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Effect of heat treatment on microstructure and resistance to
stress corrosion cracking of aluminum alloy 2056

GE Jing-xuan, ZHENG Zi-qiao, LUO Xian-fu

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The microstructure and stress corrosion cracking (SCC) sensitivity of aluminum alloy 2056 were investigated
using OM, SEM and TEM observations and slow strain rate tension testing (SSRT) in T6, T851 and T351 conditions. The
results show that, in T6 aging condition, the coarsening S’ phase and small amount of coarsening Mn-containing phase are
mainly observed in matrix, the ultimate strength of 2056 alloy is 445.13 MPa. The grain boundary precipitates are
coarsely and sparsely distributed, and the precipitate free zone (PFZ) is 0.1-0.2 um. In T6 condition, the stress corrosion
cracking sensitivity of 2056 alloy is the largest. In T851 condition, the precipitates are high density of " phase in matrix,
the ultimate strength of 2056 alloy is 502.01 MPa. The grain boundary precipitates are smaller obviously and discretely
distributed, and the PFZ is about 0.02 um, the corrosion resistance is higher than that in T6 condition. In T351 aging
condition, the dislocation pile-up and small amount of GPB zones are observed in matrix, and there are no precipitates
and PFZ in grain boundaries. In T351 condition, the ultimate strength of the 2056 alloy is between those of T6 and T851,
reaching 469.73 MPa, and the alloy possesses the best resistance to SCC.
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1 LG

SCIO A AR FH I aiR . B BEBE RV, R4
R 4% 2056 A Ao B, Fa PR E R, HIE
PR N OB ORI, K HIRIPe s . A4k
S a R K 1. HEASRBI 4420 C, 8
h)+(490 C, 16 h)yBIAb AL B S 46T, %L % 5 mm A
Ai, HIEBEK, ZJEAELK 2 mm RS . A4
it 499 “C. 40 min [E¥ALE, KRG, —iBRFEE
175 “CIRL 23 h(T6), 3o FENITIAR TE 5% 5 11
155 CHI 70 h(T851), AT — iRl AETIAR IE 5%
J& FARIS 2 30 d(T351).

F1 2056 Ay
Table 1 Chemical composition of alloy 2056 (mass fraction,
o)
Cu Mg Mn Si Fe Zn Al
3.98 1.16 0.3 <0.01 0.05 0.7 Bal.

Hef FRPEE S, FEELEIT N LR,
30 mm PJPERRE, FAPIRE 7 CSS-44100 7 g
FHARHL BT, BATEE A 2 mm/min. R4 GB/T
15970.7—2000, R HI1ig WAL R A L6 PEAN HE N )
JE T 24BN, 9286 4E WDMI-1 24 10 kN B4 761
1 AR T A R A Y JE B L EEAT, RE AR Bebs
FER 20 mm. BE4 5 mm, FEETELEDT EORE, AR
N 2X107°s™, S5 AIAE AT 3.5% NaCl+0.5%
H,O,(Fi it 7 0w AT, RIS N (35+2) C

FEST B ELLE Tecnai G220 JEST L+ B 0ss -
HEAT, ILE Quanta 200 FRIEFIHE HBE WS IKT 11 FE S0
7F Leica DMILM Y624 B fise ™ W& Wy 0] T g vl 35
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2.1 EMALEERE

2 FrHA SR A 45 AE T6. T851 Fl T351 #hkbt
RETRE B PERE. K 2 hrT LR, SRs
G 3 FAEEIRZE NI 0 1 002 B HIR BI/NVELL
Ny T851. T351. T6, K HH KA b
iy T351. T6. T851, FEHTARIE T LAHE = & 4 Pt
P75 PSR e B 8, 1 SR B A8 mT DA B ) A

F2 2056 G AL E
Table 2 Tensile properties of 2056 alloy

Temper o/MPa 09,/MPa Elongation/%
T6 445.13 337.44 20.42

T851 502.01 420.93 12.81

T351 469.73 382.95 23.36

22 1B TRER I EE

K1 BTl T6. T851. T351 HUbELIRZAE T 2056
A SAEZAA 3.5%NaCl+0.5%H,0, %l 1 18 M
AR iy fHi(Slow strain rate tension testing, SSRT)HH
oo MR, BahAm N AR EYET G,
USSR N 1 WL, 3 Rhbukb B
R, 2056 B 410 B s v i PR bz A i P55 Ry
AR HR T /N T A Ry, G e i R R P 451 K K
)72 T6 &, T851 A&MJIRZ, T351 A/

500

AB CD E F

100 -/ A— T851, in solution D— T851, in air
B— T6, in solution E— T6, in air
C— T351, in solution F— T351, in air

0 1 2 3 4 5 6
Displacement/mm
Bl 1 2056 #6 4E 53 3.5%NaCl+0.5%H,0, 3 i)
SSRT ik
Fig.1 SSRT curves of 2056 alloy in air and 3.5%NaCl+
0.5%H,0,
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Table 3 Slow strain tensile results of 2056 alloy
In air

In solution

Temper L%
oy/MPa Elongation/% o,/MPa Elongation/%
T6 44298 19.86 263.53 8.67 40.51
T851 489.53 13.86 337.38 7.16 31.08
T351 452.73 27.65 375.76 12.54 17.00

2.3 BN TERERRER T BT ORISR
K 2 Fionoh T6. T851 o T351 ASEZIHG 4 At
3.5%NaCl+0.5%H, 0, v H 118 Y A7 Hr A W 14148 L

Fig.2 SEM images showing SSRT fracture surfaces of 2056 alloy in 3.5%NaCl+0.5%H,0, solution at different tempers: (a), (a’) T6;

(b), (b") T851; (c), (¢') T351
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Bil fr. Te ANy, HEZIEIWME 2@)fr, Wirids
FACRAT AR, VR FUREOH O, Ak A
BRI WX e, I HAEE K&
TR, IR SRR AT 1 b 5 PR A (AL
Kl 2(a"). T851 &I, FLZIEFWIE 2(b)Fr7s, Wik
SEUTERWTRERAE; AEL T6 &%, T851 ASH i & ik
U 2 HIBR, Wy a48Us N . X i IR AR IZE 1)
PE A 4RO 2(07), 5 T851 A& L T6
AIIM D T351 80, FEIESE 2(0)fR, Ak
AR T R R R A AR, B
WM, AR A AR HPE IR EOLE 2(c).

K 3 Fish 3 FREBEBRIRA T 2056 44
3.5%NaCl+0.5%H, O, 1 1 AR 3 48 47 it ST BT 11 40)
T PRI AR o T 10000 TR 3002 e R A0 g b s i)

B3 T6. T851 Ml T351 R F 2056 Hi{54xAE 3.5%NaCl+
0.5%H,0, % ¥ ¥ 17 1 1l i OM 15

Fig.3 OM micrographs showing SSRT fracture lateral
surfaces of 2056 alloy in 3.5%NaCl+ 0.5%H,0, solution at
different tempers: (a) T6; (b) T851; (c) T351

Mg, T6 K T851 & F, HL—MEMER, W
n TR o T6 7 W i 3 e Oy e 2
BANEL, WRLE 4SS 0™ B (ILE 3(a));
T851 2 I Wy T s [R] 240ty IR AN T351 2
I W A T R AR e, R AR AN A (L
K 3(c)).

2.4 BEHBEERAASH

Kl 4 Ffrzn ok T6. T851 & 2056 B &N+ b
FEMTHIAH TEM 5. MK 4@ RI(b)TLLEH, 76 T6
BF, EWIREAE REH KRR SAH, dEnT L
BEVDERAS A, MATHACF: BT DL B F 2
STERIAT B v LOBLEE B0V 5 ST M R AR I 22 1
FREE AR, 2N S SFHAHD, TEUTsesT Al
(PF2)MR %8, 4 0.1~0.2 pm. M 4(c)FI(d)r] LAE H,
TSR, AR ATH 4/ NIRRT S'AH, AATS FErE
R DAB B B S G AT B s S B A
Mt i B ECIR A A 140/ S ARLF, PFZR%E, 4
3 0.02 pme.

Kl 5 Fiz o T351 & F 2056 4354 S ApT
HAH TEM 1%. B8 5@)aI & H, T351 HARRZCR
AT, SNERCE ARSI IERL, AT
FEERTEUE2IH GPB XA Higs 4. tHIE 5(b)
AR, ST E, WH W R PFZ.

3 it
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GPB [X. T851 & FfaaHAmmumes, X2
e A i | W T LR VAT e of N N I B @ S
SHIEATH . T351 & T, TSRS 4 074
RSN, AT I AS BAE 2 2 Y S ZERRAN AN e
R A, PrLh, E— e A bt m TS
SIS . T T351 2 GPB [X ({5005 F ANt 41 %
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Fig.4 TEM images of precipitates in matrix((a), (b)) and grain boundaries((c), (d)) for 2056 alloy at different tempers: (a), (c) T6;
(b), (d) T851

100 nm

BlS T351REF 2056 #5440 TEM 4
Fig.5 TEM images of 2056 alloy in T351: (a) Matrix; (b) Grain boundary
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Hortr ket

3.2 AACIBIRZS IR S FE R AERY S0

IS 3 g Ay A 7 g R T b B 35 S ] A P ) 45
Ko BEEN T B T RO BHRR R AR A LR
P LR E I 45 S, WAL o 2 DA BH AR s AN AL
WaBEie A, R — AR 2000 RS54 SCC,
Xt 7000 REEAa 2 HAME R AR H,
Al-Cu-Mg ZGEAT LA 4 SCC, (B Ry dila
JEF PRI, ARUZE R A I s T o ) s e
IS 3 PRI A b KA DR it D) 5 e 2 4% Ay B A 1
it 28000, f | 2 W SEM 4RI 3 BT 1 [ OM
BOTLLE M, SERERA ST CUKER T HIN R
TR NGRS TR YT S S IR, T6 & Rl
YUK, AR, SR FE st b T8S1
A T EREEL T6 A7, A TR SR A,
pnkL BT 2 s ME T351 AABRSER A 4,
FEIE R LR SN M, R
AR IV SR L, S SYOR RS . T6 AT T8S1
AN S 4 Y ) R ok 5 ot R 2R 2R F R A,
T351 2 N A )R iR B AR A, 0 2 5 TS ol 20 g
Tt

HIE 4 ATLLE L, T6 1 T851 ,UFEE%%WH S
AHAT b TR A S UENT Y, AL Cu B
MITCUTHERT , XA, Torh S AH LA A B A7,
TERF WA AN — 52 R N A S AR 56 R A B ARy
fift, SRJGTL Cu XICUTTENT At n] Ge 20 K Ak FH
Wiffe TR TR/, U R, 2R A
T, OB R I RS AR R 1 T . RS Rk
FEFRITRN, 58 AH IR AIT 14 it SO0 56 % B BH AR e e
1, T PFZ T OREEAS, SRR, 7N I7EH
SR, Bk, T6 A T851 A FEMAekET
SREVH N T IT A . T851 & N ib AbT tRAHEE T6
A HEH, PFZ WHELE Te &M%, Kk, £ T851
Qb S5 4 PR . ) S e O R ke ritt T6 A1/,
mE S AT SR, T351 & R AT T H, KRN
GBI W1 PFZ, ANBEJE BBH AR Jos lodi i o DAL
23t T351 BR[S9 A TN, ) Jo Tl Jge it o
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1) 2056 4544 (E T6 T851 A& N EMT HIAHY

K S, AH T6 2 FHTHIAHRLIR, WAt bT i 2 aRE
oy A IRLOR S A, PFZ AR SE, 4 0.1~0.2 pm;
T851 A& 1, SAHSRLAN/INGRE, Wi ST HhAHE > H.
B EHCR AT, PFZ HITEREZA 0.02 pm, R
T351 25 T i LS B st R B R s FE AR LA /b
# GPB X, At H.

2) 2056 575 4 AE 3 PP AAAL RS T I dthr 5
BRI A T851. T351. T6, b T851 A
Prdvsm i, JA%) 502.01 MPa, T6 Al T351 A
LR R EE 7359k 445.13 MPa. 469.73 MPa; {HK %
KENVNFF A T351. T6. T851, T351 A HIHKZH
K, 157 23.36%, UHHZR T351 HUb B (5L &
S IEEA TR RE R o

3) 2056 £ A 4 A 3 PP AL B ZSF HUN 7 il

REF h s B 55 AP 4 T351. T851. T6. T351 IR
Tﬁﬁﬂiﬁﬁ‘]@ﬁ@'ﬂﬂﬁ%ﬁﬁ@f .
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