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Table 1  Nominal composition of three zirconium alloy 

tubes (ω/%) 

Alloy Sn Nb Fe Cr Si Ge Zr 

SZA-4 0.8 0.25 0.35 0.1 - 0.05 Bal. 

SZA-6 0.5 0.5 0.3 - 0.015 - Bal. 

Zr-4 1.5 - 0.2 0.1 - - Bal. 

� 65±2 .9��	¾>X·
M�HiYZ[¡¦

H\�5�Håæ9�Håæ5H\�]* LECO 

RH-404�ÏHQq^µ=_Ï9̀ a_ÏH\�ib

æ 0.1~0.15 g&̀ ¹�HæcQq 3ab`M�Ù&d

efgÁ� 10 µg/g93Y���Ü�Håæ5H\�

�Á� 10 µg/g9 

	* ZEISS-SUPRA55 hi

juk(SEM)§

l���5ju#$S���QÃ9§lãª*mn

opåæ&qûQA	* 0.3 µm5«kr� 0.02 µm

5stµ=äu�vu+�&wû	* 10% HF+45% 

HNO

3

+45% H

2

O(pxQÇ)5 !Dµ= !9]*

Rigaku TTRIII� Xy<zy^(XRD)_å¡¦ù4P

���åæ5�%{9�AÛ�8Æåæ Xy<_Ï

i5�x&? 8 mm �58Æåæ|}=~é�M�

SÆûÈµ= XRD _å9XRD _åi	* Cu �&

,+
�� 40 kV&,+
W� 30 mA&é56�µ

hi^n&�µ�Z� 0.02°&�µiY� 1 s9	*

Tecnai G2 F30�y

juk(TEM)§l¡¦���

5u§#$m������ÁSQÃ&é¾>5�



zy(SAED)�Ï���5&p%{9TEM æc	

*
M��^�·�&��
MD� 10%��Q+90%

BC(pxQÇ)&
M��i
��� D.C. 20 V&�

Z��–30 .9 

��������

�����2����	
� Zr-4	
�
�������

��������� 

� 1 QA� 2 Y
���� SZA-4 � SZA-6 S

Zr-4 ��8�¥ Ý!"åæ5 SEM u§#$9

SZA-4 ���Ý!"åæð½�ò�èÁ5���q

r(®� 1a	���:)9SZA-6���Ý!"åæð

½�§l3ò�èÁ���qr(®� 1b 	���

:)&ñ`ð½���Ç�ç SZA-4 ����}W9

Zr-4 ��Ý!"åæB 2 Y
�����ç&`ð½

���wò9 

� 2� 2Y
����S Zr-4��¥ Ý!"å

æ5 TEMu§#$m�9SZA-4���Ý!"åæð

½K��}�m&ÉS��õ�(� 2a

1

)9¦i&�`

È%&5&ÉðEÎ�ò����qr (� 2a

2

)9

SZA-6���Ý!"åæB SZA-4�����&ð½

�K��}�m&É���õ�&{¼½��rÎA

õ��%(� 2b

1

)9¦i&SZA-6���ð½�EÎA

È%&5&É(� 2b

2

)&�`&Éð½���èÁ�Ð

�ßQÃ5���qr9Zr-4 ��Ý!"åæB 2 Y


�����ç&ð½��&É�EFAÈ%&&� 



� 8�                             �   �+��x8 Zr-Sn-Nb;/<
IDJKH��                           �2509� 

 

 

 

 

 

 

 

 

 

� 1  29�:/<
L Zr-4<
AYZ[\GH SEM�� 

Fig.1  SEM micrographs of SZA-4 (a), SZA-6 (b) and Zr-4 (c) alloys under as-received condition 
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Fig.2  TEM micrographs of SZA-4 (a

1

, a

2

), SZA-6 (b
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, b
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) and Zr-4 (c
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, c
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) alloys under as-received condition 
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Fig.3  XRD patterns of two kinds of new zirconium alloys and 

Zr-4 alloy under as-received condition 
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Fig.4  Comparison of hydrogen absorption properties of two 

kinds of new zirconium alloys and Zr-4 alloy under as- 

received condition 

 

�����2����	
� Zr-4	
��� !"#��

����������� 

� 5� 2Y
����S Zr-4��ª�È%&)

*åæ5 SEMu§#$�9`	&� 5a� SZA-4�

��ª�È%&)*åæ5u§#$�&��ê«r

�`ð½��}èÁ5���qr&VW���¬É

��Ð�ßQÃ9� 5b � SZA-6 ���ª�È%&

)*åæ5u§#$�&êR«r`ð½qrA��

�Ð�ßQÃ5���&`���5Ç� j}�

SZA-4 ���9� 5c � Zr-4 ��ª�È%&)*å

æ5u§#$�&`ð½��ò�èÁ���qr9 

� 6� 2Y
����S Zr-4��ª�È%&)

*åæ5 XRD ��9���ê÷&SZA-4 � Zr-4 �

�ª�È%&)*åæ�rÎA α-Zr�5zy�£Ü

rÎ`Ó�5zy�&£ SZA-6 ���åæ	@A

α-Zr �5zy�I&� 2θ=38°~38.5°¥YJrÎA 1

¹u­zy�9�A�ç 2Y
����� Zr-4��

È%&)*åæ�u­zy�+5�k&� 3 Y��

�� 2θ=37°~39°®¯ðµ=¼½°h&%±²� 6	

5³�9�³�êRF´�«3&�� SZA-6���

ª�È%&)*åæ	�zy�&£ SZA-4 � Zr-4

��ª�È%&)*åæ	ÜrÎµzy�9¾>�

ç PDF¶Sê÷&µzy�ê�� Zr

2

Fe�5zy�9

%�� 55 SEMu§#$m�%±ê÷&SZA-6��

�ª�È%&)*åæð½qr5������

Zr

2

Fe�qr�9£ SZA-4� Zr-4��ª�È%&)

*åæð½·q�����qr&ñ`���Ç�ü

� SZA-6 ���ð½5}&`\�¸¡3 XRD  _

�¹wÁ5pxQÇ&��Ü' _rÔ9 

�Aµ]�Qq 2 Y
����ð½���5º

�S�%{&� 2 Y
����ª�È%&)*åæ

µ= TEM u§Qq&��5u§#$m�S`ð½

»����m�®� 7 �:&³�����55�



zy;æS` EDSQq%±9`	&� 7a� 7dQ

A� SZA-4 � SZA-6 ���ª�È%&)*û5

TEMu§#$m��&��ê÷&2Y
����È

%&)*åæ&É�#¼Æ&�#¼&ð½�&Ø[

�����qr&ñ#¼&ð½qr5���ÕÖ� 

 

 

 

 

 

 

 

 

 

� 5  29�:/<
L Zr-4<
AdefUghi[\GH SEM�� 

Fig.5  SEM micrographs of SZA-4 (a), SZA-6 (b) and Zr-4 (c) alloys under full recrystallization annealing condition 
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Fig.6  XRD patterns of two kinds of new zirconium alloys and 

Zr-4 alloy under full recrystallization annealing condition 
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Fig.7  TEM images of second phase particles in SZA-4 (a~c) and SZA-6 (d~f) zirconium alloys under full recrystallization annealing 

condition (the insets are SAED patterns and EDS spectra of particles) 
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Fig.8  Comparison of hydrogen absorption properties of two 

kinds of new zirconium alloys and Zr-4 alloy under full 

recrystallization annealing condition 
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 SZA-4 alloy after recrystallization annealing
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Abstract: The hydrogen absorption properties and mechanism of two kinds of newly developed zirconium alloy (SZA-4 and SZA-6) tubes 

and Zr-4 alloy tube under the electrolytic hydrogenation condition were investigated. The results show that the hydrogen absorption 

tendency of SZA-4 alloy is higher than that of SZA-6 alloy under the as-received condition, while, after the recrystallization annealing, the 

hydrogen absorption tendency of SZA-4 alloy decreases, and the hydrogen absorption tendency of SZA-6 alloy increases. As a result, the 

hydrogen absorption tendency of SZA-6 alloy is higher than that of SZA-4 alloy, and both of them have a higher hydrogen absorption 

tendency than that of the traditional Zr-4 alloy. The changes of the hydrogen absorption tendency of SZA-4 and SZA-6 zirconium alloys 

are related to the precipitation of SPPs. A large amount of precipitated (Zr, Nb)

2

Fe SPPs with fcc crystal structure in the SZA-6 alloy after 

recrystallization annealing lead to the hydrogen absorption tendency increasing. 

Key words: zirconium alloy; second phase particle; recrystallization annealing; electrolytic hydrogen charging; hydrogen absorption 

property 
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