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ABSTRACT

Plants extract have a vital role for the synthesis of different nanocatalysts like TiO2, ZnO, Fe2O3 etc. due to its non-
toxicity, low cost. Many of these nanocatalysts have been used for the degradation of water pollutants. Some of the 
plants extract are used as reducing and stabilizing agent in the synthesis of nanoparticles. No work has been found 
on Butea monosperma (Palash) fl ower extract with ZnO nanoparticles. Phenol is found in many industrial effl uents 
and excessive exposure of its may cause coma, cyanosis and even death. This research work focuses on the syn-
thesis of ZnO/SiO2 with palash fl ower extract nanocatalyst by using single pot process for degradation of phenol 
from aqueous solution. The synthesized nanocatalyst of ZnO/SiO2 palash fl ower extract was characterized by using 
BET surface area, FEG-SEM, EDAX, XRD, and FTIR. BET surface area of nanocatalyst is 157.23 m2/g and FEG-SEM 
micrograph shows that spot of nanorange particles. Optimum percent removal of acenaphthylene was found to be 
81% at 0.5g/500ml catalyst loading, 30oC temperature and 4h reaction time. Synthesis of ZnO/SiO2 nanocatalyst with 
palash fl ower extract by single-pot process is eco-friendly and cost effective method than other chemical methods. 
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INTRODUCTION

Palash tree is also known as Butea monosperma, is 
a very use full tree which is easily available in India 
(Hegde et al., 2014). From literature it has been found 

that palash fl ower has many biomolecules some are trit-
erpene, fl avonoids, glycosides carbohydrate and protein 
(Jamkhade et al., 2013). It has been found that solubility 
of palash fl ower is more in water than other solvents for 
extractive value (Hegde et al., 2014). It has been found 
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that using plants extract as reducing and stabilizing 
agents for nanocatalysts synthesis is eco-friendly and 
cheap method than other methods which use chemicals 
(Dizaji et al., 2015).

 Single pot method also known as one step method 
is the bioreduction processes in which plant extracts are 
used as reducing and stabilizing agent to reduce metal 
ions in nano range (Gdikandula et al., 2016). Palash 
fl ower extract contains a broad variability of biomole-
cules so this method is faster than other methods (Kumar 
and Yadav, 2012).

No research article has been found in the literature 
for the synthesis of ZnO/SiO2 based nanocatalyst by 
using an aqueous palash fl ower extract as reducing 
and stabilizing agent. This work is different from other 
works because palash fl ower extract contains many 
metals naturally which increases catalysts photocata-
lytic activity. SiO2 has been found naturally in palash 
fl ower extract. Incorporation of ZnO with SiO2 increases 
its photocatalytic activity for visible light. So ZnO/SiO2 
nanocatalyst synthesized by this method will be more 
effective under sunlight to remove pollutant than ZnO 
nanocatalyst synthesized by other methods. We can 
use this nanocatalyst to treat effl uents from industries 
under sunlight also. ZnO/SiO2 with palash fl ower extract 
nanocatalyst was used for acenaphthylene removal from 
refi nery wastewater in an annular reactor. We have 
found Hexagonal crystal structure of ZnO nanocatalyst 
which is the most stable in the environment. Synthe-
sized nanocatalysts were characterized by Brunauer-
Emett-Teller (BET), energy dispersive atomic X-ray 
(EDAX), Field Emission Gun-Scanning electron micro-
scope (FEG-SEM), and X-ray diffraction (XRD) and Fou-
rier transform infrared spectroscopy ( FTIR) to determine 
their Surface area, size, shape, particle distribution and 
functional group.

MATERIALS AND METHODS

ZnO bulk material (Molychem from Mumbai, 99.5% 
purity), acenaphthylene (Ranbaxy fi ne chemicals from 
New Delhi, 99% purity),Sodium hydroxide (A. B. Enter-
prises, Mumba,, 98% purity),HCL (Central drug house 
Ltd. From Delhi, 35% purity), Palash fl owers, (Butea 
monosperma) were collected from MANIT Bhopal cam-
pus, Double distilled water. ZnO bulk material was used 
as 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. 
Phenol was used to make aqueous solution of Phenol 
to remove by catalyst and fi nd Percentage removal of 
Phenol by HPLC.

All chemicals used for the experimental work were 
analytical grade (AR). Palash fl owers were collected 

from the Campus of MANIT Bhopal, Madhya Pradesh, 
India. The collected fl owers were cleaned by washing 
many times with double distilled water and then dried 
in sunlight. Dried fl ower were powdered in a mixer and 
stored in a container to prevent from moisture and this 
powder was preserved for experimental work. 250 mL 
Erlenmeyer fl ask has been taken for boiling 10 g of 
palash fl ower powder and 200 mL of double distilled 
water for 1 h (Yadav and Khurana, 2015). Whatman fi l-
ter paper (pore size >0.5μm) has been used for fi ltration 
of extract and it has been stored at 4°C in a deep freezer 
which was used later for experimental work. We have 
chosen water for extracting agent due to an extractive 
value of palash fl ower in water is 17.5 ± 0.5% which is 
comparatively maximum than other solvents. 

ZnO has been bought from Molychem, Mumbai, and 
the aqueous palash fl ower extract has been used for 
the bioreduction process. To make nanoparticles from 
palash fl ower 35 mL of the aqueous fl ower extract was 
carefully added to 90 mL of 1 mM aqueous ZnO solution 
in 250 mL Erlenmeyer fl asks. Colour of the solutions has 
changed from brownish yellow to dark brownish, con-
fi rming the green synthesis of ZnO. We have performed 
this experiment at pH 9.30; at this pH we got more pre-
cipitate of ZnO nanocatalyst. After the reaction, nano-
particles in the form of the precipitate had been settled 
at the bottom of the conical fl asks. We separated ZnO 
nanoparticles in the form of precipitate by centrifuging 
it at 10000 rpm for 15 min (Awwad et al., 2013). Then we 
have used these nanoparticles for characterization and 
experimental work.

Characterization of ZnO nanocatalyst with palash 
fl ower extract was done by standard methods (Sarma 
and Sarma, 2014). Brunauer–Emmett–Teller (BET) sur-
face area of the nanoparticle was found by nitrogen 
adsorption at 77.15K using an automatic pulse chem-
isorptions system (Micromeritics Chemisorb 2720) using 
the software available with the instrument. To determine 
the surface morphology and chemical composition, SEM 
and EDAX tests were done in the SAIF, IIT Mumbai. The 
phase identifi cation and crystal structure have been 
analysed by X-ray powder diffraction (XRD) test. Func-
tional groups present in synthesized nanocatalyst were 
found by FTIR test. The XRD and FTIR tests have been 
done in central laboratory of North Maharashtra Univer-
sity, Jalgaon, India. 

Removal of acenaphthylene by synthesized nanocatalyst

Concentric Annulus photocatalytic reactor has been 
used for acenaphthylene removal from refi nery waste-
water by synthesized nanocatalyst. In this batch reac-
tor, which we have used for experiment; two coaxial 
cylinders are there. The inner with reaction zone and 
lamp is placed on the symmetry axis. The total volume 
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of the reactor is 1 litre and working volume is 0.7 litres. 
Practically, all the photons emitted by UV lamp reach 
the reaction medium if the outer walls of the reactor 
are refl ective. This geometry has been selected for the 
photoreactor used in this study and offers a number 
of advantages viz. effi cient photon captures, practical 
to fl uidize the photocatalyst in a cylindrical geometry 
and an outer jacket can be used for meeting the cooling 
requirements of UV lamp. At the bottom of the reactor, 
the magnetic stirrer is fi tted for uniform mixing. The 
temperature was maintained around 28±2 oC.

 Acenaphthylene is one of the polycyclic aromatic 
hydrocarbons that is found as pollutant in refi nery 
wastewater (Uddeen et al., 2011). In this experimental 
work for treatment of refi nery waste water, 500 ml refi n-
ery wastewater has been treated in concentric annular 
reactor with 1000 ml capacity. For this 0.5/500 ml cata-
lyst loading was used for photocatalytic reaction. The 
solution of 500 ml was used to treat in a 1000ml of the 
total volume of the reactor. The mixture solution was 
placed into an annular reactor and started the UV light 
(6W) to study the degradation or removal for duration of 
6 h. The temperature was maintained at 30 oC. The sam-
ples were withdrawn from annular reactor periodically 
in an interval of 0.5, 1.5, 1, 2, 3, 4, 5, 6 hrs. After appro-
priate degradation, the samples were fi ltered and then 
obtained residual concentrations of acenaphthylene 
were analysed with the help of high performance liquid 
chromatography (HPLC) (Waters Pvt. Ltd., India) C-18 
column.The removal of acenaphthylene (%) was deter-
mined by following relationships (Hassan et al.,2015).

Acenaphthylene degradation (%) = 100 (Ci(0)-Cf(t))/Ci(0)
Where, Ci(o) is the initial acenaphthylene concentra-

tion (mg/l), Cf(t) is the fi nal acenaphthylene concentration 
(mg/l) at times t.

RESULTS AND DISCUSSION

The mechanism of ZnO nanocatalyst synthesis with 
palash fl ower extract is that we have taken 1mM ZnO 
solution for synthesis ZnO particles in nano range. Ini-
tially, ZnO (Bulk powder) 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. ZnCl2 salt worked here as 
precursor of Zn+2 ions.Zn+2 ions were reduced in nano 
range by biomolecules present in palash fl ower extract. 
Than functional groups present in palash fl ower extract 
naturally worked as the capping agent for stabilization 
of synthesized nanoparticles (Akhtar et al., 2013). The 
mechanism and role of palash fl ower extract to synthe-
size ZnO/SiO2 nanocatalyst in nanorange is shown in 
Fig. 1. And SiO2 was obtained from palash fl ower extract 
which is present in palash fl ower naturally.
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FIGURE 1. EDAX spectra of ZnO/SiO2 palash fl ower extract nanoparticles.

ZnO(Powder) + 2HCL ZnCl2 + H2O
Zn+2 + 2OH- Zn(HO)

Zn(HO)2 ZnO(nanocatalyst) + H2O

BET surface area of nanocatalyst has been found 
157.23 m2/g. Reduction of Zn+2 ions into nanorange 
by palash fl ower extract can be seen by colour change. 
When we added palash fl ower extract and mixed it 
with the aqueous solution of the ZnO, the change in 
colour of solution from brownish yellow to dark brown-
ish was observed and it has been confi rmed that for-
mation of ZnO nanocatalyst has been occurred (Shukla 
and Vankar, 2012). Figs.1-2 shows the EDAX spectra and 
FEG-SEM images of synthesised ZnO/SiO2 with palash 
fl ower extract. The Hexagonal Crystal structure of ZnO 
nanoparticles has been found by XRD pattern. The FEG-
SEM image shown in Fig.2 Shows spherical shape of 
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nanoparticles has been formed and Fig2-3 shows that 
nanocatalysts have been found in the range of 3 nm to 
45 nm with 23 nm mean particle diameter (Khalil et al., 
2014). At some places aggregation of nanoparticles have 
been shown in FEG-SEM image Fig.2.

 EDAX test has been done to fi nd chemical compo-
sition of ZnO/palash fl ower extract nancatalyst .EDAX 

spectra found for a sample of ZnO/palash fl ower extract 
nanoparticles and the weight percentage of Zn and O are 
found to be 15.79 % and 38.05% respectively (Khalil et 
al., 2014). From EDAX it can be seen that Si is also pre-
sent palash fl ower extract. It confi rms that we have got 
ZnO/SiO2 with Palash fl ower extract nanocatalyst. It has 
been shown in EDAX spectra that we have got strong 
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FIGURE 2. FEG-SEM image of ZnO/SiO2 palash fl ower extract nanocatalyst.

FIGURE 3. XRD pattern of ZnO/ palash fl ower extract nanocatalyst.
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FIGURE 4. FTIR spectra of ZnO/palash fl ower extract nanocatalyst.

FIGURE 5. Degradation of acenaphthylene from refi nery wastewater with time by ZnO/SiO2 with palash 
fl ower extract nanocatalyst.

signal of energy peaks for Zn and O atoms in the range 
0.5–1.5 keV and weaker signals for Zn atoms in the 
range 8-10 keV (Khalil et al., 2014; Sarma et al., 2014). 
It has been also found that we have got weaker signals 
for N, Mg, Si, P, Cl, K, and Ca, which were present in 
palash fl ower extract and due to presence of many met-
als naturally in palash fl ower extract it increases photo-
catalytic activity of ZnO/SiO2 with palash fl ower extract 
nanocatalyst. 

XRD peaks shown in Fig.3 confi rmed the presence 
of ZnO corresponding to PDF No. 80-0075. The lattice 

parameters a and c were calculated to be about 3.25 A0 
and 5.209 A0 respectively. The minor amount of Si (SiO2) 
was also found in the XRD pattern. The crystal structure 
of the SiO2 was found to be matching with low quartz. 
The peaks of Si, as well as ZnO, were found to be broad-
ened indicating nanocrystalline or amorphous nature 
of the crystal. In our experiment, the X-ray pattern of 
synthesized ZnO nanoparticles matches the hexagonal 
structure of the ZnO nanoparticles with the broad peaks 
at 2 = 36.243, 56.568. These are corresponding to (101), 
(110) and (103), respectively. Similar peaks were found in 
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the ZnO based nanoparticles (Rekha et al., 2010, Khalil et 
al., 2014 and Sarma and Sarma, 2014).

Fig. 4 Shows FTIR spectra of ZnO/palash fl ower 
extract nanocatalyst , which has been done to fi nd vari-
ous functional groups present in nanocatalyst .IR fre-
quency from 2697.54 to 3068.85 is due to O-H stretch-
ing , 1061.85 and 1248.95 for Si-O-Si starching ,1538.28 
to 1664.62 for C=O stretching ,1016.52 for ZnO stretch-
ing , this stretching is slightly shifted from 1000 which 
is for metal oxide due to the presence of other functional 
groups(Uddeen et al.,2011).

Hence XRD pattern confi rms that ZnO nanoparticles 
have been formed by this bioreduction process. Phases of 
the sample were matched with standard XRD pattern of 
ZnO nanoparticles. From EDAX, XRD and FTIR test it has 
been found that SiO2 has been also found in the sample 
which increases photocatalytic activity of this catalyst. 

Percentage removal of pollutant 

ZnO/SiO2 nanocatalyst made by biosynthesis or green 
single pot method are very good nanocatalyst for degra-
dation of acenaphthylene from refi nery wastewater. Fig. 
5 shows the degradation of phenol from aqueous solu-
tion by using ZnO/SiO2palash fl ower extract. Acenaph-
thylene degradation from refi nery wastewater has been 
done in an annular photocatalytic reactor and it has 
been found that optimum percent removal of acenaph-
thylene was found to be 81% at 0.5g/500ml, 30oC and 
4h of catalyst loading, temperature and reaction time 
respectively. Fig. 6 shows optimum percent removal of 
acenaphthylene with pH at 9.5 pH.

CONCLUSION

In present research work the characterization of nano-
catalyst shows that we have synthesized ZnO/SiO2 nano-

catalyst with palash fl ower extract in nanorange. We 
have used palash fl ower extract as reducing and sta-
bilizing agent in place of chemical to synthesize ZnO 
nanocatalyst so it is eco-friendly method. Palash fl ower 
contains many biomolecules which are responsible for 
reduction and stabilization of Zn+2 ions in nanorange so 
it is more fast method than other methods. It contains 
SiO2 naturally catalyst synthesized by palash fl ower 
extract is more effi cient to remove pollutant than other 
methods. So Palash fl ower is easily available in India at 
low cost and we need very simple techniques to synthe-
size nanocatalyst by this method so it is cheap process 
than other processes. We have found from EDAX and 
XRD test that many metals present naturally in palash 
fl ower extract so incorporation of these metals with 
ZnO nanocatalyst increases its photocatalytic activity 
.Results shows that ZnO/palash fl ower extract nanocata-
lyst is very good photocatalyst to remove phenol from 
an aqueous solution of phenol. The percent removal of 
phenol can be optimized by controlling affecting param-
eters such as reaction time, catalyst size, catalyst load-
ing, pH and temperature. The optimum percent removal 
of phenol has been found 81% at 0.5/500ml catalyst 
loading at 30oC temperature and 4h reaction time. 
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