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Abstract

Project Code : MRG5180121
Project Title : Powder Metallurgy of Silver Nanoparticles for Jewelry Making
Investigator : Assist. Prof. Pimthong Thongnopkun

Faculty of Gems, Burapha University Chanthaburi Campus
E-mail Address : pimthong@buu.ac.th, t_pimthong@hotmail.com

Project Period : 2 years

Silver nanoparticles with particle size in the range 10 — 250 nm were synthesized by
chemical reduction. To create the nano-silver clay, the nano-sized silver powder was simply
mixed with water and organic binders. The most preferable moldable mixture contains 97% by
weight of nano-silver powder, 2% by weight of methyl cellulose, and 1% by weight of sodium
dodecyl sulfate surfactant. The obtained nano-silver clay possesses a gum-like texture with
gray-brown color. Because of its rubbery and tackiness nature, the nano-silver clay can be
shaped into complex forms by hand or by any sculpturing devices. After drying, the silver
nanoparticles can be sintered while the shaped nano-silver clay becomes a continuous silver
body. Differential thermal analysis (DTA) indicates that the temperature for inter-particle melt-
connecting (sintering) of the clay is approximately 302 °C. The evolution of microstructure in the
sintering process was observed by a scanning electron microscope (SEM). The effects of
heating temperature, heating rate and holding time during sintering process were investigated.
The results indicated that a heating temperature of 600-800°C, heating rate of 20°C/minute, and
a holding time of 60 minutes were the optimal conditions for fabricating silver jewelry from the
developed nano-silver clay. As an alternative means for jewelry making, the nano-silver clay
can also be applicable in various jewelry body fabrications. These advantage features can be
exploited as novel techniques for fabrication of complex silver jewelry bodies that cannot

accomplished by the conventional technique.
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Powder Metallurgy of Silver Nanoparticles for

Jewelry Making
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ABSTRACT - silver nanoparticles were successfully synthesized using chemical reduction
method in aqueous solution. The particles were precipitated and dried in order to make nano-
silver powder. SEM images show their size in the range of 50 — 200 nm. Silver nanoparticles
powder was mixed with organic binder and water to be nano-silver clay. The clay can be shaped
like any soft clay, by hand or using moulds, Sintering temperature of the synthesized nano-silver
clay is 300 °C which is lower than that of commercial silver clay. The synthesized nano-silver clay
becomes silver metal after firing at 600 °C for 30 min. It can be applied for jewelry and art.
works. )

KFEY WORDS - sitver nanopanicleé,'Siﬁver clay, Sintering temperature, Jewelry making
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order to make them stronger, low shrinkage, and able
to sinter faster at lower temperatures. When particle

1. Introduction
The gems and jewelry industry has been a powerful

export earner for Thailand. In jewelry industry, there
are many techniques for making jewelry products
depending on its design, value, demand, consumer, etc.
The general manufactures of jewelry are manual,
casting, pressing and electroforming techniques. For
silver jewelry, there is a large of energy lost in melting
and molding process of silver metal because the
meiting point of silver metal is about 960°C. However,
its melting temperature tends to decrease depending on
its particle size. Silver clay is an alternative way for
producing unique handmade jewelry. Silver clay is
made of micron-sized silver particles, water, and non-~
toxic organic binders. When firing at appropriated
“temperature (650-850°C), the organic binders bumn off,
ieaving a pure silver piece. In recently, the new
product of metal clays tend to have small metal

particles. and-low; propertions: of binder-and water.in :
o] A By o ot E

size is decreased to nanometer level, the melting point
goes down from normal melting point more than
several hundred Celsius degree. In this work, silver
nanoparticles were introduced to create nano-silver
clays. Their particle size and sintering temperature
were determined. Example of nano-silver clay jewelry
'was presented.

2. Experimental procedures
Silver nanoparticles were synthesized by chemical

~rteduction method in aqueous solution with

concentration 10,000 — 50,000 ppm. The particles were
precipitated from silver nanoparticles colloid and were
dried to be nano-silver powder at room temperature.
Particle size of silver powder was characterized by
scanning electron microscope (SEM) and sintering
temperature , of. silver .clay . was _determined - by

ek & SAAET



differential temperature analysis (DTA). The nano-
silver powder was mixed with organic binder and
water in appropriated ratio to form nano-silver clay.
The clay was molded to be many shapes’ for making
jewelry. After drying, the clay was sintered by oven at
600°C for 30 min.

3. Results & Discussion

Fig. I shows the shape and particle size of nano-silver
powder. The particle size is in range of 50 — 200 nm
and the shape is spherical.

Figure 1. SEM images of silver powder.

Sintering temperature of silver clay was determined by
differential temperature analysis (DTA). It was found
that sintering temperature is = 300°C far less than
normal melting point, 960°C. When silver clay was
heated, water was evaporated and silver particles
moved closer. After firing at 600°C for 30 min., nano-
silver clay changed to silver metal. It may cause that
silver particles are quite small, there is a small cavity
between particles and then they sintered without
porosity. As shown in Fig. 2 and 3, the nano-silver
clay can present the fine texture of fingerprint and can
roll to make the complex jewelry.

Figure 2. Sintered silver clay of finger print.

45-
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Figure 3. Example of nano-silver ciay jewelry.

4. Conclusions

Nano-silver power was produced from high
concentration silver nanoparticles colloid. Their
particle sizes are 50 — 200 nm. The sintering
temperature is at 300°C. The powder was mixed with
water and organic binder to be silver clay. The nano-
silver clay can be shaped by hand or using mould to
make jewelry. The firing temperature and time are
600°C and 30 min., respectively.
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