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Effect of Pre-aging Process in RRA Treatment for 7B50 Aluminum Alloy Plate
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Abstract: Retrogression and re-aging ( RRA) treatment is adopted for 7B50 aluminum alloy plate. To obtain the
parameters of pre-aging process in RRA treatment, the effect of pre-aging process on the microstructural evolution and
properties of 7B50 aluminum alloy were systematically investigated via Vickers hardness testing, electrical conductivity
measurement , transmission electron microscopy for characterization, and differential scanning calorimetry technique. The
results show that pre-aging at 110 °C for 16 h, compared to at 120 “C for 24 h, can result in the precipitates in the alloy
smaller in size and completely redissolved after retrogression process. It is also found that pre-aging at 110 °C for 16 h is
conducive to the aggregation, growth and complete discontinuity of grain boundary precipitates at elevated temperatures,
thus suitable for production engineering of RRA treatment of large-size thick plates.

Key words: 7B50 aluminum alloy; pre-aging; precipitated phases; retrogression and re-aging (RRA)

Al-Zn-Mg-Cu R & 4 A S EE S e S e
JE ML SR RE , B Iz N TS R R H A
AR A Al-Zn-Mg-Cu 5 & 4 78 B 7 K
Je R R s A A A (SSS) & kA AR
TP AR 58 22 03 i 0 i B T A B2 4, SRR N 1 B
HAH (MP) TR A . SSS—GP X —m/ M (i A —
A CEBA Y, GP X0k GP 1 F1 GP 11, % 55t
TR oE g R R BT RCIRE S 40 E 2Rk, B
PR HERIES) L Al-Zn-Mg-Cu Z 4 45 1 e 5 3 K -
i RS R AL E B AT T A, AR
Jr 8 GHEARORRRE AR SC R Il H A v/ A GP
AR T6 ARZS T A 4 T 10, 1 68 b Pk BE 4%

O WFEBEHE: 2025-06-01
E€WA . EpiF LR WHLE T (JPPT-G2008-2 7B50(7150) )

228 SR FH UG A4 B AR R LR v T I g S ok
PERE, (02l 5 8 058 LR AR 10% ~15% . fif o
Al-Zn-Mg-Cu FHESRER5 4 00 B FIHT R Dl 5 =2 4] 1Y
X JE, Cina % AT 1974 4 42y |l 5 FF 0 2%
(retrogression and re-aging, RRA) ) = 2% 5L 1.2, I H
LA i Al-Zn-Mg-Cu Z& 45 4 [F] It 19 54 B
P ST ot gE

FEXF RRA T 2855 — B Be B FRURTRC , R TG
R S IR SCIR 25 B A M) 4 s i R i 17 R o
REAEAEIR™ . RRA T2 RAEIE(ERAL (120 C IR
24 h) JE iR JE A S AR EE S S Alcoa 2 ] BB
FEINA B SRR BCHR A 118 981 Fof 28 Ak B AT SR AR B4 () 46

BB/ KRG (1990—) , 5B 3L T RGEN B+, TR, E M5 7 M N4 A7 CHLEAIR A, E-mail : 540042936@ qq.com



168 7R

T

o545 %

I Ae2 W s MK GP X A B
A ILAE A1, 2B G TR A Al B H AR A
L1 S AT A (GPB) Wi T, # w A 4 R, NI
O3 A R T I vk B RIS RIE & 4 2258 =
IR L 5 5 e B SR AR Vs g Sk B T A
TB50-T7751 At , AR SCHFFEAS 5] i g 4550 T 20 X6 A 4 A
Rt 40 KRR 2, 1] kg 7B50-T7751 Ml b4 B
AR S % KB S
1R ged kS o7k

RIEH R A 80 mm J&E 7TBS0 & 4 AT, 2 XU [
VSV K5 DEA TS A5 B P K G RS B R AN 3 30 s, F
oA 25 b 38 A X6 B R B (110 °C/16 ) FIIG AR I 2k
(120 °C/24 h) X4 A RSE 20 A Bt BE Y 5%
ZE5¢ ., R JEM-2010F 3% 53 #7508 ( TEM ) W%
AL, SR HB-3000B- [ 4 [CAE B2 -t R ) A
JE R D65K 4 J H S MM A i i R R
FH NETZSCH STA 449C RIS AT T RS iR
1122 HE ST (DSC)

2 AR MAE

2.1 HMALRFR

110 °C/16 h F1 120 °C/24 h Tl b e kb 38k B2 T
B4 1ZE ST AL BE A 315 ( BF-TEM) 4ni&l 1 F1E 2 FiR
110 °C/16 h [ fh BT AR A0/NERTE , R5F 3~ 5 nm,
il FEHT L ART 588 120 °C/24 h S 0] BE T B
AT B ARATS AERIE 0 & (BT AR RS BT R, o
3~8 nm, [FAF AT AR R KK, ATRE 22 — 9%
R EVE AR TET
(a) S Lo

100 nm

(a) 110 C/16 h; (b) 120 C/24 h
1 7B50 & AR /EH R AT HERES BIERGH G
Fig.1 BF-TEM images of 7B50 aluminum alloy MPt

by different pre-aging process

P& 3 Sy AN [ T R4 b B S 545 [ 001 T, A HE T £
SHERE(SAED) . K 3(a) W 7E{1,(2n+1)/4,0} HiFL
RO B BE R, T 3(b) Hh L BR T {1, (2n+1) /4,01 HYBE
JOME 1731220} A1 2/3 {220 A & F PRI B AT 5
B, BRI, 110 °C/16 h TS b AT AE LA

GP X H 3, 1M 120 °C /24 h TERS & AH L, GP
XA /AR,
() (b)

(a) 110 C/16 h; (b) 120 C/24 h
B2 7B50 GEARWAHEH AT HENENBEERSE
Fig.2 BF-TEM images of 7B50 aluminum alloy GPB
by different pre-aging process

(a) 110 C/16 h; (b) 120 C/24 h
B3 7B50 EE&AREMEHAEF001], BFITHIERHE
Fig.3 SAED pattern of 7B50 aluminum alloy along [ 001] ,,
by different pre-aging process

&l 4 % 110 °C/16 h TS |, 7E 190 °C 3R
(] s (0] (%) & P BIT 1 R R R8T s A TEM B8, &
448190 °C/8 min WS, & AT AH 40/ ROSTHE
5 nm ZeAq, A 110 C/16 h T ROCH oAk &4
() s AT AR AN /NE S, B 428 190 °C/30 min B2
J& , A PIBT AR RS R Z R 6~ 12 nm, f AT AR TT 4R
HIURLAL , S P HT HAE 2 TR B R A AT AR i
Wit . B4:4 190 °C/60 min RS , &4 b AT
AHRST 8~ 15 nm, s AT HIAHZR SRR, b S HAH R
51 40~80 nm, LB Wi, A 44 190 C/90 min
BFRCJG, A 4 0 fh AT A RST g 2 KR, R
8~20 nm, H4% 110 °C/16 h FAFEL 190 °C/120 min
B0 , 4R ZE AT AR RS 10~25 nm, FHerp RSEER
(IR AR L BRGS0t AR RS 50~ 100 nm, f&
ST AR

B 5 M2: 120 °C/24 h BEEUE , 76 190 °C BFRAS
(IR [B) 79 & PABTT HB AR R 0T H AH TEM B %1%, &
120 °C/24 h TBIROUG BA 4 BT A RO i KT
22 110 °C/16 h WG TE 190 °C B350k [H] st 18] f4)
ST AR R ST o & BRI AR RS A B AN [
B44 120 C/24 h+190 °C/60 min BT, f S AT
A KK, RSF 30~ 50 nm , (H R 58 Wi T 3 Ff g 45



55 6 ]

HomE %5 RRA 12 7B50 474 &S 3% T 2015 169

F14) i AT R R A BH AR JE ol 3, R R BRAR T & 42 1Y
it s i e L A 442 120 °C/24 h+190 °C/120 min
B , B AT AR SF 50~ 100 nm |, 5E Wi T

30 min

T
4 7B50 &% 110 C/16 h + 190 C BI3L7R [ B i8] 4 & P
A8 F0 & SR AT AR TEM B354
Fig.4 BF-TEM images of MPt and GPB of 7B50 alloy
aged at 110 °C/16 h+190 C for different time

5 7B50$RA&E 120 C/24 h + 190 C BHA AR B E M &M
A7 4B 0 &R SR AT AR TEM BR37 &
Fig.5 BF-TEM images of MPt and GPB of 7B50 alloy
aged at 120 °C/24 h+190 °C for different time

22 BERMEE

AR AL RS B 7BS0 BR A 4 il 114 4 G A
WA 6 Jr7n AR B HL R A0 18 7 s, [l U it
LRATLAGN A 3 N BE 5 1 BB, R G [, X /N
FHUURERT AR B T3 5 26 2 B B, B 8, o g A7
ARSI R IRFRIM BB R 45 3 BirBe, & 4 B T I
TR R XTI A A DUVERT A ARLAL, 110 °C/16 h Til
U, 190 °C/8 min IO 25 4 4 G A B 441
9 168,190 °C /40 min WA 4 4k [CAE 3 1k B {1,
K 190, 17 J5 Bl A B R A TR B 4 | 4 4 24 EC A 15 B0 T
F%,190 °C/150 min B} &CHE & 4 4k G R 172,
120 °C/24 h¥ RS , 190 °C/8 min B R4 45 4E K
fifi BE IR S 2B, 4 171,190 °C/50 min I R5NH5 4 4 G
T SR B, o 185, 171 I B 4 B R (] 4 & 4
A [CRF FE BAT R, 190 °C/150 min B 2% 25 4 4 G
iR 173, AHEL 120 °C/24 h, 110 °C/16 h il )5
IR RS S ARG, 190 °C FIHRGHE 2 h J, 7
5% 120 °C/24 h A4 A4k FCHE EE (AR T 110 °C/16 h
TR SR AR A . 4 f0 R B 5 B 3 2 ] o)
BIE HE G 2 B R R, b R e R Y, &
120 °C /24 h FERFSCAE B, 110 °C/16 h T 304 4 v
SEIET 0.6 MS/m, 120 C/24 hFl A4 5%
PEm 1 0.6 MS/m S0 & 4 i il 3 20T 5L ) N R

210
(a)
200 |
a ® © § -
o ¢ . ¢
L] ] [} L
= | ¥
= 180 J i i .
g L & .
160 - = 190 ‘CH3K
150 L © 190 CH}%% + 120 °C/24 hFFARE
140 1 1 1 1 1
0 40 80 120 160
H 351 ] / min
210
(b)
200 |
190 F ?\f *et e
= 180 | et X .
L%S i%_i é
g 1of % .
160 190 T
150 b o 190 ‘CI&k + 120 °C /24 h IR
140 L= !

0 40 8I0 150 1%0
IS 28 1] / min
(a) 110 C/16 h FFRL; (b) 120 °C/24 h B3
6 7B50 SRERHEREE
Fig.6  Vickers hardness of 7B50 aluminum alloy



170 7R

T 545 %

N
£

(@) 2 190 CHZX
23t 4 190 ‘CHFZY + 120 °C /24 hFFHTRL
o 22r 4
=] A 4
o 21+ .
% 4 A
g 20 LA 4 A
uij=3 | A
2 19 .
18w
o
17 1 1 1 1 1
0 40 80 120 160
24 /] / min
24
(b) & 190 ‘CHIZX
23t a 190 CHIR +120 °C/24 WK
St a
=] 4 A
@ 21 . “ s
@ 20 : A D
] 19F aA :
ApA
18 | Mt
17 1 1 1 1 1
0 40 80 120 160
H 5 1] / min
(a) 110 C/16 h FHFEL; (b) 120 °C/24 h THHEL
7 IB0RAEHREX

Fig.7  Conductivity of 7B50 aluminum alloy
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Fig.8 DSC curves of pre-aged 7B50 aluminum alloy
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