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We report the utility of three-dimensional ceramic/camphene-based coextrusion, newly developed in this study, for the production of unidirectionally 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 layer-by-layer sequence
using a computer-controlled 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 removing the 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.

I. Introduction Jump to_.. v

The creation of highly oriented pores in ceramics is one of the most active research areas in bone tissue engineering [1] 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[3] and coextrusion[4.
51 traditionally have been used to produce porous ceramics with unidirectional pores. However, these techniques generally result in poor interconnection between the
unidirectional pores. which limits their applications for bone tissue regeneration, where three-dimensionally interconnected pores are necessary.

More recentlv unidirectional freeze castina has demonstrated its usefulness for creatina hiahlv alianed nores with excellent three-dimensional interconnectivity 16-101 In
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camp hene oure :md a frwzu almum&cxmpl’mz “shell, w)ncl-
can be g by based coextrusion,”

in a layer-by-layer seqmn: using 4 computer-controlled
movmg m:-.lmu [hg I(a)] thrqu:mly mnd.uuumul

using a computer-controlled 3-axs moving table. Ul
ally aligned macrochannels (400 pm in diameter) md three-
dimemsionally interconnected pores (several tens of micrometers
in size) in the slumina walls were crested by removing the
canphn: cue and the camphene dendrites formed in the
region, ctively. The sample showed
much higher compressive strength in the macrochannel direction
than in the perpendicular direction. In sddition, the compressive
strength of the sample could increase with an increase in initial
alumin content owing to a decrease in the total poresity.

L. Introduction

THE creation of highly onented pores in ceramics 8 one
of the most active research areas in bone tisue engineer-
ing' as it can resemble the ansotropic porous structure of
natural cancellous bone and provide outstanding mechancal
properties (i.e., high specific strength)* Extrusion using flam-
mable fibers”’ and coextrusion®” traditionally have been used
to produce porous ceramics with unidirectional pores. Hnw-

ever, these techniques lly result in poor i
between the unidinectional pores, which |lllllLi Umr appln’n-
tions for bone tisue reg where th Iy

interconnected pores are necessary.

More recently, unidirectional freeze casting has demon-
strated its usefulness for creating highly aligned pores with
excellent three-dimensional interconnectivity ™" In this tech-
nique, & highly aligned porous structure can be achieved by
removing 3 frozen vehicle network grown preferentially along
the freezing direction.'t Homa itis difficult in practice to
maintain the cont 1 growth of dend dur-
ing the entire process, Inmlmg the degree of pore aligment
throughout the sample.

We herein propose a novel manufacturing method for
creating  unidirectionally aligned macrochannel  with
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d pores
can be created sftzl removing the Gmp}mx core and the
camphene dendrites formed in the alumina/camphene regon,
respectively [Fig. 1(b)]. The porous structure and compressive
strength of the samples produced wsing varowns alumina con-
tents (15, 20, and 25 vol%) after sintering &1 1600°C for 3 b
were examined.

Choose a format:

IL  Experimental Procedure

Commercial alumina powder (Kojundo Chemic:
Saitama, Japan) with a mean particle size of 0.3 4
as the ceramic component, and camphene (G,
Aldrich, St Louis, MO) with a purity of 95% v
the freezing vehicle and binder.
Aluming/camphene slurries with vanous ahun:
(15, 20, and 25 vol%) were prepared by mixing
powder and molten camphene by ball-milling
24 b with the asistance of 3 wt% of an oligome
dispersant (Hypermer KD+, UniQema, Everbury

Subsequently, initial feedrods for coextrusion we Standard PDF (21 08K)

by casting the prepared alumina/camphene sl
with & diameter of 20 mm containing a camphe:
a diameter of 10 mm and kept at room tem;
30 min to allow for complete solidification.

The prepared feedrods were coextruded throu
tion die with a diameter of | mm at a consta
1 mm/min and then lhra:‘hmamum]ly deposite
by-layer ]
machine (Jimotor (‘o_‘ Qeou]. Koresa). The green
gently pressed into a rigd mold o mprowe bomd
the deposited filaments and then heat-treated at 4
inan oven to mnduce continual growth of the car
drites formed in the alumina/camphene regon. S
the samples were freeze dned to remove the ca
and camphene dendrites in the alumina/camp!
followed by sintering at 1600°C for 3 b to
aluming walls.

The pore structure of alumina ceramics produced using
various initial adumina contents (15, 20, and 25 vol%) was
charactenizad by fleld-emission scanning electron microscopy
(FE-SEM; JSM-6701F; JEOL Techniques, Tokyo, Japan).
The overall porosity of the samples was cakulated from their
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We report the utility of three-dimensional ceramic/camphene-
based coextrusion, newly developed in this study, for the pro-
duction of unidirectionally 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/ h shell, was produced by the

sion process and then deposited in a layer-by-layer sequence
using a computer-controlled 3-axis moving table. Unidirection-
ally aligned macrochannels (~400 pm in diameter) and three-
dimensionally interconnected pores (several tens of micrometers
in size) in the alumina walls were created by removing the
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.

I. 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 outstandmg mechanical
properties (1 e., high specific strenglh) Extrusion using flam-
mable fibers® and coextrusion® lradmonally have been used
to produce porous ceramics with unidirectional pores. How-
ever, these techniques generally result in poor interconnection
bctween the umdm:cuonal pores, wh.tch limits lheu' apphca-
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in a laycr by-layer sequence using a compulcr—conu'ollcd
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 (C;oH;¢; 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 9 9
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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Superoxide Dismutase Activity of the Naturally

Occurring Human Serum Albumin-Copper Complex
without Hydroxyl Radical Formation

Ryunosuke Kato', Dr. Matofusa Akiyama', Prof. Dr. Hiroyoshi Kawakami=, Prof. Dr.

Teruyuki Komatsu®

Abstract

The superoxide radical anion (O77) is

l
Q V| ~ _ﬂ
~ e = .

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 O, dismutation ability of the HSA

Cu (1 1) complex is almost the same as that oflhc. well- knou n SOD
5 RV .
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Who's afraid of big data?

We continue our Data Week with
coverage of an insightful “Who's afraid of
big data” session from the recent ALPSP
conference. Ah Big Data, how things have
changed! Tenyearsagoadatatalkata
conference would have been nearly
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only. And so kicked off an interesting —--
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Everybody loves data

To coincide with the RDA4 meeting this
week and the publication of a special issue
from Learned Publishing, we decided to
devote this week to the topic of data. Liz
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Learned Publishing forthcoming special
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