
� 47� � 9� ��������	                            Vol.47, No.9

2018�     9�                       RARE METAL MATERIALS AND ENGINEERING            September 2018

�����2017-09-10

���	����	
��
 (91326114)����������������
�15K108������ �!"#$%& (2014-002)�

������
'()* (+�,[2011]76-)


��
�./01211982 �314516�71����89:;�<1�� => 4210011?@A0734-82820341E-mailA

meizihong999@126.com

Hastelloy N �������� NiCoCrAlY 	
�

LiF-NaF-KF ��
�������

���

1

����

1

��	


2

���


1

����

1

�1. ����1�� => 421001�

�2. B�
�<CDEFGHIJK1CD 201800�

� ��LFMNOPQRSTUVWHastelloy NX
YZ[\]NiCoCrAlY^_1IJ]Hastelloy N�`ab

NiCoCrAlY^_cHastelloy NdeW900 f LiF-NaF-KFOgBchijklmFn�hiopq]decrOghi

st1LFXRDaSEMYu]�`a^_cGvwxyz{w|ahi}~1��XEDS��]{�x�l��Y�1

NiCoCrAlY^_dechi���kHastelloy N�`c2/3lHastelloy N�`Y�k��hi1�BCr�����,3�

����hi1hi��γ-NiaM

6

C�MkNiyCoyCr���Gvwx1hi����Co

9

Mo

21

Ni

20

vlNiCoCrAlY^_

Y�k��hi1�BAl���� ¡¢£¤�^_��¥¦§¨1}xchi©Gª«¬^_B�­��c§¨®

¯°±�`1hi�²³�γ-NiyAl

0.983

Cr

0.017

yAlNi

3

�Gvwx1hi�´µWγ-NivlNiCoCrAlY^_z¶·¸]�

`crOghi�sl 

����Hastelloy NX
�MNOP�NiCoCrAlY^_�rOghi

�������TG156.99 ������A �����1002-185X(2018)09-2767-08

LiF-NaF-KF (FLiNaK)��������	
�

�
��������������������

[1]

�

����� !�	"��#$�%&'�()*+

,-.//.012

[2]

�345�67

[3]

�,89:;

<

[4]

�5=>?@ABC1DEFG�FLiNaKH��

	IJ�K%L�MN9OPQRSTU�VWXY

Z[\]Hastelloy N�^+800 _`a5bcdeH

�fIJTU�gh�^iD	��j800 _k��

	fJ�"lX�5mF�n

[5,6]

�oDpqrstu

�vwxytuz{

[7]

E 

|}�1DjHastelloy N�^pqO��fH~

��IJ�5%rs����������T���

�Nirs

[7,8]

���H��Nirs

[9,10]

���rMor  

s

[10]

�EZ[p���FNi�MorsfH�IJ�5

�
�g6+�Nirs�5��bN��^��%W

���Mors�bN%��l����e

[7,10]

E

NiCoCrAlY���	K��"��
�����BC

D��	� ¡rs"�¢rs�iD	�*£  

1200 _

[11,12]

E¤j�T�^��Ni"Co%�¡¥¦

MH��T§¨©LiF�NaF�KFªG«�∆G¬M­

�®�¯�°±��¡¥H�IJ

[13]

E²W�Dasher

�

[14]

Z[Q³Al%ODS´+FLiNaKH��%IJµ

��\]Al*O�ODS´+H��%�IJ�Eg¶

·¸¹ºNiCoCrAlYrs1DjKIJ�FLiNaKH

��%Z[�»E 

c¼½oD��H�¾¿ÀÁtu�iD� Al

³Â©12.0%�)Â¨Ãª% NiCoCrAlY ÁÄ��H

�N9�+ Hastelloy N �^pqÅÆ NiCoCrAlY r

sEÇ Hastelloy N bN"³ NiCoCrAlY rs%

Hastelloy NÈÉÊË+ 900 _% FLiNaKH��Ìµ

ÍÎIJ¼½EoDÏÐ�ÑÒÓÔ�5ÕÖ" X×

ØÙ×Ö�ÚÛZ[ÈÉ+ 900 _ FLiNaKH��%

IJµ�EyZ[*� Hastelloy N�^�	fH�I

Jrs%ÜÝ1DOÞ¼½ßà"<áâ����ã

T%Xuä­"ÜÝåæE 

��������

46.5LiF-11.5NaF-42KF©mol%�FLiNaKªH��



¹2768¹                                         º»
¼`½¾:;                                            � 47� 

H� 454 _��VçXèéê1D¥<Z[ëì

NiCoCrAlYÁÄ©íî� 48~75 µmª�ïðñò^ó

N9�nôõìHastelloy NöN��VçXèéê1

D¥<Z[ë�pq÷Zø��ùúûüýþ:��

�����DE 

�DTJ-HL-T5000!5 kWCO

2

��	�oD¾¿À

Á
»��ÏÐÜ
+Hastelloy NbN©���    

60 mm×60 mm×5 mmªé��H�NiCoCrAlYrsE

+}�Ü�b�é�`ÅÆ%��H�rspq)Â


��6+���-����������%��Ü


�Ã�a�����1.6 kW�ÏÐ��6 mm/s��

 !î3 mm����40%�ÀÁ�6.5 g/min�H�"

Ý�DAr��#$���%�#Â�40 L/minE 

��H�ÅÆrs:��DØ&'(rsq)*

&���� 15 mm×15 mm×5 mm%ÈÉ�÷ SiCù+

,ø-.pq% ¡/"0)�D1Â� 0.01 mg%

�Ññ23ÂÉ4)ÂEIJ¼½}ß5D.6Ñ7�

879:"ûü;<ýþ 10 min�=�>?@���

��� 24 h`-.IJÈÉ�%7" �0)�A:

B�CD¶?@ÚE��F�IJ¼½DEÈÉ��

GÅIJH>©ºI 1ª�Ìµ FLiNaK H�IJ¼

½E³rsq%ÈÉ�>+JKLM�%JKN��

OÇrspqPQ+H���+ Ar#$a�RST�

H>` 10 _ /min U	A 900 _��
�:#	   

100 h�V:WX¶Y	�DZ[&'\],RLM�

PIJÈÉE 

D 1 mol·L

-1

Al(NO

3

)

3

^_".6Ñ7ýþIJ:

ÈÉ�`FH��ÈÉ��:D�Ññ2abcÂ�

)Â�`d@IJ}:%)Â.¡�¾kDefg�

hb3ÂIJ}:%��.¡EÈÉIJ 100 h :%

IJ� hDôi(1)jk� 

( )

1 2

h m m S ρ= − / /

                         (1) 

���m

1

�IJ}ÈÉ)Â�m

2

�IJ:ÈÉ)Â�

S�N9�H��lpqm�ρ�N9$�E 

 

 

 

 

 

 

 

 

 

¿ 1  hiÀÁÂÃ¿ 

Fig.1  Schematic of the corrosion device 
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Table 1  Corrosion mass loss of substrate and coating 

Specimens  

Hastelloy N  

substrate 

NiCoCrAlY 

coating 

Mass before corrosion/g 2.800 3.124 

Mass after corrosion/g 2.617 2.991 

Corrosion mass loss 

rate/mg·mm

-2

 

0.602 0.398 
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¿ 2  Hastelloy N�`hi��c SEM}~Ä EDSÅÆÇ 

Fig.2  SEM morphologies (a~f) and EDS line scanning (g, h) of Hastelloy N substrate before (a, c, d, g) and after (b, e, f, h) corrosion:  
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! ,  � 2d - 2f � Hastelloy N .�&'/0123% EDS �4 

Table 2  EDS analysis of the particles of Hastelloy N substrate before and after corrosion in Fig.2d and 2f (at%) 

Particles Ni Cr Si C Fe Mo O 

1 32.22 5.44 9.22 1.21 1.17 45.17 5.57 

2 33.93 5.77 10.27 1.12 1.35 47.56 0 

3 33.45 14.01 0 0.85 2.27 35.04 14.37 
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¿ 3  NiCoCrAlY^_dehi��cYZ¾ÈÉZ SEMÊË 

Fig. 3  Surface (a, b) and cross-section (c~h) SEM morphologies of NiCoCrAlY coating before (a, c, e, g) and after (b, d, f, h) corrosion 
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! 5  � 3 �6 NiCoCrAlY 78#$�9:;<(1~5)% EDS �4 

Table 3  EDS analysis of the characteristic zones (1~5) of NiCoCrAlY coating in Fig.3 (at%) 

Zones Ni Cr Si C Co Fe Mo O Al 

1 47.12 15.68 1.60 0.32 19.10 4.56 6.45 0 5.17 

2 50.12 15.37 0 0.17 21.02 4.83 4.77 0 3.72 

3 20.95 7.27 0 0.13 8.45 2.31 0 35.72 23.58 

4 34.12 6.32 9.71 0.48 0 1.26 48.11 0 0 

5 37.83 3.58 10.49 1.2 0 1.47 32.31 13.11 0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¿4  NiCoCrAlY^_dehi��cÈÉZEDSÅÆÇÄAl���Ì¿ 

Fig.4  EDS line scanning of cross-section (a, b) and Al element distribution (c, d) of NiCoCrAlY coating before (a, c) and after (b, d) corrosion 
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¿5  Hastelloy N�`aNiCoCrAlY^_dehi��cXRD¿Í 

Fig.5  XRD patterns of Hastelloy N substrate (a) and NiCoCrAlY coating specimen (b) before and after corrosion�
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¿6  Hastelloy N�`aNi(1~5)CoCrAlY^_deWFLiNaKO
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Fig.6  Corrosion schematic of the Hastelloy N matrix (a) and 

NiCoCrAlY coating specimen (b) in FLiNaK molten salt 
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Corrosion Behavior in Molten LiF-NaF-KF Salt of NiCoCrAlY Coating 

Prepared by Laser Cladding on Hastelloy N 
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Abstract: A NiCoCrAlY coating has been prepared on Hastelloy N substrate by the powder-feeding laser cladding technique. The 

corrosion behaviors in molten LiF-NaF-KF (FLiNaK) salt at 900 ºC for 100 h were studied for both the substrate and the coating. The 

corrosion resistance in molten FLiNaK salt was evaluated by the corrosion mass loss method, while the microanalysis on phase constitution, 

morphologies and composition were carried out by XRD, SEM and EDS. The results show that the corrosion rate of the NiCoCrAlY 

coating is merely two thirds of that of the Hastelloy N substrate. The substrate is characterized by intergranular corrosion and the element 

Cr is selectively corroded along the grain boundary. The original Hastelloy N consists of γ-Ni and M

6

C, and a new Cr

9

Mo

21

Ni

20

 phase is 

precipitated after the corrosion test. The NiCoCrAlY coating exhibits homogeneous corrosion, in which the element Al diffuses outwards 

and the corresponding Al-rich corrosion products act as the barrier and thus protect the substrate by impeding the diffusion of other 

elements. The laser-cladded coating is composed of γ-Ni, AlNi

3

 and Al

0.983

Cr

0.017

, and only γ-Ni remains after the corrosion test. The 

corrosion resistance of Hastelloy N in molten FLiNaK salt is greatly improved by the laser-cladded NiCoCrAlY coating. 

Key words: Hastelloy N; laser cladding; NiCoCrAlY coating; corrosion resistance in molten FLiNaK salt 
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