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Abstract In this paper, silver nanoparticles are produced via
green synthesis method using green tea leaves. The introduced
method is cost-effective and available, which provides condi-
tion to manipulate and control the average nanoparticle size.
The produced particles were characterized using x-ray diffrac-
tion, scanning electron microscopic images, UV visualization,
digital light scattering, zeta potential measurement and ther-
mal conductivity measurement. Results demonstrated that the
produced samples of silver nanoparticles are pure in structure
(based on the x-ray diffraction test), almost identical in terms
of morphology (spherical and to some extent cubic) and show
longer stability when dispersed in deionized water. The UV-
visualization showed a peak in 450 nm, which is in accor-
dance with the previous studies reported in the literature.
Results also showed that small particles have higher thermal
and antimicrobial performance. As green tea leaves are used
for extracting the silver nanoparticles, the method is eco-
friendly. The thermal behaviour of silver nanoparticle was also
analysed by dispersing the nanoparticles inside the deionized
water. Results showed that thermal conductivity of the silver

nano-fluid is higher than that of obtained for the deionized
water. Activity of Ag nanoparticles against some bacteria
was also examined to find the suitable antibacterial applica-
tion for the produced particles.
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1 Introduction

Plant extraction technique is one of the practical methods that has
widely been used for producing themetallic nanoparticles includ-
ing silver, iron platinum and gold [1–4]. This method not only is
the cost-effective and available technique for producing nanopar-
ticles but also it offers special flexibility regarding the morphol-
ogy, size and quality of the extracted particles [5]. The produced
particles can be implemented for different industrial, medical and
scientific applications. When it comes to extraction of metallic
particles using plants, some antimicrobial, antiseptic,
antihelmintic and antinociceptive activities for the particles
should be taken into account. For instance, some herbs and nat-
ural compounds such as cannonball trees were traditionally used
for skin diseases and malaria [6], while Alginates were exten-
sively used for wound healing and antibacterial applications.

Nanotechnology emerges a bright future towards the medical
application of biologically produced nanoparticles such as silver
obtained by plant extraction methods via hygienic plants. Green
synthesis of metallic particles such as silver nanoparticles is one
of the promising options for obtaining the size-controlled nano-
particles with antibacterial activity [7–9].

Recently, in a study conducted byWang et al. [10], AgNPs
were synthesized using the cell filtrate of C. militaris myceli-
um as reducing agents. The formation of AgNPs was first
confirmed by the surface plasmon resonance illustrated in
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UV–visible spectrophotometer. X-ray diffraction analysis fur-
ther confirmed that the AgNPs were composed of highly crys-
talline Ag. Transmission electron microscopy analysis re-
vealed that most the AgNPs were in spherical shape with
mean diameter about 15 nm. Although they synthesized a
relatively pure Ag from by a new method, they did not inves-
tigate the thermal performance of the silver Ag.

In another study, Benakashani et al. [11] reported the syn-
thesis of silver nanoparticles by reducing the silver ions pres-
ent in the solution of silver nitrate by the cell free aqueous
extract of Capparis spinosa leaves. Silver nanoparticles
(AgNPs) were successfully synthesized using C. spinosa ex-
tract and the nature of synthesized nanoparticles was analyzed
by UV–Vis spectroscopy, transmission electron microscopy,
X–ray diffraction and Fourier transform infrared spectrosco-
py. The antimicrobial effect of NPs produced C. spinosa was
studied using different pathogenic bacteria such as
Escherichia coli, Salmonella typhimurium, Staphylococcus
aureus and Bacillus cereus. Despite the antibacterial activity
of Ag particles, they did not report any information on its heat
transfer application.

Salari et al. [9] investigated a procedure for the synthesis of
the silver nanoparticles. In this research, silver nanoparticles
(SNPs) were synthesized through bio-reduction of silver ions
using the Spirogyra varians. The structure and morphology of
SNPs were characterized by UV–visible spectroscopy, X-ray
diffraction (XRD) pattern, scanning electron microscopy
(SEM) and Fourier Transform Infra-Red (FTIR). These nano-
particles indicated an absorption peak at 430 nm in the UV–
visible spectrum. The crystallite average size was estimated
about 17.6 nm and SEM image confirmed synthesis of rela-
tively uniform nanoparticles. The antibacterial effect of SNPs
was also tested on several micro-organisms by measuring the
inhibition zone. However, they did not consider the thermal
application of the Ag particles.

A deep look inside the available literature reveals that metallic
nanoparticles are capable of being used in thermal systems due to
the significant thermal conductivity of the particles[51–56] . For
this purpose, solid particles with average size of 0-100 nm are
dispersed into the traditional coolant such as water. In order to
prevent the deposition of solid particles, stabilizing process are
performed which includes different techniques. The prepared
mixture is called nanofluid, which has been introduced by Choi
[12]. Therefore, silver nanoparticles can potentially be used for
thermal application and medical implementations.

In this work, silver nanoparticles are produced using plant
extraction method. Particles are produced at different sizes
and their antibacterial activity, thermal performance and rhe-
ological behaviour is experimentally investigated. The pro-
duced particles are characterized using thermal conductivity
test (performed with Decagon KD2 Pro), ultraviolet visible
spectroscopy (performed with Shimadzu 2600), x ray diffrac-
tion (performed with Thermo-Fisher instrument), Scanning

Electron Microscopy (SEM) imaging, Digital light scattering
(performed with Horiba instrument) and zeta potential mea-
surement tests (performed with zetasizer Malvern Co.). The
zone of inhibition is measured for the antibacterial property
analysis of the produced particles using an accurate calliper
(purchased from Mitutoyo Co.).

2 Materials and methods

2.1 Materials

Silver nitrate was used as purchased from Sigma Aldrich Co.
Fresh green tea leaves were collected from the northern part of
Guilan, Iran. Three times distilled water was purchased from
Sareer Teb Chemical Co. and was used for washing, dispers-
ing and dilution of the solutions.

2.2 Preparation of the tea extract

As a reducing agent, tea green leaves were used. First the
leaves were separated from the sprout and branches, washed,
chopped and dried at 298 K. Using a grinder, the dried leaves
were powdered. About 14.8 g of green tea leaves powder was
added to 100 mL deionized water in a flask. The mixture was
boiled for 7-10min, then was quenched, screened, filtered and
kept in 0–4 °C. Then total organic carbon (TOC) content of tea
extract was evaluated and analysed using (TOC-Dohrmann,
Teledyne), which was approximately 18.97 g/L.

2.3 Synthesis of silver nanoparticles

About 750 mL of silver nitrate (10 mM) was added drop wise
into the 25 mL of prepared tea extract, while it was gently
agitated using magnetic stirrer with the speed of 800 rpm for
120 min at 30–50 °C. Ag nanoparticles were concentrated and
purified by centrifugal ultrafiltration and then rinsed and
dried. Formation of Ag nanoparticles was indicated by the
appearance of signature brown colour of the solution, which
is in a good agreement with observations carried out by Yu
et al. [13]. Figure 1 shows the synthesis process for producing
the silver nanoparticles. It is noteworthy that rate of addition
of AgNO3 droplets into the tea extract is very important.
Increasing the rate of addition, especially when accompanied
with agitation results in decreased particle size. Therefore,
depending on the rate of addition of AgNO3 droplets, different
sample sizes were obtained. The samples were then dried and
were sent for characterizing and determining the properties. In
this study, three different samples with nominal sizes of
25 nm, 45-50 nm and 75 nmwere examined. Nanofluids were
prepared at different weight concentrations of 0.1–0.4%. To
prepare the nanofluids, following steps were performed:
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Initially, desire mass of synthesized nanoparticles was
weighted using accurate mass balancer. Then desire mass
of base fluid was weighted and then surfactant at the
required amount was added into the base fluid. Then,
particles were added into the water while it was agitated
in a clean flask.

In order to achieve the highest stability of nanofluids,
different techniques including the pH control, sonication
and adding the surfactant were implemented. Results
demonstrated that silver nanoparticles can be stable up
to 72 days if right conditions were met during the
preparation.

3 Results and discussion

3.1 Digital light scattering

Horiba DLS analyser for three different samples at tem-
perature 298 K. Measuring the nanoparticle size were per-
formed three times to ensure about reproducibility and
repeatability of the data. Particle size distributions of the
samples are demonstrated in Fig. 2. As can be seen, the
obtained peaks are not broad but hit the approximate val-
ue of 25 nm, 50 nm and 75 nm for samples#1, #2 and #3,
respectively. For sample#3, as residence time between the
contact phases (droplets of AgNO3 and tea extract) is
quite sufficient and particles have enough time to grow
inside the bulk of the mixture. Therefore, peak of distri-
bution related to the particle size is wider than that of
obtained for nanoparticles with 45 nm and 25 nm.

3.2 X ray diffraction test

Figure 3 shows the result of x ray diffraction test for
sample#3 at 298 K. Results indicate the single-phase silver
nanoparticles with a monoclinic structure. This implies that
there is no impurity in the sample other than Ag; however, a
small peak due to existence of AgO2 is also observed which is
negligible. Accordingly, no significant peaks of impurities are
found in XRD pattern. XRD Diffraction pattern gives infor-
mation on symmetry size and shape of the particle and purity
of particles from peak positions. The average size of the nano-
particles was also measured using Scherrer’s eq. [14, 15],
which was approximately equal to 65-70 nm that is in a good
agreement with that of obtained by SEM image and those
results obtained by DLS analyser.

Fig. 1 Process implemented for
the production of Ag
nanoparticles

Fig. 2 Particle size distribution of Ag nanoparticles obtained from DLS
particle size
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3.3 Scanning electron microscopy

As can be seen in Fig. 4, all prepared nanoparticles are almost
identical in terms of morphology and particle size. Neither
agglomeration nor clusters were observed in the resulting im-
ages. However, in terms of size, particles are different, which
implies on this fact that the process introduced for green syn-
thesis of nanoparticles is flexible in producing the nanoparti-
cle with different spectrum of particle size and size distribu-
tion profile. Importantly, using stirring and sonication, both
crack the agglomeration of particles and makes them uniform
[5, 16].

3.4 Zeta potential test

Zeta potential is one critical parameter that quantifies the sta-
bility of nanofluids. Nanofluids, in principle, are mixture of a
liquid such as water and conductive solid particles with nom-
inal size less than 100 nm, which are well-dispersed inside the
bulk of the liquid [17, 18]. Due to repulsion and attraction
forces between particles, particles-liquid and liquid-liquid
molecules, particles tend to deposit inside the container over
the extended time. Therefore, after preparing the nanofluid, its
stability is examined against time. To enhance the stability of
the nanofluids, different techniques can be applied including
pH adjustment, sonication and adding surfactant [19]. In this

work, different techniques were used to stabilize the prepared
nanofluids. Time-settlement experiments were also conducted
to check the stability of the nanofluids. For this experiment,
different samples of nanofluids are treated with stabilizing
processes and are placed in similar containers for measuring
the thickness of sedimentation layer of Ag nanoparticles. It
means that sedimentation layer formed at the bottom of the
sample vessel is an index for the stability. For a given time, the
lower, the thickness of deposited layer, the longer stability is
achieved [20–25]. Table 1 shows the summary of the stability
experiments.

Zeta potential of the prepared nanofluids were also mea-
sured to verify the obtained results by time-settlement exper-
iments. Figure 5 represents the results of zeta potential mea-
sured for the three different samples dispersed into deionized
water at temperature 298 K. As can be seen, two different
regions are defined as unstable and stable regions. The former
is the region in which particles tend to form a scale layer at the
bottom of the container due to the surface charge of the parti-
cle. In fact, in this region, repulsive forces are not high enough
to avoid particles from agglomeration inside the liquid. Thus,
particles attach to each other and as the result, apparent density
increases which leads the particles to be deposited inside the
vessel. However, in stable region, particles do not form the
agglomerations and clusters and have lower tendency to de-
posit in comparison with unstable region. Zeta potential is a
true criterion for detecting these regions. As can be seen, for
weight concentration less than 0.37% and zeta potential less
than −7.5 mV, the behaviour of nanofluids falls into stable
region, meaning that quantity of sedimentation of nanoparti-
cles is lower than other regions. Noticeably, zeta potential was
found to be a function of pH, sonication and surfactant, which
are out of goal of this paper to be studied. Overall, the best
condition that should be met for the nanofluids to be stable are
expressed in Table 1. These conditions are regardless of ap-
plication of silver nanoparticles and are required to be met.

3.5 Ultraviolet-visible spectroscopy (UV-vis)

Due to the surface plasmon resonance of the conduction elec-
trons at the interface between a negative and positive permit-
tivity material induced by the light, the synthesized

Fig. 4 Scanning electron microscopic images of Ag nanoparticles at A) 25 nm, B) 45 nm and C) 75 nm sizes

Fig. 3 X-ray diffraction of silver nanoparticles for sample#3

3204 Heat Mass Transfer (2017) 53:3201–3209



nanoparticles were found to be cream and brown colour inside
the bulk of the mixture. Fig. 6 shows the results of UV-Vis
spectrophotometry obtained from silver nanoparticles (sam-
ple#2-50 nm). Results show a peak of absorbance at
455 nm, which is in a good agreement with previous charac-
teristics recorded for silver nanoparticles obtained by green
synthesis [26–28]. Also, the spectra shows that a quick bio-
reduction is achieved using green tea extract as reducing
agent. This finding are in accordance with those reported by
[13, 29].

3.6 Thermal conductivity measurement

In order to measure the thermal conduction of the produced
silver nanoparticles, Decagon KD2 pro device was used.
Fig. 7 shows the thermal conduction of the silver nanoparti-
cles measured at room temperature and for different concen-
tration of the silver nanoparticles dispersed in deionized water.
For better understanding, an enhancement parameter is

defined as:

enhancement ratio ¼ knf
kbf

ð1Þ

In this equation k is the thermal conductivity measured by
KD2 pro device, nf and bf stand for nanofluid and base fluid
(deionized water here), respectively. In fact, this parameter
shows the thermal conductivity of the nanofluid over the base
fluid. Presence of solid particles inside the deionized water,
due to the Brownian motion, accounts for the enhancement in
thermal conductivity of the mixture. Therefore, better thermal
performance is expected to be achieved by using the silver/
water nanofluid instead of deionized water. To enhance the
stability of the nanoparticles and to prevent deposition of par-
ticles, different surfactants were used. Fig. 7 shows the varia-
tion of thermal conductivity enhancement ratio with the vol-
ume fraction of silver nanoparticles and for different surfac-
tants. As can be seen in Fig. 7, the higher enhancement ratio of
1.45 was achieved when Triton-X100 was used as surfactant

Table 1 Results of stability experiments and time-settlement tests

Vol.%* Base fluid Best sonication
time (min)

Sonication Frequency
(kHz)

Zeta potential
(mV)

Adjusted
pH***

Stability Status
(max.)

0.001 DI water** 10 36 −85 7.43 stable for 42 days

0.005 DI water 10 36 −63 8.6 stable for 45 days

0.01 DI water 10 40 −45 8.9 stable for 48 days

0.05 DI water 15 40 −39 9.1 stable for 48 days

0.1 DI water 15 40 −28 9.3 stable for 48 days

0.5 DI water 15 40 +12 9.5 unstable

1 DI water 20 40 +16 9.6 unstable

*For better comparison with the literature, concentrations were reported based on volume fraction on NPs in the base fluid

*deionized water (three times distillate)

**buffer solution of 1 mmol HCL and NaOH was used for controlling pH value

Fig. 6 Absorption spectra of the nanoparticles. Start wavelength:
300 nm, stop wavelength: 800 nm, pH and other conditions are as
expressed in Table 1Fig. 5 Zeta potential of the Ag NPs dispersed in deionized water

Heat Mass Transfer (2017) 53:3201–3209 3205



and with an increase in the concentration of silver nanoparti-
cles, the enhancement ratio decreased to 1.2. Triton X-100 is
followed by Sodium Dodecyl Benzene Sulphonate (SDBS)
and Sodium Dodecyl Sulphate (SDS) with maximum en-
hancement ratio of 1.37 and 1.35, respectively. Noticeably,
surfactants were added to the nanofluid at amount of 0.1%
of general volume of nanofluid.

Overall, silver nanoparticles enhance the thermal conduc-
tivity of the deionized water, when they are dispersed into the
water. There is, however, the optimum mass concentration of
Ag nanoparticles inside the base fluid was found to be 1%, in
which the highest value for thermal conductivity was mea-
sured. At higher concentrations, due to the increase in density
and instability of the nanofluid, conduction of the liquid de-
creases. Overall, surfactant is a critical parameter, which in-
fluences the stability of Ag/water nanofluid rather than its heat
transfer characteristics. These findings imply that silver nano-
particles offer a great potential for thermal and cooling appli-
cations, especially in medical services when medical devices
need to be cooled down hygienically. As antibacterial features
of the silver nanoparticles are explained in the next section.

3.7 Analysis of antimicrobial property

Antimicrobial behaviour of the produced nanoparticles against
three bacteria species including Staphilococus Auresus
(S. aureus), Bacillus, Escherichia coli (E. coli), and one yeast,
Bovine Mastisis, were investigated. For this purpose, these bac-
teria were grown on agar and silver nanoparticles were supple-
mented on the very clean agar plates. Nanoparticleswith different
sizes were used and zone of inhibition was measured accurately
using Calipers software and digital ruler for the confirmation of
the results and to verify the obtained results. Table 2 shows the
antimicrobial effect of silver nanoparticles. Based on these results
maximum inhibition zone was registered for nanoparticles with

the smallest size. For instance, for Bacillus, inhibition zone is
16 mm when silver NPs with 25 nm nominal size was utilized,
while, it is 11 mm when NPs with 75 nm size are used. This is
mainly due to the specific surface area of the particles as shown
in the literature [13, 31, 32]. As smaller particles have higher
specific surface area in comparison with 45 nm and 75 nm,
therefore, more areas of particles are exposed to the environment,
bacteria and infection zone. Thus, they represented stronger an-
timicrobial behaviour in comparison with larger nanoparticles.
Further studies on anti-cancer properties and activities of these
nanoparticles are encouraged [33–41].

3.8 Rheological properties

Rheological behaviour of silver nanoparticles determines their
application for thermal or medical utilization. Density and
viscosity of the silver/water nanofluid influence the
Brownian motion and fluid dynamics of the nanofluid.
Therefore, these properties were experimentally measured.
To measure the variation of density and viscosity with tem-
perature, for each sample, a thermostat water bath was
employed. Nanofluid container was placed inside the bath

Fig. 7 Dependence of thermal
conductivity enhancement ratio
on concentration of Ag/water
nanofluid in presence of different
surfactants

Table 2 Antibacterial effect and zone of inhibition for different Ag
nanoparticles and for different bacteria

Nanoparticle Zone of inhibition

E. coli Bacillus S. aureus Yeast

25 nm 16 ± 0.1* 14 ± 0.1 14 ± 0.1 9 ± 0.1

45 nm 13 ± 0.5 12 ± 0.5 11 ± 0.5 8 ± 0.5

75 nm 11 ± 0.1 9 ± 0.1 9 ± 0.1 5 ± 0.1

*Kline-McKlintock method [30] was used to obtain the uncertainty
analysis
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and temperature was set to the target value and let the system
reaches to the equilibrium. Then, Brookfield DV+ viscometer
and Anton Paar DMA35 densitometer were used to measure
the viscosity and density of the nanofluids. By doing this,
variation of viscosity and density of nanofluid at each concen-
tration was measured. These steps were repeated for each
concentration of nanofluid. Figure 8 shows the variation of
density of the silver/water nanofluid with temperature and
for different weight concentration of silver nanoparticles in
deionized water. The results show that with increasing the
temperature, density of the nanofluid slightly decreases. For
instance, for wt.% = 0.4, density only decreases 0.4% from
298 K to 313 K. However, increasing the concentration of
particles results in the enhancement of the density of

nanofluid. This is mainly due to the presence of the nanopar-
ticles inside the bulk of fluid which increases the mass of the
unit volume of nanofluids [42, 43]. Noticeably, increasing the
concentration of nanoparticles not only enhances the density
of nanofluid but also intensifies the scale formation of the
particles. Therefore, depending on the application of the
nanofluid, concentration should be optimized [43].

Figure 9 shows the variation of viscosity with temperature
of the fluid and concentration of the nanoparticles. As can be
seen, presence of particles inside the base fluid leads to the
enhancement of the viscosity of the nanofluid. More impor-
tantly, temperature decrease the viscosity of the nanofluid,
meaning that silver/water nanofluid can present more reason-
able thermal performance at high temperature conditions

Fig. 9 Variation of viscosity of
silver/water nanofluid with tem-
perature and for different concen-
tration of 25 nm silver NPs

Fig. 8 Variation of density of
silver/water nanofluid with tem-
perature and for different concen-
tration of 25 nm silver NPs
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rather than low temperature. Likewise, when viscosity of the
nanofluid increases, it leads the pressure drop inside the pipes,
pumps or any convective systems to be increased, which
should carefully be considered [44, 45]. This has already been
in the literature in boiling and convective systems [46–50].

4 Conclusions

Experimental study on the green synthesis of silver nanopar-
ticle was conducted and following conclusions were drawn:

& Green tea liquor was found to extract the silver from
AgNO3 and size of the produced particles was found to
be a direct function of residence time between phase con-
tacts (drops of AgNO3 and green tea liquor). The lower the
rate of adding AgNO3, the larger nanoparticles were
produced.

& Silver nanoparticle when dispersed in deionized water
showed an approximate enhancement of 45% over the
base fluid for thermal conductivity, which implied on this
fact that silver/water nanofluid offers a great potential for
cooling applications.

& Silver nanoparticles showed a great potential for antibac-
terial activity, however, depending on the size of the par-
ticles, antibacterial activity can be intensified or deterio-
rated. The smaller the particle size, the higher specific
surface area and as a result higher anti-microbial
behaviour.

& In terms of conductivity, results demonstrated that there is
an optimum concentration value for the nanofluid, which
was found to be 1% (by weight) for this work.
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