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Different Synthesis Methods of Copper Nanoparticles Used in Conductive Inks:

Effective Parameters on the Synthesis
Amir Rezvani Moghadam', Marziyeh Khatibzadeh*>
1- MSC. Student, Amirkabir University of technology, P. O. Box: 15875-4413, Tehran, Iran
2- Assistant Professor, Polymer and Coating Engineering Department, Amirkabir University of Technology, P. O. Box:
15875-4413, Tehran, Iran.

Abstract

Conductive inks are new generation of inks, , which have many applications in organic solar cells (OSCs), organic light
emitting diodes (OLEDs), antennas, radio frequency identifier (RFID) and electronic circuits. Silver and copper are typical
metals used in these types of inks. Nano silver ink is a good choice due to its resistance to oxidation. However, by
overcoming the oxidation problem of Cu inks, they can be an effective substitute for Ag inks for being less expensive and
having higher conductivity. Metal nanoparticles should be exposed to heat, after synthesis and loading in ink, in order to
make a uniform solid film and minimize its electrical resistance. Due to the high surface energy of metal nanoparticles, they
have a lower melting point than bulk metals. The reported temperatures for the melting point and sintering point of metal
nanoparticles is in the range of 200 degree of centigrade and due to this high temperature they cannot be applied on the
polymeric substrates. Among different chemical methods to synthesize copper NPs, the chemical reduction method is the
best from the point of different advantages like controlling the size and morphology of final NPs by varying the reaction
parameters such as surface protecting agent’s concentration, reducing agent’s concentration, temperature, pH and so on.
Generally it has been seen that by increasing the reducing agent and capping agent’s concentration the particle sizes
decrease and also increasing the reaction temperature and pH of the reaction causes more nucleus and results in smaller
particle sizes. In this study the mechanism of each parameter is studied.

Keywords
Metallic nanoparticles, Copper nanoparticles, Chemical reduction synthesis, Capping agents, Conductive inks, Conductive
coating.
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" Sintering
12 Non-metal materials with metallic-like surface
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! Organic Solar Cell

2 Organic Light Emitting Diodes

3 Radio-frequency identification

* Lithography

5 Etching

© Metal deposition

7 Electroplating

§ Inkjet

° Metallization (The  fabrication step in
interconnection of circuit elements is made)
1 Dispersion
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'S Mechanical grinding

16 Sodium borohydride

'7 Hydrazine

'8 Ascorbate

19 Polyol

20 Isopropyl alcohol

2! Cetyl Trimethyl Ammonium Bromide (CTAB)
22 Glucose
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! Aggregation
Bottom-up
* Top-down
* Cluster
5 Etching
% Chemical reduction
7 Micro emulsion
8 Sonochemical reduction
9 Electrochemical
1 Microwave-assisted
! Hydrothermal
12 Laser ablation
13 Vacuum vapor deposition
14 Pulsed Wire Discharge (PWD)
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! Multiple nucleation
% Hai-tao Zhu
* X-Ray Diffraction
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! Ultraviolet—visible spectroscopy (UV-Vis)
2 Surface Plasmon Resonance (SPR)

! Transmission Electron Microscopy
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> Fourier transform infrared spectroscopy (FTIR)
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