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A one-step chemical method has been developed for the preparation of stable, non-agglomerated

silver nanofluids. Silver nanofluid is prepared by using silver nitrate as a source for silver

nanoparticles, distilled water as a base fluid, and sodium borohydride and hydrazine as reducing

agents by means of conventional heating using polyvinylpyrrolidone (PVP) as surfactant. This is an

in situ, one-step method that seems to be valuable with high yield of product with less time

consumption. The characterization of the nanofluid is done by particle size analyzer, X-ray diffraction

topography, UV-visible absorption spectroscopy, and transmission electron microscopy followed by

the study of thermal conductivity of nanofluid by the transient hot wire method. The results show that

Ag-water nanofluids with low concentration of nanoparticles, i.e., below 1000 ppm, have noticeably

higher thermal conductivities than the water base fluid without Ag. Moreover, the amount of PVP in

silver nanofluid can have a significant effect on magnitude and behavior of the thermal conductivity

enhancement.VC 2013 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4809998]

Nanofluids, a group of fluids contains suspended solid

nanoparticles, have created interest in many researchers

because of their unique properties such as high thermal con-

ductivity,1,2 superior critical heat flux (CHF),3,4 minimal

clogging in flow,5 enhanced mass transport,6 and improved

heat transfer coefficient.7 These distinguished features of

nanofluids make them potentially useful in a plethora of

applications such as in cooling of electronic equipments, ve-

hicle engines, nuclear reactors, biomedical engineering, and

energy efficiency enhancement.8,9

Preparation of nanofluids is the first key step in the use

of them. They are not a simple liquid-solid mixture. Stable

and durable suspension, negligible nanoparticles agglomera-

tion, and no chemical change are some essential require-

ments in nanofluid preparation. Two kinds of methods are

applied to produce nanofluids, namely, one-step and two-

step methods. Each of these methods has some advantages

and disadvantages.

In two-step method, dry nanoparticles/nanotubes are

first produced by chemical or physical techniques and then

they are dispersed in a suitable liquid host with the help of

intensive magnetic force agitation, ultrasonication, high-

shear mixing, homogenizing, and ballmilling.10 Despite

this method is the most economic method to produce nano-

fluids in industrial production levels, due to the high surface

area and surface activity, agglomeration of nanoparticles

may take place in the preparation of the nanofluids from

nanoparticles on the one hand and in the process of drying,

storage, and transportation of nanoparticles on the other

hand. The agglomeration will result in the settlement and

clogging of microchannels and affect the nanofluid proper-

ties. In spite of some techniques such as adding surfactants

to the fluids or chemical modification of the nanoparticles

surfaces for minimizing the particle aggregation, making a

stable and durable dispersion by two-step method remains a

challenge.

In one-step method, nanoparticle manufacturing and dis-

persing the particles in the fluid are done concurrently.

Therefore, in this method, the processes of drying, storage,

transportation, and dispersion of nanoparticles are avoided,

so the agglomeration of nanoparticles is minimized, and the

stability of fluids is increased. For producing nanofluids by

metal nanoparticles, this method should be applied to pre-

vent oxidation of nanoparticles in contact with surrounding

air.10–12

In the quest to develop nanofluids of superior properties,

the synthesis of silver nanofluids has been carried out in the

present study. Silver nanoparticles are of great interest

because of their high thermal conductivity (429W/mK at

300K)13 and are therefore expected to have good heat trans-

fer properties ideally suitable for thermal applications.

Moreover, Ag is generally regarded as a safe material for

human being and animals.14

An attempt has been made to synthesize silver nanofluid

by one-step method using silver nitrate as a source for silver

nanoparticles, water as a base fluid, and sodium borohydride

and hydrazine as reducing agents by means of conventional

heating using polyvinylpyrrolidone (PVP) as surfactant.

All the reagents used in our experiments were of analyti-

cal purity and were used without further purification. The

beakers used in this procedure were cleaned by an ultrasonic

cleaner in an ultrasonic bath (Starsonic 35, 120W). In this

procedure, 485ml of deionized water (DW) solution was

taken in a 500ml beaker. Then, 0.8 g silver nitrate and 10 g

of PVP were added. The reaction mixture was subjected to

magnetic stirring for 15min in a magnetic stirrer/heater with

temperature of 70 �C. Then 1 g of sodium borohydride and

3 g of hydrazine were added and the magnetic stirring was

0003-6951/2013/102(23)/231907/3/$30.00 VC 2013 AIP Publishing LLC102, 231907-1

APPLIED PHYSICS LETTERS 102, 231907 (2013)

http://dx.doi.org/10.1063/1.4809998
http://dx.doi.org/10.1063/1.4809998
http://dx.doi.org/10.1063/1.4809998
http://dx.doi.org/10.1063/1.4809998
http://crossmark.crossref.org/dialog/?doi=10.1063/1.4809998&domain=pdf&date_stamp=2013-06-12


continued for another 60min. The color of the mixture

turned from white to dark brown after the reaction. Silver

nanofluid was obtained after cooling the reaction mixture to

room temperature. Chemical reaction involved is given in

the following Scheme

N2H4 þ AgNO3 þ e� ! Agþ N2 þ 2H2 þ NO3
�

NaBH4þAgNO3þ4H2O!BðOHÞ4þAgþNaNO3 þ 4H2

Characterization of the silver nanofluid was done by par-

ticle size analyzer, X-ray diffraction topography, UV-vis

analysis, and transmission electron microscopy (TEM).

Dynamic light scattering was used for measuring the

size of particles. The obtained graph is shown in Fig. 1. The

silver nanofluid was separated by a high revolution centri-

fuge, 6000 rpm, and was then washed with absolute ethanol

and acetone. Further, it was vacuum dried at 80 �C for 2 h.

X-ray diffraction topography of the obtained powder was

performed on a X’Pert MPD model using Cu tube radiation.

The X-ray diffraction topography pattern of the sample is

shown in Fig. 2.

Silver is an inorganic species, which shows characteris-

tic absorption that can be identified qualitatively by UV-vis

spectroscopy. The result of UV-vis analysis is shown in

Fig. 3. The peak at about 400 nm in the visible region shows

the existence of silver nanoparticles.15

TEM image of the Ag nanoparticles suspensions is

shown in Fig. 4. The TEM image reveals that the Ag nano-

particles are spherical in shape with sizes around 5 nm which

is in agreement with size distribution in Fig. 1. The silver

particles are well dispersed in colloidal solution as evidenced

by TEM micrographs.

The effective thermal conductivities of nanofluids were

typically measured using a transient hot-wire (THW)

technique.1,16 Measuring the thermal conductivity by this

method is accurate and very fast compared with other techni-

ques. In the present study, the thermal conductivity of nano-

fluids at different concentrations was measured using a KD2

Pro thermal properties analyzer (Decagon devices, Inc.,

USA), which is based on the transient hot wire method. The

KD2 meter is equipped with a probe, 60 mm long and

0.9mm in diameter, in which a heating element and a

thermo-resistor are embedded. The probe is connected to a

microprocessor for controlling the heat addition and record-

ing the measurements necessary for the calculation of the

thermal conductivity. The accuracy of measurements is

65%. Before measurements, the KD2 Pro was calibrated

using distilled water. The thermal conductivity of distilled

water as base fluid was obtained 0.546W/m K at 20 �C. This
value is in good agreement with the reference data13 within

the accuracy of instrument. Moreover, the accuracy of the

temperature measurement is60.1 �C.
Three samples of silver nanofluids have been prepared

by the above mentioned one-step method. The difference

between these samples is the amount of PVP. This amount in

samples 1, 2, and 3 is 10 g, 12.5 g and 15 g, respectively. The

role of PVP in nanofluid is to protect the agglomeration and

FIG. 1. The particle size distribution of Ag nanoparticles in nanofluid.

FIG. 2. The XRD patterns of Ag nanoparticles.

FIG. 3. Analysis pattern of silver nanofluid by UV-vis method for three sam-

ples with different amounts of PVP.

FIG. 4. The TEM image of Ag nanoparticles.
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growth of nanoparticles by steric effects. The amount of

PVP in aqueous solutions influences the thermal properties

of the solution.17 The UV-visible absorption spectra of these

three samples have been measured and shown in Fig. 3. It is

found that the 400 nm luminescence peak positions of the

samples remain unchanged, but their peak absorption values

increase with increasing PVP magnitude. The peak absorp-

tion values are 2.1, 2.4, and 2.7 for sample 1, sample 2, and

sample 3, respectively, which shows that the ratio of number

of Ag particles to the number of Agþ ions increases with

increasing PVP magnitude. Since the amount of silver nitrate

is equal in all three samples, the higher peak absorption val-

ues mean that the higher amount of silver nanoparticle exists

in suspension because of surface plasmon resonance.18,19

The ratio of the thermal conductivity of nanofluids to

that of the distilled water at different nanoparticle concentra-

tions has been shown in Fig. 5. It can be clearly seen that the

existence of nanoparticles in the base fluid leads to thermal

conductivity enhancement. The enhancement of the thermal

conductivity of the nanofluids is approximately between 9%

and 18% for sample 1, between 9% and 14% for sample 2,

and between 9% and 12% for sample 3. Various mechanisms

such as Brownian motion,20 liquid layering at liquid/particle

interface, and nature of heat transport in nanoparticles21

have been proposed for explaining the enhancement of ther-

mal conduction of nanofluids using various assumptions.

Recently, it was shown that nanoparticle migration under

heating or cooling conditions can lead to a different dynamic

thermal conductivity in nanofluids.22

The results shown in Fig. 5 can be described in two

cases of low and high nanoparticle concentrations. In the low

nanoparticle concentrations (i.e., less than 500 ppm), the

thermal conductivity enhancement decreases from sample 3

to sample 1. This behavior may be related to the amount of

PVP which in sample 3 is higher than other samples. Higher

amount of PVP leads to a higher ratio of Ag nanoparticle

numbers to the Agþ ion numbers, which was also confirmed

by the UV-visible absorption spectra of three samples in

Fig. 3. On the other hand, in high nanoparticle concentra-

tions (i.e., more than 500 ppm) despite of larger Ag nanopar-

ticle numbers, the high concentration of PVP may behave

like a thermal resistance layer17 around the nanoparticles.

This can restrict the conductive behavior of Ag nanoparticle

and consequently reduce the thermal conductivity enhance-

ment of nanofluid.

In conclusion, a one-step method was developed to syn-

thesize Ag-PVP nanofluids having different concentrations

of silver nanoparticles. The non-agglomerated and stably

suspended silver nanofluids are obtained in a short time and

the UV-visible spectra, XRD, and TEM image confirm the

formation of crystalline silver nanoparticles dispersed in

PVP. It was showed that synthesized silver nanofluid has

superior thermal conductivity. It is also found that the

amount of PVP plays an important role in the thermal behav-

ior of prepared nanofluids. Finally, the synthesized silver

nanofluid in the present work may be used as an effective

coolant in the industry in place of the conventional fluids

that are currently in use.

Iran National Science Foundation (INSF) is gratefully

acknowledged for financial support of this work (Project No.

90007047).

1D. H. Yoo, K. S. Hong, and H. S. Yang, Thermochim. Acta 455, 66

(2007).
2H. E. Patel, S. K. Das, T. Sundararajan, A. S. Nair, B. George, and T.

Pradeep, Appl. Phys. Lett. 83, 2931 (2003).
3R. Chen, M. Ch. Lu, V. Srinivasan, Z. Wang, H. H. Cho, and A.

Majumdar, Nano Lett. 9, 548 (2009).
4R. A. Taylor and P. E. Phelan, Int. J. Heat Mass Transfer 52, 5339 (2009).
5Y. Li, J. Zhou, S. Tung, E. Schneider, and Sh. Xi, Powder Technol. 196,

89 (2009).
6S. Krishnamurthy, P. Bhattacharya, and P. E. Phelan, Nano Lett. 6, 419

(2006).
7M. M. Heyhat, F. Kowsary, A. M. Rashidi, M. H. Momenpour, and A.

Amrollahi, Exp. Therm. Fluid Sci. 44, 483 (2013).
8R. Saidur, K. Y. Leong, and H. A. Mohammad, Renewable Sustainable

Energy Rev. 15, 1646 (2011).
9O. Mahian, A. Kianifar, S. A. Kalogirou, I. Pop, and S. Wongwises, Int. J.

Heat Mass Transfer 57, 582 (2013).
10Y. Hwang, J. Lee, J. Lee, Y. Jeong, S. Cheong, Y. Ahn, and S. H. Kim,

Powder Technol. 186, 145 (2008).
11M. Liu, M. Ch. Lin, C. Y. Tsai, and Ch. Wang, Int. J. Heat Mass Transfer

49, 3028 (2006).
12S. Kumar, K. Meenakshi, B. R. V. Narashimhan, S. Srikanth, and G.

Arthanareeswaran, Mater. Chem. Phys. 113, 57 (2009).
13F. P. Incropera and D. P. DeWitt, Fundamentals of Heat and Mass
Transfer (John Wiley & Sons, 1996).

14Silver, CASRN 7440-22-4, US Environmental Protection Agency,

Integrated Risk Information System, Washington, DC, 1996.
15A. Ghadimi, R. Saidur, and H. S. C. Metselaar, Int. J. Heat Mass Transfer

54, 4051 (2011).
16T. Hong, H. Yang, and C. J. Choi, J. Appl. Phys. 97, 064311 (2005).
17A. Z. Dakroury, M. B. S. Osman, and A. W. A. EI-Sharkawy, Int. J.

Thermophys. 11, 515 (1990).
18T. X. Phuoc, Y. Soong, and M. K. Chyu, Opt. Lasers Eng. 45, 1099

(2007).
19U. Kreibig and M. Vollmer, Optical Properties of Metal Clusters
(Springer, Berlin, 1995).

20S. Jang and S. U. S. Choi, Appl. Phys. Lett. 84, 4316 (2004).
21P. Keblinski, S. R. Phillpot, S. U. S. Choi, and J. A. Eastman, Int. J. Heat

Mass Transfer 45, 855 (2002).
22Y. S. Na, K. D. Kihm, and J. S. Lee, Appl. Phys. Lett. 101, 083111 (2012).

FIG. 5. Thermal conductivity enhancement of Ag nanofluids in different
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