
� 48�    � 1�                               ��������	                                Vol.48,   No.1 

2019�      1�                      RARE METAL MATERIALS AND ENGINEERING                    January  2019 

 

 

�����2018-01-09 

���	����	
��
��������2014GB120000� 


��
�������1987�������� !"#$%&!$'()$*��  100083, E-mail: gaoweizh508@163.com 

  

Li/V �� MHD �������	
��
 

 

���������	


 

 

(� !"#$��  100083) 

 

�  ��+,-./012345678.�9:;<=>�magnetohydrodynamic pressure drop, MHD�?@ABCD

E?FGHIJKLMNOPQR Li/VSTUV8.? CaO�Y

2

O

3

�Er

2

O

3

W AlNXYAZ[+,-.?\]^_`a

bcFGH_`de�f Er

2

O

3

aAlNXghd?ijAZ[+,%&klDdmnopq?\]^�rst+,-.

?_`Luvwxy.+,-.z{O|}+,-.H~����f“�}�/+,./��.”��ghd?|}+,-

.��“V-alloy/Er

2

O

3

/V”X��dmnO��?\]^W��?+,^�����K@�e�?�����G�m��

bc����|�bc(��fPQ�#�?�D| ¡¢?£¤XH¥¦?(§¨fKL©ªWbc«DPQ¬<

?­.®¯.+,-.H§°±nO“�}�/��/+,.”��?|}+,-.��“V-alloy/Ti/AlN”�²³�C@´/

D¬<¨f�m��bcW���|�µ¨�¶�³·?¸¹^��º��D@]?_`»¼H 

����Li/V STUV8.½MHD =>½+,-.½AlN |}+,-. 

�������TB333        ������A       �����1002-185X(2019)01-0348-09

 

���-����Li/V�	
��
������

����
����������� !"� #$

%&'(�)*+,�-�./012345678

9:;<=>?

[1-4]

@AB����C�6DEFG�

HIJKL7��"MNOP1QBRS�MDTE

!UVW� magnetohydrodynamic pressure drop�

MHD��X�YZ[\]^_��`ab

[5,6]

@MHD

VWRS��Tcde

[5]

f���C�g���h�

i��9�6��"MNjk�IJ7�DEl�m

dnoMNBRS�`�p�qLrEs�tu��

�CHvw�xTyzm{|rD}~��BmRS

�`�����CDE����!�g� 1��@MHD

VW��6��m�vW�IJ7���&'���

���C�D�������x

[5,7]

��m�yz��

�pL!��B�6"�ab

[8, 9]

@���� ¡�¢

£���CHyz¤¥�6¦§¨©ª�§r�'£

«�¬­��®23�¯ MHD VWW�°2v��

±²�1~2 MPa�¤³

[2, 10]

@ 

�´µ�MHD¬­���6{¶·£
¸3¹ 2�f 

(1) º»¼½

[11, 12]

�flow channel insert�FCI��¾

¿ÀÁ�º»¼½®�t¬­ÂÃ[Ä���Dºy

»ÅÆ{Ç�yÇÈ½@FCI 6
�º»³��5g

� 2��

[13]

@É�¼½�´t(Ê?� SiCË�ÂÃ 

 

 

 

 

 

 

 

 

 

¾ 1  Li/V8.¿? MHD=>À�Á»¾ 

Fig.1  Magnetohydrodynamic pressure drop for flowing Li in the 

blanket channel 
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Fig.2  Typical poloidal dual-cooled blanket channel with FCI
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Fig.3  Free energies (∆G) of oxide and nitride formation for 

selected ceramics
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Fig.4  Electrical resistivity of selected ceramics as a function of 

temperature
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Fig.5  Currently investigated “substrate/insulator/metal” structured 

multilayer insulator coating
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Fig.6  Coefficient of thermal expansion at 600 Þ for several 

potential insulator ceramics and alloys (metals)
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Table 1  Physical properties of the promising metal  

candidates
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Lattice type 

(<800 Þ) 

Ti 1680 4.54 8.4 hcp α-Ti 

Zr 1852 6.49 5.7 hcp α-Zr 

Ta 2996 16.65 6.5 bcc 

Note: M
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—melting point, ρ—density, L
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—linear expansion coefficient 
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Progress and Prospect in the Development of MHD Electrically Insulating Coatings for 

Li/V Self-cooled Blanket 

 

Zhang Gaowei, Han Wentuo, Wan Farong 

(University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: Applying an electrically insulating coating on the inner surface of the lithium flowing ducts is a feasible way to effectively 

mitigate the MHD (magnetohydrodynamic pressure drop) pressure drop for Li/V self-cooled blanket. This paper mainly overviews the 

present progress and issues of the insulating coatings, including the CaO, Y

2

O

3

, Er

2

O

3

 and AlN Many studies have shown that the 

single-layer insulator does not perform as stablely as theoretically especially at elevated temperatures, so the necessity for development of 

the multilayer insulators has been stressed. However, the currently investigated “V-alloy/insulator/metal” structured multilayer insulting 

coating (such as V-alloy/Er

2

O

3

/V) has some obvious weaknesses, such as the difficulty in realizing the in situ formation and self-healing of 

the surface metal layer, and the compatability problem between lithium and the surface metal layer. Then a new V-alloy/metal/insulator 

structured multilayer insulator such as “V-alloy/Ti/AlN” is proposed, which has the potential to realize the in situ formation and 

self-healing and probably a new possibility for the development of the insulating coating. 

Key words: Li/V self-cooled blanket; MHD pressure drop; insulating coating; AlN multilayer insulating coating 
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