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

Hf Fe Cr C N H O Zr 

1.92 0.066 0.01 0.009 0.007 0.002 0.06 Balance 
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Fig.1  OM micrograph of the CP-Zr 
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Fig.2  One pass ECAP sample of CP-Zr 
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Fig.3  Optical microstructures of CP-Zr after ECAP: (a) X plane, (b) Y plane, and (c) Z plane 
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Fig.4  TEM images of CP-Zr after one pass ECAP from X plane 
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Fig.5  TEM images of CP-Zr after one pass ECAP from Y plane 
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Table 2  Tensile test results of CP-Zr at room temperature 

Sample 

Yield stress, 

σ

0.2

/MPa 

Ultimate tensile 

stress, σ/MPa 

Elongation, 

A/% 

Initial material 277 351 37.4 

One pass 397 536 21.2 
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Table 3  Microhardness test results of CP-Zr (MPa) 

One pass 

Initial material 

X plane Y plane Z plane 

1050 1360 1680 1600 

 

�ôQR�º�����ãä���D²éêz�íà: 

ü 6^�ö+,¸¹�Í¶ÎWX+,¸¹V+,

�íÏ78�|� SEM ü:Dü 6 
m��ö¸¹�

WX¸¹�78ø�QR©�âV�©��Ú�;��

��Q^cøZ�j�7B���©�7B

[12]

:Æ©�

����9d©��Kþ©��9d©��R��Ò)

Kþ©�:@Çü 6a�ü 6b¿@��ö¸¹©�Q^

c"�©�QÚ�� 10~20 µm ��Q©��¨�âV

3~4 µm�^©�:²Í¶Î ECAPWX¸¹�7B©�

ùú|î�V 10 µmÀ¾:�ºGE�©�ùú��Q 

a 

1 µm 

b 

c 

500 nm 

1 µm 

a 

500 nm 

b 

c 



� 4�                             �  :p,KLM ECAPN?O@Aghijk01                          §1127§ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¨ 6  ��b�| ECAPN?O@Ab�f_`®¯A° 

Fig.6  SEM fractographs of tensile specimens: (a) original sample 

and (b) one pass ECAP 
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Fig.7  ODF of as received CP-Zr 
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Fig.8  ODF of CP-Zr after one pass ECAP 
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Table 4  Schmid factor on the slip for CP-Zr after ECAP 

Texture 

components 

Basal- 

<a> 

Prismatic- 

<a> 

Pyramidal- 

<a> 

Pyramidal- 

<c+a> 

1235 0111< >� �  0.08 0.5 0.47 0.86 

2136 2243< >� �  0.16 0.48 0.49 0.91 

� ������� ECAP �	�� Schmid �
 

Table 5  Schmid factor on the twins slip for CP-Zr after ECAP 

Texture components Tensile twin Compressive twin 

>< 11105312 ��  0.95 0.89 

>< 43226321 ��  0.98 0.91 
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Effect of One Pass ECAP on Microstructure and 

Properties of Commercial Purity Zirconium 
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Abstract: Commercial purity zirconium (CP-Zr) was processed by equal channel angular pressing (ECAP) at room temperature using a die with 

an internal angle Φ of 90° and an outer curvature angle Ψ of 20°. The CP-Zr during one pass ECAP at room temperature was characterized by OM, 

TEM, SEM, XRD and tensile tests. The results show that the grain of CP-Zr processed by one pass ECAP is refined distinctly. The yield strength 

and ultimate tensile strength increase to 397 and 536 MPa (rate increase up to ~43% and ~53%), respectively. The microhardness value increases 

from 1050MPa to 1550 MPa. The CP-Zr maintains good elongation, which is 21.2%. The TEM observation of the processed CP-Zr proves the 

existence of elongated bands, dislocations and dislocation cells. The results of XRD indicate that the basal texture and pyramidal texture are 

transformed to prismatic texture. 

Key words: commercial purity zirconium; ECAP; microstructure and properties; texture 
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