
� 25 � � 6 � Vol.25 No.6

2 0 1 1 � 12 � CHINESE JOURNAL OF MATERIALS RESEARCH December 2 0 1 1

� � � � � �

��BNi–7�Ti(C,N)������17–4PH	
�

�
���������

��� ��� ��� �� !"#
(���������� �������� (��) ��� �� 110016)

$ % �����	�
 BNi–7 � Ti(C,N) ������ 17–4PH ����������
����		����
�	

�
���������
		���

��	���
, BNi–7 �����	���
��
��	�, �
���� (�)

	�
�����
�����������������
����	���
���, �
�����
�������
,


 1100 ��
 60 min��
��� 50 µm 
��������
������ 454 MPa	

&'( �
�������, �
��, ���
, Ti(C,N) �����, ����, ���


)*+ TG425 ,-�+ 1005-3093(2011)06-0573-06

Brazing of Ti(C,N) Cermet and 17–4PH Precipitation–hardened
Stainless Steel by Nickel–based Filler Metal BNi–7

WANG Fengzhen WANG Quanzhao YU Baohai XIAO Bolv MA Zongyi∗
(Shenyang National Laboratory for Materials Science, Institute of Metal Research,

Chinese Academy of Sciences, Shenyang 110016)

Manuscript received April 11, 2011; in revised form July 27, 2011.
* To whom correspondence should be addressed, Tel:(024)83978908, E–mail:zyma@imr.ac.cn

ABSTRACT The Ti(C,N) cermet and 17–4PH precipitation–hardened stainless steel were brazed in
vacuum using nickel–based eutectic filler BNi–7. The effects of brazing temperature and brazing seam
thickness on the microstructure and shear strength of the brazed joints were investigated. BNi–7 filler had
a strong dissolution ability to the binder of the Ti(C,N) cermet. This is beneficial to the wide distribution
of melting point depressant (phosphorous) in the Ti(C,N) cermet side and producing a good interfacial
bonding. The distribution zone of phosphorous in the Ti(C,N) cermet side that is adjacent to the brazing
seam increased as the brazing temperature rose. A maximum shear strength of 454 MPa was achieved at
a brazing temperature of 1100 � and a brazing time of 60 min with a brazing seam thickness of 50µm.

KEY WORDS synthesizing and processing technics, vacuum brazing, nickel base filler, Ti(C,N) cermet,
shear strength, interface microstructure
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Table 1 Chemical compositions of 17–4PH steel, Ti(C,N) cermet, and BNi–7 filler (%, mass fraction)

17–4PH C Cr Ni Cu Nb Fe

0.04 16.5 4.25 3.6 0.25 Bal.

BNi–7 Cr P C – – Ni

14.0 10.2 0.1 – – Bal.

Ti(C,N) cermet TiN TiC Mo – – Ni:Cr(4:1)

4 40 2 – – Bal.

7 1 Ti(C, N) K��MXYOMVN

Fig.1 The microstructure of Ti(C, N) cermet

7 2 (a) VOWXQYZRP; (b) OPW[��QQ

Fig.2 Schematic illustration of (a) vacuum brazing,

(b) fixtures for shear test
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7 3 (a)Ti(C,N)K��MX/BNi–7/17–4PHTUO

IVLJVOYR (1000] ×60 min)OMVN,

(b) VP\Z^S_P

Fig.3 (a) Microstructures of Ti(C, N) cermet/BNi–

7/17–4PH precipitation–hardened stainless

steel joint brazed at 1000 ] for 60 min and

(b) magnified view of brazing seam as shown

by rectangle in (a)
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Table 2 The EDS analysis of Ti(C, N)

cermet/BNi–7/17–4PH precipitation–

hardened stainless steel joint brazed at

1000 ] for 60 min (%, mass fraction)

Marked phase P Ti Cr Fe Ni

1 – – 19.04 6.56 74.40

2 23.28 9.76 21.71 – 46.25

3 23.32 10.68 23.18 42.82
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(b) b^] EDS ^fgP`, (c) VP\Z^S_P

Fig.4 (a) Microstructures of Ti(C, N) cermet/BNi–7/17–4PH precipitation–hardened stainless steel

joint brazed at 1050 ] for 60 min, (b) element distribution of phosphorus in the brazed joint,

and (c) magnified view of brazing seam as shown by rectangle in (a)
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Table 3 The EDS analysis of the Ti(C, N)

cermet/BNi–7/17–4PH precipitation–

hardened stainless steel joint brazed at

1000 ] for 60 min (%, mass fraction)

Marked phase P Ti Cr Fe Ni

1 0.57 1.59 16.60 6.20 75.04

2 21.68 9.88 19.50 2.39 46.55

3 23.07 9.77 18.28 – 48.88

4 22.51 9.45 18.3 – 49.74
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Fig.5 (a) Microstructures of Ti(C, N) cermet/BNi–7/17–4PH precipitation–hardened stainless steel

joint brazed at 1100 ] for 60 min, (b) element distribution of phosphorus in brazed joint, and

(c) magnified view of brazing seam as shown by rectangle in (a)
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Table 4 The EDS analysis of the Ti(C, N)

cermet/BNi–7/17–4PH precipitation–

hardened stainless steel joint brazed at

1100 ] for 60 min (%, mass fraction)

Marked phase P Ti Cr Fe Ni

1 – 1.98 14.98 20.78 62.26

2 19.43 10.94 16.85 – 52.78

3 20.90 10.40 15.4 – 53.3

4 21.85 9.53 16.26 – 52.36

7 6 epVOfpePZRP

Fig.6 Schematic of phase diagram of the eutectic

brazing
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Fig.7 Variation of shear strength of Ti(C, N) cermet

and 17–4PH joint vacuum brazed at different

brazing temperatures with the brazing seam

thickness
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Fig.8 Fractographs of brazed joints: (a) 1000 ], (b) 1050 ], and (c) 1100 ]
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