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Preparation and performance of
asymmetrical HA/ 316L SS functionally gradient biomaterial

WAN Qian, RUAN Jianrming, ZOU Jianrpeng, ZHOU Zhong-cheng, CHEN Cheng-yi
(State Key Laboratory for Powder Metallurgy,
Central South University, Changsha 410083, China)

Abstract: Functionally gradient biomaterial of asymmetrical H A/ 316L stainless steel was prepared by hot pressing
technology. The relative density and bending strength of these functionally gradient biomaterials were determined,
and their phase analysis and microstructure were also examined by using X-ray diffractrometry, scanning electron
microscope and metallographic analysis technology. The experimental results show that the biological FGM of asym-
metrical HA-316L had obvious gradient on the macroscopic, while each component was distributed continuously and
evenly. There was no obvious microscopical interface between each gradient layer, and the interface was combined
closely. With the increase of the content of the 316L stainless steel, the relative density of the biomaterial was in-
creased, the bending strength was improved, and the average bending strength was about 450 MPa. So that thermal
stress relaxation of the FGM could be indicated. In addition, the two phases of HA and 316L stainless steel diffused
in each other in some degree during hot pressing, indicating that HA and 316L stainless steel could combine firmly.
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A 0 100
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Fig. 1 Density and relative density of each

gradient layer composite material
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Fig.2 Bending strength curve of each

gradient layer composite material

B 2 mT40, BEE 316L AHHAN & & 18 hn,
SEMEMPUS RS, SHEZEAMERIH
Xof 2 AL A A

Bl 3 From b &80 B 2 2 A AR T 10 4 4 TR
A BB ATCAE W, 4 HA §WT D8-r, 24
PR ARG, AP MErERR . BEE HA B
k>, 3161 ANEEAR & & 3 n, B AR 5 AP
F, PRI PR RN, 24 316L AN A FR
B> E RIS E] 40% W F i ML, BEAE 316L A
BN ARk, PIEMAEEEE N, ek
PN ERARR, % HRBUEW A Y, REM

b e e PR W AR [ WD PR T R AL . 3K ) S PR RER
SR .

2.2 YRS T

Bl 4 From o & 60 BE 2 5 A MRHK X I 26 AT i
K. E+PHFELEHA EEZHWD, 316L A
BN RS B EE N . HEEA R HA KR T
FERER =, HIEITh HA F1 3161 554N I & A7 5T 14
HY) SARERATHIEEY) &, ZRRERD, hitkn]
PLAIKT HA B R0 316L AN 45 40K 1 20 F 4R 4 i .
B RS [ B B )2 3161 ANBARATH s BL T 54k
ME, oatriXem TEAMEH HA 1 316L A
AN R FAERUE SR R R T — AT H
T 5 FEC 1 % W A T 3 s (™), I R B A B} A7
FEE A AT N .

K5 Bizn 3 HAG60-316L 2 & #4 Rk 0474
W . SR FH RETEACRT 4 AN BB A BEAT 3R 43
Hr( B 6), RILER/NER X E 6(b)) B E B
HJHA b, HARKIBHXIB(K 6(a), (d) A HA
M 316L AMENPIAHILAE, HE HA MK EEH
ANIA] o IXLEX I AN A P AH A S TR, X AR SR B AR AR
WE ST, HA 1 316L AE540 M AH 75 Uk i
R RAETAREEME . A, &f/b&E HA
FHEBRLR AR BB E RS A (B 6(c)), H
e 316L ANEE AN & & R8N, X B EURLIR 1)
HA B>, MR ) T T8 B 8235 5 1) 384k
(B 7). LEHr RS HA I 316L ANiB4N AL
BARIF R 456 . Xt n] DUE RS I 3161 AEH G
HEMEBIIR TSR] THORHE .

2.3 &Y

Bl 8 o A &80 FE 2 26 P RHE Tl i S AH R
Fr.o ATRAE M, HA F316L AN WA 1) 20 A By
NS . HEAMEHFLBRZRET D AN, B
FREEWR N, AR T EAM B R .

B9 Frs A bk bk L 2 2 A AR K R il
1 min G G AHRE R . o] DUE 2 3161 ANEE4N 1) & kL
Kn . B EoR, BE MR SAH0R BEBE 3161
AHEW S BN Z MR, R HA B ARA M
316L AFEM AR K R IE A . SR A BEBRE XS & 1
mi i RN BEAT I, 15t 2l 316L ANEA A R
AR RT 210010 Bm, T H R E SRR &R R T
Y015 3~ 8 Bm Z|A] .

2.4 SEM 43



BISHEH 12

g7 T, & AEXRR HA/316L ANEEARARBE AW R Hl & 5 RAE . 1891

B3 862 A AR D3 R R 3
Fig.3 Fracture surface morphologies of each gradient layer composite material
(a) —HA; (b) —HAS80-316L; (¢) —HA60-316L; (d) —HA40-316L; (e) —HA20-316L; (f) —316L

J‘ 1 3 116L

A HA20-316L
. HA40-316L

A i HA60-316L
) " N HARO-316L
HA

10 20 30 40 S0 60 70 80
26/(°)

K4 BBEEXTNE SMEHE X S L ATH
Fig. 4 XRD patterns of corresponding composite

material of each gradient layer
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Fig. 6 Component analysis of tiny area of HA60-316L. composite
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Fig.7 Fracture surface morphology
of HA60-316L composite
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Fig. 8 Metallographic morphologies of

each gradient layer composite before corroded
(a) —HA80-316L; (b) —HA60-316L; () —HA40-316L; (d) —HA20-316L
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Fig.9 Microstructures of each

gradient layer composite after
corroded with aqua fortis
(a)— HAB80-3161.; (b)—HAG60-316L;
(c)—HA40-316L; (d)—HAZ20-316L; (e)—316L



* 1894 -

A R R

2005 4F 12 H

(1]

[2]

[3]

K10
Fig. 10

'EY) FGM ELH ) SEM £
Section SEM morphology
of biologic FGM

K11 49 FGM MZkHHiE
Fig. 11 Line SEM morphology of
biologic FGM

REFERENCES

AR, AR, MM ZALRERKA LY &
FIHERLT]. RERERE IR, 1995(3): 20~ 24.

ZHEN Yue hua, HOU Xiao-shu, YANG Zhao xiong.
Advancement of porous hydroxyapatite bioceramic[ J].
Bulletin of the Chinese Ceramic Society, 1995(3): 20~
24.

Lemos A F, Santos J D, Ferreira J M F. New method
for the incorporation of soluble bioactive glasses to re-
inforce porous HA structures[ A]. The Annual M eet-
ing of the International Society for Ceramics in Medr
cine[ C]. New Orleans, Louisiana, A: Key Engineer
ing Materials, 2004, 254 ~256: 1033 ~ 1036.

WRERE, TARYE. SIS R R B K A RR LR R MR
MIREFLI]. TN L3R, 1998, 13(1): 71~ 77.
CHANG Cheng kang, DING Chuarrxian. Study on zr

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

conia based hydroxyapatite graded coating material[ J] .
Journal of Inorganic Materials, 1998, 13(1): 71~ 77.
Knepper M, Morocca S, Milthorpe B K. Stability of
hydroxyapatite while processing short-fiber reinforced
hydroxyapatite ceramics[J]. Biomaterials, 1997, 18:
1523 ~ 1529.

B, 4845, HA-Ti f1 HA-BG-Ti E& MK
EYEREMBOREE M ] .  EA e m AR, 2003, 13
(6): 1361~ 1367.

RUAN Jiar ming, ZOU Jiarr peng. Mechanical prop-
erties and microstructure of HA-Ti and HA-BG-Ti
composited biomaterials[ J]. The Chinese Journal of
Nonferrous Metals, 2003, 13(6): 1361 ~ 1367.
Cortivo R, Zavan B, Tonello C, et al. HA-based ma
terials for soft and hard connective tissues: in vitro re-
construction and clinical applications [ A]. Transac
tions 7th World Biomaterials Congress[ C]. Sydney,
Australia: Biomaterials 2004 Congress

2004. 558.
Khor K A, Dong Z L, Quek C H, et al. Microstruc

M anagers,

ture investigation of plasma sprayed HA/TisALV
composites by TEM[]J]. Elsevier, 2000, 281(1): 221
~228.
Khor K A, Gu Y W, Pan D, et al. Microstructure and
mechanical properties of plasma sprayed HA/YSZ/Tr
6AF4V composite coatings[ J]. Elsevier Biomaterials,
2004, 25(18): 4009 ~4017.
YAN Lrling, LENG Yang, CHEN Jryong. T orsional
fatigue resistance of plasma sprayed HA coating on Tt
6AF4V[]J]. J Mater Sci Mater Med, 2003, 14(4):
291 ~ 295.
Ak, RF, FHOR, 5. A-TV/ T HA-Ti fix
PRAH) Th RE B B B4 ) 1K) A1 28 B 3L # N g 2 A0 ik
[J]. PEBCEEER, 1999, o(¥EFI 1): 57 -61.
CHU Cheng-lin, ZHU Jing chuan, YIN Zhong-da, et
al. Preparation and thermal stress relaxation charac
teristics of HA-T1/ Ti/ HA-Ti axial symmetrical func
tionally graded biomaterial[ J]. The Chinese Journal
of Nonferrous Metals, 1999, 9(S1): 57 ~6l.
Narayan R J. HA/DLC composite coatings for im-
proved bioactivity and biocompatibility of orthopaedic
prostheses[ A]. MPMD Fifth Global Innovations
Proceedings, Surfaces and Interfaces in Nanostruc
tured Materials and Trends in LIGA, M iniaturiza-
tion, and Nanoscale Materials[ C]. Warrendale, U-
nited States: Minerals, Metals and M aterials Society,
2004. 233 ~42.
Fu L, Aik Khor K, Lim J P. The evaluation of pow-

der processing on microstructure and mechanical



FISHBHE 128

BT, S AEXER HA/ 316L ANEANEH S APt B ) 2 5 R AE

* 1895 -

[14]

properties of hydroxyapatite ( HA)/ yttria stabilized
zirconia ( YSZ) composite coatings[ J]. Surf Coat
Technol, 2001, 140(3): 263 ~ 268.

%%, IKEM, B 5B, % BREBKOEDRE
MR AR & 5 AEWAABET]. TR,
2001, 16(3): 522~ 528.

FU Tao, ZHANG Yumei, HAN Yong, et al. Du-
plex prepared hydroxyapatite coating and its biocom-
patibility[ J].
16(3): 263 ~268.

Lin C M, Yen S K. Characterization and bond
strength of electrolytic HA/Ti0/ sub2/ double layers
for orthopedic applications[J]. J Mater Sci Mater
Med, 2004, 15(11): 1237~ 1246.

THRE, B K, HES. W/ EREMKAEVES
FERME Iy 22 55 2 M 22 470 (0], RE R R 22 4R,
2000, 28(5): 483 ~486.

NING Congqin, ZHOU Yu, JIA Dechang. Me

Journal of Inorganic M aterials, 2001,

chanical properties and biological behavior of titanr

[16]

[18]

[19]

um/ hydroxyapatite biocomposites[ J]. Journal of the
Chinese Ceramic Society, 2000, 28(5): 483 ~486.
Miao X, Ruys A J, Milthorpe B K. Hydroxyapatite
316L fiber composites prepared by vibration assisted
slip casting[ J]. Journal of Materials Science, 2001,
36: 3323 ~3332.

Diseg J] A, Eschbach L. Stainless steel in bone sur
gery[ J]. Injury Int J Care Injured, 2000, 31: SD2~
S-Dé.

Miao X. Observation of microcracks formed in H A-
316L composites [ J].
2003, 57: 1848 ~ 1853.
FREE. AR X SHERATH AR M. dEa: e T
b i FsAE, 1999, 169 ~ 179.

LI Shurtang. The Elements of Crystal X-ray Diffrac

Elsevier M aterials Letters,

tometry[ M ].
1999. 169 ~ 179.

Beijing: Metallurgical Industry Press,

(% PRazte)



