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Effect of Laser Gas Nitriding for Biological Activities on NiTi Alloy
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Abstract NiTi shape memory alloy (NiTi SMA) has been widely used for many medical applications such as dental
and orthopaedic implants. Laser gas nitriding is one of the most effective methods to improve the surface performance
of NiTi SMA. Laser gas nitrided layer was fabricated on the surface of NiTi SMA after irradiated by a continuous wave
Nd:YAG laser in N, environment. With optimum process parameters, a compact laser modified surface MMC coating
reinforced with fine TiN was achieved. There was a layer of TiN ceramics on the top of modification layer, with a
thickness of 1~2 ym. Then the amount of TiN reinforcement gradually decreases across the coating. Morphology and
composition and biological activities were individually investigated by using scanning electron microscopy (SEM),
energy dispersive X-ray spectroscopy (EDX), experiment of the immersed in simulated body fluid (SBF) at 37 C.
The results indicated that there was a good metallurgical bonding between the hard modification layer and the NiTi
alloy substrate. Laser gas nitriding can effectively improve the ability of NiTi SMA to induce the formation of
bone-like apatite in vitro environment.

Key words optical design and fabrication; biological materials; NiTi shape memory alloy; laser nitride modified;
biological activities

1 3 = N B R B R AE YA N B RO R AT &
Ef4BMEEASEE SEEULEGY  BANEYERMBZ — AT HRIMEANEA

PO 5 B 38 T AR AR BT 1 B BB IR By IE 22, 0 ML MW R B Mk 242,

PERFIFIGRE S, TSR T NiTiy  HITBRR BT,

ARITIZ A 4 (NITE SMA) B 45 0 T R 1212 3% NITiARIENL & 4 7 & A RS BOMHUR 500

HEeWmB: 7EELER%E4 (20060400957) . I TFTH B AP EHE S (20031020 ML FEHEHABT TR RITR
(2004D011,05L301) ¥ BIR B .

EEEAN: 5k HA963—), L, iHA B, ##%, TENES YW B KRR . E-mail: songzhang_sy@ yahoo. com. cn



¥ 5k WS NITi & & BOL AR R AL A ¥ 16 1 0 %2 i 9

9 Ni,Ni 8% TENEN OB LA REEE S
AR R BRET, S NiTi &SE AN
BEH NIB T B9 3R R RORE A T S ok kB LA KPR
WHAEV ARSI E RENRE. MRk
TV BB 2 B A ORE A )RR A Ik O B B ARRAE L T R
WA BRI A BOE R Y WOLRARA
(LGN 2 FRAG BOR 5 B8 B Lt B 51 T g o TN
RPERERFET, TINREEARENA
Vit AT NiITiRRIEL G £EL/E T
REBRIBE MG YEHER AT . BETX NiTi
BB AR EELEERE A THRRR
E e KA UURRBE 1 BT TR A BIRA , L, T R AR
B IR GF NiTi & S BOCRLE R LY A
PESFHE R A A BB TS . X T 40 56 B A & R A A M R
MR HREAERNE L. AXELAPF NiTi BAR
LA RO RACEMEE 1E 37 TR KRR
SBF ¥ o 5 T B S B K A UUAR B9 BB 7 » AT 2% %%
Bt RAL B XS NiTi & &4 R R m

2 £ o

FARBE R AL A NiTL B ARICIZE& S 0H
HAGZ 5 R F 050800 9:50. 8Ti549. 2Ni, A
SR ETE 150 K1 273 K Z A,

Febt NiTi G 4 i R 1 L 40 BB J5 Biab Ak
LM BBE. W VR T MR, R OA & 2 BB K
Nd* YAGEO & #E17 BOL SR BAL, BOE RAC AL #
TE—Fi Rl 6T 48 R R ZE F AT, B RS
N, ZEBE 99. 99500, BOLABMTZSH AR
900 WOLBEER 1.5 mm, HEHEEF 25 mm/s, N,
WMIE 20 L/min,

F Philips PW3710 X 5t £ 47 511X (XRD) 43 ¥
B E A4, R Laica Stereo Scan440 39
1 B4 (SEM-EDX) 43 A1 BUHE /2 A B H R B 47

W 1 AN O A AL SO A BT BT AL 10 mm X
10 mmX4 mm B RS, Kk B 600% ,800% ,1000*
SiC & HHED 4RATHE R T , PN R S = IR ZE 17K 7 Uk » At
To B HEHAETWT B4 HE: £ 10mLHF +
40mLHNO; + 50mLH,O J& 5] A %4 5 min, &
BFKRCERG, T, RIETE 5 mol/L,70 CHY
NaOH B iR 24 h, B 5 I 28 F /K i,
LR, T4

% FRTALHLE , W IR IR TE 37 CREBMAR
SBE ¥ W . ¥ W 40 A7 48350 NaCl, NaHCO,,
KCl,K, HPO, « 3H,0,MgCl, « 6H,0,CaCl, « 2H,0,

Na, SO, ¥ #1585+ /K o e ) T A%, Bo il B9 SBF %
W& B W E Q0 mol/L) 4% ~.Na' 142. 0,
K* 5.0,Mg’" 1.5,Ca®" 2.5,Cl™ 148. 8, HCO; 4. 2,
HPO;™ 1.0,S0f 0.5,78% pH{EN 7. 2~7. 4, AR
R B B E ISR 24 h B4 1K B
ma= I Ca,P JLARZERTE BURE 1, F X TR Y #E17
B X ST BE B R IE (EDX)TES S L5343 4

3 #ZiRH5ie
3.1 EUMMEERRALRS

NiTi R EHRANREESE G, X—H4%
it B nH R EEHRA A TiN, R Rk
4% TiN 4, 2 & A TiL,N LB Ti;Ni, & 1
() A NiTi 5 & REFOLR AU EZAMAEHR
AR, TEROLRER RS RE S NITI 22 &X K
H 1,06 pm B YAG BOGEA R R 8 R R, P
WO B G RE Fe 20 B SR A% B FA IR 7 5 4k T 5% A8 A
A, X HE NiTi &5 58 EE IR KR F R 3
5RMEFH N, AR TiIN, WEEH, ZEb
FER LR AT E TR ERZE, B TR
BABXFENREEK, BRERRE FERERS N
S, TIN DU HBUR W R X, FE RN R
R 1~2 pm BHEH TiN #HHZE., ERLREE
Aoy H R, s v PR BE B (GO 5 R BT B B 3h
FER) B AE G/R BN, 3638 A8 USSR ) 4 &
M X E, BB A S, RSz
MR S AR B R R ERE G (C/em) &
WL T X L T 6 P26 30 6 O RS

TiKa, 276

(b)
NiKa, 130

A1 BotEABEREREHARES (2, EDX 447 7T
a1 (b)
Fig.1 Cross-section microstructure (a), elemental line

scan of cross-section (b) of laser modified layer
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Fig. 2 SEM mnicrographs of the surface samples pretreated (a) NiTi alloy, (b) laser modified layer, EDX spectra of

samples pretreated (c) NiTi alloy, (d) laser modified layer
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Fig.3 SEM micrographs of the surface samples after
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(b) laser modified sample
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