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Abstract - This paper presents a one step method for the
preparation of stable, non agglomerated copper nanofluids by
reducing copper nitrate with sodium sulfite as reducing agent
in ethylene glycol as base fluid by means of conventional
heating using sodium lauryl sulphate (SLS) in the form of a
surfactant. This method gives very large quantity of product in
a very less time. The methods used for carrying out this
characterization process of the nanofluids are X-ray
diffraction (XRD) topography; Ultraviolet-visible analysis and
Fourier transform infrared spectroscopy (FT-IR). Nano
technology is a developing technology of this era. Here also
describe examples of potential application and benefits of
nanofluids and future research.
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1. INTRODUCTION

This paper presents a procedure for preparing a nanofluids
which is a suspension consisting of nanophase powders and
a base liduid.By means of the procedure, some sample
nanofluids are prepared. Nanofluids are a combination of
particles between 1and 100 nanometers a surfactant and the
base fluid. These nanofluids improve the heat transfer of the
base fluids. The base fluid can be ethylene glycol, or
propylene glycol, or an aliphatic hydrocarbon and water, oil,
based heat transfer fluid[!l2. Therefore fluids containing
suspended solid particles are reasonably expected to have a
higher thermal conductivity than pure fluids(3l. Nano fluids
containing metallic or non-metallic particles and it’s typically
made of metals, oxides, carbides, or carbon nanotubes.

Nanofluids having suspensions of nanometer sized particle,
this suspension of nano metric sized particles in fluid is
called nano-fluid*/5. When the nanoparticles are properly
dispersed, nanofluids can offer numerous benefits. For
example 0.3 vol% copper nanoparticles dispersed in
ethylene glycol is reported to increase its inherently poor
thermal conductivity by 40%!6-]

Hence the development of a new method for the preparation
of copper nanofluids is inevitable [10-12]. With all these idea in

mind, an attempt has been made in the presentinvestigation
to synthesize copper nanofluids by a one-step method using
copper nitrate as a source for copper nanoparticles, ethylene
glycol as base fluid and sodium sulfite as reducing agent by
means of conventional heating.

In the one-step method, copper nanofluids of metallic copper
dispersed in ethylene glycol are prepares using sodium
sulfite as the reducing agent and conventional heating is
carried out. The method is a unique one, where preparation
of nanoparticles combined with the preparation of
nanofluids and hence the process of drying, storage,
transportation and redispersion of copper nanoparticles is
avoided and ultimately it reduces the production cost as
well.

2. EXPERIMENT

2.1 Preparation of copper nanofluids

All the regents used in our experiments were of analytical
purity and were used without further purification. In this
procedure 25ml ethylene glycol solution was takes in a 500
ml beaker. To this 15ml of (0.1M) copper nitrate, 50 ml of
sodium lauryl sulphate (SLS) surfactant and 100 ml water
was added. The reaction mixture was subjected to magnetic
stirring for 15 min in a magnetic stirrer\heater. Then 30 ml
of sodium sulfite was added and the magnetic stirring was
continued for another 30 minute the colour of the mixture
turned. Copper nanofluid was obtained after cooling the
reaction mixture to room temperature. To hasten the
reaction, few drops of dilute sulphuric acid were added and
this can be neutralized by the addition of an equal amount of
dilute ammonia.

2.2 Characterization

Characterization of the copper & ferrous nanofluid was done
by X-ray diffraction topography, UV-visible analysis, and
Fourier transforms infrared spectroscopy (FI-IR).
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2.2.1 X-ray diffraction topography

Copper & ferrous nanofluid was diluted with absolute
followed by centrifugation at 4000 rpm for 60 min. It was
then washed with absolute ethanol and acetone. Further it
was vacuum dried at 80° C for 2 h.
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Fig-1: XRD pattern for 0.1conc. Copper nanofluids
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Fig-2: XRD pattern for 0.1conc. Ferrous nanofluids.
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Fig-3: XRD pattern for 0.3conc. Copper nanofluid.

© 2017,IRJET | ImpactFactorvalue: 5.181 |

IS0 9001:2008 Certified Journal |

6.0e+004

5.0e+004

4 0e+004

3.0e+004

Intensity (cps)

2 0e+004

1.0e+004

0.0e+000

T T T T
20 40 60 80
24heta (deg)

Fig-4: XRD pattern for 0.3conc. Ferrous nanofluid.
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Fig-5: XRD pattern for 0.5conc. Copper nanofluid.
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Fig-6: XRD pattern for 0.5conc. Ferrous nanofluid.
2.2.2 Fourier transforms infrared spectroscopy

A 510P FT-IR spectrometer was used to identify the
ingredients of the reaction solution. The nanofluids were
centrifuged at 16,000 rpm for 60 min and supernatant used
for FT-IR analysis. Copper is an inorganic species, which
shows characteristic. Absorption that can be identified
qualitatively by UV-vis spectroscopy.

Page 1745



‘,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 04 Issue: 06 | June -2017 www.irjet.net p-ISSN: 2395-0072
1 1
13 146.480m-1, 319%T
1 1|
11282%0m, 054547
9 u 163362m-1, 1227
1
79350cm-1, 0034T S5L00cnp1, 00157
4
T 4120001, 007%T
8
61
' 176832m1, 22T
5 &
S 5 >
1647.18cm-1, 4.95% 12605, 0BT
4
3 1468. EGEm‘-l 378%T 4
883001, 00347
2
2 31855001, 01T
L I
111589
9 1026500 r
b 1214050m-1, 0 96%T 626.750m-1, 0 58T ol ) } } } } : —
4000 3500 3000 2500 2000 1500 1000 500 400 4000 3500 3000 2500 2000 1500 1000 500 400
om-1 om-1
Name Description Name Description
copper nitrate 0.1 conc.  Sample 057 By Administrator Date Wednesday, April 12 2017 ferrus Sulphate 0.3 Conce. ~ Sample 059 By Administrator Date Wednesday, April 12 2017
Fig-7: FT-IR spectrum of (0.1) copper nanofluid. Fig-10: FT-IR spectrum of (0.5)copper nanofluid.
3 4
41904, 14408 4509001, 14STHT
58310m-L, 137247 4
| 1456 06cm1, 16675
Y 42145em-1, 204967
35
S16.37cm, 164197
3 987.97cm:1, 53T
1, fa8sT
3 12276%m1, 8414
25| 16%.30m1, 1183 1467.000m-1, 1800%T
25
-
L2 s 2 1614350m, 1293
b} 2955.27em-1, 43847
15 5 222281, 1087
289138m-1, 3007 o P
1 UE8Lom-1 06247
1 om-1, 145367
BR0TTem-L 21361 252024, |87y
137801om, 227341 5 1384160m-, 180T
A T, 19967 2852 T 1, L4GHT 106604om, B6I%T
112677, 7.33%T 0
595.520m-1, 7.20%7 [ - b
0] et 4000 3500 3000 2500 2000 1500 1000 500 400
41 ; ; ; : , y — om-1
AfOOO 3500 3000 2500 2000 1500 1000 500 400 Name Description
om-1 copper Nitrate 0.5 conc.n - Sample 057 By Administrator Date Thursday, Apri 13 2017
Name Description
——— Ferrus Sulphate 0.1 conce. 1 Sample 058 By Administrator Date Wednesday, April 12 2017
Fig-11: FT-IR spectrum of (0.3)ferrous nanofluid.
Fig-8: FT-IR spectrum of (0.1) ferrous nanofluid.
5.
4
2 45
4
4
3
35
3
3
& TSI IUST g e a7 ) 16L020m, 1067
[
- s
3 2 830.000m-1, 0047
163061om-1, 01167
15 3137.000m+1, 0.00%T
1384 110m, 357947 15
| 25101, 16,0457
/ 2922.00cm-1, 12.84%T
3401.12cm-1, 11.38%T 1065.93m-1, 10.98%T L
623501, 0037
3369.89cm-1, 118467 057
0. '84
1 0l T T T T T T —
000 350 3000 250 2000 1500 1000 500 400 4000 0 a0 50 a0 1500 1000 50 400
com-1 om-l
Name Description Name Description

copper nitrate 0.3 conc._L - Sample 058 By Administrator Date Wednesday, April 12 2017

Fig-9: FT-IR spectrum of (0.3)copper nanofluid.
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Fig-12: FT-IR spectrum of (0.5)ferrous nanofluid.
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2.2.3 UV-visible analysis

Visible and ultraviolet spectrometers or visible and
ultraviolet spectrophotometry is routinely used in analytical
chemistry for the quantitative determination of different
analysis.

% transmittance
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Fig-13: Analysis pattern of copper nanofluid by UV-vis
method.

3. RESULTS AND DISCUSSION

A preparation method of nanofluids has been developed.
With this method, several sampled nanofluids have been
prepared by directly mixing nanophase powders and base
fluids, which reveals the possibility of practical application of
the nanofuid.

3.1 Data resulting from X-ray diffraction
topography studies

The X-ray diffraction topography pattern of the copper
nitrate sample is shown in Fig.1. Fig.3. and Fig.5.Diffraction
peaks can be indexed to those of pure face centered cubic,
corresponding to the number of peaks is 10 in Fig.1,
corresponding to the 36.229,93350,0,1.114. Similarly Fig.3
and 5 number of peaks 16 and 11 in here and its maximum
peak 36.560,1114333.3,0200 in fig.3.and
36.567,353883.3,0.593 in fig.5.

Similarly in ferrous sulfate the X-ray diffraction topography
pattern of the sample is shown in Fig.2, 4 and 6 respectively.
It can be seen from XRD analysis, that the pattern
corresponding to the ferrous sulfate nanofluids solution
resembles the pattern of copper nitrate. The diffraction peak
corresponding to the Fig.2 and 4 is same 46.477,54850.0 and
in Fig.6 25.387,55141.7

3.2 Result of FT-IR spectra

The FT-IR spectra for the analytical copper nanofluids
solution and for ferrous sulfate nanofluids solution are
shownin Fig 7,9,11 and Fig.8, 10, 12 respectively. Fig.7(0.1)

Conc. Number of peaks is 14 and maximum peak area/height
1515(cm™1)/7.29(%T) ,Fig.9.(0.3)Conc. Number of peaks is
10 and maximum peak area/height 1465.97(cm-
1)/35.50(%T), Fig.11.(0.5)Conc. Number of peaks 9 and
maximum peak area/height 1227.63(cm1)/18.41(%T) for
copper nanofluid solution and Fig.8(0.1)Conc. Number of
peaks is 25 and maximum peak area/height 409.93(cm-
1)/25.97(%T) ,Fig.10(0.3)Conc. Number of peaks is 11 and
maximum peak area/height 1466.48(cm1)/3.19(%T) and
Fig.12(0.5)Conc. Number of peaks is 4 and maximum peak
area/height 1461.02(cm1)/1.06(%T) for ferrous nanofluid
solution. It can be seen from the FT-IR analysis, that the
spectrum corresponding to the copper nanofluids solution
resembles the spectrum of ferrous nanofluids solution.

3.3 UV-visible analysis

The result of UV-visible analysis shown in Fig.13. The peak at
972.0 A (nm) in the visible region shows the existence of
copper. Furthermore, the shape of the absorption 0.828 band
illustences uneven distribution above and below the peak
maximum.

3. CONCLUSIONS

A one step method was developed for preparing copper
nanofluids by reducing copper nitrate using sodium sulfite
asreducing agent and ethylene glycol as base fluid by means
of conventional heating. This one-step method for preparing
copper nanofluids is advantageous over other more
conventional methods due to the following reasons.
e Itisanin situ, one-step method.
e Non-agglomerated and stably suspended copper
nanofluids are obtained.
e Copper & ferrous nanofluids can be synthesized ina
short time.
e This method is economical.
e The synthesized copper nanofluid has superior
thermal conductivity properties when compared
with conventional engine coolant fluids.
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