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»¯"¼½¾�¿:ÀÁ Rene N5 :29
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���.`�I´�k,��"ÉÊ:29*��c

d�Ë})��ÌjÍÎ� 

��������

¼ÏÐK>�:2/0. Rene N5¿:��ÀÁ

ÑCr 7%, Co7.5%, W 5.0%, Al 6.2%, Ta 6.5%, Mo 1.5%, 

Re 3.0%, Hf 0.15%, C 0.05%, Ò�. Ni, }�·ÓÔ"

ÕÖ×Ø. 15 mm×10 mm×2 mm�EB-PVDÙ//0

. NiCrAlYÀÁ(Cr 22%, Al 10%, Y 0.05%)� 
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 1 . N5 :2/NiCrAlY *��ÕÖ EB-PVD �

���]�+¸k���ÕÖ�dk���Ñ�


1aÔ"K> EB-PVD ��RS� NiCrAlY *���ê

�. 30 µm"*����¦^_#a³U���©@"

N5:29 NiCrAlY*��cd��#â�"�¥¦�

���I´���ÀÕÖ�çdk���Ñ�
 1bÔ"

NiCrAlY*�����£���S+,"��×Ø·�

1 1~20 µm"��9���Hm1� �ab� 

K> EDS´!ýþ�
 1a- N5:2(Area 1)`

NiCrAlY*��(Area 2)´!Ú�'º��·È"�"

#ç 1$%�¨ç-¦"9 N5:2Q&"NiCrAlY

*��-� Al ��` Cr �����'�ÑNiCrAlY

*��- Al�����. 10.54%"Cr�����.

28.15%(N5:2- Al�����. 4.64%"Cr��

���. 6.65%Ô"Ni�����'pÑNiCrAlY*

��- Ni �����. 61.63%"N5 :2- Ni ��

���. 64.52%Ô� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  N5/NiCrAlYCDg��L����d� 

Fig.1  SEM images of as-prepared N5/NiCrAlY sample:        

(a) cross-section morphology and (b) surface morphology 

 1  � 1a�!"#$�%&' 

Table 1  EDS analysis of area 1, 2 as shown in Fig.1a (ω/%) 

Area Al Cr Co Ni Mo Ta W 

1 4.6 6.6 8.5 64 1.3 4.7 5.4 

2 10 28  61 - - - 

 


 2 � NiCrAlY *��çd� XRD ·È�"�

�
��"K> EB-PVD����� NiCrAlY*��

� γ-Ni/γ′-Ni
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Al.�(2θ=43.9°"51.2°"75.2°)"©�Y

)�� β-NiAl� 

*+��"K> EB-PVD����� N5/NiCrAlY

ÕÖ- N5 :29 NiCrAlY *��cd�,â�#�

���"4¥¦����I´"©@ NiCrAlY*��

�'º,·9Ù/,·�w"Q��� γ-Ni/γ′-Ni
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Al

Q.�� 
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 3 . N5/NiCrAlY ÕÖ-4lXHÆ�&'Ç

Oäd�]�k��¨-��¦"Æ�&' 25 h

ä(
 3a)"N5:29 NiCrAlY*���cdÇ"¥¦

°±�²a³"©k,�ê�. 6 µm �����I

´(inter-diffusion zone, IDZ)�) 10 µm�µ¶�I´

(secondary reaction zone, SRZ )"1µ¶�I´-m1

./£�01��Q (topologically close-packed, 

TCP)� 


 3b.ÕÖÆ�&' 50 hä�dk�"¨


-��"¯X N5 :29 NiCrAlY *��cd23�

����I´�ê:¼4�4j(5î� 6 µm67)"

µ¶�I´��ê89[: 17 µm67"@µ¶�I

´-;îm1��./£� TCPY<Q�9&' 25 h

ÕÖ�&"&' 50 hä TCPY<Q�×Ø� 9�"

@$%å�9=�å�� 45º` 135º>?@ê"�À

WangUA

[9]
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� 2  N5/NiCrAlYCDg��L XRD�� 

Fig.2  XRD pattern of as-prepared N5/NiCrAlY sample 
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 3c.ÕÖÆ�&' 100 hä�dk�"¨


-��"¯X N5 :29 NiCrAlY *��cd23�

����I´5:¼4�E�(�ê;î1 6 µm 6

7)"sµ¶�I´��ê8F�9[: 27 µm67"

@µ¶�I´-G��./£� TCPY<Q�"n1

µ¶�I´9����I´�H¥¦E����H�

£ TCP Y<Q�9&' 50 h ÕÖQ&"./£ TCP

Y<QF�I9=�å�� 45º` 135ºå�$%"×

ØÚ�J9[� 


 3d.ÕÖÆ�&' 150 hä�dk�"¨-

��"¯X N5 :29 NiCrAlY *��cd����

�I´�êKY9[Ñ9[: 7 µm 67Ô"µ¶�

I´��ê9L'�"9[: 38.9 µm67�9Æ�

&' 100 häÕÖQ&"-� 150 hÆ�&'ä"µ¶

�I´-./£ TCPY<Q�$%ÍÎ4j"F�I

9=�å�� 45º` 135º>?å�$%"H�£ TCP

Y<Q5M-1µ¶�I´9����I´�H"@

×ØNY$9%�O�"NiCrAlY *��-�PQR

´!�STF�F)"�UM-1 N5:29 NiCrAlY

*��cd)*��-V� 
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��I´�ê�. 8 µm"µ¶�I´�ê�. 50 µm"

µ¶�I´-./£� TCP Y<Q`H�£� TCP

�×ØW'.X�"./£ TCPY<Q�D�4j(9

=�å�� 45º` 135º)"H�£� TCPY<Q8�U

M-1µ¶�I´9����I´�H�O�"9&
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)�FY"9 N5:2�ZêQ&NY$op� 
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µ¶�I´-� TCP Y<Q�×ØÚ�J9��

NiCrAlY*��-�PQR´!8[\�� 

*+��"N5/NiCrAlYÕÖ1 1000 ÅÆ�&'
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223�µ¶�I´-�`a&'XH�b%"��
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'�]- TCP Y<Q�×Ø4�9�"@./£�

TCPY<Qç¦¥� �de$%"$%å�9=�

å�� 45º` 135ºÑ9:2D��wÔ� 
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Ñ
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� 3  1000 GHIJKMNOP� N5/NiCrAlYCD�;��d� 

Fig.3  Cross-sectional SEM images of N5/NiCrAlY sample after 1000 G oxidation for different time: (a) 25 h, (b) 50 h, (c) 100 h,     

(d) 150 h, (e) 200 h, and (f) 300 h 
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��� EDS·È�"��(�ç 2)"N5:29 NiCrAlY

*��cdÇ�µ¶�I´�U� Ni#Cr#Al#Co#

Mo#Ta#W` Re+,"����I´�U� Ni#Cr#

Al ` Co +,"©@��ij��µ¶�I´-k�

��lM·Ó: Al 12.92 %"Cr 8.56%"Co 8.95%"Ni 

54.07%"Mo 2.59%"Ta 1.46%"W 4.35%"�¯��

Ni ��` Al ���lM&�. 1:4"�À Ni-Al Q   
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) Walston UA�ÂÃ

[14,15]
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I´�+¸� γ′-Ni

3
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[14,15]

��"¯Ç� Ni��` Al���U� β-NiAl

Qm1"lXn��¦"1����I´-� Cr

������� 59.1%"nÊ����I´-n�


m1 α-CrQ�G¯��"ïµ¶�I´-k����

�(ç 2 - Area 3)9 N5 :2-k����Ñç 1 -

Area 1Ô�&"n¦µ¶�I´-opÁq����

 9[(r��W��` Re��)"tnÊ1µ¶�I

´-È¥� TCPY<Q�,·��opÁq.�� 

�� XRD·È�"Ñ�
 4Ô��"ÕÖ1-�

1000 Å, 200 hÆ�&'ä"NiCrAlY*���Q��

�U� γ-Ni/γ′-Ni

3

Al QÑ·ù�I 2θ=43.9°"51.2°"

37.7°"75.2°sñ�	�tÔ"β-NiAl QÑ·ù�I

2θ=30.9°"44.3°"81.6°sñ�	�tÔ"�) α-Al

2

O

3

QÑ·ù�I 2θ=25.5°"35.1°"37.7°"57.5°sñ�	

�tÔ�9��� XRD·È�"Ñ
 2ÔQ&"��

¦1-� 1000 Å, 200 hÆ�&'ä"β-NiAl��

�� 9["nÊ*��-$E γ-Ni/γ′-Ni
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 5� N5:29 NiCrAlY*��cd23 EDS

|ýþ·ÈìÕ|�·�%Z
"
-6}. N5 :

2"D 7 ?ìÕ|Ñ1"2…7Ô"7}� NiCrAlY *

��"D 4 ?ìÕ|Ñe"f"g"hÔ">+ìÕ|�

|H~�. 10 µm� 

 

� 2  � 3 ��� 3 ��� 4 ��	
�� 

Table 2  EDS analysis of area 3 and area 4 as shown in Fig.3  

(ω/%) 

Area Al Cr Co Ni Mo Ta W Re 

3 4.8 6.2 7.4 44 3.4 3.7 11.2 18 

4 8.5 59 5.7 26     

 

 

 

 

 

 

 

 

 

 

 

 

� 4  1000 G, 200 hMNOP� N5/NiCrAlYCD XRD�� 

Fig.4  XRD pattern of N5/NiCrAlY sample after 1000 G, 200 h 

oxidation 
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�
��"1 1000 ÅÆ�&'�]-"NiCrAlY

*��-� Al ��` Cr ��4�� N5 :2å��
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N5 :2-� Ni 4��*��å���k,µ¶�I

´"@opÁq(Mo"Ta"W"Re)1µ¶�I´-4

�È¥k, TCPY<Q� 

.EÚ�JÂÃ��xy�]-k������

."�l���4lÆ�&'XH� EDS|ýþ�"

���M"�"#
 7~
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� 5  
9W>?@Y;��e����C	��� 

Fig.5  Schematic diagram of composition distribution test points 

between substrate and bond coat 
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� 6  1000 GHIOPJKCD N5
9W NiCrAlY>?@Y;��Le����� 

Fig.6  Composition distribution curves between N5 substrate and NiCrAlY coat after oxidation at 1000 G for different time: (a) prepared,       

(b) 25 h, (c) 100 h, and (d) 300 h 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  HIOPJKL AlZ[L���� 

Fig.7  Al element distribution curves of sample after oxidation 

for different time 
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 8  ������� Cr������� 

Fig.8  Cr element distribution curves of sample after oxidation 

for different time 

 

 

 

 

 

 

 

 

 

 

 

 9  ������� Ni��������� 

Fig.9 Ni element distribution curves of sample after oxidation for 

different time 
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 10  �������� ����� EDS!"#$% 

Fig.10  EDS result of elements of sample after oxidation for 

different time: (a) Mo, (b) Ta, (c)W, and (d) Re 
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Abstract: The NiCrAlY bond coatings were deposited on Ni-based superalloy (N5) by EB-PVD technique, and the sample was oxidized at 

constant temperature of 1000 °C for different time. Interdiffusion behavior of interface between substrate and bond coat, as well as the 

formation mechanism of reaction zone was analyzed by SEM, EDS and XRD. The result shows that the elements of Al and Cr in the 

NiCrAlY coating are diffused to the N5 substrate to form an interdiffusion reaction zone dominated by β-NiAl phase and α-Cr phase; and 

the Ni element in the N5 substrate is diffused to the NiCrAlY coatings, forming the secondary reaction zone composed of γ′-Ni

3

Al and TCP 

phase composed of refractory metal. 

Key words: thermal barrier coating; interface inter-diffusion; diffusion barrier 
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