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 1  7A99!"�#$� 

Table 1  Composition of 7A99 aluminum alloy (ω/%) 

Zn Mg Cu Zr Ti Fe Si Be 

7.6~8.6 1.7~2.5 1.4~2.0 0.1-0.20 0.05 ≤0.08 ≤0.06 0.002 

 

 

 

 

 

 

 

 

 

Â 1  WXYZOPQR�T6-DCT� ÃÄÅ 

Fig.1  Schematic diagram of T6-DCT 

 

 

 

 

 

 

 

Â 2  7A99>�KLM&hÆÇÈ�¸¡ÉÊËÌ 

Fig.2  Three-dimensional optical micrograph of 7A99 indirect 

extrusion plate 
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Â 3  ��ÍÎÏÐ 

Fig.3  Dimension of tensile test sample 
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Â 4  7A99=>�KLM& T6U T6-DCTH`ab 

Fig.4  Strength and toughness of 7A99 indirect extrusion plates 

aged by T6 and T6-DCT 
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Â 5  7A99=>�KLM& T6U T6-DCTÒ�ÓÔ 

Fig.5  Phases of 7A99 indirect extrusion plates aged by T6 and  

T6-DCT 

 

øù��B TEM� HRTEM���òs¯°±²� 

°QU� 6 ��S·� 6 «\�· T6 ^õ T6-DCT

^�����qr�f.�JÆÖ×Äbx�¶���

JL�î���JLÖ×Ä�¶b����P��µ

�îJL�Ö×�uPFZ}ST6 �qrs�$%JÆ

Ö×Äbx�Û����P���Ö×Ä��twu

v�T] η'Ä��uü� 6a�6bã 6c}�N)� 5~6 nm\

T6-DCT �qrs�$%JÆÖ×ÄØÙ�îÕh�

��=]��]MN���Ö×ÔE��Ú��JL

qÖ×Ä
!H���J3k��) 40~50 nm � 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Â 6  7A99=>�KLM& T6U T6-DCTST TEMËÌ 

Fig.6  Micrographs of 7A99 indirect extrusion plates aged by T6 and T6-DCT: (a) TEM, T6, <110>; (b) HRTEM, T6; (c) FFT, η'-T6; 

(d) TEM,T6-DCT, <110>; (e) HRTEM, T6-DCT; (f) FFT, η of T6-DCT 

14 15 16 17 18 19 20 21

440

480

520

560

600

640

 

 

 T6

 T6-DCT

Y
i
e
l
d

 
S

t
r
e
n

g
t
h

/
M

P
a

Reduction/%

Aging time

20 40 60 80 100 120

 

 

�

�

�

T6-DCT

T6

��

�

2θ /(

o

)

I
n
t
e
n
s
i
t
y
/
a
.
u
.

 

 

�

�MgZn

2

α-Al

�

�

�

�

�

�

�

�

�

�

�

�

50 nm 

a 

50 nm 

b 

50 nm 

e 

η phase 

f 

η' phase 

c 

PFZ 

η phase 

50 nm 

d 



¿2940¿                                        À½�Á&'U !                                             � 48� 

JL�Ö×����A?�� HRTEM ��Ko$%

­Ö×Ä��¶� η Ä������E� η′Äuü�

6d~6f}}���$%Ko:;q�kª$)�ôop 

]^S 

2.3  ��������	
��
����    �  

U���Ö«\�-180 ���qr���Ö×Ä

�M��Nh�¦op�$��S&K�����S

i-180���Ó�qrdU�¦ T6 mnop�$�

��ôop��B 3DAP���Ö� Znã MgUVR

/3 T6� T6-DCT/�]W�¯°�P�U� 7��

8��S 

·� 7 ­«\�T6-DCT qrs$%­ Zn ã Mg

UV3#tw­�[Ö$)�î.c��P��,`

*�hØÙR/�Ô�Õê�ÛØÙR/�ÔEÚ��

R/��&5�o9ÕhS 

·� 8 «� ×���Ó�opqrs$%­

10~50�50~80�80~120�120~200�200~400�400~600�

600~800 nm �O 800 nm ����ØÙFG� Zn ã

Mg UVR/3tw­�¡T�b�`YZ��¢£

�¶¤¥Äc�_­  Zn UVR/��� 0.87%�

0.46%�0.64%�0.97%�2.63%�1.89%�1.58%�15.3%

`*� 0.74%�0.08%�0.12%�0.44%�1.17%�1.11%�

1.18%�15.2%�>�`*|� 44.5%\Mg UVR/

��� 0.95%�0.42%�0.54%�0.79%�2%�1.41%�

1.14%�10.59%`*� 0.64%�0.07%�0.08%�0.33%�

0.83%�0.72%�0.77%�9.53%�>�`*|� 51.0%S 

� 9d T6-DCTqrs��cØÙ Znã MgUV

R/�3tw­�¦¡TÚ�E��¶[@�·�­

«\ Znã Mg§lUV�¶¤¥½¨
!k©�_­ 

 

 

 

 

 

 

 

 

 

 

 

Â 7  T6 U T6-DCT ST� 7A99 >�D Zn � Mg ��h~

aÕ� 

Fig.7  Qualitative research of the Zn and Mg elements in 7A99 

plate aged by T6 and T6-DCT: (a) Zn, T6; (b) Mg, T6;  

(c) Zn, T6-DCT; (d) Mg, T6-DCT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Â 8  T6U T6-DCT 7A99>�D Zn� Mg ��� Ö×Õ� 

Fig.8  Quantitative research of the Zn (a) and Mg (b) elements in  

7A99 plate aged by T6 and T6-DCT  

 

 

 

 

 

 

 

 

 

 

 

Â 9  T6-DCTST� 7A99>�D Zn� Mg � ��ÖØ 

ÙÅ 

Fig.9  Decrease ratio curve of the Zn and Mg elements in 7A99  

plate aged by T6 and T6-DCT 
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" 10  T6� T6-DCT#$%&'( 

Fig.10  Lattice parameter variation of aluminum matrix in 7A99 

alloy aged by T6 and T6-DCT  

 

 

 

 

 

 

 

 

 

 

" 11  7A99��)*+ T6-DCT��,-.%/01'( 

Fig.11  TEM micrographs of 7A99 indirect extrusion plates during the T6-DCT aging: (a) quenched and –180 �, <110>; (b) quenched, 

-180 � and 120 �/2 h, <110>; (c) quenched, -180 �, 120 �/2 h, -180 �, 120 �/4 h, <110> 
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Effect of Deep Cryogenic Treatment of –180 °C on Strength and Toughness Properties 

and Precipitation Behavior of 7A99 Aluminium Alloy 
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Abstract: Indirect extrusion plate of 7A99 ultrahigh-strength aluminium alloy was heat treated by T6 peak aging treatment and peak 

cold-heat cycle aging treatment of –180 °C (T6-DCT). XRD, TEM, HRTEM and 3DAP were applied to study the influences of T6-DCT 

treatment on the strength and toughness properties and precipitation behavior. The result shows that the lattice constant of Al matrix 

increases from 0.40551 nm to 0.40626 nm after T6-DCT, which plays a solid solution strengthening role. A large number of η phase occur 

in the grains, and the η phases at the grain boundaries are discontinuous; meanwhile the precipitation free zone is formed at the grain 

boundaries, which reduces the tensile strength. After T6-DCT treatment, the segregation degree of Zn and Mg increases, the precipitation 

ratio and distribution uniformity of precipitated phases decrease. The average equivalent radius of the precipitated phases changes from 

1.2 nm to 1.14 nm after T6-DCT treatment, the density of the precipitated phases decreases from 4.53×10

24

/m

3

 to 3.87×10

24

/m

3

, which 

weaken the precipitation-strengthening effect. The match between strength and toughness improve significantly after T6-DCT treatment, 

i.e. the strength is slightly reduced and the toughness is increased remarkably. 

Key words: –180 °C deep cryogenic treatment; 7A99 aluminium alloy; 3DAP; precipitation behavior; strength and toughness properties 
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