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Abstract New bionanofluids containing Au nanoparticles

with different concentrations were prepared by chemical

reduction method. The nanoparticles were mixed with

biodiesel from soybean prepared using alkaline catalysts.

Thermal properties of biodiesel containing Au nanoparti-

cles with different volume percentage concentrations were

measured by mismatched dual-beam mode thermal lens

technique in order to measure the effect of the presence of

nanoparticles (φ = 13.3 nm) on the bionanofluids thermal

diffusivity. The characteristic time constant of the transient

thermal lens was estimated by fitting the experimental data

to the theoretical expression for transient thermal lens. The

thermal diffusivity of the bionanofluids (biodiesel con-

taining Au nanoparticles) seems to be strongly dependent

on the presence of nanoparticles. It was observed an

increase in the thermal diffusivity when volume percentage

of nanoparticles increased. A possible explanation for such

high thermal diffusivity of the biodiesel with Au

nanoparticles is given. UV–Vis spectroscopy and TEM

microscopy techniques were used to characterize the

bionanofluids.

1 Introduction

There is a need for alternative energy sources to petroleum-

based fuels due to the depletion of the world’s petroleum

reserves, global warming and environmental concerns.

Biodiesel is a clean and renewable fuel, which is consid-

ered the best substitution for diesel fuel [1]. Soybean is a

major crop throughout much of North America, South

America and Asia. The USA is the world’s greatest soy-

bean producer with approximately 32 % of the total

production followed by Brazil with 28 %. Soybeans con-

tain approximately 18–20 % oil compared to other oilseed

crops such as canola (40 %) and sunflower (43 %) [2].

Soybean oil is currently a major feedstock for production

of biodiesel (NBB). The most common method of biodiesel

production is a reaction of vegetable oils or animal fats

with methanol or ethanol in the presence of sodium

hydroxide (which acts as a catalyst). The transesterification

reaction yields methyl or ethyl esters (biodiesel) and a

byproduct of glycerin [3]. In addition to biodiesel pro-

duction, soybeans can be used to produce ethanol. Soybean

hulls contain significant amount of carbohydrate for etha-

nol production, and producers prefer to use soybean hulls

for animal feeding because of its high protein content [4].

Although, biodiesel is usually seed as a blend with petro-

diesel at varying ratios, it can also be used to fuel com-

pression ignition engines alone. The results of engine

emission tests showed that use of biodiesel alone produced
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less emissions of CO, HC, NOx and smoke than petro-

diesel [5].

Recent advances in nanomaterials and nanotechnology

have led to the development of new class of heat-transfer

fluids containing nanometer-sized particles called

nanoparticles (NPs) typically made of carbon nanotubes,

metals or oxides. Nanofluids are suspensions of nanopar-

ticles with average sizes below 100 nm in a base fluid such

as water, ethylene glycol and oil. Compared with the base

fluid, nanofluids have distinctive properties that make them

attractive in many applications such as pharmaceutical

processes, transportation industry, thermal management of

electronics, fuel cells, boiler flux gas temperature reduction

and heat exchangers. [6, 7].

In the last years, photothermal techniques have been

used in a wide range of scientific areas to study several of

materials physics including transport and thermal prop-

erties. Regarding thermal properties, the thermal lens (TL)

technique is employed for thermal characterization of

several materials by measuring their thermal diffusivity

(D). A TL occurs when energy absorbed from a Gaussian

beam produces local heating within the absorbing medium

around the beam axis. In such experiment, the sample is

exposed to a laser beam, which has a Gaussian profile and

it causes excitation of the molecules along beam path.

Thermal relaxation of the excited molecules dissipates

heat into the surroundings, thereby creating a temperature

distribution that produces a refractive index gradient

normal to beam axis within the medium. This acts as a

diverging (negative) or convergent (positive) lens so

called as TL [8]. This TL technique is a high-sensitivity

and nondestructive optical technique and thermal prop-

erties of transparent samples with an enhanced accuracy,

for solid samples and fluids. Recently the TL technique

was used to measure the thermal diffusivity of nanofluids

with different solvents, being observed that the thermal

diffusivity values of the base fluids was enhanced by the

presence of gold nanoparticles [9]. TL was successfully

used to measure the thermal diffusivity of diverse veg-

etable oils [10]. In this work, thermal diffusivities of

soybean biodiesel containing nanoparticles of Au using a

dual-beam mismatched-mode TL experimental setup is

reported.

2 Theory

The theoretical treatment of the thermal lens effect takes

into account the spherical aberration of the thermal lens

and considers the whole optical path length change with

temperature. Shen et al. developed the infinitive aberrant

model for the mode-mismatched configuration, using the

two boundary conditions ΔT (r, 0) = 0, (r\∞) and ΔT (∞,
t) = 0 (t[ 0), the temporal evolution of the temperature

profile ΔT (r, t) induced by the TL in the sample is given by

Shen et al. [8].

The temperature increase, which carries a Gaussian

profile, induces a slight distortion in the probe beam wave

front that can be associated with the change in the refrac-

tive index of the sample with respect to the axis of beam, as

follows:

Ukp
2p

¼ l0
dn

dT
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DT r; tð Þ � DT 0; tð Þ½ � ð1Þ

In which U is the phase shift induced when the probe

beam passes through the TL, kp is the probe beam wave-

length, l0 is the sample thickness and (dn/dT)p is the

temperature dependence of the refractive index of the

sample. Finally, using the Fresnell diffraction theory, the

probe beam intensity at the detector plane can be written as

an analytical expression for absolute determination of the

thermo-optical properties of the sample, as [8]:
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In Eq. (1), I (0) is the signal intensity when either t or θ

is zero; θ is proportional to the induced phase shift dif-

ference in the probe beam after it passes by the heated area

of the sample and the equation for θ is [8]:

h ¼ �PeAL

kkp

dn

dT
ð3Þ

where Pe (40 mW) is the incident power, A (cm−1) is the

sample’s absorption coefficient, λp (632.8 nm) is the

wavelength of probe beam, L (1 cm) is the cuvette thick-

ness, k (W/K cm) is the thermal conductivity, dn/dT (K−1)

is the refractive index temperature coefficient and tc is the
so-called characteristic time constant of the TL effect’s

formation, which is defined as tc = ωe
2/4 D with

ωe = 3.98 ± 0.02 9 10−3 cm the spot size of the excitation

laser beam at the sample; D is the thermal diffusivity

(D = k/ρc, where k is the thermal conductivity, ρ is the

density and c is the specific heat of the nanofluid);

m = (w1p/we)
2, with w1p (cm) being the probe beam’s

radius in the sample position and V = Z1/Zc, with Z1 (cm)

being the distance between the minimum beam waist and

the sample position; Zc = π ωop
2 /λp, with ωop (cm) being the

minimum probe beam radius; the values of m and V are

constants.

Prior to the experiments on nanofluids, the TL setup was

calibrated using distilled water as a sample, resulting in the

following values: m = 22.54 ± 0.01, V = 0.62 ± 0.01.
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3 Materials and methods

3.1 Production of biodiesel by transesterification
of refined soy oil

The reaction of transesterification was carried out in a

250-ml Erlenmeyer flask containing 452 g of soy oil. This

was conducted at 45 °C, under magnetic stirring at 250 rpm

with an oil (4.80 mol) to methanol (1.60 mol) ratio constant

of 1:3. Sodium hydroxide solution (1.0 %, w/w) was used

as catalyst. The catalyst was dissolved into methanol

according to the oil to alcohol (1:3, mol:mol). The oil was

heated up to reaction temperature in Erlenmeyer flask, and

once the alkali got dissolved, the alcohol–alkali mixture

was added to the oil, and the reaction transesterification

was allowed for 60 min. This sample was allowed to settle

overnight in a separating funnel by gravity, settling into a

clear, golden liquid biodiesel on top with the light brown

glycerol at the bottom. On the second day, the glycerol was

drained off from the bottom of the separating funnel. The

raw biodiesel was washed with water three times to remove

the unreacted catalysis and glycerol. To get a pure bio-

diesel, this was purified in a rotary evaporator to remove

any excess methanol.

3.2 Preparation of metallic bionanofluids

In order to obtain biodiesel containing gold nanoparticles,

the gold nanoparticles were first synthesized by borohy-

dride reduction of aqueous HAuCl4·3H2O solution

(0.0013 M) in a manner analogous described by Patil et al.

[11]. This results in a clear reddish aqueous colloidal

solution containing gold nanoparticles of 3.2 nm average

size. To 10 ml of the gold colloidal solution thus prepared,

solution of octadecylamine (ODA, 0.013 mmol) in bio-

diesel (10 ml) of soy oil was added to yield immiscible

layers of the colorless organic solution on top of the

aqueous solution. Vigorous shaking of the test tube resulted

in transfer of the gold colloidal nanoparticles into the

biodiesel, and this was observed by the red coloration on

the biodiesel—and a corresponding loss of color of the

aqueous phase when the two layers separated out. The

process of washing with ethanol removes uncoordinated

ODA molecules from biodiesel. Finally, the bionanofluid

(which are mixture of gold nanoparticles in a biodiesel)

was placed in a quartz cuvette of 1 cm thick for the optical

and thermal measurement. Bionanofluids with percentage

by volume of gold nanoparticles were 0.027, 0.013, 0.0087,

0.0067, 0.0054 and 0.0045 vol/%. The metallic bio-

nanofluids were stable for months without significant

changes in the spectral pattern. All the experiments were

performed at room temperature and subjected to ultrasonic

processing prior to each measurement.

3.3 Characterization

A Shimadzu UV-3101PC double-beam spectrophotometer

with slit wavelength of 2 nm and light path length of 1 cm

was used to record the absorption spectra of the bio-

nanofluids. Particle sizes and size distribution were

evaluated by transmission electron microscopy (TEM),

using JEOL-JEM200 microscope. For TEM observations, a

drop of aqueous colloidal solution of gold nanoparticles

was spread on a carbon-coated copper microgrid and dried

subsequently in vacuum.

4 Results and discussion

Figure 1 shows the morphology of the nanoparticles. In

Fig. 1a, the TEM image of the gold nanoparticles, which

mean diameter of 13.3 nm, is observed. Au nanoparticles

are spherical in shape. The histogram for nanoparticle

distribution is shown in Fig. 1b.

The optical absorption spectrum of biodiesel oil had a

peak absorption peak around 230 nm and two bands at 270

and 285 nm in the UV region (Fig. 2). The typical optical

absorption spectrum of the gold nanoparticles solutions

shows a peak absorption band at 360 nm and a broad band

around 523 nm. The absorption peak of lower energy is

generally assigned to the surface plasmon resonance (SPR)

of spherical gold nanoparticle [12].The blends of biodiesel

oil and gold nanoparticles are intermediate between the two

components with sharp peaks at 344 nm for bionanofluids

with 0.0045 vol/% of Au NPs, 350 nm with 0.0054 vol/%

of Au NPs, 351 nm with 0.0067 vol/% of Au NPs, 352 nm

with 0.0087 vol/% of Au NPs, 353 nm with 0.013 vol/% of

Au NPs, 356 nm with 0.027 vol/% of Au NPs and broad

bands at around 523 nm.

From this figure, we observe that with the increase in Au

NPs concentration in the bionanofluids, the intensity of the

peak around 523 nm increased. This is not surprising, since

a large number of nanoparticles provide higher surface for

surface plasmon resonance.

Figure 3 shows a typical transient thermal lens signal

evolution for soybean biodiesel with an Au nanoparticle

concentration of 0.013 %. The experimental TL signal is

represented by open circles, while the solid line corre-

sponds to the best fit of Eq. (1) to experimental data,

leaving θ = 3.9 ± 0.01 9 10−2 and tc = 19.5 ± 0.3 9

10−4 s as adjustable parameters and D = (22.9 ± 0.3) 9

10−4 cm2 s−1 as best fitting parameter values. In a similar

Synthesis and thermal properties of new bionanofluids containing gold nanoparticles Page 3 of 6 925

123



way, from the best fit of Eq. (2) to the experimental data,

the thermal diffusivities of the other nanofluid samples

were obtained at room temperature: D = (24.1 ±

0.5) 9 10−4 cm2 s−1, D = (20.9 ± 0.4) 9 10−4 cm2 s−1,

D = (19.9 ± 0.3) 9 10−4 cm2 s−1, D = (18.2 ± 0.3) 9

10−4 cm2 s−1 and D = (17.3 ± 0.5) 9 10−4 cm2 s−1, for

samples with Au nanoparticle concentrations 0.027,

0.0087, 0.0067, 0.0054 and 0.0045 %, respectively. The

thermal diffusivity values obtained for biodiesel with gold

nanoparticles are (slightly) higher than the one of pure

biodiesel, 16.3 ± 0.2 9 10−4 cm2 s−1 (the reported value

in the literature for pure biodiesel is 14.0 9 10−4 cm2 s−1

[13–15]). The increment in the thermal diffusivity goes from

6 to 47 % for the different Au nanoparticle concentrations

(Table 1). There is a significant increase in thermal diffu-

sivity with increasing Au nanoparticle concentration, for all

measured suspensions.

The observed increase in the thermal diffusivity can be

attributed to the great thermal diffusivity of the Au

nanoparticles contained in the biodiesel (oil). Many authors

have reported that the enhancement in the thermal diffu-

sivity of oleic acid is attributed to the thermal diffusivity of

individual carbon nanotubes for suspensions with 0.5 %

with an increase in thermal diffusivity of 20 % [7]. On the

other hand, for 1.0 vol% nanotubes, the increase was 136 %

[16]. Moreover, an enhancement of 70 % for 0.1 wt% of

nanodiamonds in mineral oil is reported by Taha-Tijerina

et al. [17].

In the literature, authors have pointed out many causes

for the thermal increase in nanofluids. It is possible to list

some physical reasons to explain this improvement in the

heat transfer performance of nanofluids as follows: (1) The

suspended nanoparticles increase the surface area and the

heat capacity of fluid; (2) the suspended nanoparticles

increase the effective thermal conductivity of the fluid; (3)
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the interaction and collision among particles, fluid and the

flow passage surface are intensified; (4) the mixing fluc-

tuation and the turbulence of the fluid are intensified; and

(5) the dispersion of nanoparticles slightly modifies the

transverse temperature gradient of the fluid [7].

As mentioned in the previous paragraph, there are many

causes for the temperature increase in nanofluids with

many parameters that affect the thermal conductivity.

However, the traditional models available are not able to

account all the differences. The classical Maxwell [18]

equation is used for predicting thermal conductivity for

micro-sized suspension; Bruggemans [19] equation is used

for high volume fraction, whereas Hamilton and Crosser

[20] include the effect of shape of nanoparticle. The

Maxwell equation was modified by Yu and Choi [21] to

include the effect of liquid layering and a model with sum

of Maxwell, and terms accounting Brownian motion were

presented by Koo and Kleinsteuer [22]. All the equations

available in the literature are inefficient to account all the

parameters affecting the thermal conductivity of nanoflu-

ids. In this paper, a new model is under study for thermal

conductivity estimation of nanofluids prepared with veg-

etable oil. The combined effect of all the factors of Au such

as the size, diameter of the particles, thermal conductivity,

volume fraction and base fluids has been studied. In a

previously published paper [23], the Kumar model [24]

was used in order to determine the thermal diffusivity of

biodiesel C4 incorporating Au nanoparticles and the

effective enhancement. However, the model was valid only

for smaller concentrations. Therefore, the new theoretical

model is being developed in order to explain the nonlinear

behavior and diffusion mechanisms of metallic nanoparti-

cles incorporated into biodiesel due to anomalous effects.

5 Conclusions

The thermal lens has been used to determine the thermal

diffusivity dependence with Au nanoparticles concentra-

tion suspended in soybean biodiesel. 6–47 percentage of

enhancement relative to pure biodiesel was observed for

bionanofluids (biodiesel containing Au nanoparticles). It is

concluded that the thermal properties and good dispersion

ability of Au nanoparticles contributed to the significant

improvement in the effective thermal diffusivity of the

bionanofluids analyzed.
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