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Corrosion behavior of
TLM alloy in simulated body fluid containing proteins

HUANG Wei-jiu, LIU Cheng-long, YU Yong-mei, XIE Lin

(School of Materials Science and Engineering, Chongqing University of Technology, Chongqing 400050, China)

Abstract: The corrosion behavior of TLM alloy was investigated by open circuit potential, potentiodynamic polarization,
electrochemical impedance spectra and scanning electronic microscope in phosphate buffer saline (PBS) solution
(pH=7.4) containing albumin or immunoglobulin G (IgG). The results show that the alloy possesses excellent corrosion
resistance to the PBS solution, and mainly suffers pitting corrosion attack. The corrosion rate decreases with increasing
the immersion period in PBS solution. Single or combined addition of two kinds of protein can both inhibit the corrosion
of the alloy, which is attributed to the blocking effect on the penetration of aggressive ions for albumin, but for IgG which
is achieved through the improvement of the resistance of TLM alloy surface oxide film. When two kinds of protein are
used together, the inhibitive effect is greater than that by single addition of albumin or IgG. The EIS results indicate that
the passive film consists of an inner barrier and an out porous layer.
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Table 1 Chemical composition of TLM alloy (mass fraction,
o)
Ti Mo Zr Nb Sn N (0] Fe
Bal. 290 3.08 251 202 0.03 0.14 0.03

H55, BERA SN T AL 33 mm X 23 mm X 4.5
mm KI5, SRIG IR 280~1200 54 AHRPARE 2
FTE, BEJE 0 NI RS IR K T
JHUE 10 min, A KIRT 5 & T8 A .

1.2 XWEERAE
S O H I BEAACA PBS #i(pH 7.4), AiC
J7U R NaCl(8.0 g/L), KCI(0.2 g/L), Na,HPO,4(1.15

g/L), KH,PO4(0.2 g/L), KH] HCI Fil NaOH ¥ i 17
S pH & 7.4, LR R PBS W RIERLE N
(37£0.5) C.

A M3 1 82 1 (Bovine serum albumin, BSA)Yj %
P B 111 G(Immunoglobulin G, 1gG)J# H Sigma A
Z 18NS B b 1 HE 11(38~48 /L) F Y H 1 it
(2~4 /L) EE, ed— iRk B (L C % B 1 gl
I BT IgG MR T PBS 2l WK
FEN 2.5 g/L, RiFR PBS+lgG Wil: K% T 1) BSA ¥
RGAGHIET PBS L2, WEER 10 g/L, fRiFR
PBS+BSA #ili; 4 BSA 15 1gG ¥y K56 5 %ifi# T PBS
Serhsh, PREREESY AN 10 A 2.5 /L, fRIAR
PBS+BSA+IgG % «

FELA 22 J e S B0 F — AR AR R, TR H R F
(SCEyHZLritl, Pt ok, AR
AR, MRAEARN 1 emX 1 emo 20 36N 1 H A 5
TEER AT« BhASHRAL Mk 5 AL AT S BT v F
TR DB ASA R ZRI, BRI FE N SE 5
M, ke A FERE (L, 6, 24, 48 Fil 72h))E,
BT HA R B 1 mV/s. HIAL AT
FH T H% (Electrochemical impedance spectra, EIS)Hll &
FITFH IE 5% 5 5 R4 10 mV, SRS HA A TAE g
PRI T )65 b A7 (OCP), Ml i [ 100 kHz~10 mHz,
BAG 3 Bk ZView2.

K HIBCAT BE v AN 1 HL 414 S (JSM—6460LV)
X8 JE L PRI R TR A TS Tk T 3 WL 5% 55 T X s o3 93

2.1 FFERE AL

TLM & 43 N 4 B A ] B 18] 10 T 2%
J&5 i HLAY (Open circuit potential, OCP)ARAL AR AP 1
Pri7s. {5 PBS ¥, A4/ OCP {H 15 46 M) IE Hifr
JimEa), RIS T M), B 24
h J&, OCP {HZEHifEE—0.15 V (vs SCE)/Aifi. 7E
PBS+ BSA Wi, JLTAEAT A &, #5421 OCP
B W 5 LAY PBS 8 P i LA A 247 o H Hf7 (AR
AN, R R 1 h 5, R EIEARREE-0.37
V fiti. {¥ PBSHgG ¥, A4 OCP fH4E M IE
T s, RN . 37 6 h 5, S EHIEATREE-0.23
V A SN 1gG 2% BSA #IEE, fE5 1 1gG (2.5
g/L)5 BSA(10 g/L)[1J PBS &, =i 1h J5, TLM
4421 OCP R b HAE PBS ¥ I A A 2 IE,
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Fig. 1 Variations of open circuit potential of TLM alloy in
PBS simulated solution with and without IgG or BSA after

immersion
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Fig. 2 Effect of immersion period on Bode spectra of TLM alloy in four types of test solution: (a) PBS; (b) PBS+BSA(10 g/L);

(c) PBS+IgG(2.5 g/L); (d) PBS+BSA(10 g/L)+IgG(2.5 g/L)
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Fig. 3 Bode spectra of TLM alloy in four types of test

solution after 72 h immersion
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Table 2 Fitting parameters of TLM alloy after immersion in
PBS solution for different times by equivalent circuit (EC)
from EIS data

& 3 {E PBSHBSA WHHIRIA NS TLM 541
AT BH AT & Hodhs

Table 3 Fitting parameters of TLM alloy after immersion in
PBS+BSA solution for different times by equivalent circuit (EC)
from EIS data

Time/ R/ R/ o R (1Qol1/'°
h 0 Q  (0fFem?) (10°Q) g
1 7464 1.99%10* 32 3.94 0.57
6 758 1641 3.28 3.33 1.89
24 7321 4327 3.28 7.92 278
48 7496 1163 2.82 3.55 2.33
72 76.09 2555 2.31 10.04 1.54

EC: R(Oy(Ry(GoRp))).

F 4 7EPBSHEG il FRIEAFI A TLM A4k
AT AT AU S H

Table 4 Fitting parameters of TLM alloy after immersion in
PBS+IgG solution for different times by equivalent circuit (EC)
from EIS data

Time/ R/ R/ o R (1Qol1/'°
h Q Q  (0FFem?) (10°Q) Lo
1 6546 9047 3.18 3.01 2.4
6 62 8917 1.79 33.93 1.35
24 6173 8559 1.88 13.61 1.37
48 6157 7858 1.99 21.86 1.48
72 62.04 8168 2.31 39.65 1.52

EC: R(Oy(Ry(GoRp))).

5 1t PBS+BSA+G I AN ] J5 TLM &<
) AL 2 AT R B BT F0h 5 B

Table S Fitting parameters of TLM alloy after immersion in
PBS+BSA+IgG solution for different times by equivalent
circuit (EC) from EIS data

Time/ R/ R/ o R (1Qol1/'° Time/ R/ R/ o R (1Qol1/'°
h 0 @ (0fFem?) (10°Q) oo h Q Q  (0FFem?) (10°Q) oo
1 8311 L03X10° 1.2 3.07 1.46 1 6942 4926 1.54 12.98 1.06
6 7552 3283 1.82 4.79 5.24 6 6533 5107 1.35 64.5 112
24 7361 3274 1.01 14.17 2.26 24 6921 5438 1.08 68.34 1.13
48 72.65 2671 0.91 12.12 2.29 48 69.61  466.1 0.92 11.98 111
72 731 2036 0.79 15.17 2.2 72 69.66 429.5 1.04 18.84 1.08

EC: R(Oy(Ry(GoRp))).

EC: R(Oy(Ry(GoRp))).
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Fig. 4 Potentiodynamic polarization curves for TLM alloy in four types of test solution: (a) PBS; (b) PBS+BSA(10 g/L); (¢)

PBS+gG(2.5 ¢/L); (d) PBS+BSA (10 ¢/L)+gG(2.5 g/L)
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Table 6 Variations of corrosion current density of TLM alloy

in four types of test solution after different immersion periods
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Fig. 5 Potentiodynamic polarization curves for TLM alloy in

four types of test solution after 72 h immersion

Time/ Corrosion current density/(10”’A-cm 2)
h PBS PBS+BSA PBS+IgG PBS+BSA+IgG
1 3.15 4.83 1.58 1.81
6 5.14 3.56 2.39 1.80
24 2.99 243 2.26 1.64
48 2.77 2.44 2.23 1.63
72 2.69 1.23 1.31 1.16

LEJE AT 29 —0.3 V (vs SCE)I H %Ak 3648 A sliAk
R, M1 h e hjE, e isE 0.02 vV
A AL AR ik . 7F PBS+BSA iR 6 h
Jos JETRHATIR RN -0.6 VIR, 54 10 bt H T il
HIG A T R AR, IS — ik . 5
— AN UL R A T I TR R T PR 2
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potentiodynamic polarization test and EDS patterns of

Corroded morphology of TLM alloy after

corresponding patterns of zones shown in (a)
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