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1. Introduction – In the recent years, conductive inks based on nickel nanoparticles (NPs) have attracted

much attention as a low-cost replacement for the currently used silver and gold inks, for the fabrication of

printed electronic circuits and devices. Nickel NPs as a component of conductive inks should be stable

against oxidation process at all stages of preparation of conductive patterns: ink formulation and storage,

printing, and post-printing treatment. In the present study, the oxidation resistance of the Ag layer and the

conductive properties of the Ni core allowed the use of nickel-silver core–shell (Ni@Ag) NPs as the

component of conductive ink. Films composed of Ni@Ag NPs were deposited on a glass substrate and

then thermal sintering was used to transform non-conductive ink coating to conductive one. The highest

conductivity of Ni@Ag coatings was obtained after sintering at 350°C.

2. Results and Discussion – Ni@Ag NPs were formed in the two-step process: (1) the formation of

a dispersion of Ni nanoparticles; and (2) the transmetalation (galvanic displacement) reaction, where the

surface of the Ni NPs acted as the reducing agent of silver ions. In the optimal condition of synthesis,

Ni@Ag NPs with about 50 and 210 nm-diameter Ni core coated with a thin (~10-20 nm) silver shell,

were obtained. Finally, the stability of the Ni@Ag NPs was tested and the results indicate long-term

stability against aggregation and nickel oxidation process. The Ni@Ag NPs based ink properties were

optimized by using various types of wetting agents and solvents to obtain ink coating with high quality.

The ink with optimal wetting properties was prepared with 0.025% of TEGO WET KL 245 as the wetting

agent, which enabled the ability to obtain the uniform coating. Then, thick films composed of Ni@Ag

core-shell NPs were deposited on a glass substrate and sintered at temperatures ranging from 250°C to

370°C. The lowest value of resistivity (obtained after sintering at 350°C), calculated by multiplying the

thickness (~2.5 µm) by the value of sheet resistance (254±50 mΩ/□,), was 63 μΩ·cm, that corresponds to

11% of bulk nickel.

3. Conclusions – In the preparation of low-cost conductive ink formulation, Ni@Ag NPs were used as

a functional component. The conductivity of ink films deposited on the glass substrate after sintering

process at 350 °C was found to be 11% of that for the bulk nickel. The obtained results clearly indicate

that prepared metallic ink, based on Ni@Ag NPs, possess promising properties for its application in the

printing technology of circuit boards. Therefore, the conductive ink composed of those NPs can be

a convenient and low-cost material for the fabrication of conductive features.
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