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Table 1  Chemical composition of the prepared LP Cu (ω/%) 

Cu B Zn As Fe Ni Pb Sn S O 

Bal. 0.02 0.05 0.01 0.05 0.02 0.01 0.05 0.01 0.003 

 

 -""#$%.'()*+,�"

Table 2  Chemical composition of the prepared HP Cu (�

��

�µg/g) 

Cu Bi Zn Al Fe Ni Pb Sn Sb Mg 

Bal. 0.1 0.1 0.01 0.1 0.1 0.1 0.1 0.2 0.1 
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Fig.1  Schematic diagram for the test specimen and ECAP 

process 
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´ 2  GH�HP�CuJKH�LP�Cu8 S-N~��R = –1� 

Fig.2  S-N curves (R=

 

–1) of HP Cu and LP Cu 
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Table 3  Fatigue limit and tensile strength for LP and HP Cu 

Sample 

Yield 

strength, 

σ

0.2

/MPa 

Ultimate 

tensile 

strength, 

σ

b

/MPa 

Elongation, 

δ

5

/% 

Hardness, 

HV/ 

¾10 MPa 

Fatigue 

limit, 

σ

-1

/MPa 

UFG LP Cu 378.8 447.2 16.2 135 146.4 

UFG HP Cu 365.4 444.8 17.3 136 113 

CG LP Cu 92.6 193.5 32.5 46 73.6 
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Fig.3  Plastic strain amplitude vs number of cycles for ultra- 

fine grain HP Cu (a) and LP Cu (b) 
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´ 4  DEFKH Cu=>WJXFYZ[¿ÀN\´�=>WJX(Á_FÂ`¥Á_FÂN\´ 

Fig.4  Columnar maps of grain-orientation before (a) and after (c) fatigue; images of high-angle grain boundaries and 

low-angle grain boundaries before (b) and after (d) fatigue for LP UFG Cu 
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Fig.5  Columnar maps of grain-orientation before (a) and after (c) fatigue; images of high-angle grain boundaries and 

low-angle grain boundaries before (b) and after (d) fatigue for HP UFG Cu 
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Fig.6  Stress amplitude vs plastic strain amplitude for HP UFG 

Cu and LP UFG Cu 

�uK�m���89«;�.� ECAP ��©9	

�¦"$�%&�,-�O�+	§01��ËÌÑ	

��"#�,-d�+Ã}��È��³´,-¯°

d�+����Í	þ±5��³´01ÊË�Aã

ÎëREF.ÁÃ},-��%s��Ã�t���

��>uKµ%3�(�mÏÃ,-�¯°�Y©d

��	�')*<��23	����d01ÊËV

W	±©ª«;�ð�	uKÒÓð�����89

�'	̀ z�������89«;��F;��>. 

��������

1) /åæ=lÎ°	|x���{�½�89

uv}%} ECAP��0�H�½�/�~=lÎ°	

01r8z� 1.6~2.0ù.��{�½���=�®

¯°�H�½�0�~�õ"	#�J���	89

 !±�.G����½�89VWÂ~	��

���J��	Â��{�89 !. 

2) /=lq
®¯°	��½/�=lÎ®¯

°	¼ÈÉyÒ�01ÊË�Å�¢X=lÎ�£{	

��{�½Í�=��}«;	/=lÎσ

a

=220 

MPa¿¼ÈÐË�Å	G��½/=lÎσ

a

=220 MPa

¿	ª«¼È01ÊË�Å. 

3) ECAP
�F��½�|@��+:���

���%	�201��Ñ	%@��+:����

yÒð%	89Ñ�,-÷�£{	��½890

Ñ������ËyÒ. 

4) ���{� Cu ��	����½�%$

&{	/01��234	,-��� �	,-�

�¯°�Y© ®´��	�´���îgïð%	

���� Cu ���|�01ÐËÂw n �01Ð

Ë"w K	¼y<89«;��ï. 

 

����    References 

[1] Goodarzy M H, Arabi H, Boutorabi M A et al. J Alloy Compd 

[J], 2014, 585: 753 

[2] Rabkin E, Gutman I, Kazakevich M et al. Mater Sci Eng[J], 

2005, A396: 11 

[3] Goloborodko A, Sitdikov O, Kaibyshev R et al. Mater Sci Eng 

[J], 2004, A381: 121 

[4] Wang Qingjuan(���), Xu Changzheng(ÃÄÅ), Zheng 

Maosheng(ÆÇÈ) et al. Acta Metall Sin(½�É)[J], 2007, 

43(5): 498 

[5] Kim Ho-Kyung, Lee Young-In, Chung Chin-Sung. Scripta 

Materialia[J], 2005, 52: 473 

[6] Del B R, Crimi M, Sciacco M et al. Mater Sci Eng A[J], 2003, 

10

-5

10

-4

10

-3

100

150

200

250

300

350

 HP Cu

 LP Cu

S
t
r
e
s
s
 
A

m
p
l
i
t
u
d

e
,
 
σ

a

/
M

P
a

Plastic Strain Amplitude, ε

pl



� 6�                             ���2H_9 ECAPBCDEFI=>e�8²S                          ³1811³ 

340(1): 243 

[7] Chung C S, Kim J K, Kim H K et al. Mater Sci Eng A[J], 2002, 

337(1-2): 39 

[8] Mughrabi H, Höppel H W. Int J Fatigue[J], 2010, 32(9): 1413 

[9] Mughrabi H, Höppel H W, Kautz M. Scripta Materialia[J], 

2004, 51(8): 807 

[10] Wang Q J, Du Z Z, Luo L et al. J Alloy Compd[J], 2012, 

526(11): 39 

[11] Cavaliere P. Int J Fatigue[J], 2009, 31(10): 1476 

[12] Hanlon T, Tabachnikova E D, Suresh S. Int J Fatigue[J], 2005, 

27(10-12): 1147 

[13] Wu S D, Wang Z G, Jiang C B et al. Scripta Materialia[J], 

2003, 48(12): 1605 

[14] Oscar FabiÊn Higuera-Cobos, Jonathan Antonio BerrËos-Ortiz, 

JosÌ MarËa Cabrera. Mater Sci Eng A[J], 2014, 609: 273 

[15] Collini L, Hoppel H W, Zhou Z M et al. Procedia Engin- 

eering[J], 2010, 2(1): 2065 

[16] Goto M, Han S Z, Yamamoto T et al. Int J Fatigue[J], 2016, 

92: 577  

[17] Vinogradov A, Patlan V, Hashimoto S et al. Philosophical 

Magazine A[J], 2002, 82(2): 317 

[18] Agnew S R, Weertman J R. Mater Sci Eng A[J], 1998, 

A244(2): 145 

[19] Kunz L, Lukas P, Svoboda M. Mater Sci Eng A[J], 2006, 424 

(1-2): 97 

[20] Hashimoto S, Kaneko Y, Kitagawa K et al. Mater Sci Forum 

[J], 1999, 312-314: 593 

[21] Ludvík Kunz, Stanislava Fintová. Procedia Engineering[J], 

2014, 74: 2 

[22] Xu C, Wang Q, Zheng M et al. Mater Sci Eng A[J], 2008, 

475(1): 249 

[23] Hoppel H W, Zhou Z M, Mughrabi H et al. Philosophical 

Magazine A[J], 2002, 82(9): 1781 

[24] Agnew S R, Vinogradov A Y, Hashimoto S et al. J Electronic 

Mater[J], 1999, 28(9): 1038 

[25] Vinogradov A, Kaneko Y, Kitagawa K et al. Scripta 

Materialia[J], 1997, 36(11): 1345 

 

 

 

Effect of Purity on Fatigue Properties of Ultrafine Grained Cu Processed 

by Equal Channel Angular Pressing 

 

Wang Qingjuan, Zhou Ying, Shuang Yixiang, Du Zhongze 

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

 

Abstract: The fatigue properties of ultra-fine grained (UFG) high purity (HP) and low purity (LP) copper prepared by equal channel 

angular pressing (ECAP) were investigated by fatigue tests performed in air, with a symmetrical loading ratio R= –1. The cyclic 

stress-strain response, fatigue life and grain orientation distribution before and after fatigue were analyzed. The relationship between purity 

and fatigue stability of ultra-fine grained copper was discussed. The results indicate that the stress-controlled fatigue life of UFG low 

purity copper is about 1.6~2.0 times longer than that of coarse grain (CG) counterparts at any given stress amplitude. On the other hand, 

the fatigue curve of UFG high purity copper shows different characteristics. The fatigue failure cycles of UFG HP copper is strongly 

dependent on the applied stress amplitude and decreases sharply with decreasing stress amplitude. At lower cyclic stress, UFG HP copper 

exhibits lower fatigue life. The cyclic stress-strain response of UFG Cu under stress-controlled loading changes from cyclic softening to 

cyclic hardening with decreasing stress amplitude. The UFG low purity copper shows a relatively high cyclic strain hardening exponent, 

hardening coefficient and fatigue stability compared to the UFG high purity copper, because impurities hinder grain rotation and 

dislocation motion, decline recovery rate, and reduce grain orientation difference. 

Key words: equal channel angular pressing (ECAP); ultrafine grained copper; high-cycle fatigue; purity  
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