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Nanoparticles and nanocomposites have become the focus of many research studies due
to the unique properties of nanostructured materials that make them attractive to various
industrial applications. But before processing of nanostructured materials can take place, the
nanosized particles have to be well dispersed. Fluidization is one of the best techniques
available to disperse and process powders belonging to the Geldart group A and B
classifications. Nanosized powders, however, fall under the Geldart group C (<30 microns)
classification, which means that fluidization is expected to be difficult due to cohesive forces
that become more prominent as the particle size decreases.
It has been found that nanoparticles form relatively large agglomerates in order for them
to fluidize [1-2] and the minimum fluidization velocity is relatively high so that elutriation of
the nanopowders becomes an issue. It has also been shown that adding mechanical agitation
such as vibration [3] or acoustic waves [4] can improve the fluidization of micron-sized
Geldart group C cohesive powders and that these powders can also be uniformly fluidized in
a rotating fluidized bed (RFB) because of the higher g forces [5]. How ever, subjecting
nanoparticles to different forms of external excitation to promote and improve fluidization
has not been previously attempted.
Experimental studies using aeration combined with
10
four different external forces, vibration, acoustic
waves, centrifugal force (in a rotating fluidized bed)
and magnetic excitation were conducted in newly
5
designed and constructed vertical and rotating
fluidized beds at NJIT, using a variety of nanoparticles
as the bed material. Using aeration and vibration (30 to
0 cm
200 Hz), we demonstrated that 12 nm silica particles
(a)
(b)
(Degussa Aerosil R974) could be easily and smoothly
Fig.1: (a) with air flow, without vibration
fluidized without bubbles in the form of stable, very
and (b) with air flow and vibration
porous agglomerates as seen in Fig. 1. A high
resolution SEM image of an agglomerate of nanosized
silica is shown in Fig. 2.
The minimum fluidization velocity decreased
substantially with the addition of vibration resulting in
practically no elutriation of particles. Increasing the
frequency or vibrational acceleration increased the bed
expansion rate, but had little effect on the minimum
fluidization velocity or pressure drop. At very high
Fig.2: High resolution SEM image of an
frequencies and high airflow rate relatively large
agglomerate of silica
bubbles could be seen but these disappeared at lower
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frequencies. A minimum of at least 1 g of vibrational acceleration was required to achieve
smooth fluidization.
Since the bed remained fluidized for a cons iderable amount of time with only air flow
after vibration was turned off, vibration appeared to be necessary only initially to disrupt the
interparticle network, after which aeration was sufficient to sustain the bed in a fluidized and
expanded state for an extended
Time [s]
period of time (Fig. 3). We also
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conducted mixing studies by
with air, without vibration
dying some of the nanoparticles
without air, without vibration
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blue and/or using two different
species
of
nanoparticles.
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Preliminary results (Fig. 4)
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suggest that the application of
vibro-fluidization
of
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nanoparticles to mix different
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nanoparticles together to form
Time [hr]
nanocomposites is a promising
Fig.3: Bed expansion ratio vs. time
approach.
Similar phenomena were observed with the acoustic system. There was a substantial
reduction in the minimum fluidization velocity with the aid of sound waves. Typical bed
behavior began with slugging, which soon disintegrated to form channels. When a strong
enough sound excitation was applied, the channels disappeared and the bed expanded rapidly
and uniformly to establish smooth fluidization. The behavior was observed to shift to
bubbling in the range of 200-600 Hz and it appeared that the size of bubbles was strongly
dependent on the sound frequency and bed expansion was seen to be inversely proportional to
sound frequency (Fig. 5).
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Fig.4 (above): Progression of mixing during
aerated (u=0.45 cm/s) vibro-fluidization (f = 50
Hz) with time (0-120 s) showing simultaneous
bed expansion and mixing
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Fig.5 (right): Fluidization at different frequencies (SPL=125 dB, Uair=0.1cm/s)

Smooth fluidization of silica nanoagglomerates was also observed in the rotating
fluidized bed experiments. The rotational acceleration was varied between 10 and 40 g,
which caused an increase in both the minimum fluidization velocity and the pressure drop
during fluidization since much higher drag forces are needed to balance the higher g forces
before fluidization can occur. However, the bed height deceased at higher rotation speeds,
indicating that the bed compacted due to the centrifugal force, which will affect the bulk
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density of the powder.
Preliminary experiments using magnetic excitation have shown excellent results and will
be reported next year. Regarding the large bed expansion (expansions of up to five time s the
initial bed height) observed in all three modes of excitation (vibration, sound and centrifugal
field) almost immediately when the air is turned on, it appears that the bed exhibits a
fluid-like behavior at velocities much lower than the minimum fluidization velocity (where
the pressure drop reaches a plateau).
Since the vibro-fluidized bed of nanoagglomerates appeared similar to a liquid- solid
fluidized bed, a modified Richardson–Zaki approach combined with an assumption of fractal
agglomerates was successfully applied to analyze the bed
expansion data, from which we estimated the agglomerate size
(approximately 160 microns), other agglomerate properties and
the inter-agglomerate voidage. The pressure drop data were
found to be consistent with the agglomerate size determined in
this manner and in situ photographs of the agglomerates at the
surface of the bed showed agglomerates of size between 150
and 220 microns (Fig. 6).
Fig.6: Preliminary laser and
At IIT, 10 nanometer silica particles were successfully CCD camera result capturing
fluidized in the form of light agglomerates in a two-story riser agglomerates (bright spots) at
[6], which can simulate the circulating fluidized beds used in
the surface of a fluidized bed
large-scale industrial applications. A classical type of minimum
fluidization velocity was observed where the weight of the bed equals the pressure drop. The
minimum fluidization velocity was determined to be 1.15 cm/s, at the unusually low volume
fraction of solids of 0.0077. No large bubbles were observed during fluidization and no
bubbles were found using the CFD code previously used to compute bubbles for Geldart
group A and B particles.
Standard bed collapse experiments with the nanoagglomerates produced a settling
velocity similar to that for Geldart group A particles; however, the bed expansion ratio was
higher than that for Geldart A particles. An empirical correlation of the stress modulus was
obtained for the nanoparticles using solids volume fraction measurement obtained with a
gamma ray densitometer. This relation was used as an input into the CFD code that modeled
bubbling and sedimentation. The CFD model predicted the observed sedimentation process
including the upward and downward flux of the nanosize particles. The radial solid flux
distribution is parabolic which is consistent with previous findings that the flow of particles
in the riser is in the laminar flow regime.
Further information about this project is available from any of the Co-PIs: pfeffer@adm.njit.edu,
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