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Table 1  Chemical composition of TA2 (ω/%) 

Fe Si C N H O Ti 

¬0.30 - ¬0.10 ¬0.05 ¬0.015 ¬0.25 Bal. 
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h TA2 566cj=��°±²��²���G

0.15 A����G 200%-°±²�YZG DT1480 �

!²�|���Po ZG30("Ó�)���#$ 0.3 mm�

°%&²'�²()90°�*+ 150 mm�&�60 mm/min-

h566c�nj=íî� USSP wx�h��j=

B¼�ëì���íîwx�z{¼�ëì9È���

�� ��E��z{��íî9È���ãä�- 
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ó

[15]

-A��z{òJK@Z�LMG 10 mm×10 

mm×4mm  ¨"§E�����N��OPj=í

î��;�
��Q�-A�RFST�:UV¸W
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Table 2  Welding parameters 

Groove 

morphology 

Groove 

angle/(°) 

First 

current/A 

First 

voltage/V 

First welding 

speed/cm·min

-1

 

Second 

current/A 

Second 

voltage/V 

Second welding 

speed/cm·min

-1

 

“V” type 60 120 10 100 130 12 110 

 

 

 

 

 

 

 

 

 

 

­ 1  USSP bEF TA21223cd®¯k4
°WX±² 

Fig.1  Metallographic microstructure of the cross section of the 

TA2 welded joint sample after the USSP process 
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­ 2  `a bEF TA212231uUj¢4 TEM±² 

Fig.2  TEM images of the surfaces of the TA2 welded joints under different processes: (a) untreated; (b) USSP; 

(c) USSP+0.5 h annealing; (d) USSP+1.5 h annealing 
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­ 3  `a�� bEF¸ HIJ1223j¢ 

efghR¹ 

Fig.3  Residual stress distribution in the surface of commercially 

pure titanium welded joints under different annealing 

processes 
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Table 3  Surface residual stress of commercially pure titanium 

welded joints under different annealing processes 

Statistical data Untreated USSP USSP-0.5 h USSP-1.5 h 

x

 25.88 –431.76 –268.08 –146.3 

S

2

 3237.13 2101.25 1927.79 1272.17 

a 

500 nm 

b 

c d 
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­ 4  `ast bEF¸ HIJ1223j¢ 

efghR¹ 

Fig.4  Residual stress distribution in the surface of commercially 

pure titanium welded joints under different grinding 

processes 

 

 B""23CD-.678-9:;+,,< =>?@AE"

Table 4  Surface residual stress values of commercially pure 

titanium welded joints under different grinding 

treatments 

Statistical data Original USSP USSP+600# USSP+1500# 

x

 25.88 –431.76 –412.74 –327.64 

S

2

 3237.13 2101.25 938.16 1194.13 

9þG R

a

-kR·ÇÌ qr

[16]
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z
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­ 5  `ast bEF¸IJ1223jkº»\] 

Fig.5  3D images of the CP-Ti welded joint under different grinding processes: (a) original, (b) USSP, (c) USSP+600#, 

and (d) USSP+1500# 
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­ 6  USSP EFr USSP+�� TA2 1223cdv 80 ¼4

10%HClwx+4$M�¡M½¾ 

Fig.6  Electrochemical polarization curves of USSP treated and 

USSP+annealing TA2 welded joint specimens in 10% HCl 

solution at 80 ¼ 
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Table 5  Electrochemical corrosion parameters of USSP treated 

and USSP+annealing TA2 welded joint specimens 

Sample E/mV I

corr

/µA·cm

-2

 R

p

/kΩ I

pass

/mA·cm

-2

 

Original –406.55 304.51 0.67 3.77 

USSP –339.98 73.55 1.83 1.99 

USSP+0.5 h 47.0 15.48 18.67 1.17 

USSP+1.5 h –558.0 21.88 16.65 0.40 

 

 

 

 

 

 

 

 

 

 

 

­ 7  USSP EFr USSP+¿lmBst TA2 1223cdv

80 ¼4 10%HClwx+4$M�¡M½¾ 

Fig.7  Electrochemical polarization curves of USSP treated and 

USSP+decrease roughness grinding TA2 welded joint 

specimens in 10% HCl solution at 80 ¼ 
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Table 6  Electrochemical corrosion parameters of USSP treated 

and decrease roughness grinding TA2 welded joint 

samples 

Sample E/mV I

corr

/µA·cm

-2

 R

p

/kΩ I

pass

/mA·cm

-2

 

Original –406.45 304.51 0.67 3.77 

USSP –339.98 73.55 1.83 1.99 

USSP +600# –628.47 83.04 1.56 2.58 

USSP +1500# –291.13 75.91 1.66 0.37 
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­ 8  USSP EFr USSP+�� TA2 1223cdv 80 ¼4 

10% HClwx+4À�ÁÂÃ 

Fig.8  Electrochemical impedance spectroscopies of TA2 welded 

joint specimens treated by USSP and USSP+annealing in 

10% HCl solution at 80 ¼ 
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­ 9  `a bEFcdv 80 ¼4 10% HClwx+4 

¨Ä$Å­ 

Fig.9  Equivalent circuit diagram of different process treated 

samples in 10% HCl solution at 80 �: (a) original and 

USSP; (b) USSP+annealing 
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�-0� 7 �T�[�� USSP wx�� !"#¨

Ö��N��$}�×£�ºÑ��# !".ù=

G$Ñ} ÈÉ-l^6Ô)�= n z»¼�ºÑ

1¢ô+x�¨�-�b0� USSP wx	mn56

6c¹.��¼K¤½+ ./�å���ãä�$
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Ñ(¤½)*+,�(v)*+,×�-l��	�
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#¨Ö»¼�(¤½)*+,»¼- 
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!",�-ØÙF 1500#34íî×�"� 2/5/�

¨��Ò¨Ö$Ç�»�l Y

0

»¼�ºÑ0ëì�â

 ¨Ö}�×£��GDød>-de��Ñãä� 
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Table 7  Equivalent circuit parameters of USSP treated and 

USSP+annealing TA2 welded joint weld zone  

Sample 

R
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/ 

Ω·cm
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Q/ 
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-2

 

n 

R

ct
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Ω·cm

2

 

Y
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Ω

-1

·cm
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·s

1/2

 

Original 2.599 6.41 0.6547 260.9 3.857 

USSP 2.975 2.38 0.5492 675.2 2.807 

USSP+0.5 h 5.77 2.31 0.748 1093 / 

USSP+1.5 h 5.36 7.63 0.473 357.6 / 
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Fig.10  Electrochemical impedance spectroscopies of samples 

with different roughness grinding treatment in 10% HCl 

solution at 80 ¼ 
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Table 8  Equivalent circuit parameters of weld zone of diffe- 

rent joints with different roughness grinding treat- 

ment 

Sample 

R

s

/ 

Ω·cm

2

 

Q/ 

×10

-5 

F·cm

-2

 

n 

R

ct

/ 

Ω·cm

2

 

Y

0

/ 

×10

-2 

Ω

-1

·cm

-2

·s

1/2

 

USSP+600# 3.293 2.393 0.6444 765.0 3.437 

USSP+1500# 3.658 1.566 0.6940 666.0 1.750 
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Fig.11  Microcosmic surface morphologies of electrochemical corrosion of TA2 welded joints under different processes: (a) original, 

(b) USSP, (c) USSP+600#, (d) USSP+1500#, (e) USSP+0.5 h, and (f) USSP+1.5 h 
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Effect of Surface Strengthening Treatment on Electrochemical Corrosion 

Resistance of Commercially Pure Titanium Welded Joints 

 

Zhao Xu

1

, Liang Danying

 1

, Zhang Conghui

 1,2

, Rong Hua

1

, Li Nannan

1

 

(1. School of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China) 

(2. Metallurgical Engineering Technology Research Center of Shaanxi Province, Xi’an 710055, China) 

 

Abstract: In order to improve the performance of the welded joint and prolong its service life, the commercially pure titanium TA2 

welded joint was strengthened by ultrasonic shot peening (USSP) with a shot peening strength of 0.15 A. The microstructure and corrosion 

morphology of TA2 welded joints were observed by OM, SEM and TEM. The residual stress values and surface roughness of different 

treated samples were measured. The surface of the samples after USSP was heat treated and ground. The electrochemical corrosion 

resistance of the welded joint weld zone with different surface residual stress and surface roughness in 80 °C 10% HCl solution was 

studied. The results show that the corrosion resistance of the USSP intensive treated pure titanium welded joints has been improved. After 

annealing, the corrosion resistance first increases and then decreases with the increase of annealing time. When annealing for 0.5 h, the 

natural corrosion potential is the highest, the current density is the lowest, and the corrosion resistance is optimal. After surface grinding, 

the corrosion rate is mainly controlled by the diffusion step, resulting in concentration polarization. As the depth of polishing 

strengthening layer increases, the diffusion rate increases, and the corrosion resistance has been improved. When polished to 2/5 of the 

strengthening layer, the corrosion resistance has been improved significantly. 

Key words: ultrasonic shot peening; commercially pure titanium; electrochemical corrosion; roughness; residual stress 
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