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Tubular barium sulfate, having diameters in the range of
200–350 nm and length up to 30 microns, was fabricated by a
nanochannel reactor and characterized by scanning electron mi-
croscope, transmission electron microscope, and X-ray diffrac-
tometer. The process is very simple, efficient and easy to control,
which can be used to prepare a wide range of tubular inorganic
nanomaterials.

Since the discovery of carbon nanotubes,1 one-dimensional
(1-D) hollow nanostructures are currently the focus of consider-
able interest because of their unique architectures and unusual
chemical, electrical, optical, and mechanical properties.2–7

Therefore various methods to prepare a number of tubular inor-
ganic materials such as BN, dichalcogenides, NiCl2, metal ox-
ides, and some metals have been reported.4–7 There is increasing
interest in template-synthesized nanotubes because of its ability
to control the dimensions of the nanotubes obtained. The outside
diameter of the nanotubes is determined by the diameter of the
pores in the template, and the length of the nanotubes is deter-
mined by the thickness of the template. In recent years, porous
alumina membranes have been widely used to confine the
growth of the nanosized materials owing to their remarkable
hardness, uniform pore size, and high pore density.8–16

BaSO4 is a structural analogue of the ubiquitous biomineral
aragonite (CaCO3) which is deposited in a number of biological
systems, stabilized in conjunction with structure-directing bio-
molecular recognition of specific crystal faces.17,18 BaSO4 dif-
fers from CaCO3 in that it possesses tetrahedral sulfate moieties
in place of the planar carbonate anions. Consequently, crystal
growth of BaSO4 has been studied as a model to probe the rela-
tive structure and growth-directing efficacies of carboxylates,
phosphonates, sulfonates, and other organic template mole-
cules.19 BaSO4 has also been used as a model system to test dif-
ferent theories of crystal growth.20 BaSO4 particles with unusual
sizes, shapes, texture, and morphology have been synthesizd by
designing suitable organic templates.21–25 Barium sulfate nano-
particles have been synthesized by the reversed micelles and mi-
croemulsions method,26–28 and by polymer-controlled minerali-
zation reactions.29 However, the reports for the tubular BaSO4

are limited. In this communication, we report a high-yield syn-
thesis of BaSO4 nanotubes using porous alumina membrane
channel as a reaction vessel, a very simple, low-cost method.

Porous alumina membranes (Anodise�) made by Whatman
Inc. (SEM images revealed a pore diameter range of 200–
360 nm) were cleaned for 15min in an ultrasonic bath using sol-
vents of water, ethanol, acetone, chloroform and hexane, respec-
tively. After dried in vacuum, the alumina membrane was put in
the middle of two silica half-cells which separates the two
cells.30 0.02M BaCl2 and 0.02M Na2SO4 of the same volume
were dropped into each cell, respectively. The reaction remained

for 48 h at ambient temperature. Ba2þ and SO4
2� would enter the

pores of the alumina membranes and form nanotubes. After
completion of the reaction, the resulting BaSO4/Al2O3 compo-
site was washed several times with deionized water, then it was
dipped into 2M NaOH aqueous solution for 70min in order to
partly remove alumina membrane and for 3 h to remove the
membrane substrate completely. Finally the product was rinsed
with deionized water ten times.

Field emission scanning electron microscopic (FE-SEM;
LEO-1350 VP) image of the products is shown in Figure 1. As
can be seen, the products consist of a tubular 1-D nanostructure
with outer diameters of 200–350 nm, inner diameters of 100–
250 nm, and length up to 30mm which corresponds to the thick-
ness of the template membrane used. Some open ends of the
tubes can be seen as indicated by arrows, inset in Figure 1 shows
a typical open end. The nanotubes were individually separated
from one another. The individual BaSO4 nanotubes were dense
with a uniform diameter throughout their entire length although
some defects are presented.

X-ray powder diffraction (XRD; Shimadzu XRD-600
diffractometer with Cu K� radiation, � ¼ 1:54060 �A) pattern
of BaSO4 nanotubes is shown in Figure 2. The positions of the
XRD peaks show good agreement with those of the JCPDS
(No.72-1390) data of the barium sulfate with orthorhombic
phase (a ¼ 8:909 �A, b ¼ 5:467 �A, c ¼ 7:188 �A). The peaks at
2� values of 20.21�, 24.61�, 25.59�, 32.56�, 32.82�, 42.30�,
42.38�, 50.52�, and 68.56� correspond to the crystal planes of
(011), (002), (210), (301), (020), (113), (401), (004), and
(040), respectively, of the crystalline barium sulfate.

TEM (H-800) image is shown in Figure 3a. The outer diam-
eters of nanotubes vary from 200 to 350 nm, which correspond to

Figure 1. Typical scanning electron micrograph of BaSO4

nanotubes (inset shows an open end) from the reaction of
0.02M BaCl2 with 0.02M Na2SO4 for 48 h.
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the pore diameter of the alumina membrane. It is difficult to see
the hollow cavity of the tube in the TEM image because the tube
wall is very thick (40–50 nm). It is also shown that the nanotubes
have been shorten in some extent after the ultrasonication.

The selected-area electron diffraction pattern of the BaSO4

nanotubes shows the presence of diffraction spots due to the
(211), (113) and (303) planes, as shown in Figure 3b, signifying
the single crystalline nature of orthorhombic BaSO4.

In summary, we firstly report the preparation of long
and dense BaSO4 nanotubes using porous alumina membrane
as reactor vessel. The process is very simple, efficient and
easy to control, which can be used to prepare a wide range of
tubular inorganic nanomaterials. Further investigation on the
properties and applications of as-prepared BaSO4 nanotubes is
in progress.
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Figure 2. XRD pattern of BaSO4 samples obtained.

(a)
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Figure 3. (a) TEM image and (b) Selected-area electron dif-
fraction pattern of BaSO4 samples obtained.
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