%23 BT TERREEFR 2013 47 11
Vol.23 No.7 The Chinese Journal of Nonferrous Metals July 2013

XERS: 1004-0609(2013)07-1848-07
2099 R5E S & E L0 & 14 BE

R, AT, FHR, LA, $ oK
(PEIRZE MRLRI2EE TR, Kb 410083)

B E: SRR AES BT )57k, TFIT 2099 B S AN IS ROIRAS NI TERE . B 77l
PERELA RO LR . S5 KM TERINSAT T, AasbihratiE ., i SR 255 54 453 MPa. 382 MPa
F112.5%, FEARTILEER O W AIER, KB T AL o FIERAA T, A LA —
ORI EE A, FRBRCUTIENT H X, & S AR AT 5 | i A s B2 R K2 43 31 4 613 MPa. 581 MPa i 7.9%:;
WAL T, AE iR iR KR 5 610 MPa. 570 MPa Fl 7.8%, HAMOWZH 2% 55 06 25 & 4
FIARML. ERIR A4S, T WA LA AlCuFeMn MIFIZEAE, MM SPEE S A B RN I 3 g s 78
W A ah, TR T ARFEIE AP, (R f5 SR BRAR (BN S Ik, BRI R %N 0.8%; If
I 2505 4 FLAT 5 VR IR 2 BT R L 7 T v i«

YRR 2099 FEELA s MR N ETh

hESES: TG 1163 MRS A

Microstructures and properties of 2099 Al-Li alloy

LIN Yi, ZHENG Zi-qiao, LI Shi-chen, KONG Xiang, HAN Ye

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

Abstract: Tensile properties, stress corrosion properties and microstructures of 2099 Al-Li alloy under different aging
conditions were investigated by mechanical tests and TEM. The results show that, under the under-aged condition, the
tensile strength, yield strength and elongation of alloy are 453 MPa, 382 MPa and 12.5%, respectively, and many o'
phases form in the alloy. Under the peak-aged condition, a great number of 7 phases as well as a few of 0’ phases
precipitate in the matrix, some secondary phases precipitate along the grain boundaries and the precipitation free zone
form, the corresponding tensile strength, yield strength and elongation of alloy are 613 MPa, 581 MPa and 7.9%,
respectively. Under the over-aged condition, the tensile strength, yield strength and elongation of alloy are 610 MPa, 570
MPa and 7.8%, respectively, and the microstructures are similar to that of peak-aged alloy. Remained AlICuFeMn phases
at grain boundaries result in high SCC susceptibility of under-aged alloy. Peak-aged alloy obtains desirable stress
corrosion resistance because many 7; phases precipitate in the matrix, and the strength loss rate is 0.8%. Over-aged alloy
obtains similar stress corrosion resistance as peak-aged alloy.
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Table 1 Chemical composition of 2099 alloy (mass fraction,
o)

Cu Li Mg Zn Mn Ti Zr Be Al
2.74 1.77 030 0.72 0.30 0.05 0.10 0.0001 Bal.

BEEAE 470 CHIZ U INFA 4 by, K5 7EERCHE RAL
THEATHER, BEREREEN 470 °C, HEEME N 6.6
m/min, RAIREEN 16 mm KI5 FRRIRFEAE
540 CEE AT AL, R 1h, KR =,
SRIGHEAT 2.5% AN PR TE , d5 e B4 T XU 280, 3
WIEE (121 °C, 12 0)+(152 °C, . EERHNLINT
TESHNER 2 Fidl.

T2 2099 HGEHFHINT T ESH

Table 2 Parameters of thermal mechanical processes of 2099

alloy
Processes Description
Homogenization (510 C, 12 h) +(530 C, 36 h)
Anneal (470 °C, 4 h)
Extrusion Extruded at 470 ‘C and 6.6 m/mim
Solution treatment (540 'C, 1 h)

Stretched 2.5%
(121 °C,12h) + (152 C, )

Pre-deformation

Aging treatment

P A A b TR AT XU A AL B, 4
BB (510 °C, 12 h)+(530 'C, 36h). HAIbJR T

B eI B RAE MTS 858 M RHAIGHL 3k, H7
i 2% 2 mm/min, IKFEARIE R 30 mm. SR 8 NAL
AR SLIG VT G G I 8 WIS R P RCIR S
(R 77 S5 D ABURE , SEIGAE Letry HLFRiAMAL_ AT,
JF EE IR 3.5% NaCl(Ji & 73 450 /KW, e RE k)
25 C, MWAHEN 2X10° s S E Mo H L
TecnaiG* 200 3% 5t Hi 55 BT ML .

2 IGER

2.1 ERHHIEEE

Bl 1(2) I 4 AR I RO R o Bl P AR A 4
7E 121 'C FRMT 12 h — I RUG, 405 H 80 HV
WA 120 HV, 4RZEHEAT 152 C 20N, W3k 48 h
Ja O R A Bl =, A 160 HV o £ b 5 7E — 2 i}
SRR N A0 R PR % oy ARG R T 50% . K]
L(b) Tz b 4 4 F b ik B AR A . SR i
RE IR A 38 5 B S TR A AL R FAAR KT Y., B4 AE 121
CHRIR 120 J5, HPTRIaRE . e i BRI 5y
Ah 453 MPa. 382 MPa fil 12.5%. #34:4E 152 CHf
A8 h 5, IR, JLHTRIORAE . e At B A
K354 613 MPa. 581 MPa Fll 7.9%. 4445 4E 152
CHRIRL 96 h Ji, HATRIIRE e AR BRI G 5y
5124 604 MPa. 570 MPa il 7.8%, SIS %44 i
PARPEREMI L Z A . & &SR RORA =R
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Table 4 Slow strain tensile properties of 2099 alloy
> ;
Lo . Agin; Strength
i‘ 140 1_>21 c 1_>52 ¢ sne O_bfair/ MPa O_bfsolution/ MPa £
2 condition loss rate/%
S 120
"g UA 450 401 10.8
T
100k PA 605 600 0.8
OA 596 586 1.3
80
0 50 100 150 200 Jy T 3 IRE AR IO T A SR itk RE 1
Aging time/h FS, WHMT T WAL, & 2 Bk G AR
ool ® = Tensile strength |~ ACRAS FHRALIIZE . % 5 FTOIN 24 (B AL i 2ol
 Botongih B, WA A ISR AL SR B
cool 116 RN AEA, B L A5 R T A
§ %_\o A R RH BT GO, DRI ROS , J k HL d  RET HEOR
= .2 ey PN
5 S0 15 112§ FHN (KA A LB E AT el o AR ROLRE R, A
|2 - — g () 0PRSS ()RR Ak FL BEL(R) B/ K/
2 » N =11 S St
400+ / 18 RET DRI N Jua>Joa> Jeas Ry pa= Ry 08>
// Ry uno TERRAGHRZGIGE LR, A 0 0 ot v 7 2 i
3007 A /N, RIRRAL B, U2 WA S IS el A
0 20 40 60 80 100 120
Aging time/h -1
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Fig. 1 Evolution trends of microhardness (a) and tensile -3t
properties (b) of alloy during aging treatment =
‘s —UA
s | —PA
Sy — y Y 2| < 5 — OA
F3 2099 A AR N S AR Y
Table 3 Tensile properties of 2099 alloy under different aging =
conditions T
Aging condition oy/MPa oy,/MPa /%
UA(121 C, 12 h) 43 382 125 i s 08 06 04 o2
PA (121 C, 12 h)+(152 °C, 48 h) 613 581 7.9 oIV

OA (121 'C, 12h)+(152 'C,96h) 604 570 7.8
1) UA—Under aging; PA—Peak aging; OA—Over aging

2.2 MATEMIERE

R 4 PR AN AL ORI A 4 0 e A
3.5% NaCl K BT AR R AR ) 24Pk, 3
PR ARTHR A 2X 1070 s A e IR ORI IS 0IR
A TR AT, BURZE 00 0.8%F 1.3%,
IR IR A G B R K, AN 10.8%. SHEE
PR 2R B RS PRI (B AR RE K, G S B AV 1 J il
REAS B, IRITRCE GV ) 3 Uk 5 K, DRI

2 AFENBCRE &S th Lk
Fig. 2 Polarization curves of alloy under different aging

conditions

RS 2099 A4 3.5% NaCl K I AL 2E 240
Table 5 Polarization characteristics of 2099 alloy in 3.5%

NaCl aqueous solution

Aging condition J/(A-cm?) R,/(Q-cm?)
UA 3.77X10°¢ 7300
PA 4.28%1077 35058
OA 5.89%X1077 24 536
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Fig. 3 Surface characteristics of 2099 alloy after polarization

curve testing
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Kl 4 Fiom A 4eAE 121 CIFL 12 he RIS RAE:
N TEM B KETRCR, SE3ATms T K&,
HAEHN 2 ~ 10 nm FERIR 6 (ALL)AH, [RIBHEFE R T
B(ALZr) | 6" BA Ko St EIFARA S AN
BT oA S EAASER,, FZELIA ok 7 ok ik
&4, P, &47E 121 CHEk 12 h 5, MR T
60 MPa. 5 Jron MU 34420 TEM 5. IR 2L
T, (001), EIERSEISZAR 0(ALCY) / 6" BG4 o
A BE AR, HAHAE A EARZ 20 nm FIERFERR s 7
(111), BB T KEBCIR T . 0(ALCu) / "5 A AHIK
JERGZ HHT 0FH{002} ()5 155 F1 0'FH {001} ¥ B 1~ F
AHIFRHES 7 LA Cu Y5 Li A RRIES & hE,

MR A7 OHIHE 0" LRI O sE A K, 0

FRBITE AT R T B 04 AL BEAR RIS PE Y AR fE
UEAh, 0"/ oA HIBAT AT REZ AL AL 60"
SR P R R AR A T Y. 454 0AH I
TR R B3R T A s i I R R 99
TGN T HAR R RO 5, AR AE(111), B
FRR AL A2 2 e (111), A7 AR A i o0 T
HEA & REREIF O T ARRUTEEST e gt R af
MITAZAL Y, ATEEE T T AR O T
i H 7y A2 Al-Cu-Li R EZsmiba, pril, i
2T (1), EFERSORER Ty MK R EE T 5 <ot
JERIBR . SR R AR L, IR SR it B

B4 KINRLEER TEM 4

Fig. 4 TEM images of under-aged alloy: (a) Distribution of 6’
and p'"0" phases, 5=(001),; (b) Microstructures of grain
boundary
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FHAL o F T I 285 < AR AROU &35 ) 5 WA I 29805 48 (R0 Ak
MAAZARRLL, FTLL, PIMRIRES T G 8 3R AHIT I 53R
EVALID G

B R SN A S B EVINECR. 7
RIS EGRAE T, FART EZERERIR oA,  HAh St
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5 VEINZAE SRORZALZN TEM {4
Fig. 5 TEM images of peak-aged alloy: (a)
Distribution of ¢’ and 076’ phases, 5=(001),;
(b) Distribution of 7| phases, b=(112),; (c)

Microstructures of grain boundary

BEl6 ILIN¥AER TEM &
Fig. 6 TEM images of over-aged alloy:
(a) Distribution of & and 670" phases,
b=(001),; (b) Distribution of T7) phases,
b=(112),; (c) Microstructures of grain

boundary
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RIS . £EJSphaRsEr,  AICuFeMn AH LA, B4
FEARIEN, 78 TR, i A AR SR I 78 4 B A
SR G R A AR IR AR E AL RN, R
TXAHAE i T BB 2 W N5 4 7 s ik e e 1),
TERF M RE T, AR AR SEHYE AlCuFeMn AHJ %
Az ol BEAE IR RE K, s SRR S A AN T 1) R
BRI, TR REEWTINGR s B i = AR P R
SUEANINN I VER SR i, T8 BeH i) 6 s i
T8 T 4 B Rl JEUASAH FLAAT AR SO T4z,
WRIIBRAR T AL SR 145 5o AlCuFeMn AHH1)
Mn fEFR R, Rk R R A, UL ENERES
BRI 20 4 BT 1 N B U, JEAE N
YER R R R A Wi . AR T, KRR T
A TR 5 I N B 4 B A e A K.
Ty AR BB AR, LA IR TR 3 A 3 A R T
TRBERIAI g, AR T b SR Bk IR 77, 98&% T iR
JEE Ak, A G N iU . AR S BRI
D TS SRR EIE & PFZ, T ah St T A
FE LA S PFZF 1R I8 ) B rhole 2 18I0 it 5B 7 J il
AR, HA AR, SRR IS5 A T
FHEE A 4 N ) B it D AR B K T b T
FHAT PFZ 45 4 W, 7 65 b B 32 B AN RT3 i,
DRI, eI 285 4 FL AT BRAR LN S S ik vk g . eI
BT, A b T MR DL R 35 PFZ
58 A T BRI I S B A S, SEG SN
JEE AU 38 T, (AT  AH O TP L FRi R
TN 4 A S JEE b T A R R T A AT
L) KA, AT B & FORTE N
22U geAh, B T A EAT RAF R IAER s E, K
g3 Ty AR R FF B W I 3045 A N HIERS, PrEA, it
B S MR ORFFR I P BT Y. 7 g P e

SR, 2099 A 4 H A RN ) 6k
REo A4 BT I ik et 5 HAL S e — 52 1
KFE. HTFEETHHRMT 0.72%0F &5 B0K) Zn, Zn
AR AL Fophr, BRART B4 5 ST HAH 1 Fa Ay
2, [l Zn 3 m] A PGS A48T HRAH Ty TR ) Cu, A
17 5940 T %A A AR 22 GG TED, S Ah, 2099 & 4
n(Zn)/n(Mg) A 2.4:1, T Al-Cu-Li RE4&+HY
n(Zn)/n(Mg)ft: 2:1~3:1 Ju[E NI, BAHRT5683k5
BLUF AT g bk PO

4 g

1) 2099 &< T AN AL, fE 152 'C Rk

48 h IR BN 345, SLPURoREE . et Rt B R Ko
39k 613 MPa. 581 MPa Fl1 7.9%.

2) WERIRLAAE T, ST KEr T AR
WG 0 oA, SHHEAMA, S R AL
SARNTH, I %R ) PFZ.

3) WER A ST T AEIEAR AT,
BEAR T A5 IO AL 22, G0 T S SR i R
BEAR T & 4 P ) T U, A SR BRAL I B
JIJEPERE, SREEHRACA 0.8%.
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