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Coarsening kinetics of grain boundary precipitates in
7055 aluminium alloy
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Abstract: The morphology and coarsening kinetics of grain boundary precipitates () in the regression aging stage of
7055 aluminium alloys were studied by transmission electron microscopy (TEM), and the corresponding effects on the
mechanical property and corrosion resistance were measured by tensile tests and exfoliation corrosion tests. The results
show that the grain boundary precipitates () are coarsened and the inter-space increases with the retrogression
temperature or retrogression time increasing. The coarsening rate of # precipitates increases with retrogression

temperature increasing. The coarsening activation energy is 1.13 eV, and a modified coarsening kinetics model of grain

boundary precipitates was proposed.
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Fig. 1 Schedule of heat treatment of 7055 aluminum alloy
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Fig. 2 TEM images of samples after different heat treatments: (a) TP(120 C, 24 h); (b) TP+(180 C, 10 min); (c) TP+(180 C, 30

min); (d) TP-+200 °C, 10 min)
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Table 1 Size and inter-space of # precipitates at boundaries after different heat treatments

. Inter- . Inter- . Inter-

Ret . Size/ y Ret . Size/ y Retr fon Size/ y
etrogrssion am space etrogrssion am space etrogrssio am space
nm nm nm

180 °C, 10 min 26.17 13.58 190 °C, 10 min 29.45 22.26 200 ‘C, 10 min 34.18 23.05

180 °C, 20 min 29.81 18.08 190°C, 20 min 38.56 23.17 200 °‘C, 20 min 43.33 24.23

180 °C, 30 min 38.09 23.56 190°C, 30 min 45.09 28.29 200 °‘C, 30 min 52.46 36.13
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Fig. 3 Relationship between cubic value of size of # and

retrogression time under different retrogression temperatures
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Table 2 Measured value, calculated value, deviate of # precipitates size after different heat treatments

Retrogression Measured value/nm Calculated value/nm Deviate/%
150 °C,3 h 30.07 33.67 11.97
150 'C, 4 h 33.02 36.59 10.81
150 °C,5h 37.18 39.10 5.16
240 °C, 10's 24.44 22.43 8.99
240 °C,30s 31.88 28.17 13.18
240 °C, 60 s 36.51 33.90 7.71
F3  AF RRA KL 7055 i L RES KL
Table 3 Properties parameters of 7055 aluminium alloys after different RRA conditions
Retrogression. a.nd re-aging Measured Yalue of 50/MPa sy/MPa Elongation/% Exfolia.tion
condition 7 phase size/nm corrosion
TP+(150 C, 5 h)+TU 37 608 648 11.9 EB-
TP+(195 °C, 20 min)+TU 45 603 626 12.5 EB
TP+(195 °C, 30 min)+TU 50 605 624 9.4 EB
TP+(195 °C, 40 min)+TU 55 600 619 13.5 EB+
TP+(210 C, 20 min)+TU 52 576 599 115 EB+
HA A m B PRI B A AT H A SBTAT o
KK, JFIKEIT6 A/KF, J51/ RRA SMBIHEHR 3 gE5p

R AN E RN 594N, AEIREAN B ST H
SR M . 2 3 FrFI A AT 7055 $5 6
28 5 TP RRA I BEALER S 1) 724k e i Ji ik e A
S FEAH I JUSE o ABIESE HR FEIN BCT20(120 °C,
24 h)id 2 TU AR EHE T LU HE, BR T TP +(210 C,
20 min)+TU, FAth 4 Ff RRA T Z3feMt 7055 B4
PHEIAENE T 7055-T7751 A HRUE(AMS4206A—
2006) I 1 7 25 R JES o E e AR, AR, 3
o TP+(195 °C, 40 min+TU BA HALMLE A TERE. [R]
AR AT DU, S SR RO 5 2 (7Pl &5 5w &
iy

R EE R, IR AT T LI 7055 BG4
il FAAHAS) 7 2B, AR I S ISR B 1 BB
ARSI RS B, 48 150~210 "C(EE4 240 °C, Attt
MR REAR KL, TRE R VS e N, e bls
FH 2 B RE — I [ R BEREAT [T A B, 349 R Bk
FEHT AR S 255 PE e 9% B RS o 10K )RR
RRA I} 2804k 2 B S B2 23015 P e 240 50 1k T 45 iR AR
WPEYy S INFAGELEE — B 0] i 2 15 v SRR A T AR A

1) 7055 S5 & AE [N S By, St AR
Ko PR, R, X AT g Tl
FERIFH s iR G G oc R IR A, B g o
o, IR T AT AR PRI TR S s 94, Rl
M, RS, A g AR PO

2) AEARSERAAEY, KEM) 7055 HEEM g
AT RE 0=1.13 eV, WAL n MPEE RSFL i
ORI ¢ FINGEE T 1% &b R? =5.76x10° +
3.13x10%  —1.31x10*

e exp e to

3) dz M bk dh SRR A B ) E R R R B, A
150~210 “CYuFlA, nJLliz H 2P B8 — I ) i 2 2k
AT, K 5 ST A S 2 O R R T B R
P

BN o

REFERENCES

(11 FERW, &6, v i, 2R, R0, B 7055



524 %5 4

HisA, &%

7055 Hhar i It g A EUAEY B E) ) 2

893

[10]

BRI FIR KX REET]. MEHT AR, 2009, 23(9): 69-73.
YAN Liang-ming, WANG Zhi-giang, SHEN Jian, LI Zhou-bing,
LI Jun-peng, MAO Bai-ping. Research status and expectation of
7055 aluminum alloy[J]. Materials Review, 2009, 23(9): 69—73.
DIXIT M, MISHRA R S, SANKARAN K K. Structure-property
correlations in Al7050 and Al7055 high-strength aluminum
alloys[J]. Mater Sci Eng A, 2008, 478(1/2): 163—172.

HTHE, A, SRR 7055 BRI RRA AL EE[].
P 0 4 2E R, 2001, 11(5): 771-776.

ZHENG Zi-qiao, LI Hong-ying, MO Zhi-ming. Retrogression
and re-aging treatment of a 7055 type aluminum alloy[J]. The
Chinese Journal of Nonferrous Metals, 2001, 11(5): 771-776.
FANG S F, WANG M P, SONG M. An approach for the aging
process optimization of Al-Zn-Mg-Cu series alloys[J]. Materials
and Design, 2009, 30(7): 2460—2467.

SAE AMS 4206A. Aluminum alloy, plate (7055-T7751)8.0Zn-
2.3Cu-2.0Mg-0.16Zr solution heat treated, stress relieved, and
overaged[S].

&y, ATHE, E2F5 GH 7055 mAERAmNEOL R
TR L MR AR AL ). WA M EHL TR, 2004, 33(7):
719-722.

LI Hai, ZHENG Zi-qiao, WANG Zhi-xiu. Retrogression and
re-aging of Ag-containing 7055 al alloy[J]. Rare Metal Materials
and Engineering, 2004, 33(7): 719-722.

WL, WS, ZRIE e, XML, At 6. [l 4k T 2%
7050 B < AR TR JE Pl R IR SRR TD]. R R R AR
H SRR AR, 2008, 10, 39(5):968-974.

YOU lJiang-hai, LI Peng-hui, LI Guo-feng, LIU Sheng-dan, ZHU
Hang-fei. Effect of retrogression procession on mechanical
properties and intergranular corrosion of 7050 aluminum alloy[J].
Journal of Central South University: Science and Technology,
2008, 39(5): 968—974.

LI Guo-feng, ZHANG Xin-ming, LI Peng-hui. Effects of
retrogression heating rate on microstructures and mechanical
properties Transactions of
Nonferrous Metals of China, 2010, 20(6): 935-941.

LI Zhi-hui, XIONG Bai-qing, ZHANG Yong-an, ZHU Bao-hong,
WANG Feng, LIU Hong-wei.

of aluminum alloy 7050[J].

Investigation on strength,
toughness and microstructure of an Al-Zn-Mg-Cu alloy
pre-stretched thick plates in various aging tempers[J]. Journal of
Materials Processing Technology, 2009, 209(4): 2021-2027.
iR, B &, B W, O THE AR TASS S
AL L5 6 vt e 10 S e [T, b A R 4 AR, 2010,
20(12): 2291-2297.

HE Zhen-bo, YAN Yan, ZHONG Shen, ZHENG Zi-qiao. Effect

of aging treatments on microstructure and corrosion behavior of

7AS5 alloy plate[J]. The Chinese Journal of Nonferrous Metals,

[11]

[12]

[13]

[15]

[16]

[17]

(18]

[19]

[20]

2010, 20(12): 2291-2297.

oo AR BHE BB, M, = 4k, RIIE. TASS
FHABTE N RRA FIZEL: RRA Ab B AR o () 14 i 2 4 4R 142
[7]. ¥ 4@ AR5 TRE, 2010, 39(9): 1588—1592.

LONG lJia, ZHENG Zi-qiao, WEI Xiu-yu, ZHOU Xian, YAN
Yan, SHE Ling-juan. Microstructural evolution and properties of
7AS5 aluminum alloy during conventional RRA treatment and
RRA treatment[J].
Engineering, 2010, 39(9): 1588—1592.

OLIVEIRA A F, BARROS M C, CARDOSO K R. The effect of
RRA on the strength and SCC resistance on AA7050 and

continuous Rare Metal Materials and

AA7150 aluminum alloys[J]. Materials Science and Engineering
A, 2004, 379(1/2): 321-326.

TANAKA M, HENON C, WARNER T. Microstructural
evolution of a new aerospace 7xxx alloy during retrogression
and re-aging treatment[J]. Materials Science Forum, 2006,
519/521: 345-350.

MARLAUD T, DESCHAMPS A, BLEY F. Evolution of
precipitate microstructures

during the retrogression and

re-ageing heat treatment of an Al-Zn-Mg-Cu alloy[J]. Acta
Materialia, 2010, 58(14): 4814—4826.

RANGANATHA R, RAGHOTHAMA D R, BHAT D R R.
Retrogression and re-aging treatment of AA 7049 aluminum
alloy[J].
Technology, 2011, 3(7): 5646—5651.

LI J F, BIRBILIS N, LI C X, JIA Z Q, CAI B, ZHENG Z Q.

International Journal of Engineering Science and

Influence of retrogression temperature and time on the
mechanical properties and exfoliation corrosion behavior of
aluminium alloy AA7150[J]. Materials Characterization, 2009,
60(11): 1334—-1341.

VIANA F, PINTO A M P, SANTOS H M C, LOPES A B.
Retrogression and of 7075 aluminum

re-aging alloy:

Microstructural  characterization[J]. Journal of Materials
Processing Technology, 1999, 92/93: 54-59.

W, g, XA, MEREE R M]. JEat (LT
Ak Hi AL, 2002: 562-568.

FENG Duan, SHI Chang-xu, LIU Zhi-guo. Introduction to
materials science[M]. Beijing: Chemical Industry Press, 2002:
562-568.

DU Z W, SUM Z M, SHAO B L, ZHOU T T, CHEN C Q.
Quantitative evolution of precipitates in an Al-Zn-Mg-Cu alloy
after isothermal aging[J]. Materials Characterization, 2006, 56(2):
121-128.
GUYOT P, CONTTIGNIES L. Precipitation kinetics,
mechanical strength and electrical conductivity of Al-Zn-Mg-Cu
alloy[J]. Acta Materialia, 1996, 44(10): 4161-4167.

(4mig  FTHBLD)



