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Fig.1 Schematic of analysis model
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Table 1 Components of composite materials

and each layer in FGM

Layer 9(Ti)/% ®P(HA)/% HA/Ticomposite materials

A 100 0 HAOTi
B 80 20 HA20-Ti
C 60 40 HA40-Ti

Fi W HC 5 2H OB R AT HA B VR Ak AR
NERLIEMH, RN I BN ERE S 12h .,
HA-T/ Ti/HA-Ti #ixI # FCM K H & X4
FRBERE, WA R EE B A H CT BT AT
B™ C MY AERE A, 7 150~ 250 M Pa [k
TR ERIE, BE N RS — E0E IR R E N
TEWE A . B G DA s B E G H AT SR
g, Ry BN, K1 5~ 25 MPa, %%
SEUREE R 900~ 1100 C, £ 30~ 90 min . A
Bi7 1R S LA e 4 I R ke AR A2 I Y LA
MAET H B, 7o S B BEYR — )2 BN IR
Bl FEAFERI&MET, % H 3 F HA-Ti B4
MBS WA 1), HT0E FCM % Bh 5
JEM B )22 RE A I K R 4K .

G B MEE FCM 1 WA 2R,
1F Instron- 1186 Hi-1 7 GBI I AL L = 25 il



R ES RN

fift AR SE: HA-T T i/ HA-T i 500 FR 24 B BERE B AR (0 1 26 A LN ) G2 Ak A = 50 =

R S T A BB AU A R, R RN A
3mm X 4mm X 36mm, ¥EE 30mm, FkH#B
BIEFEH 0. 5Smm/ min, FFAIRFE4 . FHHIL
DI ( SENB) W FE7E — f 25 i & 44 T I
TE RN T N AR W 24901 K e, WFERSE R 2
mm X 4mm X 22mm, YJHRE 2mm &5 <

0.25 mm, ¥ 16 mm, JE K 3h# &K 0. 05
mm/ min, FFZRAFE 6 > . FUZIK KRB H AH
FHAL TAS100 #A5rtr RGeil e, MR AL
25 100~ 900 C, {FER4 S5mm x 5 mm X
20mm, JHERIHEEE A 10 'C/ min .

3 RWERSWE

3.1 HA-T¥/Ti/HA-Ti 3 FR FCM MI#l& 5
U 2E 20

HA-Ti/ Ti/ HA-Ti X FR 229 FGM R 1H
JEH HA4O-Ti E5 M EL, B 40% (141453
o HA B & J2 o 3t 28 93 v B b 75 il
FGM HuE A4k )z, K =S T jEZ 1
M HA20-Ti E4 MRS . Bk RIG S5
#IHIZ FGM, fekesifil &, FOM B ik
BT RS A, (H FGM KA MM LE

M 2 7] W, FGM Ol 2H 23 5 56 Pk 280 s
FEdb 3 An . A —M 2] 55—, FGM 2 23 M\
HA40-Ti ZA M ELE AR N8 Ti, R)5 X
Wi 5 AR O HA4O0Ti B &M R, K3 T
FGM U2 7 A8 51 1% . 1 A8 86 B J2= N N
B2 LTI AL, HA AT A3 5 % 22 V40 A,
HA F0kr 355) iy sk e 70 A5 1 Ti 284k, PAH
FrEE G R . 502 2 A1 W W 1 2
FiIHI .
3.2 HA-Ti RESAMEIR HF MR

AR

WML HA-Ti RE MR HEAE,
WA e RE AN ARG R B, AT TR S AT
7E HA-Ti/ Ti/ HA-Ti B X #4249 FGM H 1) 4
fi. X2 HH T & TrHA S8R HE
RAE(TAFA L IR ARG 5T

FGM il 4l Ti J2 ) P0as o B2 R T 24470 1
53T IE 971. 96 MPa il 29. 691 MPam''?, iz
T8 e T N B PS5 B RN W 4B (4 ol A
121~ 149 MPa Fl 2~ 12 MPam"?)!7-¥ %
FGM #& 4t T 1R 4 1 0y 2% M Be PR 1iE B A5 HA
TR, HA-Ti ZA6 WMk 2 GEE
WA, R JZ HA40-Ti E-S MRS
F&£ 0 W 24 B0 P 43 ) A7 98. 68 M Pa 2. 837

()i

d)m

B2 FGM KA
Fig. 2 Microstructures of FGM
(a) —C/ B interface; (b) —B/ A interface; (c¢) —A/B interface; (d) —B/C interface
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Table 2 Tested characteristics of HA-T1i composite materials
M aterial Bending strength Fracture toughness  Young’ s modulus a20- 900 Poisson ratio
atena / MPa / (MPasm'?) / GPa /10" 6C v
HAOTi 971. 96 29.691 107. 95 10.90 0. 340
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HA40-Ti 98. 68 2. 837 87.71 12. 94 0. 316
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Fig. 3 Thermal expansion coefficients a of

composite materials at different temperatures
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PREPARATION AND THERMAL STRESS RELAXATION
CHARACTERISTICS OF HA-Ti/ Ti/ HA-Ti AXTAL
SYMMETRICAL FUNCTIONALLY
GRADED BIOMATERIAL

Chu Chenglin, Zhu Jingchuan, Yin Zhongda and Wang Shidong'
School of Materials Science and Engineering,
Harbin Institute of Technology, Harbin 150001, P. R. China
t Analysis and Testing Center,
Southeast University, Nanjing 210018, P. R. China

ABSTRACT The hydroxyapatite( HA)-Ti/Ti/ HA-Ti axial symmetrical functionally graded biomaterial (FGM) has
been developed by powder metallurgical process. M echanical properties and thermal expansion coefficient of HA-Ti com-
posite materials were investigated. T he residual thermal stress in axial symmetrical FGM and HA40-T#/ T/ HA40-T1i nomr
FGM plate cooled to room temperature after sintering has been analyzed by the classical lamination theory and thermale-
lastic mechanics. T he results showed that the microstructure of FGM displays a symmetrical graded distribution; the mid-
dle pure Ti layer in FGM has the maximal bending strength and fracture toughness(971. 96 M Pa and 29. 69 M Pa*m"/? re-
spectively), while the Young’ s modulus of surface layer (only 87. 71 GPa) is minimal, the biomaterial with such a distri-
bution of mechanical properties is expected from the viewpoint of bio-applications. The thermal expansion coefficient in-
creases with the rise of the testing temperature and HA content; the residual thermal stress strongly depends on the consti-
tutional distribution. The graded distribution of the compositions results in the decrease of residual tensile stress in surface

layer. The residual thermal stress in FGM exhibits the axial symmetrical graded distribution as the compositions.

Key words functionally graded material biomaterial thermal stress relaxation axial symmetrical
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