
� 49�    � 7�                               ��������	                                     Vol.49,  No.7 

2020�      7�                     RARE METAL MATERIALS AND ENGINEERING                           July   2020 

 

�����2019-07-25 

���	����	
�� (51374173)�����	
�� (2018JM5082) 


���������1992������������ !"��� 300131�E-mail: weilfeng@mail.nwpu.edu.cn. 

 

��������	
/��������

��

�

 

���

1,2

����

3

��	


2

��  �

4 

 

(1. ������ !"��� 300131) 

(2. �#$%&� '(�)��� �* 710072) 

(3. +,-./0'1234567�*8 +, 241000) 

(4. �#$%&� 9:;<��=>?@A��� �* 710072) 

 

�  ��BCDEF;<GHIJKLMNL4OPQ/RSTUVWX�YZG[\]^_L\`a_bKcQ/RS

TUVWde4fgPhijZklGmnoDpqDrsPQ/RST�tuvwxy[zUr{|P}~s�

�j��[����BCDEF;<b�r�P�����������BCDEF;<[R���LQ/R�LQ/

R��bQ/R-�UVWdP !����Sr���� !$����Z$ ¡~�¢a�Z£¤¥¦�§¨�Q/

RSTI©�ª«;<[Q/RSTUV¬P®¯£¤°±���j 

����BCDEF;<�Q/RST�R���Q-� 

�������TB383        ������A        �����1002-185X(2020)07-2539-10 

 

�/�������	
����������

�������������� �!"�#$�

%&'�()�*+�,-"��.�/012�

3

[1-3]

4�/���56789:�;1<=>?

@A5AB�CDEFG�HIJKLM;NOPQ

Rselective phase dissolutionS%�/���<=��

12�TPQU%VWNXYZ[���5\]�^

_��`�abc��/���<=>?

[4]

4�$2

d=efg �)hijkl mno4p��q

5PQefrs�5tuvwxy4gz{|vw}

~�W��Y γ′;�n����v�n�v��

Kriege

[5]

�2LM;NOPQ� γ~nYv�8 γ′;4

Michalcová "H

[6]

�2LM;NOPQ% 10 g/L 

FeCl

3

NXY����� Al-Fe-Ti-Ce ��Y Al

~nLM#NO�������Y���; Al

80

(Cr, 

Fe)

20

�Al

13

Cr

2

�Al

13

Cr

4

� Al

20

CeCr

2

��Z[z XRD

� TEM vw4Milenkovic

[7]

"Hgz���� Al-Si

�� Sr ������Y�� Si  ¡¢£�b¤�

@¥2T>?%�¦§�¨©R10:90Sª�XY«

¬NO Al~n��«® Si ¡¢R¯° 1aS4±

²³;´A;��¡¢vw�@Uµ¥2LM;N

OPQZ[¶���µ·�¸¹�º�»¡¢4

g¼�½¾¿À

[8]

¥2 �)LM;NOPQ%

Ni-Ni

3

Si����YLM#NO α-Ni;µ·��Á�

�����7Â�Ã�¯° 1b��4�K�	
�

ÄvÅ�ÆÇÈÉ�LM;NOPQ12K�/��

�<=���Ê���Ë;±ÌÍ�ÎÏ¡�no�

�Ð%PQÑÒ9��$29bÓ"Ô¿4½��%

Õ�Ö×Ø��ÙÚ~ÛÜ���½¾¿À��

�ËÝÞÁÕßzLM;NOPQ%��àá��/

�� ��/��â��/�ãä��<=��Y1

2��åæzPQÑÒ�«çz�hèé��gêë

LM;NOPQ%�/���Z�ìí��12I

îïëð�$TPQ,gH6ñò¸A#,óô

�/���4 

���������	
�������

LM;NOPQ�õ���ö�LM#NO�

��÷�<=�/���>?�ÊøÆù��ú±

NO±ûE9ö4LM;NOPQ�ã�LM#N

O³;´A;��Yü#;
��/���

[2]

4%

NO���/���ý^Ð%²¶<��Y�LM;N

OPQþ����¶<��Y�/���ñ8


��»������efí&%¶<��¡�

��4Dõ�����LM#NO���Y�5´A

5ü#�����5ã�	
�Í�À��

[9, 10]

4 



²2540²                                       ³4´µ¶·$~                                              � 49� 
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Fig.1  Application of selective phase dissolution in microstructure 

analysis: (a) Si fire morphology formed by selective phase 

dissolution of Al matrix on Al-Si alloy

[7]

; (b) lamellar 

morphology formed by selective dissolved partial α-Ni 

phases on Ni-Ni

3

Si eutectic alloy

[8] 
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Fig.2  Comparison of micro/nanostructures formed by selective 

phase dissolution and dealloying: (a) NiAl nanochannels 

formed by selective dissolution of Cr(Mo) phase on 

NiAl-Cr(Mo) eutectic alloy

[14]

; (b) Au nanopores formed 

by dealloying on Au-Ag alloy

[9] 
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Fig.3  Curves of Pourbaix diagram and polarization: (a) combined Pourbaix diagram for the Ni-Al-Mo system

[15]

; (b) polarization curves 

of the CMSX-4 superalloy and γ′-membrane

[19]

; (c) polarization curves of the γ and γ′ single-phase alloys

[20]

; (d) polarization 

curves of the NiAl and Cr(Mo) single-phase alloys

[14] 
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m Ni-no���1>?���<100 nm

� Ni

3

Al45 !�CD 4c* 4dEF� !pqrs

t0uvO�wx Ni

3

Al45 !sZ[@-AByz� 

3.2  �/������� 

M{�|45yz}K~45�d45�d45�
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[28]
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�����0��J�89�:;<=�Z[����
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��yz�¹ºs»
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���45��Z[�¾�¿À�,

[29-31]

� 

D 5a �0«¬®��¯ Ag-Cu a���°8

9�:; Agn±¼½� Cu45��G�Á 550 nm�

���®3·ÂÃ� 25 µm/s�89�:;Ä��Å
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�0�Ä�Ì�Agn

±Í3:;�Cu45�wJÎ��MN Cu

2

OuvO�

�� Cu

2
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2
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VW1�«¬3·Ä�Ö× Cu 45���Á�Ø0

300~650 nmÙÚ�Û·:;�ÚÖ×45��·�Ü

ÝÞ 5

[32]

�D 5bß0«¬®� Fe-2.3% Au (��

�)a���89�:; α-Fe n±�¼½�à�0

25~30 nm�á�0 200~250 nm�·�0 20~25 µm�

Au45â

[31]

�89�:;Ä��Å20 mL oãÇ+180 

mL 2-äunåæ¨��À;Ë�ç`��0 0 ��À

è0 1.8~8 V

SCE

ÙÚ�r67XY45��0 500~700 

�éêH	ë%Gìí��îï0nð° 2 Y¯ñ�

&ò«,�óô%õöwJìí/�÷øù(�D 5cd

5dd5e ß0«¬®� NiAl-X(X=Re�Mo�W)úa

���°89�:;ûn±�¼½� RedModW 4

5��G�Á0Þü45�ý·�ÖÜþ5��·Á
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[16-18]

�NiAl n±�:;�ß0 HCl/H

2

O

2

 

(pH=1):Ë1Ð��45���ÁÖ��V�-��

�«¬3·ÂÃ�����C��3·ÂÃm 1.4 µm/s

	
Ý 55.5 µm/s�W45���Á�m 560 nm�ö

Ý 290 nm�Fenster

[30]

� W45����45� pH

���Ö7
¶ö�dTU�*3g��H� pH �

��»��¶·� RedModW 45�Z[¾���

,��*�o��,.Ö7
��45�o���À

�
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Fig.4  Nanoparticles prepared by selective phase dissolution: (a, b) Ni

3

Si nanoparticles

[25, 26]

 and (c, d) Ni

3

Al nanoparticles

[27] 

a 

50 nm 
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5 nm 
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50 nm 
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5 nm 
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Fig.5  Nanowires and nanobelts prepared by selective phase dissolution: (a) Cu nanowires

[32]

, (b) Au nanobelts

[31]

, (c) Re nanowires

[16]

,  

(d) Mo nanowires

[18]

, (e) W nanowires

[17]

, and (f) TaSi

2

 tip arrays

[36]

 

�

0'H�()

[33]

j*.0«¬®� NiAl-Re��°

>?��Á0 450~500 nmd·�sM� Re45��

+¦§¨

[34, 35]

s,6789�:;<=0 NiAl-Wú

a���°>?� W45��CD 6EF�-Í�4

5���¯rsß.�/��3·ÂÃ0 2~6 µm/sé

ê23�45��01��0 8~25 µm/s �2/��

r3t0�4�ñ� Yang

[36]

* Cui

[37]

�567

Bridgman «¬®<=*o6�7¿89:;<=

��� Si-TaSi

2

�¯a����<=0 HNO

3

/HF=4:
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2
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BÀDE� J
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�FGÀA E

to

=4.9 V/µm�

�	����
����
���

��yz} /4�* /4�H���MYIB

J/KL��`70MvN�OP��QLÀR�

 Dø��jkl

 [38, 39]

�õS�45��TUÝn

VW�<=1��X DNA Y�Z&�[,W�Ö�

�V�� DNA \V45�23�Oh]�ÀD�ç

^

[40]

��ß����_7`��v��45��XY

45�aaßb?¬,���yz

[41]

�<c89�:

;<=0 /4yz���J�`7��dFe��¬

¶f /4�* /4�H�� /4yz��*`7F

g%I�¬� 

Hassel

[16-18]

j*089�:; NiAl-X(X=Mo, W, 

Re)úa��� 1 NiAl n±¼½45��VW1�

.¡¢%�45�:;û23 NiAl 45�%&�V

W�À;h� pH=6 �iÇÈÉÊË}j���23�

45���Áî45��Á�»�0Þü45ÙÚ��

fßkc«¬®VW�&D�¬�CD 7aEF�Cao

j

[21]

0NiAl-W��°89�:;W����Á� 220 

�

�

�

�

�

�

�

�

 

 6  W��),-./ 

Fig.6  W nanowires and their morphologies

[34]

: (a) W nanowires, (b) elliptical, (c) hexagonal, and (d) branch

2 µm 

c 

f 

1 µm 

1 µm 

a 

300 nm 

b 

2 µm 

100 µm 
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1 µm 

b 

1 µm 

d 

500 nm 
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1 µm 

a 

50 µm 

30 nm 



�2544�                                       �������	
                                              � 49� 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 7  ����������"/�0 

Fig.7  Micropores/nanopores fabricated by selective phase dissolution: (a, b) NiAl nanopores

[18, 21]

, (c) Al micropores

[42]

, (d) Ag 

nanopores

[32]

, (e) nanoporous Fe-based metallic glass

[38]

, and (f) Ni

3

Si micropores

[43]

 

 

nm��fÖÜ 19.88 µm NiAl45�%&�fÁëÖ

Ü 87�CD 7b EF�Yasuda

[42]

0 10% HNO

3

:Ë1

� Al-10% In(���)����1� In�:;û��

�% Al ��CD 7cEF� ���Á0 1~20 µm

ÙÚÕ��fÁë¶V 50�Brittman

[32]

0 Ag-Cu��

°89�:; Cu 45��� Ag 45��CD 7d E

F�45���Á0 300~700 nmÙÚ�:;Ä��Å

1 mol/LiÇÈÉÊË}pH=6��0.5 V

SHE

lÀm�Jin

[38]

j*0 Fe-Nb-BÒ�KL°89�:;û α-Fe45�

��45�� Fe-n�|no�CD 7e�À;h� 0.3 

mol/L � H

3

PO

4

:Ë�45���pÖ��V-q)

Â®Ä�Ð�Õr�<cs�ÂÃm 15 m/s	
Ý

30 m/s�45����m 200 nm�öÝ 70 nm��f

ÖÜ 300 nm�+¦§¨

[43]

0 Ni-Ni

3

Si�¯Va���

189�:; Ni��×½ Ni

3

Sin±tv���%¶

fÁëÖÜ 1000� Ni

3

Si �yz�CD 7fEF�r

X:;VW0 pH=2 �uÇÈv�:Ë}h���

2%wxÇ+2%yÇz+1%{|Ç+±}�� 2%~

�æ�1Ð���
 1.34 V

SHE

lÀè�r3<c:;

�ÚÛ·���f�ÖÐMÑ	
� 

���1 /4yzsß�¯ýßN���678

9�:;<=�Ö>?�N� �Hyz�Ni-no�

��}CMSX-4�ßMYK�C�[Z����v γ′�

�o�yzKL�Rosler

[19, 44]

�XY��Ð�&m'

(�×½���� γ′�Í3��*-���N��Ø�

�=_7Àv�89�:;<=0 1%(NH

4

)

2

SO

4

* 1% 

C

6

H

8

O

7

v�:Ë1:; γ���
 1.3 V

SHE

�lÀè�

�� γ′ �H�ð�CD 8aEF� �H�á�0 250 

b 

10 µm 

300 nm 

d 

1 µm 

e 

500 nm 

 Transversal section  

f 

100 µm 

200 nm 

4 µm 

c 

10 µm 

a 

Longitudinal section  
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nm �����0ÈÇ�æ:Ë189�:; γ′���

γ�ð��
�Àè� 0.3 V

SHE

��ß γ�ðTU�	
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Fig.8  Micro/nanochannel fabricated by selective phase dissolution: (a, c) γ′-Ni

3

Al nanochannel

[19, 44, 45]

; (b) γ-Ni nanochannel

[19]

;  

(d) Ti

3

Al nanochannel

[49]

; (e) Ni

3

Si microchannel

[22]

; (f) NiAl nanochannel
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Fig.9  Micro/nanostructures of Al-Cu-Ti alloy and bimodal: (a) Al-Cu-Ti alloy

[55]

, (b) bimodal nanoporous CuTi

[55]

, and (c) Au

[56]
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Abstract: Selective phase dissolution technology is a simple, economical and effective method for preparing micro/nanostructures, 

especially in the aspect of ultra-long-diameter ratio, ultra-deep-width ratio and single crystal micro/nanostructures. The principle is to 

extract micro/nanostructures in two-phase or multiphase alloys, and size control is mainly carried out during the formation of prealloys. 

Based on a clear distinction between selective phase dissolution and dealloying, the research progress of selective phase dissolution in the 

preparation of nanoparticles, micro/nanowires, micro/nanopores and micro/nanochannel structures were reviewed for the first time. 

Combined with the research work of our group, the technological process is improved, the application scope is broadened, and the types of 

micro/nanostructures are enriched, which lays a foundation for the wide application of selective phase dissolution in the preparation of 

micro/nanostructures. 
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