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Table 1 Chemical composition of 2195 aluminum-lithium

alloy profile (mass fraction, %)

Si Fe Cu Mn Mg Zr Ag Li Other Al
0.03 0.04 4.1 0.04 028 0.13 026 09 <0.1 Bal

1.2 EWF*E

% GB/T 2039-2012 bl ELHIBR A4 AR
AR RLAREURE,  TE HLBE IR AT A AR EE, [ IR
JE 510 °C, 4% 60 min J& 3L BIEEAT /K, —4HKVEE)R
BT IR R(CAL), 75— AT 2% AR
HENIFASI 2(CA2). £E RWSS50 7Y e 1-i5E AR A ol Sz 06
P BT AR I R (CAYR IS, FE 2 3 T m#i o
O BRI E A B Ry R AE, HAA
AR 45 RO IV E T A N 2 AP B A fid o B R R
R, DR IR B BRI, BT, T
R ALBR A A AR 2 R DA A SO R I R . R
IR IEE R 170 °C, /7 200 MPa.

s [B) J&5 P B0 42 B GB/T 79982005 KR! EAT .
S FEARS e A 2R T, B b RO S S ARV R
HRBE 5~15 min, HUHRFE S KBS, FENAHER
R R R TG, BUHRARE KB . A% R
{EAR IS P, RN JE (57 g NaCl+10 mL H,0,) 12
7 6 h, SZIGIE P RFFAE(35+2) C, IRFENE P AL )6
PR AR N T 20 mmY/mL, RFE 5258 KO RE 2 JH]
TG A EL . B2 B ik R A B AR T T T )
255 mm, V)5 IR 4% S ARRRE 1 2% 7 0t B i
I, FEHTRAEE T BOK 200 fE %L, 1A E phiE e
PREEQ R s SR R FEAN IS 10 pm 9 1 9 IR
£ 10~30 pm Z A8 2 %5 T 30~100 pm Z[A]4 3
Z; 100~300 um Z[8)4 4 Z%; KT 300 um A 5 24,

WA 7] i 200 ) PR R AR IS G RE 43 AT 702
PERE SO ZH 2. 5 P IR AE HV -5 B4 PR i
HREAT, RS 29.4 N, {REFIE )Y 15 s. %M
D60K. BYH =7 it H 5 20 2 5 00 P H 5 28

£ CSS44100 HL i SEEGA b AT = da Far A ik,
Je M FNHE N 2 mm/min. 7E Sirion200 37 & St
HBE N AT T R B . TEM AR RGBS 2 80 pm
JELHEAT AR AU Yok v, UM VR FH i R 5 R e (A 1 AR
FRE RAARR LL Dy 3:7) ¥, T TECNAIG220 243 b
FH B UL 5 U 1) S A 21

2 GBRESH

2.1 BIREE L phsk

2195 FEEA 4 RFEL 510 CHEIE 1 h JGKE, 7E
170 ‘Ciff B 200 MPa ./ 347 i A8 i 25050, 1 1
B R AR I 205 A RE 2k . M 1 FmT LA
ZA & NI I ROR A S AR RO, Al
JEEPE BT, BB e, & &I g
NS, HEBRNEE, ZFHNTN R,
M 2 TS . 5 REVAVE K S BRI AR I R R
(CANHEL, 2% T J5 #E A7 155 A2 I 25 (1 FE (CA2)
AMUBER T EERIREEE, 4% T & &Ik B E R
(B[] s CAT RRE (A P LK, B 7E 20 h ik B (A,
WA TR EE A 155 HV. CA2 TRREAS s I a] B &5
PEHT, 7E 16 h N IA B =il AL 185 HV.

200
—— CAl
—— CA2
180 |
>
T 160 -
5}
5
= 140
jasi
120
100 L ! ! ! 1
0 5 10 15 20 25 30

Time/h
B 1 2195 S8 A S AR I R 44 i 2%

Fig.1 Creep aging hardness curves of test 2195 Al-Li alloy
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Fig. 2 Tensile properties evolution during creep aging under
different initial conditions: (a) Yield strength; (b) Ultimate

tensile strength; (c) Elongation

16 h IK 3] T 3B EIEAE, 5 CAT PRI {E I 25 7] 20 h
FERT T 4 h, H CA2 BlFRIR(E XIS R 2. 7EIE
IR AR T E] R, CA2 ARFE (1) JiE IR 52 E N 546 MPa,
FHEL T CATL BUFE I JE RS- BE (324 MPa), EJ+T
68.52%; CA2 WAFEHIPIHISRE AN 585 MPa, Ll CAl
R B b 9B 470 MPa A fr E7F, EJFT
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Table 2 Tensile properties of 2195 Al-Li alloy at different

initial state of creep peak aging

Aging state Aging time/h  6/MPa o,/MPa n/%
CAl 20 470 324 20
CA2 16 585 546 10

HC U {0 730 B 20 PR R AT BB 1 b 1 451,
Kl 3 Fim. MBI 3 FRTLUE H, CAl 5 CA2 ikFFIE(E
UEAR IS KA TS B R 22 5. CALIRFEWT D Ab 2
B KRB, RSk, RSHZEAR B
Wi SR I B, Wi BB A
7 BT RS I R T RN A TR A B 27 K. 1T CA2
PR IR T T, 08 K W B, R T A B
R ERE, UK RSP 535, W
VAR LS

&3
Uz
Fig. 3 Tensile fracture surface morphologies of 2195 Al-Li
alloy during creep peak aging under different initial conditions:

(a) CA1 specimen; (b) CA2 specimen
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Fig. 4 Intergranular corrosion of peak creep aging for 2195

Al-Li alloy under different initial conditions: (a) CA1 specimen;

(b) CA2 specimen
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Table 3 Evaluation results of intergranular corrosion grades

of creep peak aging of 2195 Al-Li alloy at different initial states

Aging state  Aging time/h  IGC depth/um  IGC rating
CAl 20 180.6 4
CA2 16 92.0 3

24 REigEE
Al-Cu-Li & &N RO FEF AT HARRI RIS, HE
DL R o3 A AR KRR EEGRT Cu A Li R E ™. JO

2PN g Al-Cu-Li =0 R A SR M H AR B, I
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X —0"—6'. & 5 flizn A CAl 5 CA2 iRFELEIF AR 2L
2 h [f] TEM 1§ J2[110]1513% X HL A7 5 B S (SAED)
CAl RPN A KEH GP XEAR4/N o4, L
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(IR, FEALESZRAL B RN TH T #, ME
So)H IATH BE s R L AT WL Ty AHPIVELE . FR AR
TP, FERARNAS S NS V6L, ST
AT R AR A S, 7 AR 5 TAE T I AR K
BAR 2% AL MIGING Ty MR TR AL
B, MT CAL B, CA2 ket Ty MITEIRGARIN 2%
WIS A TEAT AL

Bl 6 Fionh CAL WFE S CA2 RE 7 i A8 I A5 A
RO R, b A DA RO & 7K TEM AR & [110] 5% X
HL TS BE A(SAED). H1E 6(a)FI(b)PTLAE 2], CAl

20 nm|

. i R e
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Fig. 5 TEM images of 2195 Al-Li alloy creep-aging for 2 h
and SAED spectra of [110]5: (a) CAl specimen; (b) CA2

specimen
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Fig. 6 TEM images of 2195 Al-Li alloy after creep peak age and SAED spectra of [110]a;: (a) CAl specimen, intragranular;

(b) CA2 specimen, intragranular; (c¢) CA1 specimen, subgrain boundary; (d) CA2 specimen, subgrain boundary

FES CA2 BUFE & BT H A B 2H 15 90 AT B AN [
CAL R UK ESH/ N 1) 0 E, &l aT b
= T 1 CA2 ilFErh Bt 7 RER T, [H
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TERESAE TERG I, BEE AR AT, 3\
AR VEAEL I B B, T YRR T 5 4 N A A 1 A
T ARMT WA RG22, HAEBEE N W GP X
HARTE R OAH, o T AR SRAG S SRR, X
FoRAGARIG A G, S0 T & &R AR iR
LA TER) CAl AR AR Bod 2, Wh BR&h
AT Ty FHAEMT a4 R AR T AL I 2 4, (6515 AR )
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BEETE 16 h ik B 7 UFAR I 200 B 5 9 U {E , 55 CALl
WAERAT T 4 h, H CA2 iR H X I NI . AH
ELT CALRFE, CA2 BRI Aom i i B i
LA . CAT 1R 7 155 38 WA I ZCHRES TN IR B BE
JiE IR 58 B AT K 2R 43 31 470 MPa. 324 MPa 1 20%:;
CA2 IR FEAE IR AR WA I HOIRES T I Bihr st fE . e IR o
FEFMEKZ 558 585 MPa. 546 MPa F1 10%.

2) IEARVEAEL I ROIRAS R, CA2 URE 13T it 0 /3 et
RESIEL CAL WFER. CAL RFER AR T ™ 51 5 18]S
Tty BORJETRIRBEIA R T 180.6 pm, % ik [ J e 2 4
VBRI RS0 4 91 CA2 AR R PR
992.0 um, JEHELN 3 Ko

3) CAl it CA2 IAFEERRAZ WA N 2, T
AT R Z 5 CALARFE & AT AR LUK =40
NEUET RN, T TR . CA2 R dR T
FENTH AN OARRIEIY, B 7 K& 7oA. H CA2
WA Ty AAE 58 S0 SR AR FEBLAIC T CAL KRR

REFERENCES

[1T RIOJA R J, LIU J. The evolution of Al-Li base products for
aerospace and space applications[J]. Metallurgical and
Materials Transactions A, 2012, 43(9): 3325-3337.

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

[3] HALES S J, TAYON W A. Heat treatment of a
friction-stir-welded and spin-formed Al-Li alloy[J]. Procedia
Engineering, 2011, 10(7): 2496—2501.

[4] JIANG N, GAO X, ZHENG Z Q. Microstructure evolution
of aluminium-lithium alloy 2195 undergoing commercial
production[J]. Transactions of nonferrous metals society of
China, 2010, 20(5): 740—745.

[5] PRASAD N E, GOKHALE A, WANHILL R J H.
Aluminum-lithium alloys:

Processing, properties, and

applications[M]. Oxford: Butterworth-Heinemann, 2013:
3-19.

[6] NAYAN N, MURTY S N, JHA A K, PANTB, SHARMA S,
GEORGE K M, SASTRY G. Mechanical properties of
aluminium-copper-lithium alloy AA2195 at cryogenic
temperatures[J]. Materials & Design, 2014, 58: 445-450.

[71 HATAMLEH O, HILL M, FORTH S, GARCIAD. Fatigue
crack growth performance of peened friction stir welded
2195 aluminum alloy joints at elevated and cryogenic
temperatures[J]. Materials Science and Engineering A, 2009,

519(1/2): 61-69.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

ZHAN L H, LIN J] G DEAN T A. A review of the
development of creep age forming: Experimentation,

modeling and applications[J]. International Journal of
Machine Tools and Manufacture, 2011, 51(1): 1-17.

ZHU A W, JR E A S. Stress aging of Al-xCu alloys:
Experiments[J]. Acta Materialia, 2001, 49(12): 2285-2295.
AHMADI S, ARABI H, SHOKUHFAR A. Formation
mechanisms of precipitates in an Al-Cu-Li-Zr alloy and their
effects on strength and electrical resistance of the alloy[J].
Journal of Alloys and Compounds, 2009, 484(1/2): 90—94.
DONNADIEU P, SHAO Y, GEUSERF D, BOTTON G A,
LAZAR S, CHEYNET M, BOISSIEU M, DESCHAMPS A.
Atomic structure of 7 precipitates in Al-Li-Cu alloys
revisited with HAADF-STEM imaging and small-angle
X-ray scattering[J]. Acta Materialia, 2011, 59(2): 462—472.
MW, BT, R, Bk, O, PhEE AL
HIEEXHIAY Al-Cu-Li & &AR SRR, hEA
4 )RR, 2014, 24(4): 926-933.

CHENG Bin, ZHENG Zi-qiao, FAN Chun-ping, ZHONG
Ji-fa, HAN Ye, SUN lJing-feng. Effect of aging treatments on
microstructures and properties of new Al-Cu-Li alloy[J]. The
Chinese Journal of Nonferrous Metals, 2014, 24(4):
926-933.

ik, REE, BRIR, SR, NI, KA AL
HTALBEXT T Al-Cu-Li-X &4 7)1t Re A0 B A 2 2R 1
ST, T E A 4R AR, 2015, 25(12): 3300-3308.
ZHANG Jian, ZHU Rui-hua, LI Jin-feng, MA Yun-long, LIU
De-bo, ZHENG Zi-qiao. Effect of heat treatment before
aging on tensile properties and microstructures of new
Al-Cu-Li-X alloy[J]. The Chinese Journal of Nonferrous
Metals, 2015, 25(12): 3300—3308.

L, R, AR, M T N RO B R
Al-Cu-Li &AM b EA OR)E YR,
2008, 18(3): 426—432.

LI Hong-ying, ZHANG Xiao-jun, ZHANG Jian-fei, ZHENG
Zi-qiao. Effect of multi-stage aging treatments on
microstructures and mechanical properties of new-type
Al-Cu-Li alloy[J]. The Chinese Journal of Nonferrous Metals,
2008, 18(3): 426—432.

BRI, 5K OME, R HURR, RAETE, AR, WAL
RZXF Al-Cu-Li-Mg-Ag-Zr & £ 7F 3.0%NaCl %+ /3
JE itz ma]. S EAA SR FR, 2002, 12(5): 967-971.
LI Jing-feng, ZHANG Zhao, CHENG Ying-liang, CAO
Fa-he, ZHANG Jian-qing, CAO Chu-nan. Effect of aging
state on localized corrosion behavior of Al-4.0Cu-1.0Li-
0.4Mg-0.4Ag-0.14Zr alloy in 3.0% NaCl solution[J]. The
Metals, 2002, 12(5):

Chinese Journal of Nonferrous



294558 7T A WO, % Al-Cu-Li & 40 A8 i 50 72 1 v Rl 7 e WA 2103 i

[16]

[17]

(18]

[19]

967-971. [20] CASSADA W A, SHIFLET G J, STARKE E A. Mechanism
GB/2039-2012. 4 @4 kL by i A 46 7 VA S]. of AL,CuLi (7}) nucleation and growth[J]. Metallurgical and
GB/2039-2012. Metallic materials—Uniaxial creep testing Materials Transactions A, 1991, 22(2): 287-297.

method in tension[S]. [21] ZHU A W, CSONTOS A, JR E A S. Computer experiment on
GB/7998-2005. 4544 i (8] 3 1ol 5 7 ¥£[S]. superposition of strengthening effects of different particles[J].
GB/7998-2005. Test method for intergranular corrosion of Acta Materialia, 1999, 47(6):1713—1721.

aluminium alloy[S]. [22] MAITRA S, ENGLISH G C. Mechanism of localized
DECREUS B, DESCHAMPS A, DE GEUSER F, corrosion of 7075 alloy plate[J]. Metallurgical Transactions
DONNADIEU P, SIGLI C, WEYLAND M. The influence of A, 1981, 12(3): 535-541.

Cu/Li ratio on precipitation in Al-Cu-Li-X alloys[J]. Acta [23] BUCHHEIT R G, MORAN J P, STONER G E.
Materialia, 2013, 61(6): 2207-2218. Electrochemical behavior of the Tj(Al,CuLi) intermetallic
JO H H, HIRANO K I. Precipitation processes in Al-Cu-Li compound and its role in localized corrosion of Al-2% Li-3%
alloy studied by DSC[J]. Materials Science Forum, 1987, Cu alloys[J]. Corrosion, 1994, 50(2): 120—130.

13/14: 377-382.

Properties evolution and microstructure analysis of
creep aging process in Al-Cu-Li alloy

TAN Jia', ZHANG Jin"?, DENG Yun-lai**, ZHANG Xin-ming>*

(1. Light Alloy Research Institute, Central South University, Changsha 410083, China;
2. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
3. State Key Laboratory of High Performance and Complex Manufacturing, Central South University,
Changsha 410083, China)

Abstract: The tensile properties and microstructure characteristics of Al-Cu-Li alloy during creep aging were studied by
optical microscopy and transmission electron microscopy, tensile mechanical properties and Vickers hardness. The results
show that the hardness and tensile strength increase gradually to the maximum, and then decrease slowly during creep
aging. The maximum hardness and tensile strength are obtained after the CA2 sample (creep aging after 2%
pre-stretching) creep aging for 16 h, which reaches the maximum values than CA1l sample (creep aging without
pre-stretching) earlier about 4 h. When compared with CA1 samples in the creep aging, the peak value is sharper in the
CA2 samples and possess higher hardness and tensile strength, but lower elongation. Under the condition of peak creep
aging, the maximum intergranular corrosion depth of CA1l specimen is 180.6 pm, and the corrosion level is 4. The
maximum intergranular corrosion depth of the CA2 specimen is 92.0 pm and the corrosion level is 3. TEM results show
that the CA1 sample is dominated by small, dense §' phases, and a small amount of 7 phases can be seen in the crystal.
For the sake with a precipitation advantage at the initial stage in the CA2 sample, a large number of 7 phases are
precipitated in the crystal accompanying with a small §' phase, and the enrichment of precipitated 7, at the sub-crystal
boundary is lower than that in the CA1 sample.

Key words: Al-Cu-Li alloy; creep aging; mechanical property; intergranular corrosion; 7; phase
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