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Abstract:

A novel and efficient strategy was established to synthesize Ag-Cu alloy doped with Poly Ortho-toluidine
nanocomposites. The Ag-Cu alloy is synthesized by co-reduction method and doping is done by physical
immobilization technique. Different analytical techniques were used to confirm the elemental and
structural composition as well crystallite size and polymer coating. The mean crystallite size was found to
be 33.77 nm by using Debye Scherrer’s formula from XRD results. The polymer is well coated on silver
copper alloy confirmed by SEM. Hence, the prepared nanocomposite might be a potential material for
thermal conductivity enhancement.
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enhanced by addition of materials like Ag, Au, Si
. INTRODUCTION and carbon nanotubes (SWCNT, DWCNT and
MWCNT ) etc [3]. S. Abbasi [4] prepared Ag-Cu
based nanofluid and observed high thermal
conductivity. Das and Ghosh [5] fabricated Ag-
Cu based stable nanofluid and achieved very
good heat transfer rate. Though, bimetallic
nanofluids have good stability. However,
stability can further be improved by addition of
polymers like Polyvinyl chloride (PVC), Caster
oil etc. Pot has high electrical and thermal

Highly efficient coolants are necessary in many
applications such as transportation, power plants,
electronic devices and solar panels. However,
conventional fluids have become incompetent
due to issues like low thermal conductivity.
Therefore, nanofluids consist of solid nanometer
(1-100nm) sized particles dispersed in base fluids

like water; ethylene glycol and oil etc. were o ) ) ) A
introduced. It was found that nanofluids are conductivity along with very high dispersion

beneficial to augment the heat transfer capability stability which makes it a very good choice for
[1]. doping metals to enhance their thermal and

physical properties.

Hence, the purpose of this study is the synthesis
and evaluation of Ag-Cu alloy doped with Poly
Ortho-toluidine by considering nanoparticles
shape, size and volume fraction which can be
used for thermal conductivity.

Metals, metal-oxides and carbon nanotubes have
immense thermal conductivity which makes
them preferable but they lead to clogging in
common base fluids and are less stable [2].
Among metals, Cu shows high thermal
conductivity but low stability and reactivity. As a
result, Cu based nanofluids have low shelf life.
The stability of Cu based nanofluids can be
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II. METHODS AND MATERIALS

A. Chemicals

Copper Nitrate Cu(NOs3),.3H,0, Sodium Poly-
Acrylate, Sodium Borohydrate (NaBH,), Silver
Nitrate (AgNOs3), O-Toluidine, Sulfuric acid
(H,SOy), De-ionized water and Ammonium per
sulfate are purchased in Pakistan. All these
chemicals were analytical grade and were used
without additional purification.

B. Synthesis of Silver-Copper Nanoparticles

Silver Copper nano alloy were manufactured via.
modified co-reduction method adjusting the
molar ratio Ag:Cu as 3.6:1 at room temperature
[6]. First, the solution of 0.6M Copper Nitrate
and 0.6M Sodium Polyacrylate were prepared
separately in 10ml deionized water. Then, both
solutions were merged and stirred for one hour
with the aim of control the size and morphology
of nanoparticles. After that Solution of 1.668M
Sodium Borohydrate prepared in 10ml deionized
water was rapidly injected in above solution at
constant stirring for 20minutes. Then, 2.16M
Silver Nitrate dissolved in 10ml deionized water
and stirr further for 30-40min at 350rpm and
precipitates were washed out with ethanol via.
centrifugation to remove residuals [6].

C. Orthotoluidine Coating

The fabricated Silver Copper nanoalloy was
coated with Orthotoluidine through physical
immobilization method. Orthotoluidine (1M) act
as monomer was dissolved in deionized water
followed by mixing the H,SO4 (1M) in above
suspension solution and stir for 30 minutes.
Then, another solution of AgCu (0.43M) is
prepared by using acetone. Both solutions were
mixed together and put on stirring for one hour.
After one hour the polymerization reaction is
performed by adding the oxidant ammonium per
sulfate (0.5M) solution drop wise under vigorous
stirring at room temperature. Later, the obtained
dark green precipitates were washed out by
centrifugation to remove impurities by using
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acetone. After three times of washing, the
precipitates are put in oven at 40°C for 20 hours
to get resultant particles.

III. RESULT AND DISCUSSIONS

D. Phase Identification

Figure 1 represents the XRD spectrum of Ag-Cu-
POT nanocomposites.
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Figure 1: XRD spectrum of Ag-Cu-POT nanocomposites

The obtained XRD pattern showed seven broad
peaks at different diffraction angle i.e.,
20=38.24°, 44.71°, 64.70° and 77.51° belongs to
FCC structure of metallic Ag with miller indices
(111), (200), (220) and (311) respectively that
were well matched with (JCPDS no.04-0783)
and 20=43.86°, 50.22°, and 73.81° revealed FCC
crystal structure of metallic Cu with miller
indices (111), (200) and (220) respectively that
were consistent with (JCPDS no. 89-2838). The
peaks of POT appeared at angle between 20°-28°.
The crystallite size (D) of prepared sample was
evaluated by using Debye Scherrer equation:

b= BcosO
Where $3,6,A,and D corresponds to full width at
half maximum (FWHM), diffraction angle,
wavelength and crystallite size and k represents
the Scherrer constant which is (0.90) for
spherical particles. The mean crystallite size was
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found to be 33.77 nm.

E. Compositional analysis
FTIR spectrum of Ag-Cu-POT nanocomposites
given in Figure 2.
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Figure 2: FTIR spectra of Ag-Cu-POT

A strong and broadband peak obtained at 3,250-
3,450 cm™! resembles to the stretching bond of
O-H, representing the presence of hydroxyl
groups and water molecules. The second weak
bond was observed at 292987 cm’
corresponding to alkenyl's C-H stretching bond
vibration [7]. Another sharp and strong peak was
observed at 2357.15 cm’' belongs to carbon
dioxide. This is due to the fact that carbon
dioxide is present in the atmosphere around and
absorbed by the material [8]. A medium but
sharp peak at 1631.77 cm™ can be indorsed to the
C=0 stretching band vibration. The reason is that
carbon mono-oxide (CO) gas is usually adsorbed
on the surface of the metal nanocomposites [9].

The stretching vibration bond of the metal-metal
ion (Ag-Cu) band can be seen at 470.63 cm’!
[10]. No characteristic band can be attributed to
Cu—O-C or Ag—O-C, which suggests that there
is no strong interaction between Ag-Cu
nanocomposites. The band at 1444.68 cm™ and
775.38 cm™ correspond to the bending of C-H
vibration alkane methyl group. The peaks
appeared at 1444.68 cm™ , 1242.15 cm™ and
105891 c¢m ! correspond to C-H (alkane)
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bending, an amine group (C-N) stretching and C-
O stretching respectively [11]. The other peaks
bands are located at 648.08 cm™ and 470.63 cm™
which might be the indication of the presence of
metal to metal bonding [12].

The presence of band at 470.63cm™'displays not
only the reduction of Cu and Ag ions by the
hydroxyl group of POT, but also specifies POT
as a capping agent.

F. Surface Morphology
SEM analysis was used to determine the surface
morphology of the Ag-Cu-POT nanocomposites,
which was depicted in Figure 3.

20kv  X2,500 10pm 6490 27/JUL/21
Figure 3: SEM image of Ag-Cu-POT at 10um

This result showed the spherical agglomeration
which indicates that the Ag-Cu nanoparticles are
surrounded by polymer chains (POT). In other
words, due to the physical immobilization, the
polymer gets coated onto the surface of the Ag-
Cu nanoparticles, resulting in  improved
performance [13]. SEM images demonstrated
both crystalline and amorphous structure of
prepared Ag-Cu-POT sample.

IV. Conclusions

Silver Copper alloy doped with Poly Ortho-
Toluidine nanocomposites were successfully
synthesized via simple and efficient method
which is  co-reduction and  physical
immobilization. XRD results revealed the crystal
structure and average crystallite size of 33.77 nm
of prepared sample. SEM results showed both
crystalline and amorphous structure of resultant
nanocomposites. Hence, the prepared
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nanocomposite can be used to prepare suitable
nanofluid for enhancing the thermal conductivity
in automobiles
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