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Abstract In the ultrasonic field, stable silver colloids were
produced by the reduction of AgNO; with the protection of
PVP using KBH, or N,H4'H,O as reductant. The main fac-
tors affecting the morphology of silver nanoparticles, such
as distribution of the ultrasonic field, ultrasonic time, ultra-
sonic power, and the species of reductant, were studied. The
silver colloids were identified by TEM and spectrophotome-
try. The results indicate that the factors such as distribution
of the ultrasonic field, ultrasonic time, ultrasonic power, and
the species of reductant have a great impact on the mor-
phology of the silver nanoparticles. The size of the silver
nanoparticles decreases with the ultrasonic power and ultra-
sonic time increasing. Ag nanoparticles prepared in standing
wave field preferentially grow in a certain direction, which
is propitious for forming hexagonal- and spherical-like sil-
ver nanoparticles. Monodispersed spherical silver nanopar-
ticles are easily synthesized in the diffusion field. The sta-
bility of silver colloid becomes improved by ultrasonic
treatment. For example, precipitate is not found after several
weeks for the silver colloid prepared with an ultrasonic
treatment time of 180 min. The silver nanoparticles prepared
without ultrasonic treatment are large spherical-like and
hexagonal. Well-dispersed spherical silver particles with a
mean size of about 20 nm have been prepared under ultra-
sonic treatment. Spherical, spherical-like, and hexagonal
silver nanoparticles can be obtained by changing the reduc-
tants..
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silver colloid

Colloidal precious metals refer to the dispersion of precious
metal particles with sizes ranging from 1 to 100 nm in fluids.
These colloidal particles are small in radius, but big in sur-
face area, so they present many unique properties, like spe-
cial conductive, antistatic, photographic, antimagnetism, and
catalytic behaviors [1]. The colloids have wide applications
in a variety of industrial fields, such as, optical material,
precious metal slurry, biological engineering, medicine,
catalyst and micro-electronics [2]. The preparation and ap-
plication of the precious metal nanoparticles with macro-
molecular protection has been an attractive research area.
The dispersion of the nanosized particles is a colloidal solu-
tion. When utilized for catalytic oxidization of ethylene,
dispersion of silver nanoparticles exhibits higher catalytic
activity and selectivity than conventional silver powder [3].
The conductivity and uniform dispersity of silver colloids
are used in developing antistatic coating, conductive coating,
and additives in emerging materials with new functions,
showing a broad application prospect in the future.

Silver colloid with macromolecule protection can be pre-
pared by chemical reduction [4-7] or light radiation [8-9].
However, no literature is available on its preparation in ultra-
sonic field. This paper describes the preparation of individu-
ally dispersed silver colloids with various morphological fea-
tures through reduction by either hydrazine hydrate or potas-
sium borohydride, with silver nitrate as stating compound and
PVP as protecting agent. The main part will include the ef-
fects of ultrasonic field distribution, ultrasonic time, ultra-
sonic power, and reducing agent types on the morphologies of
the silver nanoparticles and their colloidal stability.

1 Experimental

1.1 Raw materials

AgNO;, AR, was from Tianjin Wenda Rare-Agents Chemical



Plant. PVP, K30, at 360 degree of polymerization, was ob-
tained from Tianjin Bodi Chemical Co. N,H4H,O, AR, was
manufactured in Tianjin Kemiou Technical Ltd. KBHy, AR,
was taken from Zhongdao Company of Tianjin Develop-
ment Area.

1.2 Experimental devices

The KQ-250DB digital ultrasonic cleaning device was pro-
duced by Kunshan Ultrasonic Devices Ltd. A Hitachi H-300
TEM and A 722 spectrometer were used to characterize the
nanoparticles.

1.3 Experimental process

In ultrasonic field, with PVP being the protecting agent,
AgNO; reacts with N H,H,O or KBH, to produce the col-
loid. Then TEM and the spectrometer are used to observe
the particle morphology and absorption spectrum.

2 Results and discussion

The morphological features of the silver nanoparticles show
remarkable variation under different preparation conditions.
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This paper focuses on evaluating the effects of ultrasonic
distribution, ultrasonic time, and ultrasonic power, and re-
ducing agent types.

2.1 Influence of ultrasonic field distribution

Figure 1 shows the schematic diagram of the ultrasonic dis-
tribution reported by Deng et al. [10], which indicates that a
standing wave field is formed in a flat-bottomed vessel and
a diffusion field is formed in a round-bottomed flask.

The silver colloids were prepared in the above two ves-
sels with PVP as protecting agent and N,H,-H,O as reducing
agent for silver nitrate. Figure 2 shows the TEM pictures of
the silver colloids prepared in the two ultrasonic fields with
an ultrasonic treatment time of 30 min. It is evident that in
standing wave field the silver colloidal particles are spheri-
cal, hexagonal or irregularly shaped (Fig. 2a) while in diffu-
sion field they are spherical (Fig. 2b). Apparently, this is as-
sociated with the ultrasonic field distribution in the reaction
vessel. Specifically, a standing wave is a stack of two
same-amplitude coherent waves traveling along a straight
line but in reverse directions. After stacking, the standing
wave only fluctuates in a limited area, but does not propa-
gate outwards. Therefore, in a standing wave field, the par-
ticles can grow along some directions into a regular shape,
from a sphere to a sphere-like or irregular shape until they
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Fig. 1

The schematic diagram of ultrasonic field distribution, from Ref. [10] courtesy of Deng Shiyan

a) Standing wave field, b) Diffusion field
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Fig.2 The TEM images of silver colloids prepared by ultrasonic irradiation
a) Standing wave field, b) Diffusion field
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Fig.3 TEM images of silver colloids prepared with different treatment time prepared in diffusion field
a)t=0,b) t=30 min, ¢) t= 180 min
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Fig.4 TEM images of silver colloids prepared with different ultrasonic powers
a) P=100 W,b) P=150 W

form hexagons with 60 nm side length. In a diffusion field,
the possibilities of ultrasonic waves passing any locations
are the same. But on one location, when the waves meet,
their phases are incoherent, so the average energy density is
evenly distributed, leading to an even field in which parti-
cles grow in all directions with the same possibility into
20-30 nm spheres. Lots of tests verified that in a diffusion
field, the produced silver particles are spherical even though
other test conditions are changed, while in a standing wave
field, the silver particles grow in a preferred direction. Fur-
ther investigation is still needed to understand the detail
mechanism.

2.2 Influence of ultrasonic time

Figure 3 shows the TEM pictures of silver colloids prepared
with various ultrasonic times. Figure 3a shows the larger
particles in spherical, normal hexagon or irregular shapes
prepared without ultrasonic treatment. In a diffusion field
with a treatment time of 30 min, the silver nanoparticles
prepared are spherical with a 30 nm mean diameter. As the
treatment time increases, the silver particles become smaller,
more uniform and stability is improved. After standing for 2
days, the silver colloid prepared without ultrasonic treatment
will precipitate. The silver colloid prepared in a diffusion
field with a treatment time of 30 min will precipitate in 2

weeks while the colloid formed in ultrasonic field with a
treatment time of 180 min are uniform spherical nanoparti-
cles having a mean diameter of 20 nm and no precipitate
was observed after standing for several weeks.

2.3 Influence of ultrasonic power

Ultrasonic intensity related to the ultrasonic power, influences
aggregation of particles. Therefore, the silver colloids prepared
with KBH, as reducing agent under ultrasonic power of 100
and 150 W at 40 kHz frequency for 30 min were investigated.
Figure 4 shows that higher ultrasonic power produces smaller
colloidal particles. The mean acoustical power of a sonic wave
in media is derived by the following equation [11],
W=1/2p CV’S=1/2PV,S,

where W is the mean acoustical power of sonic waves trav-
eling in the media in w, p is the media density in kg-m™, C
is sonic traveling velocity in m-s™, ¥ is the vibration rate of
media particles in m-s™', S is the media area perpendicular to
the sonic traveling direction, P, is the alternating acoustic
pressure in Pa and ¥, is the media volume in m>.

It is understood from the above equation that with in-
creasing power the alternating acoustic pressure P, increases
and the intensity of cavitation will be enhanced. Thus, the
diameters of the silver particles decrease due to the en-
hanced cavitation effect.
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Fig.5 UV-vis absorption spectra of silver colloids prepared with different ultrasonic powers
a)p=100W,b)p=150 W
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Fig. 6 The TEM images of silver colloids prepared with different reductants in diffusion field
a) KBH4, b) N,H,-H,0

In Figure 5 curves Sa and 5b show the absorption spectra
of the silver colloids in Figs. 4a and 4b, respectively. Under
higher ultrasonic power, the absorption peak of prepared
silver colloid is higher and shows a better symmetry and a
less half-peak width. These imply that the size distribution
of the particles become narrower, which is consistent with
TEM results.

2.4 Influence of reducing agents

Figure 6 shows pictures of silver colloids prepared in a
standing wave field but using different reducing agents.
When KBHy is used as the reducing agent, prepared silver
particles are spherical or sphere-like with diameters of
20-30 nm. When N,H,;H,O is used as the reducing agent,
hexagonal particles are produced. The reasons may be as
follows. KBHy is a strong reducing agent, which in an ul-
trasonic field reduces Ag" into Ag quickly. Due to the pro-
tection of PVP, the formed primary Ag particles are not li-
able to aggregate and grow up and thus present as smaller

spherical or sphere-like particles with a better dispersity (Fig.

6a). When N,H4-H,O0 is the reducing agent, it takes a longer
time for Ag" to be reduced into Ag in an ultrasonic field.

This may be beneficial for Ag to aggregate and grow into
silver particles with regular shapes (Fig. 6b).

3 Conclusions

In ultrasonic field, stable silver colloids can be prepared
with AgNO; as starting material, PVP as protecting agent,
and KBH, and N,H,-H,O as reducing agents.

Ultrasonic field distribution, ultrasonic treatment time,
ultrasonic power, and reducing agents are the main factors
affecting the morphological features of silver nanoparticles.
A standing wave field facilitates the formation of hexagonal
nanoparticles while a diffusion field is favorable for the
formation of spherical silver nanoparticles with uniform
particle size. As ultrasonic time and power increase, silver
nanoparticles become smaller, and their aggregation stability
is enhanced. The silver colloid prepared in diffusion field
with a treatment time of 180 min consists of uniform
spherical particles with a mean diameter of 20 nm, and does
not precipitate after being left standing for weeks. By
changing the reducing agents silver nanoparticles with vari-
ous shapes like sphere or sphere-like and hexagons can be
produced.
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