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Abstract

The central concern in the fabrication of carbon nanotube (CNT) reinforced metal composites is the well balance
between uniform dispersion and structural integrity of CNTs. Rapid and uniform self-assembly of CNTs and
spherical Aluminum (Al) particles into a core-shell structure is realized by a smart mechanical powder processing.
The factors influencing the dispersion uniformity and structural integrity of CNTs during the processing are
studied, including the size of Al particles, mixing speed and mixing time. It is revealed that a size of 35 um

is preferred for the Al particles to tear apart the CNT clusters and obtain a uniform dispersion of CNTs on Al
surface. Different composite states, CNTs are singly dispersed, thickly wrapped, or embedded in the Al particles,
can be obtained by changing the mixing speed. Well coordination between the CNT dispersion homogeneity and
structural integrity could be achieved under suitable processing condition. Therefore, it can be adopted as an
efficient and intelligent technology to achieve the desired performance in CNT/Al composites.

Keywords: dispersion, structural integrity, high-shear pre-dispersion, CNTs reinforced metal matrix composite,

smart powder processing

1. Introduction

During the past two decades, significant progress has
been achieved in the fabrication of carbon nanotubes re-
inforced metal matrix composites (MMCs). Regardless of
the material type and fabrication technique, the balance be-
tween the uniform dispersion of CNTs in the Al matrix and
its structural integrity is vital prerequisite that needs to be
considered (Fan G.L. et al., 2014; Wei H. et al., 2014). How
to realize the rapid, efficient, and uniform dispersion of
CNTs in the Al matrix is one of the key factors restricting
the industrial application of CNT/Al and alloy composite
materials. It is well known that fine powders are not able to
flow freely due to the strong inter-particle cohesion, mainly
ascribed to the Van der Waals forces for dry, neutral, and in-
ert particles (Deng X. and Davé R.N., 2017b; Eggersdorfer
M.L. et al., 2010), dominating the particle weight. The
situation can be more serious when the reinforcement
is one-dimensional, namely tubular and flexible such as
CNTs (Han Y. et al., 2015; Narh K.A. et al., 2008; Zhang
K. and Choi H.J., 2014). The unique geometry, along with
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large specific surface area and significant Van der Waals
force, strongly affects the dispersion status of CNTs.

In addition, the structural integrity of CNTs is considered
to be another key factor affecting the strengthening effect
by interfacial reaction and the formation of harmful prod-
ucts. Therefore, the MMCs community, especially those
CNTs reinforced Aluminum composites, have significant
concerns in overcoming the dilemmas associated with
dispersion and structural integrity. From this point of view,
these factors should be taken into account when designing
appropriate preparation processes.

Presently, many CNT/Al composite preparation methods
can meet the requirements of CNTs reinforced Al Matrix
Composite, but each has its shortcomings. Melt casting
and thermal spraying can realize the rapid preparation of
large block materials with a high content of CNTs. Still, it
is difficult to solve the dispersion of CNTs and the control
of interface reaction (Baig Z. et al., 2018). Great efforts
have also been made in the field of both large plastic de-
formation technologies such as accumulative roll bonding
(ARB) (Salimi S. et al., 2010), high-pressure torsion (HPT)
(Asgharzadeh H. et al., 2014; Tokunaga T. et al., 2008),
friction stir processing (FSP) (Johannes L.B. et al., 2006;
Sadeghi B. et al., 2018b; Sadeghi B. et al., 2018d) and
solid-phase powder metallurgy (PM) techniques (Sadeghi
B. et al., 2018a). One could be found that PM based tech-
niques are effective and low cost, so that bring into a clear
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AM.K. et al., 2009; Sadeghi B. et al., 2020; Sadeghi B. et
al., 2019), flake powder metallurgy (Flake PM) (Fan G.L.
et al., 2014; Jiang L. et al., 2012), liquid phase ball milling
(Chen B. et al., 2015; Jiang L. et al., 2012), nanoscale
dispersion method (Kwon H. et al., 2009; Noguchi T. et
al., 2004), molecular level mixing (Cha S.I. et al., 2005;
Nam D.H. et al., 2012), in-situ growth of CNTs combined
with low-energy ball milling (He C., 2007; Cao L.L. et al.,
2012; Yang X. et al., 2013) and so on (Baig Z. et al., 2018).
However, whether wet ball milling or in-situ growth is
used as the initial dispersion method of CNTs, it is a time-
consuming and high energy consumption method, which
is challenging to match with industrial production. There-
fore, it is of great significance to study an effective pre-
dispersion way for the preparation of CNT/Al composite
with high performance. Precisely, despite recent advances
in powder-based processing techniques such as Flake PM
(Fan G.L. et al., 2014; Jiang L. et al., 2011; Jiang Y. et al.,
2019; Tan Z. et al., 2011), there is still a challenging effort
to achieve the extraordinary balance between dispersion
and structural integrity of CNTs through Al matrix. In sum,
it seems that PM is still the best macro quantitative prepa-
ration method for controllability and operability, but there
is still much room for improvement.

Recently, various dry particle coating technologies have
been developed for advanced material production through
covering the surface of larger core (host) particles with fine
shell (guest) particles by mechanical forces, which were in-
duced through four different mechanical devices (Foppoli
A.A. et al., 2017; Sharma R. and Setia G., 2019). All of
those are well designed to prompt de-agglomeration of
cohesive nanopowders (NP) to facilitate the NP dispersion
(Bhaumik S., 2015; Naito M. et al., 2009; Wei D. et al.,
2002). Among these technologies, Mechano Fusion® (MF)
system as a smart powder process (Naito M. et al., 2009)
has attained a considerable amount of attention to produce
the composite powders with desired tailor-made properties
for advanced MMCs (Chen M. et al., 2018; Ghoroi C. et al.,
2013; Naito M. et al., 2009). Comparing to the wet-based
(Jiang L. et al., 2012; Sadeghi B. et al., 2012a; Sadeghi B.
et al., 2012b; Zhou S.-M. et al., 2007) and gas-based (He
C. et al., 2007; Yang X. et al., 2016) coating techniques,
the smart powder process can produce advanced com-
posite materials with minimum energy consumption and
environmental impact in a dry environment. In principle,
the MF system is expected to achieve the dry and uniform
composite of nano-sized CNTs and micron-sized metal
powders. Still, CNTs are different from ordinary nanopar-
ticles because of their complex structure and could be
easily intertwined and clustering. In such circumstances,
opening the clusters and wrapping on the surface of metal
powder by mechanofusion is a challenging issue. Very
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recently, Chen et al. (Chen M. et al., 2018) demonstrated
that dry particle coating (also termed as high-shear pre-
dispersion) combined Flake PM route not only improves
the dispersion efficiency of CNTs in the ball milling
process but also well-preserves the structural integrity of
CNTs comparing to other PM routes (Chen M. et al., 2018;
Chen M. et al., 2019). Nevertheless, the effect of host
particle size and the operation conditions on the dispersion
and structural integrity of CNTs were not demonstrated.
Considering the low cost, simplicity, and low energy
consumption of the processing, there is a great potential
to transit it from laboratory to large-scale commercial
applications. Therefore, there is a pressing need to develop
a better understanding of the factors that affect the coating
effectiveness of the high-shear pre-dispersion process.

Many factors may affect the composite effects of parti-
cles, and subsequently, dry coating effectiveness, including
host particle size, mixing speed and time. Very recently,
Zheng et al. (Zheng K. et al., 2020) studied the effects of
particle properties such as their sizes, stiffness and surface
energies on the coating effectiveness and demonstrated that
the host particle size has no significant effect on the coating
quality when it is orders of magnitude larger than that of
guest particles. They also reported that increasing process-
ing intensity led to guest particles bouncing off of host par-
ticles, indicating poor coating performance. It was reported
that the discharge efficiency of LiNi,Mn, O, cathode
could enhance by the CNT coat provided by the mechano-
fusion method (Hwang T. et al., 2016). Narh et al. (Narh
K.A. et al., 2008) studied dry coating of polymer powder
particles with de-agglomerated CNTs and reported an
acceptable extent of the CNT dispersity. Chen et al. (Chen
M. et al., 2019) could effectively tailor the pre-dispersion
state of CNT/6061 Al composite powders by controlling the
high-shear process speed. No comprehensive research has
mentioned that host particle size and operating conditions
(mixing time and speed of high-shear pre-dispersion pro-
cess) simultaneously affect the dispersion and structural in-
tegrity degree in CNT/Al composite powders. To this end,
the current study is trying to uncover the various aspects of
the pre-dispersion and structural integrity degree of CNTs
in the Al matrix composite. It should be interesting to note
that the dispersion and binding mechanisms involved in the
high-shear pre-dispersion process depend on the initial size
of host particles and guest particles (Otles S. et al., 2009;
Wei D. et al., 2002; Zheng K. et al., 2020). However, it is
well known that the contact surface between powder mate-
rials is subjected to extremely high local temperature and
pressure, resulting in unique phenomena between host and
guest or among fine particles or even generating mechani-
cal stress (Naito M. et al., 2009).

In this study, an environmentally friendly and smart
powder processing technology, the namely high-shear
pre-dispersion process is successfully adopted to fabricate
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Qofes‘t“s of host particle size, mixing time, and rotational speed
of powder mixing process on the balance of dispersity and
structural integrity of CNTs in final composite powders and
consequently composite effects are discussed.

2. Experimental
2.1 Raw materials

Atomized near-spherical Al powders with a various
average diameter of 2, 5, 10, 15, 35, 70 um, and industrial
multi-walled CNTs with a diameter of about 10-20 nm,
length of about 0.5-2 pm and purity of more than 95 % are
chosen to explore the size dependence in the high-shear
pre-dispersion process. Fig. 1a shows the original shape
of 35 um-Al powder have a round surface. A small number
of tiny Al particles are attached on the surface, and size
distribution is relatively narrow. Fig. 1b—c show the initial
CNTs, which are in the form of particles with a size of tens
of microns. Long and entangled CNTs can be seen at higher
magnifications. Fig. 1d shows the Raman spectrum of raw
CNTs. It is well-known that there are two characteristic
peaks at 1346 cm™' and 1570 cm™!, which are called D peak
and G peak, respectively (Cavaliere P. et al., 2019; Kwon
H. and Leparoux M., 2012; Sadeghi B. et al., 2018c; Zhao
Q. and Wagner H.D., 2004). Former is attributed to defects
in the hexagonal graphite layer structure, resulting in the
in-plane vibration. The latter is related to a single-photon
emission generated by the tangential tensile mode of the

graphite layer plane (Loa I., 2003; Zhao Q. and Wagner
H.D., 2004). The ratio of two peaks (/,/I;) is usually used
to characterize the graphitization degree of CNTs. The
lower the ratio, the fewer the defects of CNTs and the
higher graphitization degree is. So it is useful to track the
changing trend of the structural integrity of CNTs (Chen
M. etal., 2019). The /I, value of raw CNTs is about 0.95.

2.2 Preparation of CN'T/Al composite powder

1.5 wt.% of CNTs were processed with Al powder of
different diameters in a prototype of MF system (MECH-
ANO FUSION®) from Hosokawa Micron Corporation,
Japan (Naito M. et al., 1993). As illustrated in Fig. 2a, it
has a container diameter of 80 mm and the clearance/gap
between the rotor and container is of 2 mm. The powder
mixture was first processed at the speed of 300 rpm for
2 min to homogenize and then processed at the designated
speed (1000—4000 rpm) for different times (5—15 min) to
obtain composite powders.

2.3 Characterization

The morphology of the powder is observed by Sirion
200 field emission scanning electron microscope (FESEM)
at the working voltage of 20 kV. The influence of the pro-
cess condition on the structural integrity of CNTs is char-
acterized by Raman spectroscopy (SENTERRA R200-L),
by using the 532 nm line of an Ar+ laser as the excitation
source.

D-band G-band

800 1346 cm™ 1570 cm™

ID/IG =0.95

Intensity (a.u.)
8
8

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
Raman shift (cm'1)

Fig. 1 FESEM of (a) spherical 35 um-Al powders, (b) raw CNTs, (¢) magnification of CNTs in (b), (d) Raman spectrum of raw CNTs.
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in MF system.

3. Result and discussion

The main working principle of the MF system is to use
the centrifugal force generated by the high-speed rotation
of the rotor and the gravity effect of the material itself to
make the material pass through the clearance between the
rotor and the container at high speed. The mutual shear
force and impact force between the materials make the
smaller particles adhered onto the more considerable mate-
rials, to realize the core-shell structured composite particles
(Naito M. et al., 2009; Qu L. et al., 2015). In the case of
CNTs and Al particles, as illustrated in Fig. 2b, the CNTs
as the guest particles should be first torn apart by the shear
forces of Al particles (host particles) into smaller particles
or even individual CNTs, and then adhered onto the surface
of Al particles. The repeating collision between Al particles
made CNTs uniformly dispersed on the surface of Al par-
ticles, forming a AI/CNTs core-shell structured composite
powder. Therefore, the dispersion status is mostly affected
by the particle size or mass ratio between host/guest parti-
cles, the processing speed and time.

3.1 Effect of Al particle size

The average particle size of the initial Al powders not
only determines the surface area of the powders but also
determines the mass ratio between the particles and CNTs.
On the one hand, the smaller the average particle size of
Al powder is, the larger the corresponding surface area
is, which is more conducive to the uniform distribution of
CNTs; on the other hand, the smaller the mass of a single Al
particle is, the weaker its impact energy on CNTs clusters
will be. Precisely, smaller Al particles provide lower colli-
sion energy but higher surface area, which in turn controls
the type of contacts and interparticle adhesion force (Deng
X. and Davé R.N., 2017a) and subsequent dispersion of
CNTs.

Fig. 3 shows FESEM of CNT/Al composite powder
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Illustrations of (a) prototype of Mechano Fusion® system (Naito M. et al., 1993), (b) the working principle of CNTs dispersion on Al powder

obtained by mixing 1.5 wt.% CNTs with Al powder of
different particle sizes at 2500 rpm for 10 min. As one can
see, the shape of Al particle is not significantly changed
during the high-shear pre-mixing process as reported
(Chen M. et al., 2018). The main reason for this was due
to the fact that the processing condition applied was still
below the limit of Al particle deformation. For the smaller
Al particle size, namely 2, 5 pm, the de-agglomeration and
dispersion of CNTs hardly occurred. Most CNTs remained
in clusters (indicates by yellow arrows in Fig. 3a—b); only
very few individual CNTs were attached on the surface of
Al particles (Fig. 3d—e). When the particle size increased to
10, 15 pum, more individual CNTs were attached on the sur-
face of Al particles, while a small number of clusters still
existed. Further increasing the particle size to 35, 70 um,
only tiny flattened CNT clusters can be occasionally found,
indicating almost all the CNTs were torn apart and attached
on the surface of Al particles. That is, the larger the particle
size of the Al particle is, the more CNTs are attached to the
surface. The larger the mass or volume of Al particles is,
the easier it is to wrap CNTs on the surface. The initial size
of the CNTs clusters is of tens of microns, and so the col-
lision force exerted from those small Al particles (smaller
than 10 pm) are not high enough to tear the CNT clusters
apart. Still, on the contrary, these collisions made the CNT
clusters more solid than initial CNTs. Therefore, there is a
size limit that the pre-dispersion of CNTs on the Al surface
can be applied.

Further observation of the micromorphology of the
Al particle surface shows that the degree of the surface
smoothness is changed in larger sizes of Al particle.
The surface of the Al particle is no longer smooth, and a
certain number of pits appear, which should be related to
the significant improvement of the impact force between
the larger Al particles. The small Al particles that initially
attached on the surface of big particles were flattened and
stuck on the Al surface, making a rougher surface (Fig. 3i)
with CNTs embedded in the surface pits. By and large,
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Fig.3 FESEM of pre-mixed CNT/6061Al composite powders with different particle sizes processed at 2500 rpm for 10 min, (a, d) 2 pm, (b, €) 5 um,
(c, f) 10 um, (g, j) 15 pm, (h, K) 35 um, (i, 1) 70 pm. Arrows indicate the presence of the CNT clusters.

under the current mixing conditions, Al particles with the
average size above 35 pm can provide the appropriate level
of pre-dispersion of CNTs and complete the pre-dispersion
process well. Considering that the essential purpose of the
pre-dispersion process is to reduce the pressure of subse-
quent powder milling, to shorten the time required for CNT
dispersion, as well as keeping the structural integrity of
CNTs, the Al powders with 35 um particle size is preferred.

3.2 Effect of pre-dispersion speed (rotational
speed) on CNT dispersion

It is well known that the force acting on the powder
blend generally increases with rotational speed (Naito M.
et al., 1993). The higher the speed, the more robust and
useful the interaction force can be produced between the
materials and subsequently affect the flowability of the
processed powder. As described in the previous section, the
35 pm Al powder succeeds in completing the task of open-
ing the CNT clusters completely at 2500 rpm. Therefore, it
is considered to alter the pre-dispersion speed further and
observe its effect on the dispersion status.

Fig. 4 shows the FESEM of CNT/Al composite powder
after mixing 35 pm Al powder with CNTs for 10 min at
different rotational speeds. Big and flattened CNT clusters
can be easily observed at low rotational speed (1000 rpm,

Fig. 4a), but the amount and size of CNT clusters pro-
gressively decreased with the increasing rotational speed
up to 2000 rpm. A thick layer of dispersed CNTs can be
observed on Al particle surface at 2000 rpm, as shown in
Fig. 4f. With the increase of mixing speed to 2500, 3000,
4000 rpm, small Al chips were attached on the surface of
Al particles, and only a small number of CNT ends can
be observed on the surface of Al particles, as shown in
Fig. 4j—1. It can be deduced that with the increase of speed,
CNTs show a gradual “in-depth” change process from the
surface to the interior of the Al particle, which is completed
by the embedding of CNTs into Al chips and the mutual
grinding of Al powders.

The above results depict the trend that de-agglomeration
and dispersion of CNTs increase as a function of increasing
rotational speed. This is because as the rotational speed
increases, the intensity of collisions between Al particles
and CNT clusters violently increases when passing through
the clearance between the rotor and container. Because of
severe shear, friction, and compression forces, big CNT
clusters are quickly torn apart and broken into the smaller
ones. And then the small CNT clusters adhered on the
surfaces of Al particles were further de-agglomerated and
uniformly dispersed throughout the surface of Al particles
by the repeating collision between Al particles throughout
the processing time.
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Fig.4 FESEM images of Al at CNT composite powders processed by high-shear pre-dispersion process with various rotational speed, (a, d)
1000 rpm; (b, €) 1500 rpm; (¢, f) 2000 rpm; (g, j) 2500 rpm, (h, k) 3000 rpm, (i, I) 4000 rpm. The yellow arrows indicate the CNT clusters.

The tentative conclusion to be drawn is that by changing
the mixing speed (rotational speed), the type of contacts
between CNTs (as guest) and Al particles (as host) can
be changed to strongly affect the dispersity status. On the
one hand, at too slow rotational speeds, guest-guest (CNT
clusters) and host-host (Al-Al) contacts remain due to
insufficient mechanical forces. And on the other hand, at
high rotational speeds, CNTs both in the form of cluster
and individual are embedded in Al particles (host-guest
contact). The former results in the remaining of CNT clus-
ter, and the latter causes heterogeneity dispersion of CNTs
in Al particles. Therefore, it can be inferred that the best
condition for uniform dispersion of CNTs is that CNTs are
singly dispersed throughout the surface of Al particles at a
moderate rotational speed.

Additionally, it is shown that when rotational speed
increases from 2500 rpm to 4000 rpm, small Al particles
attached on the surface of bigger ones were gradually stuck
and probably embedded in Al particles, generating Al par-
ticles with a bigger size and smoother surface (Fig. 4h—i),
compared to lower rotational speeds (Fig. 4a—b).

3.3 Effect of pre-dispersion time on CNTs
dispersion

The mixing process of CNTs and Al powder is the pro-
cess of gradually opening and coating CNTs clusters on
the surface of Al powder. The efficiency of the dry particle
coating process is determined by the total mass, mass ratio,
mixing speed and mixing time. Among these affecting pa-
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rameters, mixing time not only has a significant influence
on dispersity status and structural integrity of CNTs but
also leads to alteration of the appearance of Al powder.

To study the effect of mixing time on the dispersion sta-
tus of CNTs during the high-shear pre-dispersion process,
the Al powder and CNTs with a medium particle size of
35 um are selected as the primary materials. According
to the tailored objectives, two different rotational speeds
of 1500 rpm and 2500 rpm are chosen to do the mixing
process at different mixing times of 5, 10 and 15 min.
Fig. 5a—c show that the CNTs on the surface of Al particles
can be observed under 1500 rpm for different mixing times.
After a short mixing time (5-10 min, Fig. 5a-b), CNTs
coated onto the Al surfaces are discrete, and by increasing
the mixing time, a continuous film-like CNT coating is
gradually formed (15 min, Fig. Sc¢). Also, the length of
CNTs decreased from 0.5-2 um to 0.2—-0.5 pum, indicating
that CNTs clusters were cut short during the opening pro-
cess due to shear and compression stresses. For the mixing
time of 15 min, no CNT clusters can be observed, which
indicates that CNTs have been completely attached on the
surface of Al particles. Fig. Sd—f show the CNT dispersion
status at 2500 rpm for various mixing times. After 5 min
processing, we can see that more CNTs are attached on
the surface than mixed at the speed of 1500 rpm for the
same time. With the increase of processing time, most
CNTs are embedded underneath the Al chips, which should
be attributed to the presence of the enormous impact,
compression, and shear forces between the Al particles
when they passed through the clearance between the rotor
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Fig. 5 FESEM images of CNT/Al composite powders premixed at (a—c) 1500 rpm and (d—f) 2500 rpm for different time: (a, d) 5 min, (b, ) 10 min,

(c, f) 15 min.

and container. Due to such severe shear and compression
stress, a long-time mixing may result in the embedding of
some CNT clusters underneath Al chips before they were
fully de-agglomerated and spread over the surfaces. It
could increase the responsibility of subsequent ball milling
dispersion at the expense of more structure damage of
CNTs under high energy ball milling dispersion. It can,
therefore, be used to suggest an optimum mixing time to
achieve uniform distribution of individual CNTs onto the
surface of Al particles without embedding them and thus,
the improvement of pre-dispersion efficiency.

3.4 Pre-mixing speed dependence of structural
integrity

The good maintenance of structural integrity of CNTs
is considered to be one of the main factors that should be
considered during the processing, although some results
showed that in the absence of a significant interface reac-
tion, the failure of the tubular structure on the surface of
CNTs can enhance the interface bonding between CNTs
and Al matrix, its bearing capacity and strengthening effect
(Chen B. et al., 2014; Ci L.J. et al., 2006; Kwon H. et al.,
2013).

As shown in Fig. 6, compared with the [//; value
(0.95) of the initial CNTs powder, it is found that the
mechanofusion pre-dispersion process had little damage
to the structural integrity of CNTs. With the increase of
rotational speed, the /I value first increased to about
1.01 and then decreased to about 0.96 at 2800 rpm. The
decrement of the /,/I; value indicates less damage. This is
very likely that, the pre-dispersed CNTs are rapidly embed-
ded underneath the surface of the Al chips at high speed,
resulting in a better protection of CNTs (Chen M. et al.,
2019). Therefore, it can be concluded that CNTs are just cut
short efficiently without much structural integrity damage
during the pre-dispersion process. The structural integrity
is much better preserved than those traditional ball milling

D-ban G-band
; 1,
AI@CNT 3000 rpm 0.96
j 1.01

Intensity (a.u.)

AI@CNT 2000 rom N A 1.01
AI@CNT 1500 rpm A A 0.99

Initial CNTs E 0.95

AI@CNT 2500 TM

1200 1400 1600
Raman shift (cm'1)

800 1000 1800 2000

Fig. 6 Raman spectrum of pre-dispersed CNT/Al composite powder at
different rotational speeds.

dispersion process.

To sum up, for the raw CNT clusters with dozens of
microns, the size of Al particles should over 15 pum, as to
provide sufficient impact energy to tear apart the clusters
via mechanical forces under the MF system. Changing the
rotational speed can obtain different composite states. With
the increase of speed, CNTs show a gradual “in-depth”
change from the surface to the interior of the Al particles,
which is completed by the embedding of CNTs into Al
chips and the mutual grinding of Al powders. However,
the effect of their combination with the subsequent powder
milling process needs to be considered to select the best
pre-dispersion process parameters. Chen’s work (Chen M.
et al., 2019) shows that only by pre-dispersion at moderate
speed, in which CNTs are well de-agglomerated and par-
tially embedded in Al matrix, can provide a controllable
balance between the CNT dispersity and structural integrity
protection compared with the other processing conditions.
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The smart powder processing based on the Mechano
Fusion® system can realize the rapid composite of CNTs
and Al powders. The particle size of Al powders, the mix-
ing speed and time have a significant influence on the dis-
persion status. For the raw CNTs with dozens of microns,
there is a size and speed limit to provide sufficient impact
to tear apart the clusters and coat them onto the surface of
Al particles. Considering the dispersion uniformity and
surface area of Al powders to bear CNTs, the size of 35 um
Al powder and the speed around 2000-2500 rpm are pre-
ferred. The efficiency of processing is very high and under
suitable speed, 15 min is sufficient to obtain a uniform
dispersion of CNTs all over the surfaces of Al particles.
The CNTs were cut short, but structural integrity was not
severely damaged. Therefore, a high-shear pre-dispersion
process as a smart mechanical powder processing is a
relatively simple and environmentally friendly approach to
produce CNT/Al composite powder with the desired bal-
ance between dispersion and structural integrity of CNTs
in metallic matrix.
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