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PL Al-4.25Cu-1.2Li-0.12Zr-0.4Mg-0.4Ag-0.45Zn
(BRI %) W EE, s T A Ce &
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[ AL BE 40 min, 7KV KAEEGREAT T8 R4 HE .
T8 I AL BE 200 P K5 e AT 5% 5LINARTE
BT 155 CHEATAS RN AN T 25
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Table 1 Chemical compositions of experimental Al-Li alloy

Mass fraction/%
Cu Li Ce Zr Mg Ag Zn
1 425 117 0 012 04 04 045
2 424 126 011 012 04 04 045

Alloy No.

JEUE A AS AL AR K AL TR S ARORA R 2 R 2 4T %
Pl S B AR P 5 R H] Leica DMILM. 4 AH W4
BRUHT AR 2052

JR UGBS LR e K HZUR A Sirion 200 3 & 5
F 4 F BT (SEM)EAT WL 4%, I ) F G B AT 16 7 10
(BSE)R GG, 55 AR F oK H g it (EDS) AT
SR

KH MTS 858 #HEHAZAH LS T8 If kb B 5 £H A7
AT I AAREGENAR, B AR 2 mm/min.
BORETT 0 L7 ), FERCPATEESESE 8 mm, ArbE
KB 30 mm. R Tecnai G20 AYi%E 5} Hi 8% (TEM) X
T8 B 25 1) S A S (I 20T H A ) AN I X HL 7 AT 5
(SAED)HEAT M %2 . TEM FF & SE WU 42 0.08 mm
FeA, T Ji SR PSS Lk A R, TEM LR
MR 200 kV o
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AT ARE

FEHEANNROL R, A Ce &4 1 MERE R
e, W PURIRE IS 620 MPa AL, 14 0.11% Ce
A4 2 (R RPEZ) 30 MPa. H1 T84 2 I Li 55
(1.26%) 44 1 (1.17%), 2476 Ce & 4Ab1E
HIE, XA Cuy Li BMRFIEN % S EE 6 2 ISR
mTEA LR Ik, AR A4 2 ISR R
N Ce A EAbfsEm . 5ok, ({EfHERIZ,
T 0.11% Ce &4 2 MR KR T & .
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Fig. 1 Change of tensile strength (a), yield strength (b) and

elongation (c) of Al-Li alloys with aging time at T8 aging (5%

cold rolling pre-deformationt+aging at 155 C)
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B2 IR AN Ce(B4: 1) 0.11% Ce(H5 42 2)
(85 A5 S AH IR, P RES A B S A0 S M BRR T R 21
EMNGR RS, 54 1 Ek T2 300~800
um( LI 2(a)), 1064 2 1 AR ST 100~400 pm( L
K 2(b)). 0.11% Ce M7 IN LIS B & 4040 T8 & 444
A4

Bl 3 IR AT Ce(B4: 1) 0.11% Ce(H54:2)
A FLIEE R A S PRI A . BT
AELEEBU i RER B, By [ A AL BRI PR R R 4
WRAETWRHE . 548 1 EJEEIEE R
SPECR, A ik R ST AR 100 pm BL_E(ILE 3(a));
M4 2 R4S AR R 1071 80 pm(LIE] 3(b)),
Bl 0.11% Ce M INFIFEANL T %508 & GV KA T
gh R R
222 WA AR

B 4 FioR MANE Ce Koty 0.11% Ce &4 T8 IEHT
It SAED i & TEM Kz A . A4 1(100)J5 1)
ANSFIE) SAED % rhn] LU LB SE W) 0'FHBE 2, HEF
TEM WG IR 2 RF 24004 230 nm. AR E
HOAN OMLE 4(a)), BIE4 1 il 7T KE 6
Ao I, (112) 757 IS SAED 8% L T BH 5211
T1AHBE S, AN TEM K575 07 ORI T T K

2 A Ce Ji% 0.11% Ce B4 MR SARAL
Fig. 2 Metallographic images of Ce-free (a) and

0.11%Ce-containing (b) alloy cast ingots

B3 Af Ce K 0.11% Ce G4 KA M A AHA 2
Fig. 3 Metallographic images of longitudinal sections of

qunched state Ce-free (a) and 0.11% Ce-containing (b) alloys
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1542 2(100) 77 1) N 55 SAED i 7 m] Wl ¢ 5] M B
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4 A Ce Ji% 0.11% Ce &4 T8 WEI AL 1) SAED #% & TEM 53414
Fig. 4 SAED patterns and dark field (DF) TEM images of Ce-free ((a), (b)) and 0.11% Ce-containing ((c), (d)) alloys after T8

peak-aging: (a), (c) 8’ precipitates (direction parallels to (100)4); (b), (d) T'1 precipitates (direction parallels to (112)4)

T2 AT Ce St 0.11% Ce 42 T8 WAL T1 AR 0"AR B8 3 S R~
Table 2 Population density and diameter of 71 and 6’ precipitates in T8 peak-aged Ce-free and 0.11% Ce-containing alloys

T1 precipitate from DF images along (112),; direction

6' precipitate from DF images along (100),, direction

Alloy No. 2 2
Population density/um Diameter/nm Population density/um Diameter/nm
1 124.2 200-300 148.8 210-230
2 130.4 160—280 63.3 220-260

A S A S L IR 2 A (LB 6(a)F(b)). EDS 43
M 4 R AP A7 B ] 3 it A =228 0 AH(ILIE 6(c))s
R IEAAEVF 2 Ce HE Cu 05 AR F (LI
6(d)). MR ICHR[28], XA Ce H'E Cu HIKL 1%
H AlgCuyCe. IR, BASML PR EA DB LK
T Fe 24 JFUATR T
224 [EEHLHEE A

7 FiR NANE Ce &4 1 KA BSE 15 J R
WIR AT MR T 1) EDS 0 87. & & RIS

HIAEH DL 7(a)); EDS 2 Hrkn], ixeepi o
N Fe 22 AR (LB 7(0)Fi(c)), M i%EEN
Al,CuyFe Fi .

FEE 0.11% Ce 542 2 1, VEKESMRETRA N
MR R BIN(LE 8(a)). 4 EDS 40T, XEER
IR AR S AR o AR, SRS A 4 1
HERARER AR —3, b ALCu,Fe 7% Fe A% JiAH
B (WL 8(b)Fl(c))s 2 —FhE Cu HE Ce 5=
HIBL T AlgCuyCe(ILIE 8(b)FI(d))o
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Fig. 5 BSE images of Ce-free alloy 1 cast ingot ((a), (b)) and EDS analysis of positions 4 (c¢) and B (d) in Fig.(b)
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Fig. 6 BSE image of 0.11% Ce-containing alloy 2 cast ingot ((a), (b)) and EDS analysis of positions 4 (c¢) and B (d) in Fig.(b)
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(©) Al
B7 A Celfit4 1 AN BSEG K
55 AR T 19 EDS 4r#r
Fig. 7 BSE image of quenched Ce-free

Cu alloy 1 (a), (b) and EDS analysis (c) of
particle in Fig.(b)
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Fig. 8 BSE images of quenched 0.11% Ce-containing Al-Li alloy 2 ((a), (b)) and EDS analysis of positions 4 (c) and B (d) in

Fig.(b)
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AR A O AT HhE Rl > (LA 4), X787 0.11% Ce
B 2 S R R
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WA A H G A 452 Cu JR 8K L AlgCuyCe i T
TG RAAAE, A LA Cu S A0 T [ A
o ML TAE Ce G4 1, % 0.11% Ce &4 2 [
WA Cu Ji 75 BRI

ARAEFAL MM — TR e =5, AT Ce
JCERNIMSBE RS Cu. Li SR, 15
FAEHEAT U0 FARBALFE: 1) Z4JRIC % Fe M5 Fe 245
AHZMEATE; 2) B G Mg, Ag. Zn. Li &FI4
Cu JTCEBFWEIAT; 3) Irfi Zr JCEEL AlLZr
i 4) I3 Al-Ce —JuAHE], Ce 7E Al H AR BE [
WIEANZY 0.01%(BE/R 350, P, {RBE Ce 14278
5 Cugi G E Cu H A Ce 15 M AlgCuyCe Fi 1o
M FIRER B, ¥ T 0 R iR S B A R BE R Oy
K, S R S AL BRS B ST Cul Li
FEIR e AT EMIAR, ¥ 5 [

Fepkrh Cu. Li PEIR P EUHHAC ) it 0 8, THET4
R 3 prale el W, A5, BT Zr ok
TER AL Zr RiFIHFE T i Al CE, SEES 1 TR
Fefhrh Cu FEM S TAENE Cu &R
SIHTH Cu ). A4 2 PN 0.11% Ce, SE[H
WHRAT Cu AR T &8 RE Cu &t JRIAA SN
Cu Tl 4.24%, 1 [ AR BE f5 HE R P 1% Cu &
BUORMREFERFAR A 4.07%.

%3 BHIASIUA Cuv Li MR Ve K0 H S A A 1
Cu. Li Mk
Table 3 Cu and Li concentrations in original Al-Li alloys and

their solid solution

Alloy 1 Alloy 2
State
w(Cu)/% w(Li)/% w(Cu)/% w(Li)/%
In original alloy 4.25 1.17 4.24 1.26
In solid solution 4.26 1.17 4.07 1.27

T oA T1 AT O o 7 s 28 it v A1
ST, M Cu JCEREE T1 AHHE 0 AR RT
Fo AT Cu B2, Frsd T1 AR 041 &
o ILEA R PRI B (5%) I T8 AL, T
T 0.11% Ce &4 2 FWEAET 1 Cu FEHECDILE
3), SFEWIHEE Cu HINTHAHRAD (R 2). Fi4b,
F T B 2R TR TEAE VA RS AR T B 32 A
R TR 71 AR SE 40T P, R, 0.11% Ce 1)
RN S E T IR 0 8D

T4, TN 0.11% Ce AT FHHE iz B A S A K
B, ENZL LU IAEEA L 1) Mo Ce fE
2SRV U P iwive s T NS T ve P REE L R rdi e
Fs 2) W Lon R G S B RGOSR A 1E
, Re SRS EERENY), BIREG ST A S
, PSS pENTS, B L AR T A

3

i

it

oS

1) 0.11% Ce WAL B EaL G &%E
rREZH 2, ek N VA LR I i 1 74 45 o A R R

2) A S TIRINIME Ce 5 Cu 4y, 7rdt
[ TR Ce HUE Cu 1) AlgCuyCe Fiv-, w{EidlkE
[ PRI T A, (] B POk~ 7 35 50 A B 5 A 1 i
DL 2 [l A6 A, ) BELASH [l Ach 0 - 485 it
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Effect of Ce on structures and tensile properties of
high-strength Al-Cu-Li alloy

PAN Bo', LI Rui', LI Jin-feng', MA Peng-cheng®, CHEN Yong-lai>, ZHANG Xu-hu?, ZHENG Zi-qiao'

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Aerospace Research Institute of Materials and Processing Technology, Beijing 100076, China)

Abstract: Through metalloscopy, transmission electron microscopy, scanning electron microscopy and tensile tests, the
effect of 0.11% Ce (mass fraction) addition on structures and tensile properties of a high-strength Al-Cu-Li alloy with T8
aging (5% cold rolling pre-deformation and aging at 155 ‘C) was investigated. The results show that the addition of
0.11% Ce significantly decreases the strength, but enhances the elongation a little. The cast structure and re-crystallized
grains after solution treatment are refined by the Ce addition. The precipitate types does not change with the small
addition of Ce, and the aging precipitates are still 71(Al,CuLi) and 6'(Al,Cu) phases, but their amount decreases. As
0.11% Ce is added to the Al-Li alloy, Ce-contained and Cu-rich AlgCusCe particles form during solidification process,
which cannot be completely dissolved into the alloy matrix during homogenization and solution process. The
concentration of dissolved Cu in solid solution decreases, which decreases the fraction of 71 and ' precipitates and
lowers the alloy strength.

Key words: Al-Li alloy; Ce micro-alloying; microstructure; strength
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