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Abstract  

The aim of this research work is Synthesis of ZnO/SiO2 with Palash leaves extract nanocatalyst by green synthesis route. 

Palash leaves extract contain a broad variability of bio-molecules which act as capping and reducing agents and increases the 

rate of reduction and stabilization of nanoparticles. Nanocatalyst synthesized by this method are eco-friendly and cheap. No 

work has been found on Butea monosperma (Palash) leaves extract with ZnO nanoparticles. This research work synthesis of 

ZnO/SiO2 with palash leaves extracts nanocatalysts has been made by using green synthesis route. This synthesized 

nanocatalyst was used for removal of COD (mg/l) and polycyclic aromatic hydrocarbons as pollutants from petrochemical 

industrial wastewater. The synthesized nanocatalyst of ZnO/SiO2 with palash leaves extract was characterized using BET 

surface area, FEG-SEM, EDAX, XRD, and FTIR.  Results show that we have synthesized ZnO/SiO2 nanocatalyst with BET 

surface area 160.23 m
2
/g and SEM micrograph shows the spot of nano range particles.  From SEM test it has been found that 

we synthesized ZnO/SiO2 nanoparticles in the range of 3 to 35 nm and average particle diameter is 15.8nm. XRD and EDAX 

result show that we have found nanoparticles of SiO2 and ZnO. FTIR results show that Zn-O, Si-O-Si stretching have been 

found at 1004.95, 861.24 cm
-1

 for ZnO and 1270.17 cm
-1

 for SiO2 respectively.  Results shows that optimum percent removal 

of COD (mg/l) and acenaphthene (polycyclic aromatic hydrocarbon) as pollutant are 70 % and 79% respectably at 

0.5g/500ml catalyst loading, at 30
o
C temperature for 4h reaction time. In Future this catalyst can be used to remove other 

PAH and phenolic compounds from petrochemical wastewater under visible light also and other industrial wastewater can 

also treat by this catalyst effectively. Copyright © 2018 VBRI Press. 

 

Keywords: ZnO; nanocatalyst; biosynthesis; PAH; petrochemical; wastewater; palash. 

 

Introduction 

Petrochemical wastewater contains polycyclic aromatic 

hydrocarbons (PAH), High concentration of COD and 

phenolic compounds  as pollutant which are harmful  to 

human and environment [1]. To remove COD, PAH and 

phenolic compounds from wastewater application of 

nanocatalyst is more effective, cheap & eco-friendly 

method than conventional treatment methods [2]. There 

are many stages in petrochemical industries such as 

extraction and refining  which are responsible for  large 

volumes of wastewater discharge on environment causes 

many health problems for the human being and also 

disturb eco-system of water bodies[ 4].Petrochemical 

wastewater contains many PAH such as naphthalene, 

acenaphthylene , acenaphthene and fluorine etc[4 ] which 

are harmful to the environment. There are many 

conventional processes are used to treat petrochemical 

wastewater but some are less efficient and some are 

costly. Treatment of petrochemical wastewater by 

photocatalysis processes has emerged as more efficient 

and cost-effective treatment method.  The efficiency of 

photocatalytic reaction can be improved by application of 

heterogeneous nanocatalyst its composites. Doping of 

Nao catalyst, incorporation of nanomaterials can improve 

the visible light response of nanocatalyst for 

photocatalytic reaction. Toxicity of nanocatalyst is also 

the important factor which does depend on synthesis 

method of nanocatalyst. So the focus of research has been 

shifted to synthesis nanocatalyst by green chemistry 

method than chemical method [9]. Palash leaves contain 

broad variability of biomolecules which are responsible 

for reducing bulk size metal ions in nonorange [3]. 

 Biosynthesis of nanoparticles from the plant has 

emerged as more eco-friendly, fast and cheap methods in 

comparison to other chemical methods [5].Plants contain 

many types of biomolecules which work as reducing and 

stabilizing agents to convert bulk metal ions in nano range 

[5]. Plants are easily available and waste parts of plants 

can also be used as reducing and stabling agent.  We have 

collected dried palash leaves from MANIT Campus, 

Bhopal for the synthesis of nanocatalyst. 

 The object of current research work is a green 

synthesis of ZnO/SiO2 nanocatalyst by using palash 

leaves extract as reducing and stabilizing agent.  The 

object of this research work is to increase efficiency of 
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nanocatalyst to reduce PAH and COD as pollutants from 

petrochemical wastewater.  The novelty of this work is 

that synthesized ZnO / SiO2 nanocatalyst by green 

principal route are more efficient for UV light and more 

active for visible light due to the incorporation of SiO2 

with ZnO.  In this research work SiO2 have been found 

naturally from palash leaves .There are various metals 

naturally present in palash leaves extract like S, Mg, and 

Fe which increases photocatalytic activity of this catalyst.  

In this research paper, the main object is the reduction of 

the concentration of COD and Acenaphthylene (PAH) 

from petrochemical wastewater, under UV light by 

ZnO/SiO2 nanocatalyst. After synthesis of nanocatalyst 

various characterization like XRD, FEG-SEM, FTIR, 

EDAX and BET have been done to know size, 

morphology, and functional groups present in catalyst. 

 

Experimental 
 

Materials 

ZnO bulk material (Molychem from Mumbai, 99.5% 

purity), Acenaphthylene (Sigma alorich, 99% purity), 

Sodium hydroxide (A. B. Enterprises, Mumba, 98% 

purity), HCL (Central drug house Ltd. From Delhi, 35% 

purity), Palash leaves were collected from MANIT 

Bhopal campus, Double distilled water. 

 ZnO  bulk material was used a precursor to make 

1mM ZnO aqueous solution; HCL acid was used  to 

making 1 M solution to dissolve ZnO in water; NaOH to 

make the 1N solution to maintained pH. Acenaphthylene 

was used to make aqueous solution of PAH to treat and 

find % removal of PAH by HPLC. 

 

Methods 

Synthesis of ZnO/SiO2 nanocatalyst with Palash leaves 

extract 

For synthesis of ZnO/SiO2 nanocatalyst with palash 

leaves extract first, palash leaves have been collected and 

then have been dried them in the oven at 60
0
C. The dried 

palash leaves had been crushed and made powder had 

been made. Then 10 gm palash leaves powder had been 

taken and had been added that 10 gm palash leaves 

powder in 200 ml double distilled water and boiled it for 

1 hour. Then it was filtered  by Whatman filter paper and 

got 5 % aqueous palash leaves extract. 

 To make 1mM ZnO aqueous solution, 0.08 gm ZnO 

powder had been added in double distilled water to make 

1000 ml aqueous solution of ZnO. Initially, ZnO was 

insoluble in water but when few drops of 1 M HCL acid 

had been added in ZnO aqueous solution, the clear 

solution appeared. ZnO is completely soluble in water 

after adding HCL because it decomposed ZnO into ZnCl2 

and H2O. ZnCl2 works here as the precursor to getting 

Zn
+2

 ions to convert these Zn
+2

 ions in nano range by 

palash leaves extract. 

 To synthesize ZnO nanocatalyst with palash leaves 

extract by bioreduction method which is also called 

Single-pot method and green synthesis route, 5% aqueous 

palash leaves extract had been added into 90 ml, 1 mM 

ZnO solution. Palash leaves extract has many 

biomolecules such as triterpene, flavonoids, glycosides, 

carbohydrate and protein which works as reducing and 

stabilizing agents in the synthesis of ZnO nanocatalyst. 

After adding palash leaves extract and  few drops of 1 N 

NaOH solution colure changes of solution from yellow to  

brownish yellow indicate conversion of Zn
+2

 ions in nano 

range. This solution had been heated for 1 hour at 60
0
C to 

get ZnO nanoparticles in the form of the precipitate. This 

ZnO nanocatalyst had been separated by centrifugation, at 

10000 rpm to get precipitate. Then this precipitate had 

been dried in an oven at 60 
0
C. After adding NaOH to 

maintain pH at 9.3 into ZnO and palash leaves extract 

solution, Zn
+2

 ions from ZnCl2 and OH
 -1

ions from NaOH 

made Zn(OH)2 and after heating this Zn(OH)2, ZnO 

nanocatalyst had been synthesized and H2O had been 

found with this reaction. Biomolecules present in palash 

leaves extract have many functional groups which work 

as capping and stabilizing agents to stabilize ZnO 

nanocatalyst. 

 

Characterization of ZnO/SiO2 nanocatalyst 

Characterization of synthesized ZnO/SiO2 nanocatalyst 

with palash leaves extract had been done by varies tests 

like Brunauer–Emmett–Teller (BET), Energy dispersive 

atomic X-ray (EDAX), Fourier transform infrared 

spectroscopy (FTIR),Filed Emission Gun- scanning 

electron microscope  (FEG-SEM) and X-ray diffraction 

(XRD). EDAX and FEG-SEM have been done in SAIF, 

IIT Mumbai, FTIR and XRD tests have been done in 

central laboratory facility of North Maharastra Univesity, 

Jalgaon. BET test has been done to find the surface area 

of nanocatalyst, EDAX test has been done to find 

chemical composition of nanocatalyst, FTIR test has been 

done to find functional groups present in ZnO 

nanocatalyst with palash leaves extract, XRD test has 

been done to find crystal structure of nanocatalyst and 

phase identification of nanocatalyst. FEG-SEM test has 

been done to find particle size of nanocatalyst, particle 

distribution.  

 FEG-SEM and EDAX  have been done by SAIF, IIT , 

Mumbai, and the experimental precision  are  

Model JSM-7600F 

SEI Resolution 1.0nm at 15 kv  

1.5nm at 1 kv, in GB mode 

Magnification Low: 25X to 10,000X  

High: 100X to 1,000,000X at 4x5 photo size 

Accerating Voltage : 0.1 to 30 kv 

Probe Current Range : 1 pA to ≥ 200 nA 

  The sample was nonconducting so they have done 

gold coating to make it conducting. The resolution of my 

image is 100000X. Treatment of petrochemical 

wastewater by synthesized nanocatalyst. The sample 

should be dry and withstand at high vacuum  

(10-5pa). The sample size should not be less than  

12.5 mm × 12.5 mm  × 10 mm (height). 
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 BET Surface area measurement was measured by 

volumetric gas adsorption method with automated real 

time dead volume measurement. Experimental Precision 

was measuring surface area from 0.01 m
2
/g and above 

(N2/77K) 0.0005 m
2
/g and above (Kr/77k).  

 XRD test was performed by powder XRD machine. 

XRD pattern was analyzed for phase identification of a 

crystalline material. The particle sizes of the 

nanoparticle/catalyst are found by Debye Sherrer's 

equation.  

                            D = 0.94λ / B cosθ 

FTIR was done to find functional group in nanocatalyst 

 

Treatment of petrochemical wastewater by synthesized 

nanocatalyst 

0.5g/500ml nano catalyst loading had been taken in the 

annular photocatalytic reactor at 30
o
C temperature and 6h 

reaction time. This is basically a batch reactor with two 

coaxial cylinders.  The inner cylinder is used for reaction 

and UV-lamp is placed on the symmetry axis.  The total 

volume of the reactor is 1 liter. The outer cylinder is used 

for water circulation to maintain temperature in the 

reactor. The outer walls of the reactor are designed in  

this way that they reflect maximum photons emitted by 

UV-lamp to the reaction medium. Magnetic stirrer has 

been used at the bottom of the reactor for uniform  

mixing. For performing this experiment 0.5 gm 

nanocatalyst has been taken with 500 ml petrochemical 

wastewater and started the UV-light (6W) for 

photocatalytic degradation of PAH and COD. The 

reaction has been performed in the reactor for 6-hour and 

samples have been withdrawn from annular reactor 

periodically in a time interval of 0.5, 1.5,1,2,2,4,5,6, 

hours. After 6-hour reaction samples were filtered and 

were analyzed to know the residual concentration of 

pollutants like acenaphthylene (PAH) and COD (g/l). The 

concentration of acenaphthylene was found by HPLC 

(Waters PAH Column 5µm 4.6x250mm at 27oC) and 

COD was found by spectrophotometer.  
 The removal of acenaphthylene (%) was determined 

by following relationships: 

ifi
CCCradationleneAcenephthy /)(100deg(%) 

 

where, Ci is the initial concentration (mg/l), Cf is the final 

concentration (mg/l) at times t. 

Results and discussion 

Mechanism for synthesis of ZnO nanocatalyst by palash 

leaves extract 

The mechanism of ZnO nanocatalyst synthesis with 

palash leaves extract is that we have taken 1mM ZnO 

solution for synthesis ZnO particles in nano range. 

Initially, ZnO was insoluble in water but when we added 

few drops of one molar HCL acid, it was completely 

soluble in water. The ZnO was degraded by acid and 

formed ZnCl2 and H2O. ZnCl2 salt worked here as the 

precursor of Zn
+2

 ions.Zn
+2

 ions were reduced in nano 

range by biomolecules present in palash leaves extract. 

Here biomolecules work as reducing agent to reduce 

metal ions in nano range and these biomolecules also find 

some functional groups which work as the capping agent 

for stabilization of nanoparticles. Than functional groups 

present in palash leaves extract naturally worked as the 

capping agent for stabilization of synthesized 

nanoparticles [5]. 

OHHCLPowderZnO
22

ZnCl2)(   

2

2
)(2 OHZnOHZn 

  

OHstnanocatalyZnOOHZn
22

)()(   

 Due to present of the wide variability of 

biomolecules responsible for reduction and stabilization 

are present in palash leaves extract this method is fast. 

Palash leaves extract had been taken here as reducing and 

stabilizing agent in place of chemicals this method is 

green synthesis. The dried palash leaves as biomass had 

been taken in this experiment work which is free of cost 

and easily available in India so this method is cost-

effective. 

Structure and morphology 

Fig. 1 shows EDAX spectra of ZnO/SiO2 with palash 

leaves extract nanocatalyst. EDAX spectra are showing 

the elemental chemical composition of nanocatalyst.  

It can be seen from this that we have got the strong  

signal for Zn at 1 keV and weaker signals in the 

range of 8.5 to 10 keV, and strong signal for  at  0.9for 

Oxygen also.  We have also got some signal for metals 

like Fe, Mg, Si, S, and Na and for other elements like N. 

EDAX spectra shows that we have got ZnO and SiO2 and 

other metals also. Incorporation of these metals, N and 

SiO2 increases the
 

photocatalytic activity of ZnO 

nanocatalyst for visible light also. The weight percent of 

Zn is 11.18, O is 42.72 and Si 2.07 has been found in 

nanocatalyst. Various metals and other elements which 

are responsible for increasing ZnO nanocatalyst activity 

are naturally present in plash leaves extract. This is the 

advantage of palash leaves extract than other leaves 

extract [8]. 

 

 

Fig. 1. EDAX spectra after for ZnO/SiO2 with palash leaves extract 

nanocatalyst. 
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Fig. 2. XRD pattern of ZnO/SiO2 with palash leaves extract 

nanocatalyst. 

 

 

 Fig. 2 Shows XRD spectra of ZnO/SiO2 with palash 

leaves extract nanocatalyst. From XRD test we can see 

that we have got phases for ZnO and SiO2 . XRD peaks 

were matched by PDF No. 80-0075.  Hexagonal crystal 

structure of ZnO nanocatalyst has been found by XRD 

test. Low quartz crystal structure has been found for SiO2 

[6]. We have also found average particle size of 

nanocatalyst by Debye Sherrer's equation: 

 cos/94.0 BD   

Where: dis the average particle diameter at half angle 

width. From XRD image it can be seen that nanoparticles 

has been found amorphous in nature. 

 And the average particle size of nanoctalyst has been 

calculated by XRD Sherrer’s equation and found 15.8 nm 

which is also found by FEG-SEM Histogram figure.  

 Fig.3. Shows FTIR spectra of ZnO with palash leaves 

extract nanocatalyst. FTIR spectra show frequency 

assignments for various functional groups which are 

naturally present in palash leaves extract works as the 

capping agent for stabilization of nanocatalyst. FTIR 

spectra show that we have also got frequency assignment 

for Zn-O stretching and for metal Oxides like Si-o-Si. The 

Frequency assignment 432.07, 638.46cm
-1

 have got for 

ZnO stretching; 1004.95 , 861.24cm
-1

 for metal Oxide like 

SiO2. 1270.17cm-
1 

 for C-O stretching  (carboxylic acids), 

1766.85 cm
-1

for C=O stretching, 2537.44, 2898.14, 

3105.50, 3223.16 cm
-1 

for O-H stretching[7] . 

 Fig. 4. Shows FEG-SEM image of ZnO/SiO2 with 

palash leaves extracts nanocatalyst. This image Shows 

particle distribution of ZnO nanocatalyst , at some places 

this image shows that particle aggregation of ZnO 

nanocatalyst occurred .From FEG-SEM image we have 

calculated particle size range and mean particle diameter 

of ZnO nanocatalyst. Particle size range and mean particle 

diameter of ZnO nanocatalyst have been shown in Fig. 5. 

The mean particle diameter is 15.8 nm and range is 3nm 

to 35 nm. FEG-SEM image shows that we have got 

nanocatalyst irregulars or angular in shape [6].From SEM 

images it can be seen that there are aggregation of 

nanoparticles has been found at some place because 

stabilizing agent present in nanocatalyst was not sufficient 

to stabilize all nanoparticles.  

 

 
Fig. 3. FTIR spectra of ZnO/SiO2 with palash leaves extract 

nanocatalyst. 

 

 

Fig. 4. FEG-SEM image of ZnO  palash leaves extract nanocatalyst. 

 

 
Fig. 5. Calculation of mean particle diameter and Particle size range 

from FEG-SEM image. 
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Percentage removal of pollutant      

Fig. 6. Shows % removal of acenaphthylene (PAH) by 

ZnO/SiO2 nanocatalyst with time. Optimum percent 

removal of  acenaththylene (PAH)  as the  pollutant  was 

found to be 79% at 0.5g/500ml catalyst loading, 30
o
C 

temperature and 4h reaction time. The initial 

concentration of acenaphthylene was 176 mg/l and the 

final concentration of acenaphthylene is 36.96 mg/l.The 

initial concentration of COD in petrochemical wastewater 

was 497 mg/l and the final concentration of COD was 

149.1 mg/l. the optimal percentage  removal of COD after 

4hour reaction was 70 % measured. 

 

 
Fig. 6. Degradation of acenaphthylene from petrochemical wastewater 

by ZnO/SiO2 with palash leaves extract nanocatalyst. 

 

Conclusion  
  

The palash leaves extract has been used in this research 

work which had been collected from MANIT Bhopal 

campus as plant waste material, it is easily available in 

India, for synthesis of nanocatalyst simple grinding and 

mixing technology has been used so this is cheap method 

than other methods. The palash leaves extract has been 

used as reducing and stabilizing agent in place of 

chemicals so it is the eco-friendly method. Palash leaves 

extract contains many biomolecules for reduction and 

stabilization so it is fast methods. Characterization of 

nanocatalyst shows that synthesized nanocatalyst are in 

nanorange and its size are in the range of 3 nm to 35nm. 

XRD result shows phase for ZnO  and SiO2  has been 

found, EDAX results shows that Si, S, Fe, Mg, N 

naturally present in palash leaves extract so it increases 

photocatalytic activity of ZnO nanocatalyst than other 

plants extract. An FTIR result shows that various 

functional groups are present in palash leaves extract 

which works as reducing and stabling. Photocatalytic 

degradation of acenaphthylene from Petrochemical 

wastewater result shows that ZnO nanocatalyst 

synthesized by this method is excellent for treatment of 

petrochemical wastewater. The   Optimum % removal of 

Acenaphthylene is 79% at the 4h reaction time and % 

removal of COD is 70 %. In future, efficiency of 

synthesized nanocatalyst can be test for % removal of 

other PAH & Phenol for both UV and visible (sunlight) 

light and for different industrial wastewaters and can 

compare their results with these results. 
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