655 0.9974

50°C

White stone 42.4619 0.03247 0.945 72.41 76.3358 0.001175 0.9984
Calcinized white stone 40.6443 0.0128 0.9985 93.72 98.0392 0.000701 0.9979

60°C

White stone 39.4457 0.0278 0.9193 71.75 75.7575 0.001167 0.9984
Calcinized white stone 40.5508 0.0119 0.9998 91.76 96.1538 0.0007474 0.9983

70°C

White stone 49.545 0.0145 0.9496 68.49 76.3358 0.0004997 0.9991
Calcinized white stone 64.7142 0.00806 0.9775 90.02 103.0927 0.000225 0.9836
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indicates the participation of valance electrons between the 
adsorbate and adsorbent via electron sharing or exchange. 
The adsorption capabilities (qe) determined from the data 
were at their highest in this example. Furthermore, the cor-
relation coefficient (R2) was between 1 and 0.98, indicating 
that (1 > R2 > 0.98). This meant that acid yellow dye fol-
lowed the pseudo-second-order kinetics.

3.8. Screening of nanocomposites

The dye adsorption capacity of white stone powder 
increased on calcination. Therefore, calcinized white stone 
powder (CWSP) was used for preparation of various nano-
composites with Cu/TiO2, Li/TiO2, sodium metasilicate, 
CaO-Fe2O3, CaO-Fe3O4, FeSnO4, and FeCdO. pHpzc (point 
of zero charge) calcinized form of white stone powder 
was determined by the pH drift method [56]. The pH ini-
tial–pH final curve in Fig. 6 using the measured pH ini-
tial and pH final values. The pHpzc was determined from 
intersection of the curves and the pH initial = pH final line 
showed that the pHpzc was 7. The determination of PZC is 

imperative for the prediction of the functional groups ion-
ization and their interaction with dyes species in solution 
[56]. In total seven nanocomposites were prepared and 
screened out for their dye removal efficiencies. Cu/TiO2 
and Li/TiO2 were prepared by doping of Cu and Li, respec-
tively with TiO2. Both Cu/TiO2 and Li/TiO2 were highly 
active photocatalysts and incorporated in the composite 
forms to optimize their photocatalytic and adsorption abil-
ities in the hybrid form. CaO-Fe2O3, CaO-Fe3O4, FeSnO4, 
and FeCdO are magnetically active compounds, and their 
hybrid forms were prepared with calcinized white stone. 
Sodium metasilicate (Na2SiO3) structure consists of layers 
containing SiO4 tetrahedra and SiO6 octahedra has high 
purifying and pH buffering abilities. Cu/TiO2-CWSP com-
posite, Li/TiO2-CWSP composite, Na2SiO3-CWSP compos-
ite, CaO-Fe2O3-CWSP composite, CaO-Fe3O4-CWSP com-
posite, FeSnO4-CWSP composite, FeCdO-CWSP composite 
were prepared by mixing materials with CWSP in 10:90 
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Table 3
Comparison of various materials for acid yellow dye removal

Sr. No. Material Dye % Removed References

1 Cu/TiO2-CWSP composite Acid yellow 99.19 The present study
2 Activated bone char Acid Yellow-17 91.43 [58]
3 Activated water hyacinth Acid Yellow-17 92.26 [59]
4 H2O2/Fe2+ Acid Yellow-17 89.00 [60]
5 Typha angustifolia L. Acid Yellow-17 89.98 [61]
6 Chitin Acid Yellow-25 95.00 [62]
7 Modified biochar derived from watermelon peels Acid Yellow-17 96.00 [63]
8 Turmeric industrial waste activated carbon Acid Yellow-17 98.00 [64]
9 Moringa peregrina seeds Acid yellow 80.00 [65]
10 Activated rice husk Acid Yellow-17 94.34 [66]
11 Fish scales Acid Yellow-127 93.00 [67]
12 Reverse micelles Acid Yellow-36 96.93 [68]
13 Kant Rita carbon sample Acid Yellow RR 70.00 [69]
14 Fly ash mixtures with a sandy clay loam soil Acid Yellow-7 53.00 [70]
15 Fly ash mixtures with a sandy clay loam soil Acid Yellow-23 44.90 [70]
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ratio, respectively. The prepared composite was used at the 
dose of 0.5 g/L for a contact time up to 240 min to determine 
dye removal efficiencies (Fig. 7). A maximum dye removal 
was attained within 60 min. From the results obtained, it 
can be concluded that Cu/TiO2-CWSP composite was more 
effective in removal of acid yellow dye in comparison to 
other nanocomposites. The overall acid dye removal effi-
cacy of various nanocomposites was in the following 
order: Cu/TiO2-CWSP composite > Li/TiO2-CWSP com-
posite > CaO-Fe3O4-CWSP composite > CaO-Fe2O3-CWSP 
composite > FeSnO4-CWSP composite, FeCdO-CWSP 
composite > Na2SiO3-CWSP composite. A comparison of 

various materials including Cu/TiO2-CWSP composite, 
activated bone char, activated water hyacinth, H2O2/Fe2+, 
Typha angustifolia L. and chitin for acid yellow dye removal 
is given in Table 3. It is clear from comparative information 
given in the table that Cu/TiO2-CWSP composite removed 
acid yellow dye in highest percentage (99.19%) than other  
materials.

3.9. Statistical analysis

The one-way ANOVA compares the means between the 
treatments and determines whether any of treatment means 

Table 4
Statistical analysis for acid yellow dye adsorption by various nanocomposites

Composite Code

Cu/TiO2-CWSP composite A
Li/TiO2-CWSP composite B
Na2SiO3-CWSP composite C
CaO-Fe2O3-CWSP composite D
CaO-Fe3O4-CWSP composite E
FeSnO4-CWSP composite F
FeCdO-CWSP composite G

One-way analysis of variance

Source Sum of squares SS Degrees of freedom νν Mean square MS F statistic p-value

Treatment 174.7842 6 29.1307 611,744.8198 1.1102e-16
Error 0.0007 14 0.0000
Total 174.7849 20

Tukey HSD results

Treatments pair Tukey HSD Q statistic Tukey HSD p-value Tukey HSD inference

A vs. B 884.3496 0.0010053 ** p < 0.01
A vs. C 2,187.8659 0.0010053 ** p < 0.01
A vs. D 1,642.3636 0.0010053 ** p < 0.01
A vs. E 1,335.3094 0.0010053 ** p < 0.01
A vs. F 1,999.6174 0.0010053 ** p < 0.01
A vs. G 2,043.1237 0.0010053 ** p < 0.01
B vs. C 1,303.5163 0.0010053 ** p < 0.01
B vs. D 758.0140 0.0010053 ** p < 0.01
B vs. E 450.9597 0.0010053 ** p < 0.01
B vs. F 1,115.2678 0.0010053 ** p < 0.01
B vs. G 1,158.7741 0.0010053 ** p < 0.01
C vs. D 545.5023 0.0010053 ** p < 0.01
C vs. E 852.5565 0.0010053 ** p < 0.01
C vs. F 188.2485 0.0010053 ** p < 0.01
C vs. G 144.7422 0.0010053 ** p < 0.01
D vs. E 307.0542 0.0010053 ** p < 0.01
D vs. F 357.2538 0.0010053 ** p < 0.01
D vs. G 400.7601 0.0010053 ** p < 0.01
E vs. F 664.3080 0.0010053 ** p < 0.01
E vs. G 707.8144 0.0010053 ** p < 0.01
F vs. G 43.5063 0.0010053 ** p < 0.01
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are statistically significantly different from each other. The 
Tukey’s honestly significant difference test (Tukey’s HSD) 
is used describe ANOVA results and to test differences 
among sample means for significance. The removal of acid 
yellow dye using Cu/TiO2-CWSP composite, Li/TiO2-CWSP 
composite, Na2SiO3-CWSP composite, CaO-Fe2O3-CWSP 
composite, CaO-Fe3O4-CWSP composite, FeSnO4-CWSP 
composite, FeCdO-CWSP composite were tested using com-
parative statics including ANOVA and Tukey HSD test. The 
p-value given in ANOVA (Table 4) corresponding to the 
F-statistic of one-way ANOVA for all samples was lower 
than 0.05, suggesting that all treatments were significantly 
different. For Tukey HSD test, the p-value corresponding to 
the F-statistic of one-way ANOVA was lower than 0.01 which 
strongly suggested that all pairs of treatments were signifi-
cantly different. Color coded results (red for insignificant, 
green for significant).

3.10. Regeneration of Cu/TiO2-CWSP composite

The regeneration of acid yellow dye from Cu/TiO2-CWSP 
composite was investigated using CH3OH as an eluent for 
five consecutive cycles (Fig. 8). The amount of acid yellow 
dye present in CH3OH was determined spectrophotometri-
cally and the removal efficiency was determined after each 
cycle [57]. Cu/TiO2-CWSP composite intermediate washing 
was done with excess amount of deionized distilled water 
before reusing in the adsorption studies. The distilled water 
used in the present study was deionized having a resis-
tivity of 18.2 megohm and conductivity of 0.055 microsie-
mens. There was a very slight change in acid yellow uptake 
capacity of Cu/TiO2-CWSP composite after each cycle 
which suggested that this material can be effectively used 
without any significant loss in the dye uptake capacity for 
up to five cycles.

4. Conclusions

The present study described the comparative abilities 
of various hybrid composite materials to remove acid yel-
low dye. These hybrid composite materials were comprised 
of calcinized white stone powder combined with various 

materials including photocatalysts (Cu/TiO2, and Li/TiO2), 
magnetically active compounds (CaO-Fe2O3, CaO-Fe3O4, 
FeSnO4, and FeCdO) and purifier material Sodium meta-
silicate (Na2SiO3). Among these materials Cu/TiO2 compos-
ite with calcinized white stone powder was found to have 
highest dye removal efficiency. The dye removal data was 
well described by Freundlich adsorption isotherm and pseu-
do-second-order kinetics. The functional groups involved in 
the dye adsorption using 2% Cu/TiO2 composite with cal-
cinized white stone powder were Si–O, –CO and –OH. The 
dye removal by 2% Cu/TiO2 composite with calcinized white 
stone powder occurred through photocatalysis in addition 
to adsorption. SEM micrographs of 2% Cu/TiO2 compos-
ite with calcinized white stone powder show that it has 
nano-granular structure as compared other materials. This 
composite is particularly effective in acid yellow dye removal 
because of increased surface area, porosity, and voids, 
which provide additional locations for reaction to occur.
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