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Effect of microstructure on corrosion resistance of
CP-Ti and Ti-0.2Pd alloy
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Abstract: The corrosion resistance of commercial pure titanium (CP-Ti) and Ti-0.2Pd alloy in a simulated body fluid was
investigated by cyclic polarization and electrochemical impedance spectroscopy (EIS). The effect of microstructure
obtained by heat treatment and equal-channel angular pressing (ECAP) on the corrosion resistance was also studied for
two kinds of metals. The properties of surface produced by different microstructures were characterized by the EIS
analysis. The results show that both metals composed of martensitic phase have higher corrosion resistance than the
metals composed of Widmannstatten phase. ECAP process can improve the corrosion resistance of both metals evidently.
A coarse equiaxial-grained CP-Ti with homogeneous microstructure shows low corrosion current density. The surface on
ECAPed Ti-0.2Pd shows double layer structure, and the surface on the rest of specimens show single layer structure.
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1.1 SEIg#r#Y

T oMb 44K (CP-Ti Grade 2). %K4 4 4 (Ti-0.2Pd
Grade 7)If185r W3 1 B4, ¥ NS EK A w1615 . ECAP
BRI WA @=105°FI M 1 =75 1 5544 25 T8 [ 45
HAF 400 CHRELET, R 2 WA B (10, ¥4kb)
R R T S B, R A = Ha B
PIN#E 900 CHRE 1 h, ARJERAIKEE. By A
2. AN A 800 CHRIE 1 h 5%
BE.

T 1 DAt 2k o
Table 1
fraction, %)

Chemical composition of CP-Ti Grade 2 (mass

O H N C Fe Ti
0.10 0.015 0.035 0.075 0.17 Bal.

F2 AR
Table 2 Chemical composition of Ti-0.2Pd Grade 7 (mass
fraction, %)

Pd Fe C N H O Ti
0.14 003 0.04 001 0.002 0.12 Bal.

1.2 KHEEFIME

B Wi B U1 Y d 16 mm X 3mm [ 4,
IR IMZE 400, 800 F1 1200 THPACE TS, NIG/E4:
AHILS AL BP0 E 53 000 2 pm F1 0.5 pm ) =4
e AR T INO, RAFCHT I BT R I . KA

201544 H
FHNE S 7K BB PR 23 ol BB AT 368 P TG UE 15 min, P H
FE KB, BRIRT, LR 1 emX 1 em [FIIR
RIEHETB 34, FLAR 5 1) S IR I T 2

1.3 BN RAEE
B A ARAAY (Simulated body fluid, SBF)# T
B2 M H A KOKUBO 074, 1 insk 3 s,

%3 SBF sy
Table 3 Chemical composition of SBF solution (g/L)

NaCl KCl CaCl,  Na,SO, MgCL6H,0
7.996 0.224 0.278 0.071 0.305
NaHCO; K,HPO, 3H,0  NH,C-(CH,OH);
0.35 0.228 6.057

MR 3 F1 K B4 BT ] 500 mL 25 B35 /K
[ VR N 2 T, LR AR D 4R TR
(ASTM F2129-06), 5§ HCL 7154 pH 7.4, $EAM
&I R AE TR KA T REAT (37.0£1.0) C, SRJERH
W

1.4 MR AE

{fFH CHI660D HLAL T A sl DL _E AT L
A2 J ol s, REAARE R A 3 R AORAIE &
MRRALE 37 CARMAETHET . RGP = BRI R,
BT AR A S A, AR H IR FB R (SCE) A 2 LE Fa Al
HEAT R B IAT R, IR N LR T .
MRHTH AR, SRJE I 1 h JFER AL, R Hufr
P JE MARAT T T, FRNABh i th 4k . 1% E ]
WEHIHE A h—1.2 V(vs SCE), ®ZHALN 0.5 V(vs
SCE), $13i#% 10 mV/s, BUKIE R 1X107, 223k
PSS 3T : 10 mHz~100 kHz, 75T %
HA AR AT

2 FHRE55

2.1 ERALR
AR R A5 21 5 SR AR RS o 2R
ICAHZR o KPR I R A T IR ARAHAR , 75 24023 IR 21,
JE IR BAN T2 0 3~8 um, T B pAR oK E l B 27 A
FHOC AL, B b T2 Ah 7 67 1) 1 FAR R . SRS
ES| R A EZE A APTY s T3 K% R Y TVY VA AN W
101 um. 1M ECAP A B s8I V)AF 2R, BYP)ais 2 (A
(PEE B 40%, CP-Ti P8RRI 3.3 pum, Wi 1
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Fig. 1  Microstructures of CP-Ti after

ECAP process and different heat-treatments:
(a) Original; (b) Furnace cooled; (c) Water
quenched; (d) Air cooled; (¢) ECAP sample
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B 2 ECAP ALPEAIHALPE Ti-0.2Pd F 2
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Fig. 2 Microstructures of Ti-0.2Pd alloy
after ECAP process and different

heat-treatments: (a) Original; (b) Furnace
cooled; (c) Water quenched; (d) Air cooled;

(e) ECAP sample
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Fig. 3 Tafel curves of CP-Ti after ECAP process and Fig. 4 Tafel curves of Ti-0.2Pd alloy after ECAP process and

heat-treatments heat-treatments
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Table 4 Corrosion parameters of CP-Ti obtained from Tafel

curves in simulated body solution

Sample Peor!V  Jeor/(pAem?) R /A(MQ-cm?)
Original ~ —0.675 1.12X10°2 117.3
Fumace 5 (08 6.96x10° 413.6
cooled
Aircooled  —0.618  2.22%107 2620
Water ~0.591 3.03%X107 1198.4
quenched
ECAP —0.628  2.03X1073 3304.4

5 Ti-0.2Pd {ERLLARR B o
Table 5 Corrosion parameters of Ti-0.2Pd alloy obtained

from Tafel curves in simulated body solution

Sample Peor/V  Jeor/(pAem?) R /(MQ-cm?)
Original -0.678 1.15X 1072 156.3
Fumace ) c16 7.48X 107 4374
cooled
Air cooled  —0.637 6.70X1072 708.6
Water 617 245%107 2687.8
quenched
ECAP -0.531 1.70X 107 6183.3
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SE AN R FAAE BRI BEAS 3 (1) A2 2R nT DU 2],
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Ti-0.2Pd FIZK YA (R4 i 16 5 IAAZH 21 Ti-0.2Pd
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23 XimMEIIE
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Fig. 5 Nyquist plots of CP-Ti after ECAP process and

different heat treatments
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Fig. 6 Nyquist plots of Ti-0.2Pd alloy after ECAP process

and different heat-treatments
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Fig. 7 Bode plots of CP-Ti after ECAP process and different

heat-treatments
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Fig. 8 Bode plots of Ti-0.2Pd alloy after ECAP process and

different heat-treatments
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Fig. 9
CP-Ti(a), ECAP Ti-0.2Pd(b) and rest of samples(c)

Simulated equivalent electric circuits of ECAP

Table 6 Fitting parameters of equivalent electric circuit for CP-Ti after ECAP process and different heat-treatments

Sample Reo/(Q-cm?) 0/(Q "em s n R/(Q-cm?) ol(Q "em 2s")
Air cooled 23.23 8.10X107° 0.84 6779.0 0.0052
ECAPed CP-Ti 21.51 7.85X107° 0.77 6043.5
Water quenched 25.19 4.42X107 0.88 4452.0 0.0049
Furnace cooled 21.82 5.54X107 0.86 1201.1 0.0063
Original 22.01 7.09X 107 0.80 751.5 0.0072

F 7 LEPETI-0.2Pd SFERCRER UG S

Table 7 Fitting parameters of equivalent electric circuit for Ti-0.2Pd alloy after heat treatment

Sample R/ (Q-cm?) 0/(Q "em ™) n R/(Q-cm?) ol(Q "em 2s")
Air cooled 25.24 4.80X107° 0.86 1073.8 0.0086
Water quenched 28.99 5.28%X107° 0.82 4935.3 0.0033
Furnace cooled 24.23 5.00X 107 0.86 950.9 0.0080
Original 23.96 8.03X 107 0.80 626.3 0.0089
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Table 8 Fitting parameters of equivalent electric circuit for ECAPed Ti-0.2Pd

R/ (Q-cm?) 0/(Q "em 25" n Ry/(Q-cm?) 0,/(Q "cm 25" n Ro/(Q-cm?)
30.3 4.627X10°° 0.87 4023.0 2.594% 107 0.66 4821
‘ \A ‘A
3 o5 4 g
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