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Abstract: This study aims to investigate the effects of a probe and
a cup horn on the de-agglomeration efficiency in ultrasound
vibration processes. TiO, and Al,O, nanoparticle dispersions
were prepared in distilled water at a concentration of 50.0
mg/mL followed by treatment with a dispersion stabilizer
(100% FBS) and ultrasound vibration at 20 kHz and 35%
amplitude for 10 min by a probe and a cup horn, respectively.
The average sizes of dispersed TiO, and Al,O, nanoparticles
were measured by a dynamic light scattering device. Compared
to dispersion with the probe sonicating, the average sizes of
TiO, and Al, O, particles sonicated by the cup horn are markedly
smaller at time points of 30, 60, 120, and 180 min. The TiO,
and Al,O; particle size distributions of cup horn-treated
suspensions were narrower than those of probe-treated
suspensions at time points of 120 and 180 min. It is suggested
that the cup horn has a higher efficiency than the probe in
dispersing nanoparticles. The cup horn is better than the probe
for processing multiple small sample vessels simultaneously.
Indirect cup horn sonication is ideal for processing pathogenic
and sterile samples.
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ver the past decade, there has been a rapid develop-

ment of research in the field of nanotechnology.
Nanoparticles are defined as particles with a diameter of 100
nm or less at least in one structural dimension '"'. Compared
to the same materials with micrometer scale dimensions,
nanomaterials have specific properties, such as small size,
large surface area, and special structure. Currently, nano-
technology is developing rapidly and nanomaterials are be-
ing involved in all aspects of life and commercial products
including drug delivery, sensors, photodecomposition, pig-
ment, catalysis, and thermal conductivity enhancement
™ Nanoparticle dispersions in liquids are a critical re-
quirement for a diversity of nanomaterial applications. Be-
cause of the large specific surface of nanoparticles, the in-
teraction forces between the particles increase. Nanoparticles
often form agglomerates in media. Additional external
forces are required to overcome the adhesion forces of nano-
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particles. Although mechanical vibration is often used to
improve a homogeneous dispersion, it cannot prevent the
nanoparticles from agglomerating. Ultrasonication is an effi-
cient approach for dispersing nanoparticles homogeneously
in solution”™". The dispersing ability of ultrasonication
arises from acoustic cavitation, which provides a unique in-
teraction of energy and substance '*'. Cavitational collapse
produces intense local heating and high pressures. This im-
pairs the conjugation of nanoparticles and disperses nanopar-
ticles in stabilization. The probe delivers direct sonication
offering a high intensity sonication for processing most sam-
ples. The cup horn delivers indirect sonication with a high
intensity ultrasonic bath, capable of processing multiple
sample vessels simultaneously. The aim of this study is to
investigate the influence of the probe and the cup horn on
the de-agglomeration efficiency in ultrasound dispersing
processes.

1 Material and Methods
1.1 Chemicals

Titanium dioxide (Degussa P25, primary particle size 21
nm, 80% anatase, 20% rutile, specific surface area (50 +
15) m’/g, Degussa Company, Germany) and aluminum
oxide (primary particle size 13 nm, purity =99. 6%, spe-
cific surface area (100 + 10) m’/g, Degussa, Germany)
were commercially available and used for the experiments.
Fetal bovine serum ( FBS) was purchased from Hyclone
(New Zealand) .

1.2 Dispersion and characterization of nanoparticles

The dry powder of nanomaterials ( TiO, and Al,O,) was
weighed on an analytical mass balance ( Sartorius BS210S,
Goettingen, Germany), suspended in distilled water at a
concentration of 50.0 mg/mL, and vibrated by vortex for 2
min (SK-1 Vortex, Hengfeng Instrument Factory, Jintan,
China). To aid in preparing a homogeneous dispersion,
suspensions were sonicated for 1 min at 35% amplitude
( Sonicator ultrasonic processor, model S-4000, Misonix,
Inc., Farmingdale, NY, USA.) by a cup horn. A disper-
sion stabilizer (100% FBS) was added to nanoparticle dis-
persions in order to obtain nanoparticle suspensions at a con-
centration of 0.5 mg/mL. Subsequently, the suspensions
(2 mL) were vibrated for 2 min by vortex and sonicated for
10 min at 20 kHz and 35% amplitude by a cup horn. The
average sizes of TiO, and Al,O, particles in suspensions
were determined by the method of dynamic light scattering
(Zetasizer Nano ZS90, Malvern Instruments Ltd., Worces-
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tershire, UK) and analyzed by transmission electron micros-
copy (JEM-200CX, JEOL Ltd., Tokyo, Japan).

1.3 Determination of particle size

Before being used in experiments, the suspensions (2
mL) at a concentration of 0.5 mg/mL were vibrated for 2
min by vortex and sonicated for 30, 60, 120, and 180 min
at 20 kHz and 35% amplitude by a probe and a cup horn,
respectively. The average sizes of TiO, and Al,O, particles
in suspensions were determined using a dynamic light scat-
tering device at each time point after sonication. The
polydispersity index (PdI) describes the width of the particle
size distribution.

1.4 Statistical analysis

Statistical analysis was performed with SPSS software.
Data were presented as mean + SD of at least three inde-
pendent experiments. Statistical significant differences be-
tween groups were evaluated using Student’ s t-test. An «
level of P <0.05 was considered to be statistically signifi-
cant. An asterisk * means that the cup horn-treated group
has a significant difference from the probe-treated group.

2 Results
2.1 Particle characterization

The average sizes of TiO, and Al, O, nanoparticles in sus-
pensions measured by the dynamic light scattering analysis
are (255.3 £6.8) nm and (176.8 +£4.6) nm, respectively.
TEM images of the TiO, and Al, O, nanoparticles are shown
in Fig. 1. The average size of particles measured by the dy-
namic light scattering analysis is larger than the particle size
determined by TEM for the two types of particles. These re-
sults indicate that the nanoparticles formed agglomerates in
the prepared suspensions.
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Fig.1 TEM analysis of nanomaterials (120 000 x ). (a) TiO,;
(b) ALO,

2.2 Effects of probe and cup horn on TiO, nanoparticle
dispersion

The average sizes of TiO, particles in the suspensions son-
icated with the probe and the cup horn are shown in Fig. 2.
The results of PdI for nano-TiO,suspensions are shown in
Fig. 3.
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Fig.3 Particle size distribution of nano-TiO, in suspension

The results show that the average particle sizes for TiO,
suspensions vibrated with the probe and the cup horn range
from (378.9 +3.3) nm to (356.2 +£8.2) nm and (251.2 +
6.6) nm to (242.1 £3.5) nm in the time interval between
30 and 180 min, respectively. Compared to dispersion with
the probe sonicating, the average sizes of TiO, particles son-
icated by the cup horn are markedly smaller at time points of
30, 60, 120, and 180 min.

The PdI of particles in TiO, suspensions sonicated with
the probe and the cup horn range from 0. 296 + 0. 025 to
0.317 £0.051 and 0. 246 £ 0. 020 to 0.207 +0. 030 in the
time interval between 30 and 180 min, respectively. The
TiO, particle size distributions of the cup horn-treated sus-
pension are narrower than those of the probe-treated suspen-
sion at time points of 120 and 180 min.

2.3 Effects of probe and cup horn on Al,O, nanoparti-
cle dispersion

The average sizes of Al,O, particles in the suspensions
sonicated with the probe and the cup horn are shown in Fig.
4. The results of PdI for nano-Al,O,suspensions are shown
in Fig.5.

The average particle sizes for nano-Al, O, suspensions Vvi-
brated with the probe and the cup horn range from (248.1 +
8.0) nm to (252.5 +13.7) nm and (175.8 +1.5) nm to
(175.4 £1.8) nm in the time interval between 30 and 180
min, respectively. The average sizes of Al,O, particles son-
icated by the cup horn are significantly smaller than those of
the probe-treated group at time points of 30, 60, 120, and
180 min.
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Fig.4 Particle size of nano-Al,O,in suspensions
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Fig.5 Particle size distribution of nano-Al, O, in suspension

The PdI of particles in Al,O, suspensions sonicated with
the probe and the cup horn range from 0. 648 +0. 043 to
0.651 £0.057 and 0.251 +£0.006 to 0.244 +0.015 in the
time interval between 30 and 180 min, respectively. The
Al,O, particle size distributions of the cup horn-treated
group are narrower than those of the probe-treated group at
time points of 30, 60, 120, and 180 min.

3 Discussion

Ultrasound dispersion is an efficient method to prepare
well-dispersed nanoparticle suspensions since cavitation is
responsible for a high energy input. Due to the collapse of
cavitation bubbles, energy gets released from collapse of the
bubbles and is transferred to the suspensions, resulting in
nanoparticle de-agglomeration. The horn serves as the sec-
ond stage of acoustic amplification. In our study, TiO, and
Al, O, nanoparticle dispersions are treated with ultrasound
vibration at 20 kHz and 35% amplitude by a probe and a
cup horn for 10 min, respectively. We find that the average
sizes of TiO, and Al,O, particles treated with the cup horn
are significantly smaller than those of the probe-treated
group at the same time points. Also, the particle size distri-
butions of TiO, and Al, O, particles treated with the cup horn
are narrower than those of the probe-treated group at the
same time points as well. The probe tip diameters deliver
high intensity sonication but the energy is focused in a small
concentrated area. Large tip diameters can process large vol-
umes, but offer lower intensity. In addition, to avoid dama-
ging the probe, energy output is limited from the microtip in
the ultrasonic machine. It is suggested that the dispersing ef-
ficiency of the cup horn is better than that of the probe in
preparation of nanoparticle suspensions.

Serum is successfully used as a stabilizer in preparing
nanoparticle suspensions and subsequent investigation of the
biological behavior of nanoparticles™ . Probe sonication

offers high intensity, capable of processing most samples.
Ultrasound vibration with the probe leads serum to produce
large amounts of foam in suspension. However, this defect
can be overcome in the cup horn-treated group. Indirect
sonication is most effective for very small volume samples
because foaming and sample loss are eliminated. The micro-
tubes are placed within the water filled reservoir and the
sonic energy is transferred into each individual well. Thus,
the cup horn is more suitable for processing multiple small
sample vessels.

Cup horn sonication eliminates the need for a probe to
come in contact with samples. The contaminants of some
other particles are prevented from entering suspensions in a
cup horn. This method is suitable for processing pathogenic
or sterile samples since aerosols and cross contamination are
prevented. The cup horn supplies a high intensity ultrasonic
bath, capable of avoiding sample contamination and pro-
cessing multiple sample vessels at one time.

4 Conclusion

This study aims to investigate the effects of different ul-
trasonic horns on the dispersing efficiency in ultrasound vi-
bration processes. The average sizes of dispersed nanoparti-
cles are determined by using a dynamic light scattering de-
vice. Our results show that the cup horn has a higher effi-
ciency than the probe in dispersing nanoparticles. The cup
horn is better than the probe for processing multiple small
sample vessels simultaneously. Indirect cup horn sonication
is ideal for processing pathogenic and sterile samples.

References

[1] Oberdorster G, Oberdorster E, Oberdorster J. Nanotoxicol-
ogy: an emerging discipline evolving from studies of ultra-
fine particles[J]. Environ Health Perspect, 2005, 113(7):
823 —839.

[2] Sinha V, Trehan A. Biodegradable microspheres for protein
delivery[J]. J Control Release, 2003, 90(3):261 —280.
[3] WuY, Yang W, Wang C, et al. Chitosan nanoparticles as a
novel delivery system for ammonium glycyrrhizinate[ J]. Int

J Pharm, 2005, 295(1/2):235 —245.

[4] Pinna N, Neri G, Antonietti M, et al. Nonaqueous synthesis
of nanocrystalline semiconducting metal oxides for gas sens-
ing[J]. Angew Chem Int Ed Engl, 2004, 43(33): 4345 —
4349.

[5] Jwo C S, Chang H, Kao M J, et al. Photodecomposition of
volatile organic compounds using TiO, nanoparticles[J]. J
Nanosci Nanotechnol, 2007, 7(6):1947 —1952.

[6] Ahmed I S, Dessouki H A, Ali A A. Synthesis and charac-
terization of new nano-particles as blue ceramic pigment[J].
Spectrochim Acta A Mol Biomol Spectrosc, 2008, 71(2):
616 —620.

[7] Jayakumar O D, Sasikala R, Betty C A, et al. A rapid
method for the synthesis of nitrogen doped TiO, nanoparticles
for photocatalytic hydrogen generation[J]. J Nanosci Nano-
technol, 2009, 9(8):4663 —4667.

[8] Yu W, Xie H, Bao D. Enhanced thermal conductivities of
nanofluids containing graphene oxide nanosheets[J]. Nano-
technology, 2009, 21(5):055705.

[9] Lam C W, James J T, McCluskey R, et al. Pulmonary tox-
icity of single-wall carbon nanotubes in mice 7 and 90 days
after intratracheal instillation[ J]. Toxicol Sci, 2004, 77(1):
126 — 134.



444 Zhang Xiaoqiang, Yin Lihong, and Pu Yuepu

[10] Deguchi S, Yamazaki T, Mukai S A, et al. Stabilization of 176 — 185.
C60 nanoparticles by protein adsorption and its implications  [12] Suslick K S. Sonochemistry [ J]. Science, 1990, 247
for toxicity studies[J]. Chem Res Toxicol, 2007, 20(6): 854 (4949): 1439 —1445.
—858. [13] Zhang X, Yin L, Tang M, et al. Optimized method for
[11] Wang J, Zhou G, Chen C, et al. Acute toxicity and biodis- preparation of TiO, nanoparticles dispersion for biological
tribution of different sized titanium dioxide particles in mice study[ J]. J Nanosci Nanotechnol, 2010, 10(8): 5213 —
after oral administration [J] . Toxicol Lett , 2007 , 168 (2): 5219.

R $1 SR AR 2B 7R S X B 7 43 UK UL MO SR b
KR F L 8 BRAR

(A RFAETAESRE, &% 210009)
(FAARFHRFZEFIRHLFTIHETLEEE, &% 210009)

E L TIRAT XA XA B 4Kk 3P o K BB 09 A2 5 0 SR R 2R MK o R — B ALk Fe oK Z RfL =43
B ) AR JE 50,0 mg/mL 4 3 & ik, RS AN A2 A (100% A6 4 fo i) , & #0R W% 3 3k % 2 min 5 % 0.
5 AR A IRAT X Ae AR XA 3k 24 20 kHz,35% Hrba A2 75 R Bk 2 At &k 4k % 10 min, JA 3h &4 & 94 =
B A Z B =42 R BB R B2 KD R o A DL, 45 R R, AR X AR L A8 B sk 3k 3% 41 72 30,60,120,180
min B 7] 5 89 = A A4k Ae = A 48T 3 442 U1 R0 TARAN RAR A2 B k3R 4. BB, AR XK kA48 5 3k
%44 120 4= 180 min A JA] 5 69 — B A Z R L2 BB E RS A CA Y F THRA XK LR F Rk Ha. &
RV AR XA B IR K AR AT XA B AR AT AR B A A 4769 5 AR MR K AR — B R a4 22 AN
AR AR ES THEH BB E SRR,

FEEE R SRR B RS

H[E 53K S : TB383



