
� 49�    � 12�                                  ��������	                                Vol.49, No.12 

2020�      12�                       RARE METAL MATERIALS AND ENGINEERING                    December 2020 

�

�����2020-05-23 

���	����	
����������20181BCB19002������������SAST2018-058� 


����� !"!1990 �#!$%!&'!()�*+,����*-./0123��456!�� () 330063!789

0791-83863028!E-mail: xiejilin1990@126.com 

 

����� BNi5 ��� DD407 	
 

�������� 

 

���

1

����

1

��	


1,2

���

1

����

1

��  �

1

����

3 

(1. ()�*+, ����*-./0123��456!�� () 330063) 

(2. �:��,; <�1=>?@,;!�: 401331) 

(3. ����ABCDEFGHIJ!�� 200245) 

 

�  ��KLMN BNi5 O�P>Q DD407 R�STO�UVWXYZ[\]3^_`aNb,cde�OM�fgh

7icde�SEM�jdk XRD lmno\^_kpqUdrstfuvwfxyz{`|}~�9aN�� BNi5

O���Q DD407R�STUVWXYZ[��^_`�^_k1�=���0/��pq�!��������x

y����Uxy��z{!��uv��U Cr

6

Ni

16

Si

7

��!���� �¡¢!��£¤¥¦`���� �U§

¨!^_kUpq©�ª«§¨`¬�� � 120 min !pq©�®+!¯ 224 µm!°±aN BNi5O�²^

_³´�µ¶·¸pq©���� �§¨¹§¨Uº»¼½ ¾̀aN�� BNi5O�²³´=>QVWXYZ[^

_¿À°±_¼ÁÂU¼ÃÄÅ!ÆÇ»ÈÉno³´O�U/zjÊË�Ì !ÆÇ»ZÍÎ¡¢�� �!Z¹

ÏÐÑÒUst!R�STO�UÓ LÔÕw��]�TLP�^_Ö×�Ø` 

����R�STO��P]^_��� ��pqst 

�������TG454ÙÙÙÙÙÙÙÙ������AÙÙÙÙÙÙÙÙ�����1002-185X(2020)12-4348-06 

 

��������	
����������

������������� !"�#"$%&

'

[1,2]

(#"$%)*+,-./012345678

9:;<=>?@AB��C��DEFGH�I

J6$KLMBNO

[3,4]

(PQRSTUVW�XNO

$%YUZ[\]�^_`*+abcd�efg

h(ij���������Z[�kl�m�n

opqZ[rs\]0�)Z[tuEFGZ[vw�

x:yz{|��6}~��\][�

[5,6]

(���

�m���B7���efX CMSX-4����YU

QH���\]�yzQ{|k�\]��(��

�B7��������/0�����3B���

��:����\]� ¡�u¢�£�Q\]VW6

¤¥Q\]¦§

[7]

( 

¨0,©ª«¬Z(TLP)X����®[¯

°±²¯�³�´U�(TLP®[µ�cm�: B6

Si � P CPRp¶·(MPD)��¸¹�)º»�

¼½¾��¿zSpÀ��¶·¬2�Á.�Yj

¿ªÂ���GB�ÃÄ�ÅVZÆ

[8]

(m� TLP

®[ef�ÇyzÈvw����Z[[��ÉZ

[[�������(ÊËÌB�ÍÎX����

���� DD3 � DD6 YUQ TLP ¬Z��

[9-11]

(

ÏÐ}ÑH²�DD3��[���ÒÓ���WÔ

2Õ¸��Ö× 80%�j DD6��[�ØÙ�Ô2

Õ¸ 90%( 

m� TLP®[¦ÚX��YU®[0�Û�Ü)

3 ÝÞß,-�àºc.á���pq6àâc.á

����GB�ÃÄ6ã�c[���äåq

[12]

(

`..á���¸¹B�ÃÄ,-�Z[[�äå

q,-cyz�{|[�Þß¦Ú�)æç 2 Ý¦

Ú,-.�¾�0áX`èéêP¯ë

[13]

(Pouranvari

B

[14]

���ì�m� TLP®[0�Ü)ºÝ0áíî

À�¾�0áï,ð0áÀñ�ÇZÆÈò���ó

ô�{Z[[�(MalekiB

[15]

Ö±��G�õB�

ÃÄö��0á÷Z[á¡
øù«Þ�Þú�Z

[á¡û¢6B�ÃÄü0û_()m� TLPYUZ

[\]0�\]��¢ýþº�������G�õ

B�ÃÄ0áþº��Yjèé2m� TLPZ[\



� 12�                       �� Ú9�� �Q BNi5P>j DD407R�O�pqstUÛÜ                    Ý4349Ý 

�

]0¾�¬0á��(�W{æ�	�.á��

�B�ÃÄc
,ª«.á��¹÷ÄÂÕ¸�á

�¶·<�¬j�ì(¶·)«�¬,

-.�i�)Õ¸÷�¹.áÅVºÝ¬î���

ðî���=,-�PB�ÃÄ,-YUÞß(

���úo��)\]Z[[�.�þ/¾�0áX

ªÂ�¹÷ÄÂÕ¸�áî������}~è

é��	
����( 

����C�£±m� BNi5��CP� ¸¹�

X DD407������YU��\]!"#þ/¬

¾�0áX\]tî�����}~èé���

Pm� TLP\]��������£$%&'(�

Yº)P������\]��£$�*+&( 

��������

ÏÐ:,ùP[001]���� DD407 P��X

-�`VÍ.H 1ö°(�/012Õ¸ DD407��

��301P Φ14 mm×3 mm45ÅÏ6�789

:;01��m�<J¥¦&�=>P 8 mm�?¼P

1 mm4@ABC���.D 1ö°(m�ïEF)

ÈGHI.XÏ6YUJK:L�Ï6.MNBO

{�JK0áP 20 min(m� BNi5���VÍ.H 2

ö°�CP� ¸¹XBC��YU\]( 

\]Z[P2Q�RS BNi5 ���TBC��

4@�¿`÷Õ¸æH�UV(Z[\]ÏÐm�

VBF-446 A��¬WYU�Z[\]¦ÚX%PY

¾��¼ 1180 ����¼ 1.0×10

-3 

Pa�Z��[ 20  

\/min(¾�0áÍÎP 5�30�60�90� 120 min�

¾�}]�W^Ù_�(Z[\]�¼-¾�0á`/

.D 2ö°�`. I6II� IIIÍÎH°Z�6¾��

R�ah(Ìb/H°ö
�¹ BNi5 pÀ�¼�

cb/H°¾��¼( 

\]�dÏ6.8/2Ï6eù01�01�7

,�f:;�gh��m�ijkIJl  ( 20  g 

CuSO

4

+80 mL HCl+100 mL H

2

O)XÏ6YUIJ(¿

� XJP-2C Amnho�«¯�pXÏ6q�YUr 

 

 !""DD407#�$%&'� 

Table 1  Chemical composition of DD407 superalloy (ω/%) 

Cr Al Mo Ti Co W Ta C Si Fe Zr Ni 

7.88 5.94 2.24 2.00 5.5 5.03 3.63 0.002 0.034 0.025 0.021 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Þ 1  VWXYßàÞáÁÂÄÅ 

Fig.1  Schematic illustration of simulation defect and size of the 

sample 
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Table 2  Chemical composition of BNi5 (ω/%) 

Cr Co B Si C Ni 

19 0.1 0.03 10.1 0.06 Bal. 

 

 

 

 

 

 

 

 

 

 

 

Þ 2  ]3^_��-�� �âã 

Fig.2  Schematic illustration of heat treatment cycle 
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Þ 3  �� 90 minUåËÁÂær0ç 

Fig.3  Typical macroscopic morphology of the repaired specimen 

with the holding time of 90 min 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Þ 4  èÌ�� �é^_kj�=pqUdr0ç 

Fig.4  Typical optical micrographs of the interface of repaired zone and base material with various holding time: 

(a) 5 min, (b) 30 min, (c) 60 min, (d) 90 min, and (e) 120 min 
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Þ 5  �� 5 min ^_kpqdk XRDÞê 

Fig.5  Micro-XRD pattern of the repaired zone interface with the 

holding time of 5 min 
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Þ 6  èÌ�� �U^_kpq SEMÞ 

Fig.6  SEM images of repaired zone interface with various holding time: (a) 5 min, (b) 60 min, and (c) 90 min 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Þ 7  �� 90 minpqk SEMëìá EDSxyãgh 

Fig.7  SEM image (a) and EDS element line scanning (b) of the 

joint interface with the holding time of 90 min 
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Þ 8  èÌ�� �é^_kpq©� 

Fig.8  Width (W

t

) of interface between the repaired zone and the 

base material with various holding time 
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Þ 9  TLP]3^_L@íÕpq��ßàÞ 

Fig.9  Schematic diagram of solid-liquid interfacial reaction 

during TLP welding repair process: (a) melting of BNi5 

alloy, (b) dissolution of DD407 base metal, and (c) start of 

isothermal solidification 
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Abstract: The simulation defects in the nickel-based single crystal DD407 alloy were repaired by BNi5 braze. The microstructures, precipitates 

and element distribution of the repaired joint were observed and analyzed by optical microscope (OM), scanning electron microscopy (SEM) and 

micro XRD test techniques. The results show that simulation defects can be locally repaired by adopting paste BNi5 alloy. A reaction interface 

with elemental gradient and white Cr
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 particles is formed between the repaired zone and the base metal. The amount of the Cr
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particles and the width of the interface increase with the increasing of the holding time. When the holding time is 120 min, the interfacial width 

reaches the maximum value which is approximately 224 µm. Only adopting the BNi5 alloy as the filler material is the main reason responsible 

for the interfacial width increasing with the holding time increasing. Further analysis of the content and the type of the filler material is needed to 

obtain completely repaired defects in shape and size. Moreover, further extending the diffusion time is also needed to achieve a uniform transient 

liquid phase welding (TLP) microstructure which is a foundation for TLP repair processing of nickel-based single crystal alloys. 
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