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Table 1  Chemical composition of the CP Ti (ω/%) 

O H N C Fe Ti 

<0.18 <0.015 <0.03 <0.08 <0.2 Balance 
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Table 2  Mechanical properties of coarse-grained and 

ultrafine grained CP Ti  

Material Grain size/µm σ

s

/MPa σ

b

/MPa δ/% 

Coarse-grained CP-Ti 25 254 403 48 

Ultrafine-grained CP-Ti 0.12 800 870 15 
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Fig.1  Creep curves of the ultra-fine grained CP Ti with different 

stress at room temperature 

 

2X'(±��MJ�'=Wµ��M¼ 1½¾�¼

2½¾ìd±²'�$yO2X�³í��MJ�e

ðMí�¼ 1½¾�¼ 2½¾ìd±²\f�ñòg

hl�¼ 3½¾$ 

i 3 =f#2Xs789:;�����M�

Z$Viãopä��T�M2X= 640 MPa±�7

89:;�����M�ð= 2.8i10

-7 

s

-1

�jMN

= 1.09%��M¦§í¯ 170 h��������M�

Z$T�M2X= 720 MPa±��M�ZBklÜ�

���M�ð= 1.8i10

-5 

s

-1

�� 640 MPa±� 6.4m�

j2M= 8.09%��M¦§è= 110 h$n©oE�

yO2XoW�]6�789�����Miw�j

B�2Xp��$_��s�789�����MQ

PÔ�qrÆÇÒÓ�Íb2X�ÆÇÒÓ�sÓX�

�MQPÔ�nÍb2Xt-

[14]

$Íb2X³í�ñ

òÄÅoÓÆÇ�³b��M�ð³í��MMN

³b$   

p��vÛuvo��2Xwxs�yz{ |

bp(}~j

[15]

$�~�E���_��f´�V

��(�s~���ÆÇ���w�������´

�N±MNc�ÆÇÃ¨�É��&�R$_2Xw

x�yz{<�s��fP��o���¥}ÆÇ� 

 

 3  ,-*!"#$123.45678/0 

Table 3  Creep properties of the ultra-fine grained CP Ti with  

different stress at room temperature 

Stress, σ/MPa Strain rate, 

ε

�

/s

-1

 Total strain/% Total time/h 

640 2.8×10

-7

 1.09 170 

680 1.7×10

-6

 1.77 170 

720 1.8×10

-5

 8.09 110 
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Table 4  Creep rate of ultra-fine grained and coarse-grained  

CP Ti at room temperature 

Material σ

creep

/σ

s

 Creep rate/s

-1
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Fig.3  TEM images of the ultra-fine grained CP Ti: (a) before creep; (b) 720 MPa; (c, d) 680 MPa; (e, f) 640 MPa 
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Fig.4  Creep fracture morphologies of the ultra-fine grained CP Ti at room temperature: (a, b) 720 MPa and (c, d) 760 MPa 
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Creep Behavior of Ultra-fine Grained CP Ti Processed by Combined Deformation 

at Room Temperature 

 

Yang Xirong, Chen Xiaolong, Luo Lei, Liu Xiaoyan, Cai Wenhua

 

 

(Shaanxi Engineering Research Center of Metallurgy, Xi’an University of Architecture and Technology, Xi’an 710055, China) 

 

Abstract: Ultra-fine grained commercially pure (CP) Ti with an average grain size of 120 nm was fabricated by equal channel angular 

pressing (ECAP) followed by cold rolling (CR) and swaging at room temperature. Uniaxial tensile creep tests, transmission electron 

microscope and scanning electron microscope were applied to investigate the creep behavior and mechanism of ultra-fine grained CP Ti. 

The results show that a significant creep deformation at room temperature occurs in the ultra-fine grained CP Ti. The steady creep rate 

increases (2.8×10

-7 

~1.5×10

-4 

s

-1

) as the creep stress increases (640~760 MPa). Ultra-fine grained CP Ti has a lower steady creep rate than 

the coarse-grained CP Ti at the same stress level, which indicates that ultra-fine grained CP Ti has higher creep resistance. The creep 

mechanism of ultra-fine grained CP Ti is dislocation movement, and the creep fracture morphology of ultra-fine grained CP Ti exhibits 

ductile fracture with dimples. 

Key words: ultra-fine grained; commercially pure Ti; creep; stress exponent; dislocation slip  
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