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Abstract 

Today’s research era is a huge success of scientists 
due to nano technology. The success of nano 
technology is clearly seen thorugh its applications. 
Present exeperimentation is based on Zinc Dioxide 
Nano particles for dyes decolourization using 
Peltophorum Pterocarpus plant leaves using Bio 
synthesis technique. The operating Parameters are 
contact time, pH, Initial concentration of dye, 
Dosage of nano particle solution, and temperature. 
The characterization studies include FTIR and 
XRD. The dyes experimented in the present study 
are Alizarin Red(AR), Indigo Caramine(IC), 
Cresol Red(CR) and Eoison Yellow(EY). The 
optimum contact time for AR is min, IC is min, CR 
is min, and EY is min were found. The positive 
results confirmed that the peltophorum pterocarpus 
leaves broth combined with Zinc dioxide solution 
formed Zinc Nano Particles and are capable of 
removing dyes completely at low concentrations.  

Keywords: Temperature, Zinc, pH, Dosage, 
FTIR, Contact Time. 

1. Introduction 

The growth of textile industry is due to rapid 
population growth and their greedy requirements. 
The requirements of humans have changed their 
life style since the inception of leather, plastic, etc 
industries due to lavish culture and advancement. 
These industries in turn are releasing these harmful 
dyes in to ecosystem and damaging the balance of 
ecosystem.  There are several methods for  

 

removing dyes to protect environment but are 
expensive to operate. So as to reduce the economic 
criteria for removing dyes from pollutants among 
all methods the synthesis of nano particles are 
feasible to utilize and it is also cost effective. In 
this present experiment zinc nano particles has 
been used for decolourizing dyes from pollutants.  
In recent years, ZnO nanoparticles have been 
studied extensively due to their unique electrical, 
catalytic, and optical properties which can be 
utilized in a diverse range of applications.  

2. EXPERIMENTAL PROCEDURE 

The present experimentation is carried out in batch 
process, on biosorption of dyes (Alizarin red–AR, 
Indigo caramine–IC, Cresol red–CR, Eosin 
yellow–EY) from aqueous solutions by using 
Peltophorum pterocarpus leaves broth with zinc 
nano particles (pp-zn-nps).  

The experimental procedure consists of  

1. Reagents and Materials 

2. Preparation of Broth Solution and Nano 
particles formation 

3. Preparation of 1000 mg/L dyes stock solutions 

4. Characterization studies 

5. Equilibrium Studies 
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The dyes considered for present study are: 

 Alizarin Red 

 Indigo Carmine 

 Cresol Red 

 Eosin Yellow 

 

Fig. 1  Dyes  

 

 

 

 

Fig. 2  Dyes stock solutions (a) Alizarin Red (b) 
Indigo Caramine (c) Cresol Red (d) Eosin 
Yellow 

2.1. Reagents and materials: 

Analytical grade chemicals were used for 
experimentation and need no further purification. 
The source of dyes used were Alizarin red–AR, 
Indigo caramine–IC, Cresol red–CR, Eosin 
yellow–EY of analytical grade. Double distilled 
water is used to prepare all stock and synthetic 
solutions. From a stock solution containing 1000 
mg of dyes in 1.0 litre, the synthetic solutions of 
dyes were made. By addition of O.l M HCl and O.l 
M NaOH solutions the pH of dyes solutions were 
adjusted to the desired value. 

2. Preparation of the Broth solutions and Nano 
particles formation: 

2.2Preparation of Peltophorum 
pterocarpumbroth : 

In this process 10 gm of fresh and cleaned leaves 
of PP are taken in a magnetic stirrer and to this 110 
ml of distilled    water is added and it is heated at 
60oC for 10min.Afte that the solution is filtered in 
250 ml conical flask using whatmann’s filter paper 
and it is kept aside for further process. The broth 
obtained is in pale yellow colour.  
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Fig. 3  Peltophorum pterocarpus 

2.3 Preparation of Nano Particles: 

In this process 10 ml of broth solution is taken and 
to that 5 gms of Zn(NO3)2.6H2O is added in a 250 
ml conical flask and is kept in an orbital shaker for 
24 Hrs in order to obtain nano particles. The nano 
particles formation is noticed when the pale yellow 
color is changed to dark brown color. This solution 
is used for various dyes degradation process of 
different concentrations and different dosages.  

 

Fig. 4 Nano particles solution  (a) Peltophorum 
Pterocarpum  

2.4. Preparation of 1000 mg/L dyes stock 
solutions: 

 To prepare 1000 ppm of Alizarin red–AR, 
Indigo caramine–IC, Cresol red–CR, Eosin 
yellow–EY stock solution 1.0 g of AR grade 

(Alizarin red–AR, Indigo caramine–IC, Cresol 
red–CR, Eosin yellow–EY) were dissolved in 1.0 
liter of double distilled water. From this stock 
solution synthetic samples of different 
concentrations of dyes were prepared by 
appropriate dilutions. 100 ppm dye solution was 
prepared by diluting 100 ml of 1000 ppm dye stock 
solution with distilled water in 1000 ml volumetric 
flask up to the mark. Similarly solutions with 
different dye concentrations such as 20, 50, 80, 120 
and 150 ppm were prepared.  

 

Fig. 5 Chemicals 

 

                         Fig. 6 Broth solutions 

2.5 Characterization Studies:  

Characteristic studies were, carried by XRD and 
FTIR.  

 

Fig.7 centrifuge samples for drying and               
Characterization analysis (FTIR & XRD) 
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                     Fig.8  PP Centrifuge samples          

3.0 RESULTS AND DISCUSSION 

Present investigation is carried out to evaluate the 
potential of zinc oxide peltophorumnano particle 
solution and zinc oxide capacity for the removal of 
dyes (Alizarin red, Cresol red, Eosin Yellow and 
Indigo Caramine) present in an aqueous solution.   
The effects of various parameters on dye 
decolorization are studied. 

3.1 CHARACTERIZATION 

3.1.1 FTIR Spectrum  

FTIR is a type of spectroscopy that measures 
absorption, emission and and photoconductivity of 
solids, liquids and gases. The peaks visible in the 
FTIR graph are due to the amide linkages between 
amino acid residues in the proteins. FTIR graph is 
obtained using peltophorum  pterocarpum leaves 
broth and is presented in Fig. 9. 

FTIR measurement showed the presence of the 
following functional groups. The fundamental 
mode of vibration at 3497.09 cm-1which 
correspond to the N-H stretching vibration, 
1382.06 cm-1 which correspond to the C-Osingle 
bond, 320.20 cm-1a series of bands was assigned as 
SaCeSm bending mode slightly coupled to the Sb-S 
stretching mode.278.73cm-1 arises from the C=C 
out-of-planeand remaining value 1382.06, 3391.00, 
3400.65, 3408.36, 3429.58, 3459.48, 3468.16, 

3478.77 and 3485.52 which corresponds Amine N-
H Stretch bands [1-5]. 

Fig 9  FTIR Spectrum of Peltophorum 
pterocarpus zinc nano particles 

3.1.2 X-Ray Diffraction 

X-ray diffraction is a versatile, non-destructive 
analytical method for identification and 
quantitative determination of various crystalline 
forms, known as “phases” of compound present in 
powder and solid samples. Diffraction occurs as 
waves interact with a regular structure whoserepeat 
distance is about the same as the wavelength. For 
example, light can be diffracted by aggravating 
having scribed lines spaced on the order of a few 
thousand angstroms, about the wavelength of light. 
It happens that X-rays have wavelengths on the 
order of a few angstroms, the same as typical inter-
atomic distances in crystalline solids. That means 
X-rays can be diffracted from minerals which, by 
definition, are crystalline and have regularly 
repeating atomic structures. When certain 
geometric requirements are met, X-rays scattered 
from a crystalline solid can constructively 
interfere, producing a diffracted beam. In 1912, W. 
L. Bragg recognized a predictable relationship 
among several factors. 

The x-ray diffractometer (XRD) spectrum of the 
biosynthesised zinc oxide nanoparticles for 
peltophorum pterocarpum was presented in Fig. 10  
(a) & (b). The major peaks correspond to Bragg 
reflections with2θ values of 0.4792°, 
0.3983°,0.9955°, 0.8810° and 0.4437°, For the 
above 2θ and the corresponding compound are 
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Agmn6O24P7,CuI2O2, Feo8Gao2,AuCs and Al Be4 
Ca4 F4.And d values for the 2θ are 2.9963, 2.2145, 
2.0575, 3.0130 and 2.7635.[5-10] 

Fig 10  (a) XRD pattern of Peltophorum 
pterocarpum zinc nano particles 

 

Fig 10  (b) XRD pattern of Peltophorum 
pterocarpus zinc nano particles with matching 
compounds 

3.2 Effect of contact time 

The Decolourization of Dyes(Alizarin red–AR, 
Indigo caramine–IC, Cresol red–CR, Eosin 
yellow–EY)was studied as a function of 
equilibrium time at Room temperature. 20 ml of 20 
mg/L Dye solution wastaken with5 ml of 
Peltophorum broth zinc nano particles (pp-zn-nps) 
solution at different time intervals ranging from 1 
min to 72 hrs. At the start, the ions adsorbed and 
occupied selectively the active sites on the pp-zn-
nps solution. As the equilibrium time increased the 
active sites on the pp-zn-nps were filled. The rate 

of adsorption becamegradually slower and reached 
an exhaust stage, resulting constant value. The 
results obtained are shown in figure 11 (a) . As a 
result of the experiment, the highest % Removed 
for the Dyes (AR, IC, CR, EY) was 42%, 43%, 
41%, 40%  at atime of 30 min, 40 min, 25 min and 
35 min. The dye uptake capacities were shown in 
fig. 11.(b). 

As the equilibrium time increased the active sites 
on the Dyes were filled. The rate of adsorption 
becamegradually slower and reached a plateau.As 
a result of the experiment, the highest % Removed 
for the Dyes (AR, IC, CR, EY) was 45%, 49%, 
50% and 52%  atthe time of 70 min, 85 min, 90 
min and 110 min[10-14]. 
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Fig.11 (a) Effect of Equilibrium time using PP 
leaves for % removel 
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Fig .11 (b) Effect of Equilibrium Time using PP 
leaves for dye uptake 



                     ISSN: 2455-6203 
International Journal of Science Management & Engineering Research (IJSMER) 

Volume 01: Issue 06: | December 2016                          www.ejournal.rems.co.in 
          

IJSMER201641    236 | P a g e  
 

3.3 Effect of pH 

The pH parameter has been identified as one of the 
most important parameter that is effective on Dye 
decolourization. In order to find the effect of pH on 
Dye Decolourization using the peltophorum, 
experiments have been carried out at various initial 
pH values and results are presented in Fig. 12 (a) 
and (b).The removal was increased from 30 % to 
54 % as pH was increased from 2 to 5, The pH is 
varied for all 4 dyes using Peltophorum broth 
solution Peltophorum whereas further increase in 
pH had a negative effect. The maximum % 
decolorization was found to be 54 % at pH 5 for 
AR Dye. The maximum % removal was found to 
be 53%at pH 6 for IC dye. The maximum % 
removal was found to be 51%at pH 4 for CR dye. 
The maximum % removal was found to be 47%at 
pH 7 for EY dye. Therefore, the remaining all 
experiments were carried out at these pH values. 

This can be explained that at a lower pH, positive 
charges of the biomass lead to attraction between 
the anionic species of the dye and the surface of the 
nano particle. The electrostatic attraction force of 
the dye compound with nano particle surface is 
likely to be reduced when the pH value increases. 
In other words at a lower pH, the biomass cell is 
positively charged leading to a decrease in free 
negatively charged nano particle sites which are 
favorable to the decolorization of the negative 
charged dye[15-20]. 
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Fig. 12. (a) Effect of pH using PP leaves for 
%removal 
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Fig .12. (b)Effect of pH using PP leaves for dye 
uptake  

3.4 Effect of initial concentration of dyes: 

The percentage removal of dyes at various initial 
concentrations is depicted in Figs. 13 (a) and (b). 
At a concentration of 20 mg/L, maximum 60% 
removal is obtained and is different for every Dye 
using Peltophorum zinc nano particle solution and 
on further increase in concentration (200 mg/L), 
%removal has been decreased. The capacity of % 
removal is increased up to a concentration of 20 
mg/L. This is due to higher interaction between 
peltophorum zinc nano particles and the dyes 
solution.The maximum removal of AR Dye is 
60%. The maximum removal of IC dye is 61%. 
The maximum removal of CR dye is 58%. The 
maximum removal of EY is 56%. This was 
confirmed by other investigators and they 
attributed this phenomenon to the increase in the 
driving force of the concentration gradient, with 
the increase of the initial dye concentration. Hence 
a higher initial concentration of the dye will 
enhance the decolorzation process[21-25]. 
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Fig 13. (a)Effect of concentration using PP 
leaves for %removal 
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Fig 13.(b)Effect of concentration using PP 
leaves for dye uptake 

3.5 Effect of nano particle solution dosage: 

The variation of  % removal of 
Dyes(AR,IC,CR,EY) was studied using different 
dosages of the peltophorum zinc nano particle 
solution. Results from the fig 14 (a) and (b). 
showed that % removal of Dyes(AR, IC, CR, EY) 
increased and uptake decreased with increase in 
dosage. The maximum % removal is attained at 5 
ml and was almost constant at higher dosages. This 
trend could be explained as a consequence of 
partial aggregation .Therefore, the optimum dosage 
was selected as 5ml for further experiments. The 
maximum % removal of AR dye is 69% .The 
maximum % removal of IC dye is 72%. The 
maximum % removal of CR dye is 69%. The 
maximum % removal of EY dye is 63%. This trend 

can be predicated to larger surface area and 
availability of more sorption site [20-25]. 
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Fig 14 . (a)Effect of Dosage using PP leaves for 
%removal 
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Fig 14. (b)Effect of Dosage using PP leaves for 
dye uptake 

3.6 Effect of temperature 

The dependence of temperature on the % removal 
of dyes is investigated at different temperatures as 
given in fig. 15.(a) and 15.(b)Results showed that 
%removal of Dyes (AR,  IC, CR, EY) increased 
from 71% to 76.2% with increase in temperature 
from 283 K to 323 K.  This indicates that the % 
removal of dyes using Peltophorum zinc nano 
particle was controlled by an endothermic process. 
The increase in removal with temperature may be 
attributed to either increase in the number of active 
surface sites available for interaction on the Dyes. 
The maximum % removal of AR dye is 76 %, The 
maximum % removal of IC dye is 80%, the 
maximum % removal of CR dye is 75 %, The 
maximum % removal of EY is 71 %. [25-28]. 
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Fig 15 . (a)Effect of Temperature using PP 
leaves for %removal 

Temperature,OC

0 10 20 30 40 50 60

dye
 up

tak
e,m

g/m
l

2.6

2.7

2.8

2.9

3.0

3.1

3.2

3.3

AR

IC

Cr. R

EY

 

Fig 15. (b)Effect of Temperature using PP 
leaves for dye uptake 

The above results and discussions clearly depicts 
that peltophorum zinc oxide nano particles 
solutions are capable of removing synthetic dyes 
from aqueous solutions 

CONCLUSIONS 

Investigations are carried out to find out the 
equilibrium conditions for the decolorization of 
dyes from an aqueous solution using peltophorum 
pterocarpum and lantana camara zinc oxide nano 
particle solution. The analysis of the experimental 
data results in the following conclusions: 

A) Removal of Alizarin Red With PP Broth 
Nano Solution 

The equilibrium contact time for Alizarin red dye 
is 30 minutes.  

Percentage dye decolorization or % removal of 
Alizarin red dye from the aqueous solution 
increases significantly with increase in pH from 2 
(30%) to 5 (54 %) and later decreased.   

1) The maximum dye decolorization was obtained 
at a concentration of 20 mg/l (60% & 2.4 mg/ml) 

 The optimum dosage for biosorption is 5ml (69 
%). 

2) The maximum uptake capacity of 3.04mg/ml is 
obtained at 303 K.  

3) The maximum dye decolorization obtained 
when the processing parameters are set as: t = 30 
min, pH = 5, w = 5 mg/ml, Co = 20 mg/l and T = 
303 K is 76 % onto PP-zn-nps was observed.  

B) Removal of Indigo Carmine with PP broth 
nano solution 

1) The equilibrium contact time for indigo 
caramine dye is 40 minutes.  

2) Percentage dye decolorization or % 
removal of Indigo Carmine dye from the 
aqueous solution increases significantly 
with increase in pH from 2 (38%) to 5 (52 
%) and later decreased.   

3) The maximum dye decolorization was 
obtained at a concentration of 20 mg/l (61% 
& 2.44 mg/ml) 

4) The optimum dosage for biosorption is 5ml 
(72 %). 

5) The maximum uptake capacity of 3.2mg/ml 
is obtained at 303 K.  

6) The maximum dye decolorization obtained 
when the processing parameters are set as: t 
= 40 min, pH = 5, w = 5 mg/ml, Co = 20 
mg/l and T = 303 K is 80 % onto PP-zn-nps 
was observed.  
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C) Removal of Cresol red  with PP broth nano 
solution 

1) The equilibrium contact time for indigo 
caramine dye is 25 minutes 

2) Percentage dye decolorization or % removal of 
cresol red dye from the aqueous solution 
increases significantly with increase in pH from 
2 (36%) to 5 (50 %) and later decreased.   

3) The maximum dye decolorization was obtained 
at a concentration of 20 mg/l (58% & 2.32 
mg/ml) 

4) The optimum dosage for biosorption is 5ml (69 
%). 

5) The maximum uptake capacity of 3mg/ml is 
obtained at 303 K.  

6) The maximum dye decolorization obtained 
when the processing parameters are set as: t = 
25 min, pH = 5, w = 5 mg/ml, Co = 20 mg/l 
and T = 303 K is 75 % onto PP-zn-nps was 
observed.  

D) Removal Of Eoison Yellow With PP Broth 
Nano Solution 

1) The equilibrium contact time for indigo 
Eoison Yellow is 30 minutes 

2) Percentage dye decolorization or % 
removal of Eoison Yellow dye from the 
aqueous solution increases significantly 
with increase in pH from 2 (33%) to 5 (47 
%) and later decreased.   

3) The maximum dye decolorization was 
obtained at a concentration of 20 mg/l (56% 
& 2.24 mg/ml) 

4) The optimum dosage for biosorption is 5ml 
(63 %). 

5) The maximum uptake capacity of 2.84 mg/ml is 
obtained at 303 K.  

6) The maximum dye decolorization obtained 
when the processing parameters are set as: t = 30 
min, pH = 5, w = 5 mg/ml, Co = 20 mg/l and T = 
303 K is 71 % onto PP-zn-nps was observed.  
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