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

Zn Mg Cu Zr Ti Fe Si Be

7.6~8.1 1.7~2.5 1.2~2.0 0.05~0.20 0.05 <0.08 <0.06 0.002

HEWB: FEZXRELAUIRITR (2016YFB0300901); [EFR AR EEIEE (U1608252, 51574075)
TEBE N =0k, 5, 1986 44, 18442, RIG KM B il B A BCE T RS0 =, 107 TkBH 110819, E-mail: 13241663121@

163.com
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HIRE RN IR L 1 2 K. 3 IR 4 A IR 5256 25
B E LI, T6-DCT HAK T 2172 WK 2:
MR A H S 7 2] (30 s A1) BHATIRIRA b, ki
AU E G LA (30 s WD) HEBFEM BT N LN, AL
I 23058 G S R R, S 1 IR B AL B, SRS
BRI T 258 2 I 3 A PIEFR AL BT, fR2qhas
T2 PR I RO R U 0 I T e DA A I 247D 24 ho 50D
AWFFER ] TEM-1200EX 3% 5 H B8 X 44 B0 4L 2R P iy
HAH RS R ROE S T W%%: R LEAP 4000 HR — 4
JEFIREE AR R Zn. Mg TG BT B AIREA T et b e
MR

2 HEREQWH

2.1 FRAVESHHBEMENXR

Kl 3a, 3b e TA99 HRE4E K nBEM T6 5
T6-DCT ARSI G H i, BSOS 2 Fhilvid 5
SAE T HT A BRI, B 3a AUE<001>, fhati iy 1 W
2, MBI AT BERAAE T A RLZE T AR FE S BT H AT A2

4h
473 |-

o

3

E

5 2h 4h  4p

g8 10 [} |40

: [ ]

& .

Time
-120

Circlel{ Circle 2|Circle 3'

2 ARIEIREE S (Te-DCT) T EK
Fig.2 Schematic diagram of process of T6-DCT

K3 7A99 &< H LM T6 5 T6-DCT AL #E Y] HRTEM v
Fig.3 HRTEM images of 7A99 extrusion plates aged by T6 (a) and
T6-DCT (b) along <001>,

n'-MgZn, /. & 3b N¥T<001>, Sy mmgs, M
AT S B AE TT AIM B T6-DCT A 2 Ji5 H7 Hi AH LA
n'-MgZm #4 F2, FEA /D n-MgZny #, b »-MgZn,
AHELAE LA 1T o A A e B A

fE Al-Zn-Mg-Cu &4, — A& &b HART
P51k SSSS (super saturated solid solution, i1/l
WAE)-GP X (GP1 5 GPII) -' CHEAREILK KT
SPEHTAD -y (5B ARSLRS (RS E ST A MgZny) 172,
T6 ACFTERIN, ST AR 2L A0, B H)
FEA DR GP T X fEREAN NS R, GP X '
G T 5e e A K DL R SV A K I 72, Bl I ) ik
AT, GP X —J7 HZHTHEAR B M, o — 7 T AT Bl /D 3
) GP XASEAFAE, IR EIEAT 4 48 h I, Sh N AL
SIFURIE R n AP W da B, [ G A GA AL
PRLZ L 120 °C/2 h A B 5 WS4 AT S B A se S, UhEH BT
HAHEAE T TEAZ I, ARIE ite g 454 MIEl 4b 1) FFT
YRR AT RIS AR R N E R T GP XY, B GP
X IR R AP OC R, GP IXIERCHEIE, RSF4y 2
nm. W& 4c. 4d Fros, [ GHERAEELARIZE 120
T2 h B S, SN TR TR B 2 5 Be R A% 100 A
n'FH, WA AR BT DA R Gkl 22 B2 HH 1388 i
T LA R A A R TEAZAZ Loy DLERYA A 3 2 il
PRI, FE A i N B A I T AR REAE W B8l g, AEA)
IS0 R A LUK T8 T A I e P T A T T AL K



%4 1 TR SCMRES . IRV AL TA99 A0 4 WA IR 24T HE A 1) S i)

* 1157 -

5 nm

Bl 4 7A99 H&SHTHAM AN 120 C/2 h & AT AR 5 HHE % FRT i 3814
Fig.4 HRTEM and FFT images of 7A99 extrusion plates in early aged stage (120 °C/2 h): (a, b) T6, #'<011> and (¢, d) T6-DCT, 5'<011>
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Fig.5 TEM images of 7A99 extrusion plates aged by T6 (a) and
T6-DCT (b)
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Fig.6 Qualitative results of the Zn (a, c) and Mg (b, d) elements in
7A99 extrusion plates aged by T6 (a, b) and T6-DCT (c, d)
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Fig.7 Quantitative variations of the Zn and Mg elements in 7A99
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Table 2 Radius and density of precipitated phases

Heat-treatment Ry/nm NJ/X10%*m?3
T6 1.201 4.53
T6-DCT 1.001 7.55
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Fig.8 Dimensional variation diagram of the precipitated phase after

T6 and T6-DCT



%4 3]

PRSP IRV AR BN TA99 5 <G (I KT H AH )52 1)

* 1159 ¢

100 nm 5 100~200 nm Ji-JGH A 4T HAH R 32 4 EE
W, 1 10~20 nm J& . 20~50 nm J& 1. 500~1000 nm
JR+ 1000 nm BA_E g7 o AR 3 R 4240 31
5 0.62 nm %% 0.6 nm. 0.86 nm [4¥% 0.82 nm. 2.62 nm
%2 2.6 nm. 3.33 nm %% 3.0 nm, RIULHT AP
SN o T U BT HAE RSP IR AR . SR AR P
oz, FEEHEWR:

CU Hr AR TR R 3 i o AR e R 5 2 K i B
HEN I RLBY B, ks P 38 (098 T SR 1 R A7 1 S T 1%
H GP IX, ¥RT GP X2 H & oz R gkl
FEH B B 23 A0 B B . 7A99 A& S
0.12%[) Zr S0, — 71l Zr S04, BRI T &4
KOG H RS, AT FEAIC & 5467 GP X T %
Ui Ze 5NN G RET Zne Mg JuE, Bk
Zn. Mg JCEIMY HOEHREC, W T BH i GP X
PITER. &AL GP X FIE B8 RSP 3l GP X
HTT LU AT AR I TEAZAZ o o AR [ 8 K i VT
RUEAT IR AR BT, AR 2 B =10 RN T, il 3
DRI IR T 1S4 75 R EAT i S A
A, AE=T N AERS “Ze-25 007 X 12 B
P, A 3RAT T 5 22 00 A A0, BT BEdE m E Zns
Mg IR T 5 B S5 G R, JERCE 2 (1% 7 GP
X FE T GP X, $ETHHT AR A% %

(2) T ARTEAZ AR B3R ) o4 15 o M RHEERA Ak
P R A AN A T A2 N AR RE, X L8N AR R A
ISR HR R AR IR 7, 4 AR PR B PR N e T I 2K
WEEIS, Zn. Mg JGE R FIRE LA s 1 15 4 s A
HEATI 80, DRI B I 25l 5 DS A A [0 PR B 28 )
W Zn. Mg JCEMY BEE MR, MR, JERk
2. ST 4/ NEAT A

3 & it

1) fEREEANHE G X TA99 B AT AT b HE n LA
A B E I R FH 474 VG PRI N 2880 5 BRI bz Y
HRRIBT HHAHLL n-MgZny #H0 ,  FEA /D& n-MgZn, #H.

2) {E T6 AR I 285 FA Kb BE R RE A it Iy v4 b B T L
BEAG 7TA99 BFIEMAIZF Zn, Mg JCERIIME, 5
Zn. Mg JG% 10~20 nm. 20~50 nm J& 7 ELH]. A
1000 nm A F Lo, $&5 Zny Mg 63 KT AR
II AT NE

3) 1E TA99 6 4 5 55 I R AL B2 TR I N VAR VA Adb
HER] LAl IS 2 2250 AR PR 288014, B30
2 1.201 nm JE/NEE 1.001 nm; 7] DU & A AR R N B
SARECE:, CEMT AR B th 4.53 X 10%/m® T & 7.55 X
10%/m*,  SEILSRECRAL 1R .

S 30k

[1] Goebel J, Ghidini T, Graham A J. Materials Science & Engine-
ering A[J], 2016, 673: 16

[2] Chen S'Y, Chen K H, Peng G S et al. Materials & Design[J], 2012,
35:93

[3] Liu S D, Chen B, Li C B et al. Corrosion Science[J], 2015, 91:
203

References

[4] Chen Yanxia, Yang Yanqing, Feng Zongqiang et al. Journal of
Alloys & Compounds[J], 2017, 726: 367
[5] Zhang Xinming(5K:#7HH), Tan Qi(i% ¥i), Liu Shengdan(XI:[H)
et al. The Chinese Journal of Nonferrous Metals( B4 4.4 & 4
#)[J], 2014, 24(4): 870
[6] Yang Wenjing, Ding Hua, Mu Yongliang et al. Materials Science
& Engineering A [J], 2017, 707: 193
[7] Lin L H, Liu Z Y, Bai S et al. Materials Science & Engineering
A[J], 2017, 682: 640
[8] Ma C Q, Hou L G, Zhang J S et al. Materials Science &
Engineering A[J], 2016, 657: 322
[9] Luong H, Hill M R. Materials Science & Engineering A[J], 2010,
527(3): 699
[10] Wang J, Fu R D, Li Y J et al. Materials Science & Engineering A
[J], 2014, 609: 147
[11] Wu Hongyan(32 41, Ai Zhengrong(3I81E¢), Liu Xianghua(XIl
FH4E). Transactions of Materials and Heat Treatment(F L #4b
BEAER)[I], 2013, 34(12): 1
[12] Wang K K, Tan Z L, Gu K X et al. Materials Science &
Engineering A[J], 2017, 684: 559
[13]LiH Z, Tong W P, Cui J J et al. Materials Science & Engineering
A[J], 2016, 662: 356
[14] Li Guirong(Z5##:9¢), Wang Hongming( %), Yuan Xueting
LT &) et al. Rare Metal Materials & Engineering(Wif %)%
FHELS THRD[I], 2013, 42(2): 251
[15] Chen Ding(Ff ##), Li Wenxian(ZZ3Ci#ik). The Chinese Journal of
Nonferrous Metals(H 545 (5,45 J& 24 40)[J], 2000, 10(6): 891
[16] Ouyang Qiubao(RXKPH=K{R), Cui Guanghua(fJ:4£), Zhang Di
(5k 3k) et al. Materials For Mechanical Engineering(Wlif 172
MEDI, 2010, 34(2): 18
[17] Sha G, Cerezo A. Acta Materialia[J], 2004, 52(15): 4503
[18] Litynska-Dobrzynska L, Dutkiewicz J, Maziarz W et al. Journal
of Alloys & Compounds[J], 2011, 509(S1): 304
[19] Chen S Y, Chen K H, Peng G S et al. Journal of Alloys &
Compounds|[J], 2012, 537: 338
[20] Nes E, Marthinsen K. Materials Science & Engineering A[J],
2002, 322(1-2): 176
[21] Starink M J, Wang S C. Acta Materialia[J], 2003, 51(17): 5131



+ 1160 « Wit Em MRS TR 548 5

[22] Yang Shoujie(# 57 7%), Xie Youhua(iffft#€), Zhu Na(2k ) et Harbin: Harbin Institute of Technology, 2008
al. Chinese Journal of Materials Research(# #HFF 5T 243R)[J], [26] Zhang T, Lu S H, Wu Y X et al. Transactions of Nonferrous
2002, 16(4): 406 Metals Society of China[J], 2017, 27 (6): 1327

[23] Asl K M, Tari A, Khomamizadeh F. Materials Science & [27] Zhang Jing(ik ), Yang Liang(# %), Zuo Rulin(Z£H#k).
Engineering A[J], 2009, 523(1-2): 27 Rare Metal Materials & Engineering(Fi &:JE M LS THE)[J],

[24] Sha G, Cerezo A. Acta Materialia[J], 2005, 53(4): 907 2015, 44(4): 956

[25] Chen Junzhou(MRZEWM). Thesis for Doctorate(1# 11 3C)[D].

Influences of Deep Cryogenic Treatment on Precipitated Phase of 7A99 Aluminium Alloy

Gao Wenlin'*’, Wang Xiangjie', Chen Junzhou™, Ban Chunyan', Cui Jianzhong', Lu Zheng™’
(1. Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)
(2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(3. Beijing Engineering Research Center of Advanced Aluminum Alloys and Application, Beijing 100095, China)

Abstract: Backward extrusion 7A99 ultrahigh-strength aluminium alloy was treated by T6 peak aging treatment and peak cold-heat cycle aging
treatment (T6-DCT). The influences of T6-DCT treatment on the types, distribution, size and density of the precipitated phases were investigated
by TEM, HRTEM and 3DAP. The result shows that the types of the precipitated phases increase, i.e. #' phase turn to 7' phase and # phase. The
average equivalent radius of the precipitated phases changes from 1.201 nm to 1.001 nm after T6-DCT. The density of the precipitated phases
increases from 4.53 X 10*/m’ to 7.55X 10*/m’, which leads to dispersion-strengthening. After T6-DCT, the segregation of Zn and Mg decreases,
and the precipitated phases distribute more homogeneously than those in the T6 treated sample.

Key words: deep cryogenic treatment; 7A99 aluminium alloy; TEM; HRTEM; 3DAP; precipitated phase
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