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«ÇÈ¸É2Ê�Ë>ÊÌ�%�~ÍC, 0.02~0.05Î

Al, 2.0~2.4ÎW, 3.8~4.2ÎNb, 0.6~1.0ÎMo, 3.8~4.2Î

Ti, 3.5~ 3.9ÎCr, 15.5~16.5ÎCo, 12.5~13.5ÎFe, < 0.5Î

B, 0.006~ 0.015ÎMn, <0.15ÎZr, 0.025~0.05ÎSi, <0.20Î

P, <0.015ÎS, <0.015ÎH, <0.001ÎN,<0.005ÎO,<0.007Î
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�PREP�QÛ�u�uvÜÝ 50~100 µm�uvÞß
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16 h AC�ùúçûüJ 760 ��16 h ACýþ �ç

ûüÎ� GB/T 228-2002 · GB/T 4338-2006 '

INSTRON-5585H mnö³�B,���J 750 ñm

nö³4Uëö³' Olympus/PMG3����É��
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Fig.1  Microstructure of as-HIPed FGH4096 alloy
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Fig.2 SEM images of link microstructure of FGH4096 alloy:

(a) close-up view, (b) equiaxed fine grain, and (c) non-

equiaxed coarse grain
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Table 1 Test results of EDAX

Non-equiaxed coarse grain Equiaxed fine grain

Element

ω/% at% ω/% at%

Al K 2.09 4.51 1.95 4.24

Ti K 3.92 4.76 3.61 4.41

Cr K 16.40 18.39 17.39 19.58

Co K 12.76 12.62 13.37 13.29

Ni K 56.32 55.93 54.13 54.00

Mo L 3.76 2.29 4.92 3.00

W M 4.75 1.51 4.64 1.48
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Fig.3  Volume fraction of equiaxed fine grain and average

diameter of non-equiaxed coarse grain in link

microstructure of FGH4096 alloy
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Table 2  Tensile properties of link microstructure

of FGH4096 alloy

State T/� σ

b

/MPa σ

0.2

/MPa δ

s

/% ψ/%

HIPed 1550 1200 18.0 18.0

Link structure

20

1730 1440 22.0 36.5

HIPed 1200 1040 5.0 8.0

Link structure

750

1420 1270 8.0 23.0
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Fig.4 SEM image of fine grain microstructure of FGH4096 alloy
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Fig.5 TEM image of fine grain microstructure of FGH4096 alloy

 ¡¢yzy(?ý�ä�q'�y4�Bís�

FGH4096TU�����{|��~¢¸{|½¾¢

yx�4 

���� 


1) FGH4096TU�����{|� ¡¢y�4

µm�£¤'¥ ¡¦y�10 µm�r§ 2�¡Z{

|`<eb�mn��4

2) FGH4096TUÞ'QRïCJùúçûüâ�

����{|¨¥ ¡¦yR ¡¢yÙ¸���

ASTM12}�¢y{|4����{|��~®¯¢y

{|½¾¢yx�4 

12��  References

[1] Osamu Tsuda, Nobuo Kanamaru, Seiya Furuta et al. Metal 

Powder Report[J], 1991, 46(3): 31

[2] Hu Benfu(���), Liu Guoquan( ¡�), Jia Chengchang(¢

£¤) et al. Materials Engineering(����)[J], 2007, 2: 49

[3] Liu Jiantao( ¥¦), Liu Guoquan( ¡�), Hu Benfu(���)

et al. Rare Metal Materials and Engineering(�k.����

��)[J], 2006, 35(3): 418

[4] Guo Weimin(¡�§), Dong Jianxin(¨¥©), Wu Jiantao(ª

5 µm

1 µm



�1786� �k.������ � 38�

¥¦) et al. Journal of Iron and Steel Research(�����

«)[J], 2006, 17(1): 59

[5] Tian Gaofeng(¬+­), Jia Chengchang(¢£¤), Liu Jiantao 

( ¥¦) et al. Materials Engineering(����)[J], 2006, 12: 

24

Link Microstructure of FGH4096 Alloy
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Abstract: The link microstructure of P/M FGH4096 alloy was investigated by SEM, EDAX and TEM. The tensile properties and grain 

refining effect of the microstructure was also discussed. The results show that the link microstructure could be obtained by the standard 

heat treatment or the direct-aging heat treatment for the alloy after hot-die forging, where the equiaxed fine grains (about 4 µm) distributed 

homogeneously in the non-equiaxed coarse grains (about 10 µm). The obtained microstructure has better mechanical properties. After the 

multiple forging and the standard heat treatment, the non-equiaxed coarse grains have been refined completely from ASTM5-6 to above 

ASTM12. It reveals that the link microstructure can provide fine grain reservation for the fine microstructure.

Key words: P/M FGH4096 alloy; link microstructure; mechanical property; fine grain reservation 
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