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%$$$A#% NiTi 3f@iZ' lz&&, E & i j j ( a t % )  

% : ~ i  5 0 . 9 % , T i 4 9 . 1 % . % f i @ ! ~ ~ % 8 0 0  

l o  h,  7 K ? $ E Z E ,  ?&JS 500 "C %'&90 min, 7JC?$E 

Z E . n s c  ?J!l%qgZ$H%'t+fiEEE% A , =  22.5 "c, 
A l = 2 6 . 5  "C(H 1 ) .  % I k ? ? % ~ i $ i $ # ! % ~ $ ~ L % ~  

6% 1 cm2, 4FL%fiH4;5f,ME2%H7 L % S f i R  
$&$€I W !:E $1 @ 3 800 # . 'IB % $2 W H solatron S1 - 

1287, @fll%E %&(scE)%% tL%$E, Pt %&%% 
a % & .  %@Z%%+JS,  %%X#?3A@$J%%P 
%,z 60 min, %%llg $ E ~ % $ G ,  ?kJ3?j!5k&kfkl 
%,B%%B% -0.25  V-2.0 V($€IX$T%@%$$ 

O P C ) , ~ % % E  0 .5  mV/s, ?!I $'%aE&$u 
~ / c m ~  B $ & l k % ! j & .  

%H!Yj##%%&$%.&%:N%HF04 260 &I,, 

NaCl 700 &I,, KSCN 300 &I,, KH2P04 200 &I,, 

NaHC03 1500 mg/Id, KC1 1200 mg/I,. pH @ % 
7 . 6 , C l - % E %  0.028 mol/Id. Bi$%bil  NaCl %J? 
Cl-%@, %flil?L@$ NaOH iH?$@%@l pH, % f g  
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!%UG+El+M 4 +$t$MYKi@2X%%EET 
@J&fG. fimq$U&E& 10 "C f ig  50 "C sir, NiTi 

G&@X@%q@J El $@&f$eRIJ% - 0.324 V, 

-0.318 V, -0.38 V 8 -0.376 V, .6B!$$GelflI 
%O0.958V,0.277 V,0.819 V @  0.944 V . q u g  *, NiTi &&fi&!@%q@J,6@&ia%@%EE@J* 
%mi&/h, %EE% 25 "C D$i&$qi%/b@i, PAGE$ 
EB@J%k%fiWm%-k. g@% 10 "C 8 2 5  "C El$ 

NiTi &@$@&!@%q& $ @if@ &f$%/h&&$$!i! m, E 
@% 37 "C 8 50 "C ElrfW $ ~ @ $ i k k / l \ ~ $ $ € l F l .  

3 % pH BX.f ~ i ~ i  & @ $ @ & ! R j I $ g % q & &  

%qi=%@J$!@l . ~ t E ~ ~ ~ e ~ & ,  q H g % & @ * E ? 2  

%@dE8tJ;%?Zq, E p @ % &  pH @f & 3 . 0  IE&?2% 
9.0  El$, NiTi &&@%q@J @ifB!$f3fi&% 
-0.283 V, -0.423 V,-0.354 Vf l -0 .339  v , , 6 @  

$i$eRq% 0.704 V,0.892 V,0.751 V 0 -651 V. 

qx@$%% pH ffi@J@bU, NiTi &@$$&! R 

q&$@~it$f$%%i&/1\, ?!I pH 3% 6.0 B$i&$u@ 

&, %G!%g pH @@Jg%@bUm@-k. NiTi &&a&! 
R%!%%q@Jk@$i3%$ pH @@J@bUm@b!l, 

?!I%%& p ~ @ %  6.0  El$i&F113-kB,mg@$ pH 

@@J%%@IJumi&/1\. 

Table 1 Various conditions for potenticdynamic polarization test 

according to the orthogonal test 

No. T/C [ ~ I - ] / r n o l . ~ - '  pH 

1 10 0.028 3.0 
2 10 0.05 7.6 
3 10 0.10 6.0 
4 10 0.50 9.0 
5 25 0.028 7 .6  
6 25 0.05 3.0 
7 2 5 0.10 9.0 
8 25 0.50 6.0 
9 37 0.028 6.0 

10 37 0.05 9.0 
11 37 0.10 3.0 
12 37 0.50 7 .6  
13 50 0.028 9.0 
14 50 0.05 6.0 
15 50 0.10 7.6 

Fig. 1 DSC curve of NiTi after heat treatment 
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Fig. 2 Potenticdynamic polarization curves for NiTi in synthetic saliva of (a) 10 "C , (b )  25 "C , (c)  37 "C and (d) 50 "C at various pH 

and C1- concentrations 
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Fig.3 Potentiodynamic polarization curves for NiTi in synthetic saliva of pH (a) 3.0,  (b) 6.0,  (c) 7 .6  and (d)  9.0 at various tem- 

perature and C1- concentrations 
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Fig. 4 Potentiodynamic polarization curves for NiTi in synthetic saliva with C1- concentration at (a) 0.028 mol/L, ( b )  0.050 mol/L, 

(c)  0.10 mol/L and (d)  0.50 mol/L at various pH and temperature 

4 % Cl-%@X$ NiTi $E#$%RE$@%*& $&!$%%(% -0.384 V, -0.34 V, -0.342 V $U 

. f i  -0.333 V, ,6$&!$%%(% 0.779 V.0.863 V, 

*& ccl-@EfE~~J\$k~l$, ~ i ~ i  $E&@%*& QBtl 0.834 V V 0.523 V. TiJJLE$ cI- @!@&ebil, 
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N~T~&&$!UE%%+@J $ & f k k % f G G % % a % ,  
m g , 6 k k % E a J % % E s  c1- % E & # B a B n f i $  
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- f i%iR,  Q B k k % f G % g T + d + 4 G % 2 f i E  
+ & & F k & % ,  QRkk%fG@%, R % F k & % @  
3 % , E z ~ % [ 6 1 . @ % E l  2 %%&F%@%?4, %% 

10 "C fi 25 "C El$ NiTi &&$&!%%q & $ &f 
kk%fG$H%, % % E B %  37 "C 50 "C El$ NiTi &@ 
$!B%+'& $ & f t ! k % E $ € l % , H t L E E %  l o  " C f i  
25 "CEl$z@-!!!?, i g m @ $ E E & # i % ,  NiTi $E@ 

$ ~ % % + & % F k B % @ l J n .  @%$*fi%RJ$d+4 
&%$H$EEFlilLFa, QE3 10 "C El.ftAt4!&T% R# 
% , T f G B E 3  37 'CN 50 "C El$+d+43%E#E. Fl 
R, NiTi %8iZ'bZ-$;&&Z%B$$E#E k L R E %  E 
# E &  QRkk%fG%,  & F k & % A .  

EEXf NiTi &@$!$@%q,6kk%fG&f%~al;i]% 
EI 2 .  B E M  10 "C 2FU 25 "C El$, NiTi $E&$!@%q 
&.6kk@,fG@z%%, E E %  25 "C El$&Fl%/j\@. 
EE&gid 22.5  "C El$, $d#!&T@-&%R#E,  
a&%g$U NiTi % & # & & . 6 & % f G % $ E E & #  
A ~ m % f E k .  %%@Bid 22.5 "C El$, $ dH&@-&% 
E#E%%rn%E#ER$, &&$!%%+&,&kk 
% i G & E $ B E & # Z % f i @ A ,  i H E g @ A & B $  
@@$8E&#i%TfG%%@&/J\, BPI*@$ NiTi m@ 
$Ei!EE#&%$, Ea&$!%%+'&;ekk%fG%% 
@an, H&&$%.%&g%. %%$%E% 10 "C fi 50 

"C El$, ~ i ~ i  &&$!%%$'& ,6kk  %fGA/J\$H %, iR 
% a @ %  25 "C El$ NiTi % 8 i Z 1 b Z e & & @ m % % q  
.6kk$fG&AlpG@%%R%$H$&#, BP3P$H$ 
i d ~ % ~ ~ ~ m E & E , 6 t ! k i ~ ? J ,  @ $ H & % E # P Z  
! E E # P & S E I @ & E , 6 k k E ? J $ U % .  

3 $?f lT%% pH X$ NiTi &kqT%&%~al;i]. 

%%& p ~ ' %  6.0 El;f(m 3b)NiTi &%%+& $&f 
t ! k%fGg# , i gg@%m pH % 6.0 El$ NiTi a@% 
+&%?kg!$=%. %l%fE~$ ,  %%& pH YJ 6 . 0  
El$ NiTi &%%+&,6kk%iG%i%,  iR?f l&&#T 
NiTi & % % + & a k @ % ? ~ % . % .  %%&@'%%$ 
%$%El$( 3a) ,  NiTi $E@$X%%q&l$ R&%iG% 
% @ A ,  .6kk%f$%%%%, BP NiTi & % % + & a  
k@E$@,%&@3%f i%%&&Z.  $UE, %%@I@ 

'k%%%?J%El$( @ 3c, 3d) ,  NiTi $E&$!%%+ $ 
%kk%fG%%@$U, ,&t!k%fG%%%%, Bp NiTi a 
%%+&tlk@E$RfiB&@s%m%14Fi$%s&% 
Zi:.k%iE2i$B&%%%--$iIE%T Cheng Y 

qL4] fl Huang H H %['I & @ '% % % q L! 2 
Darabara M % L 6 1 & @ d B % % ~ & @ R % % .  
a&$!%%+ NiTi & T % m % & T @ & E m  

S& E f i & M k k t k ,  Bfi$E-!!!?tE%&f+-FfBB% 
f i 5 E * , 6 k k % E 3 B k k 7  % g @ % % % + &  c1- G 
$EEl.f.c1- &&ak@BtJ%~~f~~~Pf;f, #ki-4#% 
&Fl%,%&ke%!J, lArnBn2EFJ3Bkk.  El 4 %?A, 
! ! I@%+& c l - % @ / / I \ T  0.05 mol/I- El$(m 4a) ,  

NiTi &l,6kk%fG$$$5, HE$ Cl-%E&%aU, .6kk 
%IG@$n( EI 4b,4c),  r n G E $ &  CI- % E % @ %  
$ U , ~ . ~ ? & % ~ G % , E I - F % ( ~  4d ) .&%Ei%,  % Cl- 

%E&j@id 0 .1  moI/L El$, NiTi &%% q & % k g  
E$ cl -%E&@B~fi?2%+%%%.2.  -E! C1- % 
@ B i d  0 .1  mol/L El$, R R k @ 2 E $  cI-%EBtJ 
% @ @ B ~ m i B l @ i & .  ~ h e n g  Y %["&f R%%$ 
g, % c1- %E-2El$, pH B / J \ , . R k k & S B A .  fi 
~ E ~ % % % % $ ~ B ( E I  4 ~ ) , %  ci- % E - z a $ ,  ,6& 
%I$% pH 8&%fk#,F\, pH % 9, % E % 2 5  "C El$, 

,&kk$f$%fEk. 3% Cheng Y qLJ1 &%%&fl. SiJ 
R, %%hi% ~ l - % @ f l  pH X$ NiTi @kk&$&%~al;i] 
El+, &~@%EEAE&#$~al;i], El % E E $ k % B & $ U $  
# $ m g R k k q T 3 .  

4 %* 

(1)NiTi a@$!U%!%%$'R&E!@&%kfk 
%. 

(2)$H$S@X$ NiTi %%iZ8bZe&$@$ q E 
%%+BtJ%k+$T%&as%m#!~61, %%$AH& 
,6kk%fG. % E # % &  NiTi %%iZ 'bze&&%%q 
& S F k B % S % % T % E # & &  NiTi % 8 Z 2 I Z  
i?&. 

(3)NiTi % 8 i Z 1 1 L e & & % @ ' B % % q & & F  
kB%%?J%, g a k E a % @ , % % % + B @ . 2 .  



(4)@%P&l U-%E&ffk!%B$(%@2 0.1 mol/IJ, 

NiTi i?Jak,%$k!%.z, -B@?@q& Cl- %E%2 
0.1 mol/I- El$, NiTi i?Jak@&@% Cl-k 'CE&I@ 

$!.rn~2!?@%. 
(5)Cl-%E-ZX$,  NiTi 4% R @ @ % q & , 6 @ !  

@tG% PH ?E6%,B9!X#Z, ,6@!QfG!2 pH 

Ei?JthF!%ul;iJ. 
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EFFECTS OF TEMPERATURE, C1- CONCENTRATION AND pH 

ON ELECTROCHEMICAL BEHAVIOR OF NiTi SHAPE MEMORY ALLOY 

LI Nianxing, WANG Jianqiu, HAN Enhou, KE Wei 

(Environnlental Corrosion Center, Institute of Metal Research, The Chinese Acadenty of Sciences, Shenyang 110016) 

Abstract : Potentiodynamic polarization measurement was used to study effects of temperature, C1- concentration 

and pH on the electrochemical behavior of NiTi shape memory alloy (SMA)in the synthetic saliva according to 

the orthogonal testing method. The results showed that temperature, C1- concentration and pH had great influ- 

ence on the pitting behavior of NiTi. The breakdown potential was most negative at 25 "C ,and it increased with 

the increase of temperature. The breakdown potential kept in high level when the C1- concentration was not 

more than 0.1 mol/I,, while it dropped sharply with the continuous increase of CI- concentration. The break- 

down potential was highest at the solution of pH 6 . 0 .  

Key words: NiTi shape memory alloy, potentiodynamic polarization measurement, orthogonal testing method, 

biocompatibili ty 


