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densification of inorganic materials. It is known that the
water of crystallization in DCPD is slowly lost below
100" C. If the released water can be utilized as a reaction
solvent during the HHP treatment, it is to be expected
that the joining HA to metal can be achieved
simultaneously under the hydrothermal condition, in
addition to the synthesis and solidification of HA.?

This paper describes a new technique of coating HA
ceramics to Ti by using the HHP method.

2. EXPERIMENTAL PROCEDURE
2.1 Sample preparation

A commercially available pure Ti rod (99.5%;
Nilaco, Japan), 1.5mm in diameter, was used in this
experiment. The Ti rod was cut into a length of
approximately 18mm. The rods were cleaned in
deionized water and acetone by using an ultrasonic
cleaner. Ti surfaces were finished using 1500# emery
paper. After the surface finish with emery paper, the tita-
nium rods were washed again by deionized water, and
then dried in air. Recently, it has been reported that if
the Ti and its alloys surface is treated with sodium
hydroxide (NaOH) solution it obtains the ability of
joining HA directly by a biomimetic method.?! In order
to investigate the effects of alkali solution treatment, the
Ti rods were treated with atkali solution (SM NaOH).
The conditions of a NaOH solution hydrothermal
treatment were conducted at 150°C for 2h. After the
hydrothermal treatments, the Ti rods were washed by
deionized water, and then dried in air. 2 kinds of Ti rods
were prepared, whether with the alkali solution treatment
or without the treatment.

DCPD used as a starting powder was prepared by
mixing 1.OM calcium nitrate solution  (99.0%;
Ca(NO); + 4H,0, KANTO CHEMICAL CO., INC.,
Japan) and 1.0M diammonium hydrogen phosphate
solution (98.5%,; (NH,),HPQ, ; KANTO CHEMICAL
CO., INC., Japan). The mixing was carried out at a room
temperature (approximately 20°C). In order to control
the value of pH, acetic acid and ammonia solution were
added. The precipitate from the mixture was filtered and
washed with deionized water and acetone. The washed
filter cake was oven-dried at 50° C for 24h, and then the
dried cake was ground to a powder. The synthetic
DCPD and calcium hydrexide (95.0%; Ca(OH); ;
KANTO CHEMICAL CO., INC., Japan) were mixed in
a mortar for 30min with a C&/P ratio of 1.67.

2.2 Autoclave for HHP treatment

The autoclave made of stainless steel (SUS304) has a
pistons-cylinder structure with an inside diameter of
20mm, as shown in Fig.1. The pistons possess escape
space for hydrothermal solution squeezed from the
sample, and this space regulates the appropriate hydro-
thermal conditions in the sample. A grand packing of
polytetrafluoroethylene (PTFE) is placed between a cast
rod and push rod. The PTFE was used to prevent leakage
of the hydrothermal solutions.

A pressure of 40MPa was applied to the sample
through the push rods from the top and bottom at a room
temperature. After the initial loading the autoclave was
heated up to 150°C at heating ratc of 10° C/min, and
then the temperature was kept constant for 3hours. The

autoclave was heated with a sheath-type heater. The
axial pressure was kept at 40MPa during the HHP
treatment. After the HHP treatment, the autoclave was
naturally cooled to a room temperature, and the sample
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Fig.1 Schematic illustration of the autoclave for
Hydrothermal Hot-pressing method

SUS disks Separatg:r
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Fig.3 Schematic illustration of the pull out test
in a cross section view,

removed from the autoclave.

A Ti red and the powder mixture of DCPD and
Ca(OH); were placed into the middle of the autoclave
simultaneously, The configuration is shown in Fig.2. The
mixed powder of DCPD and Ca{OH), were located
between separators. The separators were made of PTFE
membranes. A Ti rod was located between 2 pieces of
stainless steel (S8US304) disks as shown in Fig.2. SUS
disks which could not be bonded to HA ceramics by
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HHP method were made semicircle shape in order to
keep appropriate space for a Ti rod and the HA starting
powder. Thickness of the SUS disks was 2mm. Upper
and lower sides spaces of separators were filled with
pressure media which was aluminum oxide powder
(3.0um; BUEHLER LTD., USA). The separators were
used to reduce the mixing of aluminum oxide powder
and HA starting powder.

2.3 Coating Strength evaluation

Pull out tests were conducted in order to evaluate
bonding strength of the HA ceramics coating. The detail
of pull out tests is drawn in Fig.3. The HA coated
samples were fixed to the test jigs by epoxy resin
(Araldite; CHIBA-GEIGY). And then the part of HA
coating without attaching to the jig was removed with a
knife and a grinder. The specimens were loaded at a
cross-head speed of 0.5mmy/min until the Ti rods were
pulled out entirely. Fracture behaviors were observed
and the stress-displacement curves were measured.

3. RESULTS AND DISCUSSION

As demonstrated in Fig.4, the HA ceramics could be
coated to the all surface of Ti rods at the low temperature
of 150" C using the above-mentioned HHP treatment.
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Fig.4 Photographs of the sample of HA coating on Ti
rod.

Fig.5 shows photographs of the specimens after pull
out tests. The left parts of the specimens were fixed onto
the test jigs. The photograph of Fig.5(a) and (b) are the
specimens without the alkali solution treatment and with
treatment tespectively. As shown in Fig.5(b), it can be
seen that HA coating remains on the Ti rod in contrast
with Fig.5(a). It can be noted that the fracture occurs not
at the HA/Ti interface, but in the HA. This observation
suggests that the fracture toughness of the HA/Ti
interface is close to or higher than that of the HA
ceramics only.

The load-displacement curves in pull out tests are
shown in Fig.6(a} and (b) without the alkali solution
treatment and with the treatment respectively. It is seen
in Fig.6(a) that the load decreases approximately linearly
after the peak as the displacement is increased. This
observation in conjunction with Fig.5(a) suggest that the
interface between the HA and Ti rod is held just by
interfacial friction and no significant chemical bond is
expected for the interface without the alkali solution
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treatment.

On the other hand, the load-displacement curve of the
specimen treated with the alkali solution, as shown in
Fig.6(b), shows the different tendency where the load
temporarily increases after the peak. The results of
Fig.6(b} and fracture surface observation imply that
there is a chemical bond between the HA and Ti rod. As
described previously, the crack propagation took place in
the HA, not along the interface. The deviation and
kinking of the crack path from the interface may induce
an additional frictional resistance to the crack
propagation in the pull-out test. This may explain the
second peak in the load-displacement curve shows in

Fig.6(b).

(a) Without the alkali solution treatment.

Fig.5 photographs of the samples after pull out tests.
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Fig.6 The stress-displacement curves of pull out tests.

In order to evaluate the effects of the alkali solution
treatment quantitatively, the shear strength and fracture
energy were calculated from the results of pull out tests,
and are plotted in Fig.7. The shear strength, 7 is
computed based on the following equation:

Pmax
T == (2)
7L

where d is the diameter of Ti rods(1.5mm), L is the fixed
length of Ti rods, P is load, P, is the maximum value
of P. 7is estimated to be 1.5MPa for the specimen
without the alkali solution treatment and 3.0MPa for the
treated specimen, respectively. The averaged shear
strength over the embedment length L maybe taken as a
fracture property of initiation. The alkali solution
treatment improved the initiation resistance two times
more than the non-treated condition. The fracture energy
G is calculated using the following equation:

A
G—FL (Aszdx ) @)

where x is the displacement of cross-head. G is
estimated 4.0Nmm™ for the specimen without the alkali
solution treatment and !1.9Nmm' for the treated
specimen, respectively. It was shown three times
improvement. It is seen that the alkali solution treatment
on Ti rods allows us to improve the interfacial fracture
property.
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Fig.7 Shear fracture stress and fracture energy
calculated from pull out tests.

While further development is needed to improve the
fracture property of the solidified HA, the HHP
treatment may have the advantage over the
plasma-spraying technique in the preparation of
thermodynamically stable HA. The above results
demonstrate the usefilness of the HHP method for
coating HA en Ti in order to produce a bioactive layer in
biomaterials.

4. CONCLUSIONS
In this paper, it was demonstrated that HA ceramics

could be coated to Ti rods using a hydrothermal
hot-pressing method at the low temperature as well as
150° C. Especially for the sample treated with alkali
solution, the pull out tests conducted on the HA coating
sample revealed that fracture occurred not along the
interface but in the HA ceramics. The fracture property
of the HA/Ti interface was also suggested to be close to
or higher than that of the HA ceramics. Investigation of
the bonding mechanism and in vivo tests of the HA
coating samples are in progress.
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GD-OES Analysis of the Interface between
Titanium and Hydroxyapatite Ceramics Produced by
Hydrothermal Hot-pressing Method
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Solidification of hydroxyapatite (HA) and its bonding with titanium (Ti} was achieved si-
multaneously by using a hydrothermal hot-pressing method at the low temperature as low as
150°C. A mixture of calcium hydrogen phosphate dehydrate(DCPD) and calcium hydroxide
was used as a starting powder material for solidifying HA. 3-point bending tests were
conducted to obtain an estimate of the fracture toughness for the HA/Ti interface as well as for
the HA ceramics only, The fracture toughness tests showed that the induced crack from the
pre-crack tip deviated from the HA/Ti interface and propagated into the HA. The fracture
toughness determined on the HA/Ti specimen was closed to that of the HA ceramics only
(X,=0.30 MPam'?),

Depth profile of the chemical composition determined by glow discharge optical emission
spectroscopy (GD-OES) method indicated that the bonding of HA and Ti was achieved though
the formation of a reaction layer at the HA/Ti interface. The thickness of the reaction layer
was estimated to be approximately lpm. It seemed that this reaction layer provided the

bonding HA/Ti for absorbing the misfit between HA and Ti.
Key words: Hydrothermal hot-pressing, Bonding, Diffusion

1. INTRODUCTION

Titanium (Ti) and its alloy are widely used as
crthopedic and dental implant materials because of their
high mechanical strength, low modulus and good corro-
sion resistance.! Traditionally, Ti and its alloys have been
reported as bioinert. When embedded in the human body,
a fibrous tissue capsules the implant isolating from the
surrounding bone forms.

Some bioactive ceramics such as HA, bioglass an
glass ceramics can directly bond to living bone when
used as bone replacement materials.? HA ceramics are
biomaterials which have been extensively developed
recently.* In the traditional method for solidifying HA,
HA powder was sintered at high temperatures over
1000° C.% The mechanical properties of bulk HA only
allow applications for small non-loaded structure.® The
possibility of depositing it into films has permitted to
exploit its bioactive properties in structural prostheses
such as teeth root, hip, knee and shoulder joint
replacement. Therefore, HA is also used as a coating
material for those prostheses surface in order to prepare
bioactive layers on titanjum and its alloys.” The HA
surface improves the fixation of implants by the growth
of bone into the coating, forming a mechanical interlock.
A plasma spraying technique has been frequently
employed for the coating process of HA®® However,
this high temperature method results in some of signifi-
cant problems like a poor coating-substrate adherence'®,
lack of uniformity of the coating in terms of morphology
and crystallinity’” '3, that affect the long-term
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performance and lifetime of the implants. Other
techniques are also available such as: sintering, chemical
vapor deposition, sol-gel deposition, ion implanting,
laser deposition and electrochemical process like
electrophoretic  deposition, electrocrystallization and
anode oxidation. Despite of all the investigations carried
out, the produced coatings can suffer from at least one of
the following problems: Lack of coating adherence to the
substrate, poor structure inte?'ity and non-stoichiometric
composition of the coatings.’

HA is the most thermodynamically stable phase
among the calcium phosphate compounds. Other calcium
phosphate compounds are readily transformed into HA in
the presence of some solutions at relatively low
temperatures (below 100° C). The hydrothermal reaction
of calcium hydrogen phosphate dihydrate (CaHPO,
2H,0; DCPD) to HA is relatively easy when it occurs in
a solution.'*® Moreover, the transformation into HA is
accelerated by the supply of Ca** and PO,™ at the
stoichiometric ratio of Ca/P=1.67 in HA. For example,
the chemical reaction of DCPD and calcium hydroxide
(Ca(OH);) occurs in a liquid phase as follows:

6CaHPQ,*2H,0 + 4Ca{OH), —
Cap(PO,)s(OH), + 18H,0 (1)
This chemical reaction progresses at low temperatures
(typically less than 80 C)." The only products of the
above reaction are HA and water. _
Hydrothermdl hot-pressing (HHP) method is a
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possible processing route for producing a ceramic body
at relatively low temperatures'® '%, The compression of
samples under hydrothermal conditions accelerates
densification of inorganic materials. It is kmown that the
water of crystallization in DCFD is slowly lost below
100° C. If the released water can be utilized as a reaction
solvent during the HHP treatment, it is to be expected
that the joining HA to metal can be achieved
simultaneously under the hydrothermal condition, in
addition to the synthesis and solidification of HA.*®

This paper describes a new technique of bonding HA
ceramics and Ti by using the HHP method and the
interface properties between HA ceramics and Ti.

2. EXPERIMENNTAL PROCEDURES

2.1 Sample preparetion

Firstly DCPD used as a starting powder was prepared
by mixing 1.0M calcium nitrate solution (Ca(NO);-
4H,0; KANTO CHEMICAL CO., INC, 99.0%) and
1.0M diammonium hydrogen phosphate solution
((NH ), HPO, ; KANTO CHEMICAL CO., INC,, 98.5%).
The ‘mixing was camied out at a room temperature
{approximately 20°C). In order to control the value of pH,
acetic acid and ammonia solution were added fitly. The
precipitate from the mixture was filtered and washed with
deionized water and acetone. The washed filter cake was
oven-dried at 50°C for 24h, and then the dried cake was
ground to a powder.

A commercially available pure Ti rod, 20mm in
diameter, was used as a bicinert material. The Ti rod was
cut into disks with a thickness of 10mm. And the disks
were cleaned in deionized water and acetone by using
ultrasonic cleaner. Ti surfaces were treated by two
different methods : the Ti surfaces were finished using
1500# emery paper. Afier emery paper finish, the tita-
nium disks were washed by deionized water, and then
dried in air. Synthetic DCPD and calcium hydroxide
(Ca(OH); ; KANTO CHEMICAL CO., INC., 95.0%)
were mixed in a mortar for 30min with a Ca/P ratio of
1.67. The powder mixture and Ti disks were placed into
the middle of the autoclave simultaneously, as shown in
Fig.1. i

The autoclave which was made of stainless steel
(SUS304) has a pistons-cylinder structure with an inside
diameter of 20mm in this research. The pistons possess
escape space for hydrothermal solution squeezed from the
sample, and this space regulates the appropriate hydro-
thermal conditions in the sample. A grand packing made
of polytetrafluoroethylene (PTFE) is fixed between a cast
rod and a push rod, and it is deformed by pressure from
the top and bottom to prevent leakage of the
hydrothermal solutions.

A pressure of 40MPa was applied to the sample
through the loading rods from the top and bottom at room
temperature. The pressure was kept 40MPa automatically
in all stage. After the loading the autoclave was heated up
150°C at heating rate of 10°C/min, and then the
temperature was kept constant for Zhours. The autoclave
was heated with a sheath-type heater. The initial axial
pressure was kept at 40MPa at initial state of the HHP
treatment. After the treatment, the autoclave was cooled
to room temperature naturally, and the sample removed
from the autoclave.
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Fig.1 The schematic illustration of the autoclave for
Hydrothermal Hot-Pressing{HHP).
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Fig.2 The indication of the temperature, shrinking
behavior and pressure during HHP treatment.

The shrinkage behavior of the sample during the
HHP treatment was monitored by measuring the relative
movement between the two pistons using a displacement
gage. The displacement data were used to determine the
volume ratio V of the sample, defined as follows:

14 -——%XIOO @)

i

where h; is initial sample height, and A4 is the relative
displacement during the heating process.

The typical example of temperature and pressure
record is shown in Fig.2, along with volume ratio data. It
is seen that the shrinkage started at 2pproximately 90" C.
This temperature is close to the dehydration temperature
of DCPD. Thus, it is thought that the shrinkage is
mitiated by the dehydration of DCPD. The shrinkage rate
became larger with the increasing temperature, and then
the shrinkage rate became smaller. The shrinkage
continued during the HHP treatment. The pressure was
held at 40MPa constant for the whele peried of HHP
treatment.
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2.2 Evaluation method
3-point bending tests were conducted to obtain an
estimate of the fracture toughness for the HA/TI interface.
Core-based specimens were used for the fracture
toughness tests and a pre-crack was introduced along the
HA/Ti interface of the bonded specimens, following the
ISRM suggested method 2'. The stress intensity factor K

was used to evaluate of the bonding strength of the HA/Ti.

The critical stress intensity factor is used in order to
evaluate the fracture toughness for the HA/Ti interface. X
is expressed as follows:

K=D.2S[§-JY' F

D)D" ®

where D is the diameter of the specimen 20mm, 5 is
supporting span = 333D, F is load, ¥, is dimensionless
stress intensity factor. The value of Y, is a function of the
relative tength, &/D. ¥’. was used to calculate the stress
intensity factor 2!,

a(=5mm)

5(=3.33D) . Pre-crack
Fig.3 Schematic illustrations of 3-point bending test.

The configuration of the core-based specimen is shown
in Fig.3(a) schematically. The steel-rods were attached to
HA/Ti body using epoxy resin in order to prepare
standard core specimens required for the ISRM suggested
method. It should be mention here that the formula given
in equation(3) is derived under the assumption of
isotropic and uniformed materials. The jointed specimen
used in this study for 3-point bending test compased 2 or
3 kinds of materials and is in a homogeneous beam.
While exact anisotropic solution is needed for
quantitative evaluation of the critical stress intensity
factor, the isotropic solution in equation(3} is used to
obtain and estimate of the fracture toughness for the HA
and HA/Ti in this study. The specimens configurations
shown in Fig.3 were used in order to examine the fracture
behavior for the HA/Ti bonding body. The pre-crack was
induced at the HA/Ti interface. The width of pre-crack

was less than 50pm. In case of 3-point bending tests
specimens of HA ceramics only, a precrack was
introduced in the center of HA ceramics as shown in
Fig.3(b). The precrack was located the center position
between two supporting points. The specimens were
loaded until a fast fracture took place at 2 cross-head
speed of 1mm/min.

2.3 Interface properties
In order to investigate the construction near the
interface between HA ceramics and Ti disk, the bonding
bodies were applied to analyses of glow discharge optical
emission  spectroscopy (GD-OES: JOBIN-YVON
HORIBA, TY-500RE). It is known that GD-OES analysis
have features include are relatively simple experimental
setup without the ultra-high vacuum technology, virtually
no sample preparation, high speed of the analysis and the
ability to analyze quantitative depth profiles of minor
elements, with applications to diffusion phenomena in

thin films or bulk materials®.

3. RESULTS AND DISCUSSION

As demonstrated in Fig.4, the HA ceramics could be
bonded to the Ti disks at the low temperature of 150°C
using the above-mentioned HHP treatment. X-ray
diffraction analysis had showed that the DCPD and
Ca(OH), pewder materials were completely transformed
into HA by the HHP treatment already*’.

Fig.4 Photograph of the jointed body of
HA ceramics and Ti,

Fig.5 shows a photograph of the fracture surface in the
bonded HA/Ti body after 3-point bending test. It can be
noted that the crack initiated from the pre-crack tip and
propagated not along the HA/Ti interface, but into the HA.
This observation suggests that the fracture toughness of
the HA/Ti interface is close to or higher than that of the
HA ceramics only. The critical stress intensity factor X
was 0.30MPasn'? for the HA ceramics, and 0.28MPam"?
for the bonded HA/Ti. The toughness data are the average
value obtained from at least five specimens. The K, value
for the bonded HA/Ti body gives a slightly lower value
than that of the HA ceramics only. The difference in K,
data is potentially due to the residual stress induced by
the thermal expansion mismatch between HA and Ti. The
fracture appearance in Fig.5 may suggest that the
interface toughness should be equal or higher than that of
the HA ceramics only.
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Fig.5 Photograph of fracture surface after 3-point bending
test.

As shown in Fig.6, Depth profile of the chemical
composition of Ti, Ca and O determined by GD-OES
methed indicated that the bonding of HA and Ti was
achieved though the formation of a reactien layer at the
HAJTi interface. The thickness of the reaction layer was
estimated to be approximate lum. Moreover, it was
shown the elements of Ti and Ca were exchanged
alternatively in HA ceramics. It seemed that the reaction
layer and diffusion provided the bonding HA/Ti for
absorbing the misfit between HA and Ti.
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Fig.6 GD-OES analysis of the interface between
the HA ceramics and Ti.

While further development is needed to improve the
fracture property of the solidified HA, the HHP treatment
may have the advantage over the plasma-spraying
technique in the preparation of thermodynamically stable
HA. The above results demonstrate the usefulness of the
HHP method for bonding HA and Ti in order to produce a
bioactive layer in biomaterials,

4. CONCLUSIONS

In this paper, it was demonstrated that HA could be
bonded to Ti using a hydrothermal hot-pressing method at
the low temperature of 150" C. The fracture toughness
tests conducted on the bonded HA/Ti body revealed that

the crack propagation from the pre-crack tip occurred not
along the interface, but into the HA ceramics. The
fracture toughness of the HA/Ti interface was also
suggested to be close to or higher than that of the HA
ceramics. This derived from the interface properties
which HA and Ti changed the gradient within 1pum and
which Ti and Ca were exchanged alternatively in HA
cerarrics.
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Mechanica!l Properties of Single-Walled Carbon Nanotube Solids
Prepared by Spark Plasma Sintering
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Mamoru OMORI, Kazuyuki TOHJI and Toshiyuki HASHIDA
* Graduate School of Engineering, T'ohoku University,
6-6-01 Aramaki Acha, Aoba-ku. Sendai-shi, Miyagi, 980-8573 Japan

In this paper, a spark plasma sintering (SPS) method was employed to solidify single-walled
carbon nanotubes (SWCNTs) only, and the effect of sintering conditions on the mechenical prop-
erties of the SWCNT solids were examined using a small punch (SP) testing method. The sintering
temperature used in the range of 600-1 400°C, and the sintering pressure used 40 MPa and 120 MPa.
It was demonstrated that the SPS method allowed SWCNTs to be solidified, without any additives.
The experimental results showed that the purification of raw soot was critically importance. The
SWCNT solid prepared from purified raw soot showed significant non-linear deformation response,
producing quasi-ductile fracture behavior. In contrast, unpurified raw soot produced brittle SWCNT
solids. The Young's modulus, fracture strength and work of fracture increased with increasing
sintering temperature and pressure. The Raman scattering and SEM observations showed that the
amount of the graphite-like materials were observed to increase with the increasing temperature and
pressure, which indicate that the structure of the SWCNTs was changed partially into the graphite-
like materials. The formation of graphite-like materials increased tendency of brittle fracture in the
SWCNT solids. TEM ohservations revealed that the fracture surfaces of SWCNT solids were
characterized by pull out of SWCNT bundles. This observation suggests that it may be possible to
improve the mechanical properties of SWCNT solids by increasing the cohesion between SWCNTs.

Eey Words: Single-Walled Carbon Nanotube, Spark Plasma Sintering Method, Small Punch
Testing Method, Young's Modulus, Work of Fracture
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Table 1 Processing conditions of SWCNT solids prepared by spark plasma sintering,

Sintering Sintering Holding
Materials temperature (C) pressure (MPa) time (min)
Un-purified SWCNTs 1000 120 5
Purified SWCNTs 600-1400 40, 120 3
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Fig 5 SEM photograph of the purified SWCNTs.
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Fig. 7 Crack propagation of the unpurified SWCNTSs (left) and Purified SWCNTs (center). Schematic ilfustration
of the fracture path in the purified SWCNTS in also shown (right).

Table 2 Processing conditions and mechanical properties of unpurified SWCNTSs and purified SWCNTSs prepared

by spark plasma sintering.

Bulk demsity  Young's modulus Esp Work of fracture Jsp
Materials Processing conditions {Mg/m*) (GPa) (N mm)
Unpurified SWCNTs 1000 C,120MPa 0.74 14
Smin
Purified SWCNTs 1000 C,120MPa 0.66 17.3
Smin
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Fig. 12 Normalized R (G-band/D-band) of SWCNT solids
as a fimction of sintering temperature,

Fig. 13 SEM photograph of the fractire surface of SWONT
solids, (Processing conditions ; 1200°C, 120MPa)

Fig. 14 TEM photograph of SWCNT solid. (Processing
conditions : 600°C, 120MPa)

F1g 15 TEM photograph of fracthure surface of SWCNT
solid. (Processing conditions : 600°C, 120MPa)
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Fig. 16 TEM photograph of fracture surface of SWCNT
solid. (Processing conditions : 1400°C, 120MPa)
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Preparation of Hydroxyapatite Ceramics Coating on Titantum rod
by Hydrothermal method
(OTakamasa ONOKI!’, Masa-aki TANAKA Y, Kazuyuki HOSOI®’ and Toshiyuki HASHIDA Y’
1) Fracture and Reliability Research Institute, Grad. Sch. of Eng., Tohoku Univ,, Sendaj,
980-8579, Japan
2) Shiraishi Kogyo Kaisha Ltd., Amagasaki, 660-0085, Japan

Abstract: Solidification of hydroxyapatite (HA) and its coating on titanium (Ti) rod was
achieved simultaneously by utilizing a hydrothermal hot-pressing (HHP) method at the low
temperature as low as 135C. A mixture of calcium hydrogen phosphate dehydrate (DCPD) and
calcium hydroxide was used as a starting powder material for HA coating. Tt rod was treated with
the alkali solution before HHP treatment. The powder mixture and the Ti rod were placed into a
capsule. The capsule were put into a batch type autoclave for Hydrothermal treatment.

Pull-out tests were conducted to obtain an estimate of the interfacial property or the HA/Ti
interface. The shear fracture strength obtained from the pull-out tests was approximately 5.0MPa.
In post-test observations after fracture tests, HA ceramics remained on Ti rod. It could be

demonstrated that the fracture occurred into the HA ceramics, not into the HA/Ti interface.
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6CaHPO,*2H,0 + 4Ca(OH); — Cao(PO4)s(OH); + 18H,0 -+ (1)

HA OHBFEFENZ, UEKFEAIIN T L ZKF04 (CaHPO, - 2H,0: KANTO CHEMICAL CO.,
INC. B I #%-#5E 98.0%) (LLF DCPD E&08) /KB L AL 37 A (Ca(OH), : KANTO
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Capsule I Capsule II

Alumina powder

Fig.1 Schematic illustration of the capsule for HA coating by hydrothermal method.
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Fig.3 Photographs of the sample of HA coating on Ti rod.
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Fig.4 Load-displacement curve of the HA coating on Ti rod autoclaved for 24 hours.
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Fig.6 Relationship between fracture properties and the autoclave treatment time.



