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PILLARED LAYER'
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Abstract The anodic porous alumina membranes with a definite pore diameter and aspect ratio were used as templates to
synthesize polymer pillared layer structures. The pillared polymer was produced in the template membrane pores, and the
layer on the template surfaces. Rigid cured epoxy resin, polystyrene and soft hydrogel were chosen to confirm the
methodology. The pillars were in the form of either tubes or fibers, which were controlled by the alumina membrane pore
surface wettability. The structural features were confirmed by scanning electron microscopy results.
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INTRODUCTION

One-dimensional nanostructured materials including nanowires and nanotubes are of fundamental and
technological significance. They have a variety of potential applications in chemistry, physics, electronics, optics,
materials science, and biomedical science. These materials can be easily synthesized in porous media such as
anodic porous alumina membranes and track-etched polymer nuclepores. Porous alumina membranes possess
uniform and straight cylindrical pores with controlled diameter and aspect ratio, and they have been extensively
used as templates to prepare uniformly sized metal nanowires, polymer nanorods and nanotubes!'™), oxide
nanorodst!, and composite nanostructure™’. Recently, binary hydrogel nanowires of invertible core/shell phases
have been prepared in porous alumina membranes, in a process controlled by the pore surface wettability[ﬁl.
However, most current reports focus on either individual one dimensional rods and tubes or their ordered arrays
in the membranes.

In this paper, we are mainly concerned with polymer ordered arrays supported on thin layers, which have
what is defined as pillared layer structure. The thin layers result from the remaining polymer film on the
membrane surfaces. Some representative materials such as polycondensed epoxy resin, polystyrene and hydrogel
by free radical polymerization are prepared in the form of either tubes or fibers.

EXPERIMENTAL

Sample Preparation

Typical modification procedure of anodisc 47

The alumina membranes Anodic 47 with a pore diameter 200 nm and length 60 pm were purchased from
Whatman International Ltd. The pore surface was hydrophobically modified by a silanization process[ﬂ. The
membranes were heated in air to 400°C at a heating rate of 10 K/min followed by a natural air-cooling to room
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temperature. After the thermally treated membranes were soaked in boiling aqueous hydrogen peroxide (30%) for
30 min, they were boiled in a large amount of distilled water for 30 min to hydroxylate the pore surface. The
dried membranes were re-immersed in a solution of 10% octachlorosilane in toluene, allowing a complete
impregnation of octachlorosilane. Finally, the membranes were subjected to reflux at room temperature for 3 h
under reduced pressure.

Preparation of epoxy resin by polycondensation

The alumina template membranes including the unmodified and modified ones were immersed in a mixture of
epoxy resin (bisphenol A-618) and curing agent (H020) (10/3 wt/wt) at ambient temperature for 5 h for the
infiltration of the mixture into the pores. The curing process occurred at 80°C for 2 h.

Free radical polymerization of polystyrene and hydrogel

After the alumina membranes were immersed in styrene containing 0.1 wt% initiator AIBN for 5 h, the system
was polymerized at 60°C for 12 h. The alumina membranes were immersed in an aqueous solution of the
monomer mixture consisting of acrylamide/ammonium acrylic (3:7 wt/wt) containing 5 wt% crosslinking agent
N,N' - methylenebisacrylamide and 0.1 wt% initiator ammonium peroxydisulfate. The monomer content was 50
wit%. The polymerization was undertaken at 50°C for 2 h to form hydrogels. The pillars were formed in the pores
after removal of the alumina with 10 wt% NaOH aqueous solution follows by a wash with a large amount of
water and ethanol. When the thin polymer layers on the membranes were preserved, thin layers resulted
supporting the pillars.

Characterization

After the polymer materials were dried at room temperature, the pillared layer structures were vacuum sputtered
with Au and observed under a JEOL 6700F field emission scanning electron microscope (SEM) at a voltage of
3 kV.

Fig. 1 Scanning electron micrographs of crosslinked epoxy resin samples
a) bi-layer supported pillar structure prepared using unmodified porous alumina membrane; b) magnified image
of Fig. 1(a); c) fibers prepared in the hydrophobically modified porous alumina membrane

RESULTS AND DISCUSSION

After polycondensation of epoxy resin in the unmodified membrane, an epoxy resin/alumina composite was
prepared. The bulk polymer was peeled off the alumina in a controlled fashion leaving two thin layers on both
sides of the alumina membrane. After the removal of the alumina, pillared epoxy resin between two layers was
obtained. A SEM image of the sample fracture is shown in Fig. 1(a). A magnified SEM image as shown in
Fig. 1(b) revealed that the epoxy resin pillars were in the form of tubes. The tubes were easily deformed after the
removal of the alumina membrane as shown in Fig. 1(a), which might be due to the elastic de-stabilization of the
very long tubes. The regular pillar array might be useful as a chromatographic phase for the purification and
separation of macromolecules'”, The formation of the tubes was explained by a rapid preferential wetting of the
alumina pore surface by the monomer mixture™. As shown in Fig. 1(c), when the porous alumina membrane was
hydrophobically modified with octatrichlorosilane forming the hydrophobic group (Al—O—Si—CgH),) on the
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pore surface, the obtained epoxy resin pillars were in the form of fiber.

Besides polycondensation, a free radical polymerization of styrene in the unmodified alumina membranes
can also result in the pillared layer structure. When the polymer layer was removed from one side of the
membrane, a mono-layer supported polymer pillar structure was obtained like a brush as shown in Fig. 2(a). The
layer thickness was controlled by controlling the residual polymer amount on the membrane surface. As shown in
Fig. 2(b), when another thinner polymer layer was left on the other side of the alumina membrane, an asymmetric
pillared bilayer structure was formed as shown in Fig. 2(b}. When two alumina membranes were separated with a
pellet separator, multiple pillared layer structure was prepared as shown in Fig. 2(c). The middle layer thickness
was controlled by the separator thickness. A magnified image (Fig. 2d) indicates that the pillars were in the form
of fiber rather than tube.

Fig. 2 Scanning electron micrographs of polystyrene samples prepared in the unmodified
porous membrane

a) mono-layer supported pillar structure; b) bi-layer supported pillar asymmetric
structure; c) tri-layer supported bi-pillar structure; d) magnified image of the fibers in
Fig. 2(a)

Fig. 3 Scanning electron micrographs of poly(acrylamide/ammonium acrylic) gel
samples prepared in the unmodified porous membrane

a) mono-layer supported bi-pillar structure; b) magnified image of the fibers shown in
Fig. 3(a)

Besides rigid polymers such as cured epoxy resin and polystyrene, poly(acrylamide/ammonium acrylic)
hydrogel fibers were also prepared in the unmodified porous membrane. When the middle polymer layer was left
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with the other layers removed from the surfaces, mono-layer supported two pillar structure was obtained as
shown in Fig. 3(a). The fibers were easily twisted as shown in Fig. 3(a). In the magnified image Fig. 3(b), the
pillars were uniform and in the form of fibers.
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