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¦ 1  B!§¨G©{ª«¦ 

Fig.1  Schematic of bar planes and directions 
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¦ 2  qrgAB:;¬uW RD-TDstuG®¯°¦ 

Fig.2  Complete pole figures of different crystal faces on RD-TD plane of hot-rolled hafnium bars 
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¦ 3  ³´¥gAB:;¬uW RD-TDstuG®¯°¦ 

Fig.3  Complete pole figure of different crystal faces on RD-TD plane of cold-worked hafnium bars 
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¦ 4  440 X<=g:;¬uW RD-TDstuG®¯°¦ 

Fig.4  Complete pole figures of different crystal faces on RD-TD plane of 440 X annealed hafnium bars 

 

 

 

 

 

 

 

 

 

 

¦ 5  740 X<=g:;¬uW RD-TDstuG®¯°¦ 

Fig.5  Complete pole figures of different crystal faces on RD-TD plane of 740 X annealed hafnium bars 
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¦ 6  1040 X<=g:;¬uW RD-TDstuG®¯°¦ 

Fig.6  Complete pole figures of different crystal faces on RD-TD plane of 1040 X annealed hafnium bars 
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Table 1  Mass gain of hafnium bars in different states (mg/dm

2

) 

State Hot-rolled Cold-worked 440 X 740 X 1040 X 

Mass gain 3.85 4.52 4.30 3.87 4.01 

 

ñ��l 1040 Ñ�l}Ôf*ã�l�A÷øùò

�ÞÃ{0002}¼ßÃ{1010} 2/���%ÞÃ��1�

¤¢F 740 Ñ���ù�uvóôßÃ{1010}���

lînãFÞÃ{0002}��I 

ºÕ 5/��h� SEM�õ�Ì2 7�uv~¢

�³-ö/÷ø���h¿në÷Þø;'ùÞµú

v�Þ\ 3/�i���6� EDS�o(Ì2 8)�÷Þ

ø;¿në Hf'O'C 3/v#���ùÞµú�Þ\

W� Hf'O 2/v#���l	ùÞµúGï 10000û

Ì2 7d�uv~¢<üùÞµú$�óë�h�l-ã

�såb�ýþ�ëF�ý�ã�sÈÃ�kz;��

�¤���<v�kûù�ùÞµú÷h�Il�J2

7e�º÷Þø;Gï 20000û�uv~¢÷Þ�ø;$

z-zã�s������h�l-.���h�à

�ã�sÈÃ��É*�«Óf=�÷Þh�$�.

/¼Þ\K«»�h�I@A�uv�ô���h-

Hf ¼Î���pø� O ����/��ã�h�l½

©�Ø C�÷Þø;� EDS�oØ� Hf�$z-��

Ð C e Hf ��»h�l-ê�ü	
��h�¢ÐÞ

\â�@Af�� Hf �ò�I�Jz!÷ø�s�

ý�^�{��²�ý�ey<Z÷ø¬Êï¢Þò

.��@A�óô�ý-zõ¬�#ô�I�oú@�

.-ëF_7¬Ê�¨��zK!�@Aã�äz¬Ã

���îd��z!Öæ-ëFã�ä������{

�\����l��
3 hã�ä��Ð�C:êÖ

 "'b�ú�Ú:ê�	¤'3 eab�[Eù�

{�Ð�É'��e��� "¥�����¬���

���&¶����Äl�.D{��ý�

[15]

Ö	Þ\ 

X 

Y 

X 

Y 

X 

Y 

X 

Y 



� 4�                               ���±�<=>?eABEFh£\]�TGt²                           ¤1459¤ 

�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¦ 7  :;µg@\]_`G SEM¶· 

Fig.7  SEM images of corrosion products of hafnium bars in different states: (a) hot-rolled, (b) cold-worked, (c) 440 X annealed, (d) 740 X 

annealed, (e) 1040 X annealed, and (f) matrix 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¦ 8  ¦ 7�¸ª¹+º»+¼ EDSno 

Fig.8  EDS results of black (a) and white (b) points marked in Fig.7 
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¦ 9  \]�½]¾^G XPS¿U¦ 

Fig.9  XPS survey spectra of corroded layer before and after etching 
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¦ 10  Ar
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Fig.10  O 1s XPS spectra of corroded layer of the different depth 

with Ar

+

 etching 
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Fig.11  Hf 4f XPS spectra of corroded layer of the different depth 

with Ar

+

 etching 
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Abstract: The evolution of macro-texture of hafnium bars at different annealing temperatures was investigated by X-ray diffraction (XRD). The 

morphology and composition of corrosion products of hafnium bars at 360 X/18.6 MPa for 28 d water was investigated by scanning electron 

microscope (SEM) and X-ray energy spectrum analysis (EDS) and X-ray photoelectron spectroscopy (XPS), and the valence state and migration of 

corrosion products was characterized. The results shows that four types of textures appear on the RD-TD plane of the hot-rolled hafnium bars, 

appearing as axial complex textures. The texture of the basal~0002�shows a strong heredity in each stage, and the rest of the textures has 

changed differently. The corroded layer of the hafnium bars is formed by stacking oxide particles from 10 to 100 nanometers, and the corrosion 

rate of prismatic {10 1 0} annealed texture is faster than that of basal {0002} annealed texture. The corroded layer preferentially forms Hf

(4-x)+

 

oxide, and then Hf

(4-x)+

 loses electrons and becomes Hf

4+

, forming HfO

2

 with oxygen during the growth. 
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