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Microstructures and intergranular corrosion behavior of
2xxx series Al-alloys with high Cu/Mg ratio
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Abstract: The effects of artificial aging treatments on the aging hardening characteristics, intergranular corrosion (IGC)
and microstructural evolution of 2022 and 2139 alloy were investigated by microhardness test, IGC test, electrochemical
impedance spectroscopy (EIS) and transmission electron microscopy (TEM). The results show that the time to peak aging
of 2022 and 2139 alloys during aging at 175 ‘C are 20 h and 15 h, respectively. Both alloys get to the maximal
susceptibility of IGC at the peak-aged condition while no obvious IGC behavior but some stable pitting corrosion is
found at the over-aged condition. The corrosion resistance of 2022 alloy at the under-aged condition is better than that of
2139 alloy, while under the peak-aged condition, the corrosion resistance of 2022 alloy is obviously the worse, which can
be contributed to the type, distribution and morphology of the precipitations.
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Table 1 Compositions of investigated alloys (mass fraction,
7o)

Alloy Cu Mn Mg Zn Cr Ti Ag

2022 525 037 034 0.05 025 0.14 -

2139 516 039 0.56 0.05 024 0.16 04

T J55 A AE MTK1000A Sl 5 v _E3dk47, 47fr
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TCEE W52 i TR J65 b 300 O 2 L Tl R 2 o R A
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M. BAPUEELL SCE M Z:Lb i, Pt H AR A i Al
(1) = F R G AT, {F ZPlot 1280 LAk 2% 5L
JG(Electrochemical measurements unit)F-FF i HLA7 2 52
WTEAT, WG 'S RIS 5 mV FIESZ, W&
K F A 5 mHz~2 kHz. TEM 230 %44F FEI Tecnai
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Fig.1 Age hardening curves of 2022 and 2139 alloys aged at
175 C
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Table 2 Average intergranular corrosion depth of 2022 and
2139 alloys aged at 175 'C

Average intergranular corrosion depth/um

Alloy

Under-aged Peak-aged Over-aged
2022 52.7 182.21 64.42
2139 83.42 88.76 62.19
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Fig.2 Intergranular corrosion morphologies of cross-section of T6 treated 2022 ((a)—(c)) and 2139 ((d)—(f)) alloys: (a), (d) Aged at
175 °C for 2 h; (b) Aged at 175 “C for 20 h; (c), (f) Aged at 175 “C for 98 h; (¢) Aged at 175 °C for 15 h
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Fig.3 Bright-field TEM images and corresponding SAEDs for 2022 alloy near [001] zone axis and 2139 alloy near [112] zone axis
after aging at 175 “C: (a) Under-aged, 2022 alloy; (b) Peak-aged, 2022 alloy; (c) Over-aged, 2022 alloy; (d) Under-aged, 2139 alloy;

(e) Peak-aged, 2139 alloy; (f) Over-aged, 2139 alloy
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Fig.4 TEM images of region around grain boundaries in 2022 and 2139 alloys after aging at 175 ‘C: (a) Under-aged, 2022 alloy; (b)
Peak-aged, 2022 alloy; (c) Over-aged, 2022 alloy; (d) Under-aged, 2139 alloy; (e) Peak-aged, 2139 alloy; (f) Over-aged, 2139 alloy
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Fig.5 Nyquist impedance plots of 2022 and 2139 alloys after

aged at 175 °C: (a) Under-aged; (b) Peak-aged; (c) Over-aged

FRAE,  BIMIAER e N SR DU G R o ARSI A7 1
& T A AR S B i R, R
S RSV STIIGE 2%, DU MR ARAE PR, 1
T T o — BTN 5(c)), 2 A LA S A0 i Ut
W, FEAATF UG R R,

TEHAL S BEpTG ,  SRA ST ARER, %
B G S AT DL R o T G ri Ak 2 BT
TRV AR A, DRI, S i B v &
TIEA i Pl () 22 o S 2850FEE B8 T 2R 2550348 o 2 0
W, HAGEE BRI AU AR Wik, R
B G PR b B S 2OF 1 i PRI

AN, KRR, 2022 A4 MR TTICEE A
T 2139 SEEIAEPUIREAE, RUIRIRLN, 2022
Cram T 2139 G40, MR, 2139
B AR PUICEAR KT 2022 411, R WU 24
i 2139 G4a it 2022 541 R,
PRI G SRR, R L s A ZE AR &
ARG5S R R s a5 B — 3k

IRAN TR AN RS RSCIR A I LA 2 B 11 22
F T T A o I BCIRAS AN A3 B o 4
A 25, BT M 4 2 T ) A A T

3 HHSR

st ) JE8 A2 BT AT HA R B o 7 PEZ (R BH
TR PT BN . S R PR 4 00 i ST AH RS2 0
FH(ALCu), AHXS T PFZ M E, HABIE . PR i
[ e R b, 0 AH B, PFZ A PHA. IR,
PIRIG S ST ARG, WA TR 2 PFZ, DAtk
LT R JEF PR B o W SOIR S S AL AH K
HHTHOLE 4(b) (e)), AHFHIL PFZ 23, [F]
i S BT KRS A 0 A HLS SRR A, A7
TERLK I PFZ AR A 201 07 B it [ JE e P i M
NI TV B ROIR AR T A5 L JB lto JeE B 285(98 h)
W, PR A S IHT AR T LA R . e, BT T
AR, WFET T2 I BARTR B 1) Cu, BEIS R
Y Cu SR, WA [FEE S B 6 A
AFRN, TFAARES: . B 7E A 4 i s,
FFIAR by it ST A O FH B2 o HhobT HS ) K SR K & Cu
A, B FUJE AL PRZ 035 O 4 %375 Cu (1)
BAk, RSB O R, S SAL PFZ BHARA
fil Il AR a(ADTTRE, G, SRR oADK



3062 A G A R

2011 412 H

BB A o DAL, Tk A 20 PR 8 Tl T S0 O T AR el
(UL 2(c)) o PTIA <0 A1 T Ay W I 2850t ) JEF ol ) o
(PN V€T A S S P PR RV G A R SN
TR b

TEh, PIRIE G ar 2E e S BN S 3l ) A
P25 HT HAHRIAN R, 385 T P A -G 4 X 2850 % Ueg b
SRR TR FE AR 1) 22 S o BLARIA) R RN 20(2 h I
BOMRAS, (H 2139 SabrHid RSN, SN ETh Q
FHORLIE 3(d)), A5 O AHABE S (LA 4(d)); T 2022
e i RN, S FUE RGP X, A 0
AL EA I 2139 41, PRI 2500 (2 h B 20),
2022 & 4 i AR AU AR T 2139 G481

WIS 2L, 2139 &4t 2022 Adxin N2 K &
BT i Q AHAN 0 AH, Q FHA 0" FHIP) 53 #8HE T CuAly,
H2 O FAZDVUTHAR, 17 Q FH— U A2 0 H AR
A NTHARN 2T e AL (CuAL) . Q AHAN ¢
FHN 1% BAT M R HA7 . REICH Z819%#5d 3DAP RN
Mg-Ag 7£ Q HAMIZE4E, H HUTCHINSON 25171 iof
HRTEM € T Q AN Mg-Ag W%, 9K,
SUN 250 — 30 o % 5 7 R BB (DFT) 5 T
7E QMIH ALFEARZ 1) Mg Fil Ag J2& LA 2 10 77 X ik
TRERSURTIZEE . AT HERT, Q A7 2
IR Mg-Ag WUR T2, 1 Mg-Ag A& LA E 45 1)
5 Q Mg, ik Mg-Ag WS T 2N iZ 24 Q
A 347, Q MM %23 AlLCu FIHAL S
Mg ¥ HLAT P54 52 . Q AH JEL R 1) Mg D7 2 A G
WA 51 8%, AT ok 9 AT A 5 5 5 PRZ g o 22
AN T ARRE AT AR S 5 PRZ ) A 22 [l 2
w7t PFZ IR R 28 iz —. BRI E 23
NI Ag 1) 2139 25 G AR WIS IR TR HU A R) JF il BE
T 2022 B4 ST Cu/Mg LU 2xxx R
HakUL, Ag FIRIMES S EZNTHAHE 0 A%
Ny Q M, IXAM A BRI RO R P T H 8 2
J1ERE, TR A A (U o e AR AR A R

Al

4 g

1) 2139 &4 HOE L SR H B T 2022 A4
(1, EZNTHAHSH 0 A ) Q M, BFERET G4
Y I RAhEEA L T %

2) £E 175 TR, 2022 Fl 2139 PR 448K

I 250 RITOE S 285008 7 74 o [ FEg e, LU 280 4D o ) g el
TR B

3) QA AU Z [AIfEAEAEE 1) Mg-Ag i1 )2,
Mg-Ag JETJZMIAEAEAE Q FAE A J6 b S A () Fa AV 472
%, PG TR N R T, 43S Ag 1) 2139 A4
(P BN AP I PR BB AL T 7 Ag 119 2022 542116

REFERENCES

[I]  WARNER T J. Recently-developed aluminium solutions for
aerospace applications[J]. Materials Science Forum, 2006,
519/521: 1271-1278.

[2] ALEX C, BERNARD B. Damage tolerance capability of an
Al-Cu-Mg-Ag alloy (2139)[J]. Materials Science Forum, 2006,
519/521: 603-608.

[3] BAKAVOS D, PRANGNELL P B, DIF R. A comparison of the
effects of age forming on the precipitation behaviors in 2xxx,
6xxx and 7xxx aerospace alloys[C]//Proceedings of the 9th
International Conference on Aluminium Alloys. Melbourne: The
Institute of Materials Engineering Australasia Ltd, 2004:
124-131.

[4] BAKAVOS D, PRANGNELL P B, BES B, EBERL F. The effect
of silver on microstructural evolution in two 2xxX series
Al-alloys with a high Cu:Mg ratio during ageing to a T8
temper[J]. Materials Science and Engineering A, 2008, 491:
214-223.

[S] ALLEHAUX D, MARIE F. Mechanical and corrosion behaviour
of the 2139 aluminium-copper alloy welded by the friction stir
welding using the bobbin tool technique[J]. Materials Science
Forum, 2006, 519/521: 1131-1138.

[6] REICHL, MURAYAMA M, HONO K, Evolution of © phase in
an Al-Cu-Mg-Ag alloy a three-dimensional atom probe study[J].
Acta Materialia, 1998, 46(17): 6053—-6062.

[77 HUTCHINSON C R, FAN X, PENNYCOOK S J, SHIFLET G J.
On the origin of the high coarsening resistance of © plates in
Al-Cu-Mg-Ag alloys[J]. Acta Materialia, 2001, 49: 2827-2841.

[8] SUN Li-peng, DOUGLAS L I, MOHAMMED A Z, BRENNER
D W. First-principles investigation of the structure and
synergistic chemical bonding of Ag and Mg at the Al|Q interface
in a Al-Cu-Mg-Ag alloy[J]. Acta Materialia, 2009, 57:
3522-3528.

9] XL, ZERk, AIER, M. Al-Cu-Mg-Ag £ HiA
MIRFFEE RE(D]. A B AT (4 8 244k, 2007, 17(12): 1905-1915.
LIU Zhi-yi, LI Yun-tao, LIU Yan-bin, XIA Qing-kun.
Development of Al-Cu-Mg-Ag alloys[J]. The Chinese Journal of
Nonferrous Metals, 2007, 17(12): 1905-1915.

[10] MURAYAMA M, HONO K. Role of Ag and Mg on precipitation

of the enhanced stability of Omega precipitates in Al-Cu-Mg-Ag



521 5 12

XIBEL, 55

5 Cu/Mg 2> x R A MO AL 25 b ] JE AT

3063

[11]

[12]

[13]

alloys[J].
37A(4): 1091-1105.

WA, R, MR SR T B B R B
WM. R S B 4 244k, 1989, 9(4): 261-270.

CAO Chu-nan, WANG Jia, LIN Hai-chao. Effect of Cl ion on

Metallurgical and Materials Transactions A, 2006,

the impedance of passive-film-covered electrodes[J]. Journal of
Chinese Society for Corrosion and Protection, 1989, 9(4):
261-270.

RINGER S P, HONO K, POLMEAR I J, SAKURAI T.
Precipitates in aged Al-Cu-Mg-(Ag) alloys with high Cu:Mg
ratios[J]. Acta Materialia, 1996, 44: 1883—1898.

WANG S C, STARINK M J. Precipitates and intermetallic
phases in precipitation hardening Al-Cu-Mg-(Li) based alloys[J].

[14]

[15]

[16]

[17]

International Materials Reviews, 2005, 50: 193-215.

CHANG CH, LEE SL, LIN J C, JENG R R. The effect of silver
content on the precipitation of the Al-4.6Cu-0.3Mg alloy[J].
Materials Transactions, 2005, 46(2): 236—240.

KNOWLES K M, STOBBS W M. The structure of {111}
age-hardening precipitates in Al-Cu-Mg-Ag alloys[J]. Acta
Crystallographica Section B, 1988, 44(3): 207-227.

MUDDLE B C, POLMEAR 1 J. The precipitate £ phase in
Al-Cu-Mg-Ag alloys[J]. Acta Materialia, 1989, 27(3): 777-789.
CHESTER R J, POLMEAR 1 J. TEM investigation of
precipitates in Al-Cu-Mg-Ag and Al-Cu-Mg alloys[J]. Micron,
1980, 11(3/4): 311-312.

(4mig  FTHBLD)



