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We report the utility of three-dimensional ceramic/camphens-based coextrusion, newly developed in this study, for the production of unidiractionally macrochanneled
alumina ceramics with three-dimensionally interconnected porous alumina walls. In this technique, a continuous ceramic/camphene filament with a diameter of 1 mm.
comprised of a pure camphene core and a frozen alumina/camphene shell, was produced by the coextrusion process and then deposited in a laver-by-layer sequence
using a computer-controlied 3-axis moving table. Unidirectionally aligned macrochannels {~400 um in diameter) and three-dimensionally interconnected pores
(several tens of micrometers in size) in the alumina walls were created by remaoving the camphene core and the camphene dendrites formed in the alumina/camphene
region, respeciively. The sample showed much higher compressive strength in the macrochannel direction than in the perpendicular direcfion. In addifion, the
compressive strength of the sample could increase with an increase in inifial alumina content owing to a decrease in the total parosity.

I. Introduction Jumpto... Y 16

The creation of highly oriznted pores in ceramics is one of the most active research areas in bone tissue engineering,[11 as it can resemble the anisotropic porous
structure of natural cancellous bone and provide outstanding mechanical properties (i.e , high specific strength).[2] Extrusion using flammable fibers[2] and coextrusion[4.
51 traditionally have been used to produce porous ceramics with unidirectional pores. However. these technigques generally result in poor interconnection betwesn the
unidirectional pores, which limits their applications for bone fissue regeneration, where three-dimensionally interconnected pores are necessary.

Mare recentlv. unidirectional freeze casting has demonstrated its usefulness for creating hiahlv alioned pores with excellent three-dimensional interconnectivitv.16-101 In
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Schematic diagrams of three-dimensional ceramic/camphene-based
coextrusion (3D-CoEx) for the production of unidirectionally
macrochanneled alumina ceramics with three-dimensionally interconnected
porous walls: (3) The 3-D co-extrusion process and (b) unidirectionally
macrochanneled alumina ceramics with three-dimensionally interconnected
porous walls after freeze drying
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Three-dimensional Ceramic/Camphene-based Coextrusion for Unidirectionally

Macrochanneled Alumina Ceramics with Controlled Porous Walls
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FDepartment of Dental Laboratory Science and Engineering, Korea University, Seoul 136-03, Korea

*De partment of Orthopasdics, Komea University Medical Center, Guro Hospital, Seoul 152-703, Korea

TDepartment of Materials Science and Engineering, Seoul National University, Seoul 151-742, Korea

We repart the utility of threedi 1 i

theree-di domally i ted pores wwing three-dimen-

basved cnextrusion, newly developed in this study, for the pro-
duetion of midireetionally macrochameled aluming ceramic
with \Ium:—dmm:iumhr mawmm:(eﬂ s alimim walls
In this technigue, a filamsent with
& dinmeeter of 1 mm, comprised of a pure camphense core and a
Trozen aluming/camphens shell, wis produced by the coextru-
siom process and then deposited in oa layer-by-layer squence
using & computer-comtrolled 3-axis movieg talle. Unidiree tion
ally aligned macrochannels (—400 pm in dismeter) and three-
dimemionaly interconne: ted pores {several tens of micrmeters
in size) in the alumina walls were created by removing the
camphene core and the camphene dendrites formed in the
alumim fcamphene region, nspectively. The sample showel
mouch higher compressive strength in the macroclannel direction
than in the perpendicular direction. In addition, the compresive
strength of the sample could increase with an increase in initial
alumim comen owing to 3 decrease in the tolal porosity.

L Introduction

T'HE creation of highly ofented pores in ceramics & one
of the mest active ressarch aneas in bone tisue engineer-
ing' as it can resemble the aniotropic pomus structere of
natural cancellous bone and provide outstanding mechanmcal
properties {ie., high specific strenpth)* Extrusion wsing flam-
mable fibers’ and coextrusion™ traditionally have been wed
b produsce ponsus ceramics with unidirectional pores. H
ever, these toshngwes generally resull in poor interco
between the unidinectional pores, which Imits their applica-
tons for bome tisve egeneration, where three-dimensiomally
intereonmecte d pored are mooeiary.

More recently, umdirectional freere casting has demon-
strated its wsefulvess for creating highly a]:§1nad pores with
excellent three-dime nsional in terco nnectivity. " In this tech-
mique, a highly aligned porows structune can be achieved by
removing a frozen vehicle network grown preferentially along
the freezing direction !’ However, it is difficult in practice to
maintain the continows prefeential growth of dendrites dur-
ing the entine procea, limiting the degree of pore alignment
throughout the sample.

We herein propose a novel manufacturing method for
creating unidirectionally  aligned macrochannek  with

P Colimibo—comsihaiag ot

w4 Mo 31404 Rocsived Jaly 12, 301 % spproval Aagoe 25, 3004

2 whom comapondece daskd b a o e b oo e

2

sional ceramic/camp hene-lased coextrsion, denoted a8 “30-
CoEx". This 3D-CoEx technique can d.m_u_\u depost a
contineows ceramic/amphen: filament comsiiting of a pure
caimp hene core and a ﬁmm- a|m(|n|.§u.‘:9.|[|p|n|n ahell, which
can be produced by d coextruson,™
in a layer-by-layer Ui A G olled
moving machiee [Fig. a)]. Sulbsequently, widinectional
macrochanmelk and three-dimensionally interconmectad pores
can be created afler removing the camphene come and the
.:a.uqsl.em dendrites formed in the aluminajcamphens g on,
respectively [Fig 1(B)]. The porows strectune and cosproe
stength of the samples produced wing varow alimis oo
tents (15, 20, and 25 vol%) after sintering st 16007 fr 3 b
wene examined.

Choose a format:

IL  Experimental Procedurg

Commercial aluming powder (Kojundo Clemec:
Saitama, Japan) with a mean particle size of 0.3 &
a3 the ceramic component, and camphene (
Aldrich, St Louis, M) with a purity of 95% w
the freczing vehicle and binder.

Alumina/camphens sluries with vadous shees
(15, 20, and 25 vol%) wene prepared by mixmg L
powder and molien camphene by ball-miliag =
24 h with the asmistance of 3 wi% of an oligome
dispesant (Hypermer KD, UniQema, Everbury
Subsequently, initial feedrods for coextrisen W
by casting the prepaned alumina camphene shirr
with a diameter of XA mm containing a camphen
a diameter of 10 mm and kept at room e
30 min to allow for eomplete solidifeation.

The prepared feadrods were coextruded Throue
tion die with a diameter of 1 mm at a e
1 mum fmim and then three-dimensionally depod
by-layer sequemce wsing a computer-control:
machine (Jimotor Co., Seoul, Korea). The groes |
genily pressed into a rigd mold to improve bond:
the deposited filaments and then heat-treated ai 4
iman oven o induos continual growth of the o
drites fonned in the alumina/camphene regen, Su
the samples were freeze dried to memove the cam
and camphene dendrites in the aluminscamp!
followed by sintering at 1600°C for 3 b W &
ahemina walls.

The pore structere of aluming ceramici produced wang
various indtial alumina contents (15, 20, and 25 vol%) was
characterized by fleld-emison scan electron microsenpy
(FE-SEM; JSM-6T01F; JEOL Techniques, Tokyo, Japan).
The overall poresity of the samples was cakeulated from their
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frozen alumina/camphene shell, was produced by the coextruo-
sion process and then deposited in a layer-by-layer sequence
using a computer-controlled 3-axis moving table. Unidirection-
a]]yahgnedmamdinne]s(ulmpnmdmmeler}andlhre&
Ay int ted pores (several tens of micrometers
msm)]nlllea]mmnawaﬂsmmtedbym\dngfhe
camphene core and the camphene dendrites formed in the
alumina/camphene region, respectively. The sample showed
much higher compressive strength in the macrochannel direction
than in the perpendicular direction. In addition, the compressive
strength of the sample could increase with an increase in initial
alumina content owing to a decrease in the total porosity.

1. Introduction

T HE creation of highly oriented pores in ceramics is one
of the most active research areas in bone tissue engineer-
ing,' as it can resemble the anisotropic porous structure of
natural cancellous bone and provide outstanding mechanical
properties (i.e., high specific strength).” Extrusion using flam-
mable fibers® and coextrusion™ traditionally have been used

to produce porous ceramics with unidirectional pores. How-
ever, these techniques generally result in poor interconnection
between the u.mdlmcnona] por::s. wh.lch h.tmls Lhen' appllca—
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camphene core and a frozen alumina/camphene shell, whlch

can be produced by ceramic/camphene-based coextrusion,'?
in a layer-by-layer sequence using a computer-controlled
moving machine [Fig. 1(a)]. Subsequently, unidirectional
macrochannels and three-dimensionally interconnected pores
can be created after removing the camphene core and the
camphene dendrites formed in the alumina/camphene region,
respectively [Fig. 1(b)]. The porous structure and compressive
strength of the samples produced using various alumina con-
tents (15, 20, and 25 vol%) after sintering at 1600°C for 3 h
were examined.

II. Experimental Procedure

Commercial alumina powder (Kojundo Chemical Co., Ltd,
Saitama, Japan) with a mean particle size of 0.3 pm was used
as the ceramic component, and camphene (CyyH;q Sigma
Aldrich, St Louis, MO) with a purity of 95% was used as
the freezing vehicle and binder.

Alumina/camphene slurries with various alumina contents

(15, 20, and 25 vol%) were prepared by mixing the alumina ) ()

powder and molten camphene by ball-milling at 60°C for
24 h with the assistance of 3 wt% of an oligomeric polyester
dispersant (Hypermer KD-4; UniQema, Everburg, Belgium).
Subsequently, initial feedrods for coextrusion were prepared
by casting the prepared alumina/camphene slurries in molds
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Abstract

The superoxide radical anion (O ) is

biologically toxic and contributes to

the pathogenesis of various diseases.

Here we describe the superoxide dismutase (SOD) activity of human
serum albumin (HSA) complexed with a single Cu" ion at the N-terminal
end (HSA—Cu complex). The structure of this naturally occurring copper-
coordinated blood serum protein has been characterized by several
physicochemical measurements, The Oy dismutation ability of the HSA

Cu (1:1) complex is almost the same as that of the well-known SOD
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