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The Hybrid biomaterials composite, consisting porous metals and biodegradable calcium
phosphates such as beta type tri—calcium phosphate filling up in the pores were developed through
spark plasma sintering (SPS) method throughout the three years of the project.

In the first year of the project, composite made of commercial titanium beads and commercial
calcium phosphate was developed by SPS method. With the specimens developed, compression test
and immersion test were conducted in order to evaluate materials basic properties. Other elemental
technology, such as mechanical alloying, homogeneous precipitation method, were established.

For the second year, novel composite consisting original MA alloys and commercial ceramics
was developed. Optimization of compositions, microstructures and MA conditions were carried out for
each developed alloy. Newly designed biodegradable ceramics was developed and its characterization
was conducted. Along with these efforts, porous materials using commercial Ti alloys, such as
Ti—6Al-4V and Ti—-6Al-7Nb alloys was carried out.

In the final year of this project, integration of technique and materials developed till previous
years was performed in order to accomplishhybrid biomaterials with gradually decreasing elastic
modulus for internal fixation device through this three—year project and reported in the conferences
and published in journals.



(B AHEAL: )

[ERET S EE & &

2010 4EJ% 5,800,000 1,740,000 7,540,000

2011 4EJ% 4,400,000 1,320,000 5,720,000

2012 4EFE 3,600,000 1,080,000 4,680,000

fERE 0

fERE 0

Rt 13,800,000 4,140,000 17,940,000

WoEr s T

BT D5y Bl B APEE T« A - B RERT )
F—U—F: " (F=TVT L

1. AFZERIAA S D 5

BN EEM (R—r T L —h R —r 27
):L“—fcs??:)ﬂ IXFLLT 316L BT L AR
FH A %ﬁib?hfb\'é FIEA eI il
/ﬁ?w:, BE XTI EREEHICHERS
NDTr—ANRZ. EHELIE Y RS,
WEMEEEZAL TN, WEER B O
Liml/‘

BP0 B E L, IR &R - &
W72 B C LoD Sl E T A ENEELD
DN, VB (1% 2~ 33 L) (23 bk Yy
IR 22 B CREEL, B EDBPEI AT 1ok
BEINSTHIENREEN TS, AR FIZH~
BRI TE R OO R E 7o bR i BTl [ 8 A Lk
THE, MEDIFEAE M TERDO KEE
WEEEM DN T2 TLED, Bl AR EN
Wipltp D, 2 J13E R (Stress Shielding) &
BEATWDDS, BT OIRE R IS O R
HMIZE 2 ERERENLELINTEY, Inh
HEROELZIZWETEFO ST EEL.

HHAABENIZIE, BROB T CHETH %

BT HILIITEXRND, IBIROK TET
OEDDAT L AHHL (B LUTTF Z Al
DEEMZMHIZ /2D, iF OEERITRXL

% 200GPa, #%HOZENITRBLZ 110GPa THY,

AR DEN (20~30GPa) T
V.

T, AWM ITRNEEMELT, B
X m AR - MR TH NG, 1BER
WIS TR KA TRE OB IE A L Z L I1z<
IpBHdD, R 7ok B &7 b A~ —h
MEIOBERLEEN TS, SHICERIE,
PEEETS T, TRE, SEME, MM E D
B O A R L LA BB R S AR S
TV,

ARAFFETIEIR =T ARZ LD ZEHL NI B
“TCP (V=N L) 708 DAL R
BN T AR TIVIAE T TCALIZEEM
BB L, NI E R mAETHIE D
D, RN TESRIEY T A% R D

TRk

LITEo T, AL, SRR 2 A4 D B
ez HIET.

2. W72 B HY

B 7T A~ BERETE (SPS #£) ICk-> T, AR—
FAAENDZEHNIZ B-TCP (U =T
L) 72 E DGRV BRI NN T KRBTV
2EFETCALIZEEM B (NAT VY RS F =
TUT V) ZBRT 5.

INEAERNICHE AT HE, AL R
B ERIETHIL DD, ENRMEETIv I A%
WIS T, JREE, BPERRWIIR 52 L1
725.

INETICHIROF Z o B —X LR D3R
W TIRE Y7 A~ BEfb 1 (SPS %) Tk}f-f*?
BAMREIOIERLATT > TRY, Mk, I
fa B2 E ORI EI TV, 4%@5&%%ch(
Wb, ZHLTE R A £ 2, ZOMFEF BT
AR Ti 64 (Ti-6Al- TNb A&7 L) &R —
TAARANDFEMELTHNWDEELIZ, ZO %
(R E LT iR T30 7 AD BRREHATO.

ZDONAT VRN F T VT V2 BN
B EM ST A28 T, TR 1 5 E
ERIETH NG, TRIFER IS I
LOIRE O BIEZ I 32, WA E s
B EM AR BT e R S D,

3. BFgED 5 ik

(DSPS B L D00 T =N T30 7 A A
MAERIEO ST : THIRO#H Ti ©—X& B-TCP
¥yRZ VT, SPS {EICX DM T Ay fitt v
TIv I AEEMEERIL, MikE BRI 5. B
KOV AXRLCIRELREEZDZEIZEHST, B
B O AT be— LT A RS T5.
@l Ti,/ A EET7Iv 7 AEEME W=
ZAEARBRIEDOB % LR O TIERIL-EA M
bR VT, EMERER, BEAERBRZITV,
Ti,/ Aoy it T3 7 28 B8 O W FEA £
WizfEsr 35, £z, *ﬁE Ti,/ AR o3Iy
ZEEME AT, SRR (EBERIEAK,



VU AYRIR) P CIRIRRBR 21T\, ARBRE, B
iEE ML T HEEHIZ, BRBIZOEMKEZ
LT, HAMMER DB E ARG 5.
@Y —IBRIEIC LDV BN T DA RRIED
st B — TR EIC > TV BBV NS
K DEIEEHENL TS, KR P TF A%
WRIRL CRE, VT AT )LD IR R L -
T)/ﬁé%1itfaa“éﬁ7£& HF T VAT
HAFOFREMEKIARIIR F A2 N2 TINEL, JR
??UDJJWK SIRICE > CpHZ RS TY U ERE
EHFHEEDIFIEO RN EZLNDHDT, £
NENDFIEOREAERTIL, KLY A X, KL
FEmMMEEREEa e — LT LT EL S
T5.
@A RHA 4 (TI-6AI-TND &4 By R e iR 4
Syl 7 AR LI E A M ofbE 4
EHAAEMARERNT, filO B-TCP LA
LT EM 2RI T 5. WEEICHHAEL-HM
TR AT G ROV A XRLIRB LR E) D
hREZ OB EM TUHIRFTT 5.
OFMHAEEmRET A REETIIy 7 A%
R U= A O FREE R : @ CRLEL 72
BAEMREZ VT, JEMERER, B, IR
iR BR 7 8 O TG Z 1TV, FLRR AR DB
RPDIRET .

R ApE S

SEMOF A8 C, KBS 7 A~k
FE75 (SPS ¥E) 1Tk~ T, IR—FAAZ LD ZEFLHN
12 B-TCP (VB = H L1ty 1) o & D A4S bk
UL BN TR TIvI AT CALTZEE
MEFONAT VR ARAF~T VT IV) Z B3 L
7-.

HIROF H v —X il Ty 7 A%
JAWTHR—FR Ti LV LT BINSIRHE
B AR ETFL, SPS Bk TREID
VERLZAT o7 R 7258082 AV C, MR
BR, TAMRRRBRZAT VN B M O IR 720 Ry A B
L7z, E<IHE A2 O F k% O CHMEROFE
AT 7=, FT B2 D& 48 K & B 7
THHD MA Ik, Filzle Bt 7I0 7 A
PERIT A0 0O —LEHE, ThoEBE AL
TREIZGDT-0 D SPS 1E732E, ZOMZEEHHE
DL D BT TN E ST LT,

2ME HITIE, AT B IZRRETL MA &
SR ﬁ?%@ﬁ?l/7xuﬁ£%fﬂ/\—&t@
AMOBREED, BRI LIZEeI LI, 1
&, #AA%, MA %ﬁ:fxéf‘@%iﬁ{tm%*ﬁpn
7. by TmA!L Fﬂﬁ%bﬁﬁi’\ﬁ# PEETI7
Z@fﬁ nﬂﬁ%ﬁot EITHREEME D= e
— VB ETEL, YRk E A X @E?ﬂ%
BREERLZ. F2, InBICWITLC, WK Ti &
R (Ti-6A1-4V &4 Ti-6Al1-TNb &4:72L)
%ﬂﬁﬁ L= —F A B OERL AT 5 7.

AR XN E TORREEAREL, 45
it i%ﬁ%lhﬁllbméﬁu\ﬂiﬁwwlnaﬂ%zw’?‘y
YRARAF =T VT N % EREE, TO/ERE,

FeME, BTN [E E H M SRR N T
RARAA~T VT NV EL TORIBEMEIZ DWW, 22
S CTHRE L.

5. Bl FKinUE

UdEgEamsC) BR1fk)

(1)T Hasebe, E Kobayashi, Y Tezuka, T Sato,
Effect of sintering conditions on mechanical
properties of biomedical porous Ti produced by
spark plasma sintering, Jpn J Appl Phys, 52
(2013) 01AE03 (4 pages)

DY

DOI: 10.7567/JJAP.52.01AE03

(Fa%R) GEHeiR)

(E Miura—Fujiwara, T Kikuchi, T Yamasaki, Y
Watanabe, E Kobayashi, Effect of porous size and
sintering condition on mechanical property of
Ti-based porous composite fabricated by spark
plasma sintering, Henry B. Gonzalez Convention
Center, 2013 TMS Annual Meeting & Exhibition,
3-7 March 2013, San Antonio, TX, USA.

(2)Y S Franscoise, E Kobayashi, Y Tezuka, T
Sato, Effect of porous control agent on the pore
morphology and mechanical properties, H 4<%
JB 4% 2012 4FERKH (36 51 [7]) K4x, 2012 4F 11
H 17T A~18 B, B, #A1L.

(3) T Hasebe, E Kobayashi, Y Tezuka, T Sato,
Effect of sintering conditions on mechanical
properties of biomedical porous Ti produced by
spark plasma sintering, 4%
Symposium on Advanced Plasma Science and its
Applications for Nitride and Nanomaterials, 3-8
March 2012, Chubu University, Kasugai.

(4)Y Langtang, E Kobayashi, Y Tezuka, T Sato,
Development of porous Ti6Al4V for biomaterials
implementation using solid state method: bone
implant, do.

(5)T Hasebe, E Kobayashi, Y Tezuka, T Sato,
Porous structure and mechanical properties of
biomedical porous Ti fabricated from sintered
Ti/NaCl, 9" World Biomaterials Congress, 1-5
June 2012, Century City
Convention & Exposition Center,
China.

(6)yErm s, Zguh olsE, —JHiKBE, [LIRFRL, 42
M RE, MR R, 03 R, B — LA
FOVERIL 72D U W A v 27 IR R % TV 2
Ti/ B-TCP #HEMDIER, HALE 22011
R (55 149[0]) K%, 20114E11ATH~9H,
Mo R var A —BI OV T v
V' —hT7 = AR—x, .

(NZIH AR, SFARR A, FRE, EEER,

International

International
Chendu,




WA R, BT T A~ BEfE L CERIL=Ti/ B
—-TCP LiR—FATi DY 7 RA~DBERESAD
B, Rl

(®)LEHM B8, /IMRAR R, FEMRE, Bk,
BENFER, sgHhosE, KB, ANt S
RvIR S S HET X EEMEIOE HBRR
FOT#roMEE, F%.

6. AIFFERE Rk

(DAFgEARES
/PR A (KOBAYASHI EQUO)
W TR RFEBE s TR0 508 - e
=%

WF5eE 35140242268

(WF5E sy 0%
R 7R (Yoshimi Watanabe)
At B TR Rpbe Toph 9okt - 2%
982 5 :50231014

b L3 (Takeyuki Kikuchi)
S W ST R 5 - K2R T2 ge Rl - e
i 5e3E 3 75150316048

IWFFEt 14
=I# kP (Eri Miura—Fujiwara)
SRR T - KPP P 9ok - e 8%
e 2 5 : 70315258




