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Abstract

The present research work examined the elimination of
Naphthol Blue Black —B dye from aqueous solution by
the use of copper oxide nanoparticles as suitable
adsorbent. The nanoparticles that were synthesised,
were characterised by using FTIR, SEM, EDX and
XRD techniques. Studies on batch adsorption were
performed by varying factors such as contact period,
adsorbent dose, dye concentration, pH, speed of
agitation, temperature and desorption studies.

Batch adsorption results were explained by applying
isotherms like Freundlich, Langmuir, Dubinin-
Raduskevich, Temkin and Jovanoic models. Kinetic
data suggested that the batch mode experiment obeys
pseudo second order Kkinetic model. Examination of
thermodynamics indicated that the process of
adsorption is feasible and spontaneous.
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Introduction

Industrialisation has been associated to environmental
deterioration because of poisonous and hazardous effluents?.
Dyes are major contributors towards environmental
pollution due to drastic growth of industries®. They are
highly toxic, carcinogenic and lead to serious health issues.
They also affect photosynthesis and disturb the aquatic
system?®. It is difficult to remove dyes using conventional
procedure due to their structural complexity?L.In the textile
industry, Naphthol Blue Black-B is a common acidic diazo
dye used to colour wool, nylon and silk. It causes many
harmful effects in human beings such as irritation of eyes
and respiratory system.

Therefore, it is essential to eliminate naphthol blue black-B
dye before being discharged into aquatic system. Many
treatment strategies have been applied to get rid of dyes from
contaminated ~ water  like  photodecomposition®24,
electrolysis® and oxidation®. Adsorption is widely used
because of its great efficiency, simplicity and low cost®.
Recently metal oxide nanoparticles have substantial
pollutant binding capacity owing to its small size, active
surface and high porosity!>6, These particles are more
effective adsorbing materials than conventional ones
because of their unique characteristics, high reactivity and
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catalytic potential®. In the current investigation, elimination
of naphthol blue black-B dye from solution using copper
oxide nanoparticles was studied.

Material and Methods

Materials: Copper sulphate pentahydrate was purchased
from Merck Life Science Pvt. Ltd.,, Mumbai. Sodium
hydroxide and naphthol blue black-B dye were bought from
Nice Chemicals Pvt. Ltd., Cochin.

Synthesis of copper oxide nanoparticles: Copper sulphate
solution was prepared and kept in a magnetic stirrer at a
speed of 500rpm. 0.5M sodium hydroxide solution was
added drop by drop with continuous stirring. The stirring
proceeded for 1 hour and temperature was maintained at 50-
60°C until precipitation completed. It was filtered,
thoroughly washed using distilled water, kept in an oven and
dried for six hours at 100°C?5%,

Characterisation: SEM study (Zeiss) was used to
investigate the morphology of the synthesised adsorbent.
The elemental analysis was performed using EDX (Oxford
instruments). Using a MAPADA-UV  (1100)
spectrophotometer, the concentration of dye was
determined. The FT-IR (Jasco - 5300) spectrometer was
used to record the IR bands between 400 and 4000 cm™* wave
number. PXRD analysis was done using Malvern Panaltical
diffractometer.

Adsorption studies: Dye solution (100ml) of concentration
15 mg/Land 0.05g of copper oxide nanoparticles was taken
in Pyrex bottle kept in an orbital shaker and agitated at a
speed of 250 rpm. The MAPADA-UV (1100)
spectrophotometer was used to determine absorbance of dye
solution at Amax Of 618 nm. The percentage removal® of the
dye was found by the equation (1):

(Co _Ce)

0

x100 1)

% removal =

Co and Ceare initial and final dye concentrations.

Results and Discussion

FTIR studies: FTIR spectra (Figure 1) of copper oxide
nanoparticles before dye adsorption indicated a band at
517.0 cm*which is due to vibrations of Cu-O bond’. A broad
absorption peak found at 3458.85 cm™ is due to hydroxyl
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group stretching of moisture content?’. Figure 2 shows the
FTIR spectra of the adsorbent after adsorption. It was
observed that some peaks are shifted which confirmed the
adsorption of dye over the adsorbent.

SEM Analysis: Figure 3 indicates the SEM picture of the
adsorbent before adsorption which shows porous and well
dispersed surface that facilitates adsorption'!. Once the
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adsorption has taken place, the surface of the adsorbent
becomes saturated with dye molecules (Figure 4).

EDX Analysis: Figure 5 represents the EDX spectrum of
copper oxide nanoparticles. The spectrum shows the
presence of copper and oxygen. No other impurity was
detected. Thus the formation of copper oxide was
confirmed.
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Figure 1: FTIR spectra of adsorbent before adsorption
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Figure 2: FTIR spectra of adsorbent after adsorption
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Figures 3 and 4: SEM image of copper oxide nanoparticles before and after adsorption

https://doi.org/10.25303/296rjce051061

52



Research Journal of Chemistry and Environment

Vol. 29 (6) June (2025)

PXRD Analysis: PXRD analysis (Figure 6) of copper oxide
nanoparticles showed diffraction peaks at 32.9°, 36.1°, 39.1°,
49.4° 53.8°, 58.7°, 61.9°, 66.8°, 68.6° which may be due to
the (110), (002), (200), (202), (020), (202), (113), (311) and
(220) planes. These revealed copper oxide nanoparticles
were in monoclinic phase (JCPDS 00-45-0937)~.

Batch Mode Experiments

Variation of contact period: The influence of contact
period on adsorption is investigated by altering it from 10-
70 minutes taking dye solution (15mg/L) with 0.5g/L of
adsorbent and shaken at 250rpm (Figure 7). The adsorption
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rises with increase in time of contact and then reaches
equilibrium. The enhanced adsorption in the beginning stage
might be due to the high number of active places which
decreases as these sites are gradually occupied?®.

Variation of weight of adsorbent: Dye solutions (15mg/L)
containing various adsorbent weights (0.1-0.9 g/L) agitated
at 250 rpm are used to evaluate the influence of adsorbent on
dye elimination. The outcome of the experiment was shown
in figure 8. It was revealed that increase in amount of
adsorbent dosage increases removal efficiency which might
be due to large number of active spots for adsorption®.
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Figure 5: EDX Spectrum of copper oxide nanoparticles
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Figure 6: PXRD analysis of the adsorbent
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Figure 7: Variation of Contact time
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Variation of concentration of adsorbate: Examination of
concentration of adsorbate on decolourisation was
performed by changing concentration of dye (10-20 mg/L)
at adsorbent dose of 0.5g/L. Figure 9 shows the percentage
decolourisation diminish as the concentration of dye rises.
This might be because the active site on the adsorbent’s
surface becomes saturated with dye molecules®.

Variation of pH: Impact of pH on percentage
decolourisation has been examined at pH values of 4, 7 and
10 maintaining dye concentration of 15mg/L and adsorbent
dose of 0.5¢/L shaken at 250 rpm. The results are depicted
in figure 10. It was noticed that adsorption increases as pH
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decreases. As the pH of the solution rises, fewer positively
charged sites are present which result in less anionic dye
adsorption??,

Variation of Temperature: A plot of percentage
decolourisation as function of temperature is shown in figure
11. The influence of temperature at 303 K, 308K and 313K
was carried out by taking dye solution (15mg/L) at 0.5g/L
dose of adsorbent and shaken at 250rpm. The data showed a
high dye uptake with rise in temperature. This is associated
with the high mobility of dye molecules and enables it to
penetrate further®,
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Figure 8: Variation of dosage of adsorbent
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Variation of speed of agitation: The influence of rate of
agitation on percentage decolourisation was investigated by
altering the rpm at 50,100,150,200 and 250 rpm maintaining
other variables constant. Figure 12 indicated that agitation
speed was found to increase the adsorption of dye because
of decrease in boundary layer thickness due to high agitation
speed?.

Desorption Study: Reusability of the adsorbent is an
essential factor in adsorption process since it makes it more
economical. In this study, NaOH (0.1N-0.5N) was used as a

Res. J. Chem. Environ.

desorbing agent. The results (Figure 13) revealed that
percentage decolourisation increases with rise in
concentration of NaOH which may be due to ion
substitution®®,

Adsorption isotherm: The isotherms are employed to
determine the relationship between the adsorbate
concentration in the bulk at equilibrium and the amount
adsorbed at the surface?. In order to verify the validity of the
adsorption results, many isotherm models were applied.
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Freundlich Isotherm: It is regarded as a multilayer
adsorption as it depends on adsorption over a heterogeneous
surface with different adsorption energy?. It is represented

by

Ing, =InK, +1InCe
n )

0<1<1
If n , the adsorption is favourable. The plot of In
ge Vs In Ce is linear. Figure 14 shows that adsorption data
fitted well the Freundlich isotherm.

Langmuir Isotherm: It is used to represent the single layer
adsorption?®. The Langmuir equation in linear form is given

by

2HE
Qe Qob QO (3)
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Where Qo is maximum dye uptake and b is Langmuir
constant. The isotherm (Figure 15) fitted well on adsorption
data. The dimensionless adsorption constant R ° in
Langmuir isotherm can be represented as:

1
R =~
" (1+DbC))

In this experiment, the value of R was found to be 0.1613
which is in between 0 and 1 suggesting favourable
adsorption.

Temkin Isotherm: It examined how interactions between
the adsorbate and indirect adsorption affected the adsorption
processY’. It is expressed as follows:

g, =B;InK; +B; InC, @)

The plot of In Ce Vs ge (Figure 16) is linear which showed
that experimental data fitted Temkin isotherm well.
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Figure 14: Freundlich Isotherm
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Figure 15: Langmuir Isotherm
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Dubinin-Raduskevich Isotherm: Itis used to determine the
mechanism of adsorption!>?°, The linearized equation is
given by:

Ing, =Ingq, —2B,RT In(1+cij

e

®)

RT In (1+ 1 ]

Plot of In ge vs C. (Figure 17) is linear which
shows that the experimental data obeys Dubinin-
Raduskevich isotherm.

Jovanoic Isotherm: Jovanovic model explains the

adsorption behaviour on heterogeneous surfaces®.It is
expressed as:

Ing, =Ing,, —K,C

Res. J. Chem. Environ.

Kinetic study: Pseudo first order and pseudo second order
models®3> are applied for predicting kinetic sorption
studies. The graphical representation is shown in figures 19
and 20.

In(g, —q,)=Inq, —kit @)
t 1 t

= (qe )2 +—

9.k 9. (8)

Pseudo second order kinetic model was found to fit owing to
higher R? value in pseudo second order kinetics than that of
pseudo first order Kinetics.

Thermodynamic study: The thermodynamic variables
(AGe, AH° and AS°) were determined3! using the equations:

AG® =—RTInK,

e (6) )
L . . AG® =AH" —TAS”®
The linearity of the plot of Ce Vs In g (Figure 18) confirmed (10)
that the adsorption data fitted in Jovanoic model. The data
obtained from isotherm studies is given in table 1.
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Figure 16: Temkin Isotherm
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Figure 17: Dubinin-Raduskevich isotherm
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Figure 18: Jovanovic Isotherm
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Table 1
Adsorption Isotherm constants
Isotherm Equation Parameters R?
Freundlich 1 1 0.9736
Ing, =InK; +=InC, =
n N =0.7773
Ky =70.4216
Langmuir 0.9779
g Co_(1]),(C Qo g 8183
Q, Q,b Q, b =0.3467
Temkin g. =B, InK; +B; InC, B; —12.842 0.9919
Ky =23.8432
Dubinin- 1 B, _ 0.9439
Raduskevich | Inq, =In g, —2B,RT In| 1+— =0.0011
Ce) | Ob=73192
Jovanoic Ing, =g, —K,C K. _ 0.9945
Isotherm ) ™ o ?=0.1219
Urex =36.9734
4.5 4
v — -0.02018x+4.19589
R?=0.96774
4.04
& 3.5
g
5’ E‘:Em y:a;b'x
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Figure 19: Pseudo first order Kinetics
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Figure 20: Pseudo second order Kinetics

302

304 306 308 310 312 314

—2.80

—2.82

vy =-0.00929x-0.00024
RZ=1

Res. J. Chem. Environ.

—2.84

—2.86

—2.88

—2.90

-2.92

Temperature (K)

Figure 21: Thermodynamic Plot

A straight line was obtained in the plot of AG® versus T
(Figure 21). The slope and intercept of the plot were used to
calculate AS° and AH° respectively. The feasibility of
process of adsorption is indicated by the negative value of
AG® (-2.8151). The negative values of AH® (-0.0002) and
positive value of AS® (+0.0093) imply that the adsorption is
exothermic and displays the affinity of adsorbent towards
adsorbent.

Conclusion

In the present investigation, copper oxide nanoparticles were
prepared and characterized using FTIR, SEM, EDX and
XRD analysis.The experimental results revealed that
percentage decolourisation rises with increase in period of
contact,adsorbent dosage, temperature and agitation speed
and decreases with increase concentration of dye and pH of
the solution. Batch adsorption obeyed Langmuir,
Freundlich, Dubinin-Raduskevich, Temkin and Jovanoic
isotherm. From the Kinetic data, it is evident that process of
adsorption follows pseudo second order kinetics and study
of thermodynamics proved the exothermic, feasible and
spontaneous nature of adsorption process.
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