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  1  FGH98E�<=95=FG/d 

Fig.1  Tensile properties of FGH98 alloy at 23, 650, 750 and 

815 ¡ (R

m

-tensile strength, R

p0.2

-0.2% yield strength, 

A-elongation, Z-reduction in area) 

 

 

 

 

 

 

 

 

 

 

  2  FGH98E�`¢£¤¥9<=FG>750 ¡FGt¦§�` SEM¨© 

Fig.2  SEM images of FGH98 alloy after heat-treatment (a) and tensile deformation at 23 ¡ (b) and 750 ¡ (c) (the black arrow shows 

the tensile loading direction) 
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  3  FGH98E�<=FGghS¬ 

Fig.3  TEM images of dislocation structures in FGH98 alloy 

after tensile deformation at 23 ¡ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  4  FGH98E��25=FGt` TEM¨©­ SAED®¯ 

Fig.4  TEM images and SAED patterns of FGH98 alloy after tensile deformation at 650 ¡ (a, b), 750 ¡ (c, d), and 815 ¡ (e) 

Dislocation 

pile up 

a 

γ′ 

100 nm 

Stacking faults 

200 nm 

b 

a 

Twins 

Stacking faults 

Twin 

100 nm 

100 nm 

100 nm 

Twins 

Twin 

b 

c 

Stacking faults 

200 nm 

Twins 

Twin 

200 nm 

d 

e 



� 4�                          ����+4�D/dA�BCD=E�FGHINO9PQ
:                    �1145� 

���������

ï 2bOï 3����`�N�RQs�:/0R

Q#�4VWgh γ′3�Qe APBOoW,��LM

_`a£
�j���] γ′3
����QR#�«

� γ′3
���»�
,a/2<110>�dnVWfgh γ′

3Qe APB 
#��
��

[2,15]

�dÌ�VWgh γ′

3QeoW
#��~|mÜ�,�

QeoWj

5Éa1987] Condatßu9������: a/2<110>

�dnVWgh γ′3QeoWj5

[16]

l 1991 ]

Milligan '9�z������:ßu a/2<110>VW

9 γ/γ′kM�2��
 a/3<112>gh γ′3QeoW

[17]

,

\]^�Decamps 9���������RRQ:ß

u γ′3� a/6<112>���mnVWh QeoW
#

��|��ä¡�`

[18-20]

,9IP���
A�?�

a/2<110>�2
 2 ¢ a/6<112>mnVW:
£ömn

VWm¤¥¦9�d:����9h��
A�?U

§�
mnVWÜËC"� γ/γ′kM��JKØLM9

Decamps ßu
j5�¨¬�©ã¬­äå7�ßu

�Éï 5 ÀG
VWgh γ′3QeoWj5��

a/2<110>�dnVWªgh γ′3c��2~ 2 ¢

a/6<112>���mnVW�VWgh�ëì_`�

a/6<112>mnVW�nVW¼0
gh�b¶�;«


»�
¬­®�<�À±��2~ 2¢mnVWgh

γ′3¯°�³��§�
mnVW�� γ′3c¤��Ü

¢i3jk;APB<OoW�}~�
oW;CF<;ï

5b<,�¢�
oWA~M±²� APB ³oW��P

��4m´�
�¤9T{111}noM¬QeÜ¢µ


/ 6[1 1 2]a m n V W � T V W i � a

/ 6[112] / 6[1 1 2] SESF / 3[112]a a a→ + + ���Ü¢µ


¶~·¸¹oW;SESF<O ]112[3a mnVW;ï 5c<�

� / 6[1 1 2]a mnVWO�=¥¦9 γ/γ′kM


/ 6[121]a mnVWi��e / 6[211]a mnVW�|�

º»9 γ/γ′kM;ï 5d<�«� a/3<112>mnVWo"

�¶b�o"���À±9 γ′3:Qe
 SESF oW

¼B ¡�|9 γ′3vw¦?Ü¢���mnVW=

;ï 5e<�Qe�ï 3b:
oW78�VW=º»�

�VW
C"Ë��12
"�, 

:�IPRQVW78�T{)�N�IPRQ

���ï 4 :�����VWgh γ′3Qe
oW�

¢cK���UoW�½
QRyz�lö÷QR�

�
���QRyz¤�,oWQe#�¢N�3¢,

KnowlesO Chen

[21]

9LM������: γ′312³

~cßu9 γ′3:yz4«ÜÙ¾ a/3<112>mnVW

93¿{111}noM¬C"��yzÀ¹�|mHÁy

zRÂ�O�´�Âk��,� a/3<112>y�VWË

Ã� 2 ¢3¢
 a / 2 < 11 0 >�dnVWi�a

/ 2[110] / 2[110] [110] / 3[211] / 3[121]a a a a a+ = = + ��Ä

L1

2


678
��: a/3<112>mnVWo"B�Å

Ä¼�yzÆBeI,MahajanO Chin

[22]

ßuQRy

zQe#�4« 2¢�Mm¢Ç­®�
 a/2<110>V

W!�i��|93¿{111}noM¬�e 3¢ón3

¢
���mnVW�QeÜ¢�oyzÀ¹,�

Pirouz

[23]

ßuCÈnoyzQe#�a� 1¢ a/2<110>

ÉÊVW�2~ 2 ¢���mnVW�9gh��A

�?�§�
mnVWpqrstu3�9�d:Q

e 1 ¢Ä¹oW����	Ë
mnVWU���2


�×mnVW�7�c��� 1¢µ
 a/2<110>É

ÊVWÈno�3¿
{111}noM¬�|±3¢
W

Ì�2��$C"Y��³Í°±9�¢3¿
{111} 

 

 

 

 

 

 

 

 

 

 

 

 

 

  5  ghij γ′_IklhZ� 

Fig.5  Stacking faulting formation model by dislocations shearing γ′ particles 
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Fig.6  Schematic illustrations of twinning in L1

2

 structure created 

by a/3<112> partial dislocations: (a) stacking fault and a 

thin twin created by one a/3<112> partial dislocation 
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and (d) viewed along the [110] (the dot represents Al atom, 

and the circle represents Ni atom, SF is stacking faults, TB 

is twin boundary) 

 

 

 

 

 

  7  �uxyIk°±  

Fig.7  Schematic illustrations of forming continuous twins: (a) over- 

lapping isolated stacking faults in γ′ particles and       

(b) annihilation of the dislocations at the γ/γ′ interface, 

formation of continuous twins
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Abstract: The deformation microstructures, deformation behavior and mechanisms of FGH98 after tensile tests at room temperature (23 

°C) and intermediate temperatures (650, 750, 815 °C) were investigated by scanning electron microscopy (SEM) and transmission electron 

microscopy (TEM). The results show that FGH98 alloy, with multi-mode size distribution γ′ phase, obtains excellent tensile properties at 

room temperature and intermediate temperature. The dislocations shear γ′ phase, forming stacking fault (SF) in the γ′ precipitate and a 

dislocation loop around the γ′ precipitate, which is the dominant deformation mechanism during the tensile deformation at room 

temperature. The dislocation loop hinders the subsequent dislocation movement. However, forming SFs and deformation twins by 

dislocations shearing γ′ phase becomes the dominant deformation mechanisms at intermediate temperatures. With the increasing of the 

deformation temperature, the deformation mechanisms transfer from SFs to deformation twins, and the density of twins increases. The 

model of a/3<112> partial shearing the γ′ precipitate forming stacking faults and twins was given. With the increase of strain, the stacking 

faults accumulate on the adjacent {111} planes, promoting the formation of continuous twins. The formation of continuous twins can 

coordinate the deformation between the γ and γ′ phase and release the deformation stress, resulting in enhancement of the alloy plasticity. 
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