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Unidirectional alignment of Carbon nano-sized fiber using drawing

process

YOUNGMIN BAIK, SANGKWAN LEE
Materials Engineering Department, Korea Institute of Machinery and Materials, Changwon 641-010, Korea

YOUNGHWAN JANG, SANGSHIK KIM ∗

Division of Materials Science and Engineering, Engineering Research Institute, Gyeongsang National
University, Chinju 660-701, Korea
E-mail: sang@gsnu.ac.kr

Published online: 16 September 2005

Recently, there is great interest in the metal-matrix
composites (MMC) reinforced with the carbon nano-
sized fiber (CNF) due to their superior mechanical,
thermal and electrical properties [1, 2]. At present, the
fabrication of MMC reinforced with the CNF is con-
sidered to be practically impossible using the liquid
infiltration process, since most of the composite manu-
facturers and researchers believe that the applied pres-
sure should be extremely high [3]. Previously, however,
the authors conducted a theoretical calculation of the
required pressure necessary for the Cu melt to infiltrate
the CNF bundles, and reported that the fabrication of
CNF reinforced Cu composite was possible by the liq-
uid infiltration process at a pressure as low as 20 MPa
by employing a simple hydrostatic pressurization prin-
ciple [4]. In order to minimize the hydrostatic pressure
loss during melt flow through the CNF bundles, the
Cu tubing compacted with CNFs were used as a per-
form material for the present composite fabrication, as
schematically demonstrated in Fig. 1. For the success-
ful application of CNFs for the MMC fabrication as
a reinforcing phase, however, the directional control
of the fiber is of great importance. Unfortunately, at
present, the CNFs are supplied in the form of highly
entangled bundles as a result of their strong attractive
forces between the fiber surfaces, as shown in Fig. 2.
Several methods, including centrifugal force method
and electrical field method, have been endeavored for
the unidirectional alignment of the fiber [5]. However,
little success has been made. In the course of fabricating
Cu wire compacted with CNFs, the authors found that
the CNFs could be aligned unidirectionally by utiliz-
ing a simple multi-drawing process, as schematically
illustrated in Fig. 3. First of all, the CNFs, produced
at Showa Denko (Japan) with an average diameter of
150 nm and an average length of 15 µm, were me-
chanically compacted into the 8 mm diameter oxygen-
free Cu tube with a length of 300 mm. The Cu tubing
was then continuously drawn down to the final diam-
eter of 0.2 mm. To prevent the CNF extruding from
the tubing during the multi-drawing process, both ends
of the tubing were tightened by swaging. The draw-
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ing speed was maintained at 1.6 m/min. The drawing
force of 5 kN was used in the present study, which
was obtained by using the upper bound solution [6] as
follows.
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where σd is the theoretically calculated drawing force,
f(α) is the function of the semi-die angle, σ o

Cu is the flow
stress of Cu (≈ the average of 0.2% yield strength),
σ o

fiber is the flow stress of CNFs. The Ro, Ri, Rfo, Rf ,
α, αi, L and m value, respectively, represents the outer
diameter of tube, the inner diameter of tube, the final
outer diameter of tube, the final inner diameter of tube,
the die angle, the internal die angle, the bearing length
and the friction coefficient between tube and die, re-
spectively.

The optimum die angle was calculated by using the
following equation:
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where m, Ro, Ri and Rfo, respectively, represents the
friction coefficient between tube and die, the outer di-
ameter of tube, the inner diameter of tube and the final
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Figure 1 Schematic illustration of liquid pressing process for the fabrication of MMC reinforced with CNF.

Figure 2 The SEM micrograph of the as-received CNF agglomerates,
showing a severely entangled appearance.

outer diameter of tube, respectively. After several draw-
ing process, the Cu tubing was annealed at 440 ◦C for
5 hr for the subsequent drawing process. Fig. 4 shows
SEM micrographs of the (a) drawn Cu tube packed
with CNFs and (b) cross-section of the tube, respec-
tively. Fig. 4b shows that the CNFs were almost per-
fectly aligned along the drawing direction. Some CNFs
appeared to lose the perfect alignment possibly during
cutting and polishing the surface. Conclusively, the per-

fect alignment of the CNF was obtained by mechanical
drawing process. The Cu tubing compacted with the
unidirectionally aligned CNF was successfully used
for the fabrication of CNF reinforced Cu composite by
liquid infiltration process, as shown in Fig. 5. Table I
shows the tensile property of the CNF-reinforced pure
Cu composite fabricated in the present study. Consid-
ering that the tensile strength of rolled, pure Cu is ap-
proximately 220 MPa, the tensile strength of the Cu
composite reinforced with aligned CNFs was improved
by approximately 2 times.

From the present study, it was demonstrated that
the severely entangled CNF could be aligned uni-
directionally by using mechanical drawing process.
The tube packed with CNFs or other nano-sized
fibers could be used as a raw material for compos-
ite fabrication. There is also strong possibility to use
this metal tubing as a filter material with nano-sized
porosity.

T AB L E I Tensile properties of CNF reinforced Cu composite

Materials YS (MPa) UTS (MPa)
Tensile
elongation (%)

CNF reinforced
Cu composite

452 476 6.5
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Figure 3 The schematic diagram of the drawing process of the Cu tubing packed with CNFs.

Figure 4 SEM micrographs of the (a) drawn Cu tube packed with CNFs and (b) cross-section of the tube, respectively.

Figure 5 SEM micrographs of the cold-rolled CNF reinforced Cu com-
posite fabricated by liquid infiltration process, showing the unidirection-
ally aligned CNFs.
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