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Effect of pressure on macro-/micro- structures and
mechanical properties of Al-Li-Cu cast alloy

FAN Jian-lei, ZHENG Cheng-kun, LUO Zong-qiang, ZHANG Wei-wen

(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Al-2.47Li-1.49Cu alloy ingot with density of 2.525 g/cm® was prepared by direct squeeze casting. The macro-
and micro-structures and mechanical properties of the alloy were analyzed by macro corrosion, OM, DSC, SEM, XRD
and tensile properties test. The results indicate that pressure can not only improve the surface quality and refine columnar
areas, but also eliminate the porosity to obtain the dense ingot. The average length of columnar grains obtained at applied
pressure of 50 MPa is 20% shorter than that of the gravity alloy cast. The microstructure of the as-cast alloys mainly
consists of primary a(Al), T, and a small amount of AlLiSi and Alg(CuFe) phases. The applied pressure does not change
the phase composition, but makes them smaller and more uniform. In addition, the microhardness, tensile strength and
elongation of the alloy increase with increasing the pressure, but the applied pressure does not affect the mechanical
properties obviously when the pressure exceeds 50 MPa. The T5 heat-treated alloy prepared under 50 MPa can reach a
level of ultimate tensile strength of 329 MPa, elongation of 6% and microhardness of 135HBS, which are 7.2%, 107%
and 3%, respectively higher than those of the gravity cast alloy.
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Fig. 1 Casting ingots of A1-2.47Li-1.49Cu alloy at different
pressures: (a) 0 MPa; (b) 50 MPa

2.60
~ 255
'E
&0
] 2.50F
z
2
2 45t

2.40

-25 0 25 50 75 100

Pressure/MPa
B2 Al-2.47Li-1.49Cu #55e % i

Fig. 2 Density of A1-2.47Li-1.49Cu alloy ingots

22 EAMEEEMALRF D

AN 3R & B eI A B A 2 TR
A 2 AT, B s 038K, e TS e AR PR K,
SRR EEE Ty 2.525 glem?, BAEREERRIR T 6.6%. K
3 Fiaw AR ) AP YA ) = 42 . i
B3 r, EHET, Ga%t LA gEh gL,
PSRN, I FEERE, AR AL T s b
e SRR, 1H 25 MPa i, TN IR AR,

HEERTEAEE, ErP LA N FLAR A T A A
THgeTh, FEAESHERENFM T 50 MPa
VUSSR ALAR AT %, AAZUE INEes, i g i
Ko BHEEE AL AIEERLOF AT 43 0 3 AN Xk &
RN AR DR B A X . Ak
FER G DX A0 A, ARAE S ) T S A IR & X A 45 )
OF =R

T IRV Ge v ISR RS AR T B K R e
AT 4. tHE 4 0T, BEE RS, HRRET
P B RS FE S AT DN, T R AR i DX A B
LA RIFEE Ak . AR ST BRI A0 R A )
Jiltk, B AR 1 ) e, AR RO
THORE b5 L [ [T A P50 o FSE AR YROAT (10 ¥ B o FE A
O, AR P PS8 o K B AL 88 o P /N BT,
DAL BB R . BRI F e, AR T ARy
I SRR DI, RT3 S A T 1 41 b A 1 FLAH
TR AR e, SR 2 45 S TE AL R TR 45
UL A RS & b R 8 R E O N 255
YRR KIS 7 AH I BERR I, BT LA R B
) 5 ) AR K R IR o BRI BEIE I RE T, R )
VEFA T B 41235 LA I JR IR E 2 1) 1) e
G AR i, B A (R B T, A
BEOR: 2) He iR A A R e BB, T VY ok R
W R R = AR (R TR, 2 m SRR R B, 1
KAHFESE; 3) IakA & dshik, A K A i
TR T BRI A% TEAZ 38 K. ] 5 TRl Al-Li-Cu
B4 DSC i dh . B 5 R, nE ] LA s
B GAHAR B AH U AN 4 A R AR AR B o
Ty 50 MPa LA, FER A A o A
TREFAAS, R A] DA %6 £ 414045 B4 A0 32 22
Ji TR s A et ] 4 (R 5 0 1 SR s e, ST A
i RESE R KRB — e R, B ] i
LR R R BRE BR,  J0A a E A Z 40 Ak 1)
CEVARNEE TP

23 EOXMEEMMALIFNE

FRPE A4 = 0 & S AH U, AL-2.47Li-1.49Cu
G LT a(AD AR X P, S 21 S ] A= il o
M oa(Al; B, FEAEPATA PR PRI, s T
OB EGE AT, ATAERAE 4 FOLE RN 1)
Loa(A)+; 2) L—a(Al+To: 3) L—a(A+T,; 4)
L—a(A)+T+Tg.

s DSC Z=# o Hrillil&s RO 5). & Tt
[ A AE A R AT 3 AN, a2
220~320 °C 05 Bl A 6 A P e BT HH R 0 £ I i



2310

rp AT B 4 2R 2014 9 H

3 AA 7 B ) Al-2.47Li-1.49Cu &4 58 1 22 A 41

Fig. 3 Macrostructures of Al-2.47Li-1.49Cu alloy ingots solidified at different pressures: (a) 0 MPa; (b) 25 MPa; (c) 50 MPa;

(d) 75 MPa
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Fig. 7 XRD patterns of Al-2.47Li-1.49Cu alloy
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1.49Cu alloys at different pressures: (a) 0 MPa; (b) 50 MPa

3 i

1) A1-2.47Li-1.49Cu #5556 AR RIL, 1

it s 7 Bl A B TR MR IX, 50 MPa R,
BE T RIR P K BRI ) I A R IR T
20%, HIN s T g ] vy DA k5 et e 1Y) 3 T B A
AFECE TCARA BB EE -

2) Al1-2.47Li-1.49Cu %G G A 28 - 2 4]
A a(ADFI T, FHLL K /b ALLISi Al Alg(CuFe)4l ik, e
DIANECEA LS, AR RIS 5 — AR A 5 3~ .

3) A1-2.47Li-1.49Cu A& . Prdy s LU fh
KA AE 50 MPa LN BE s )3 K4k, {H 50 MPa
DU Hs SR PERERSE AN o 50 MPa R T5 #A Ak 2
BEEMMR N 135HBS. PiduatfEhy 329 MPa. i
KRN 6%, BE GG T 3% 7.2%
F1107%.

REFERENCES

[11  WEBSTER D, HAYNES T G, FLEMING R H. Al-Li investment
castings coming of age[J]. Advanced Materials & Processes,
1986, 133(6): 25-32.

[2] =B, ROuRE, S RS S AR R T AT
[I]. e ATt f 4, 1992(2): 5-7.

AN Ge-yin, MIN Guang-hui, PENG De-lin. Study on the
interaction between the melt of Al-Li alloys and sand moulds[J].
Special Casting & Nonferrous Alloys, 1992(2): 5-7.

[3] SESHAN S, SRIVATSAN T S. Casting aluminum-lithium alloys
in open atmosphere[J]. Material & Manufacturing Processes,
1990, 5(1): 109—-119.

[4] ROGER S, BERND F, GRIMMIG T, MATTHIAS B,
ANDREAS B P. Development of aluminum-lithium alloy
process by the Rheo container process[J]. Solid State Phenomena,
2006, 116: 513-517.

[S] ROGER S, BERND F, GRIMMIG T, MATTHIAS B,
ANDREAS B P, PETER J U. Semi-solid processing of tailored
aluminum-lithium alloys for automotive applications[J].
Advanced Engineering Materials, 2007, 9(4): 253—-258.

[6] ILIN A A, NIKITIN S L, OSINTESEV O E, BORISOV Y V.
Effect of elements on the structure and properties of Al-Li-Cu
cast alloys[J]. Russian Metallurgy, 2009, 4: 338—344.

[71 NIKITIN S L, OSINTESEV O E, BETSOFEN S Y. Effect of
heat treatment conditions on the structure and mechanical
properties of a cast Al-Li-Cu aluminum alloy[J]. Russian
Metallurgy, 2010, 11: 1041-1045.

[8] TONG C H, YAO I G, NIEH C Y, CHANG C P, HSU S E.
Cast-ability of Al-Li-Mg and Al-Li-Cu-Mg alloys[J]. Journal of
Physical, 1987, 9: 117-122.

[9] ROBERTO J R, JOHN L. The evolution of Al-Li base products
for aerospace and space applications[J]. Metallurgical and

Materials Transaction A, 2012, 43(9): 3325-3337.



2314

T A (8 R

2014 9 H

[10]

[12]

[13]

MALEKI A, SHAFYEI A, NIROUMAND B. Effect of squeeze
casting parameters on the microstructure of LMI13 alloy[J].
Journal of Material and Process Technology, 2009, 209:
3790-3797.

DAI Wei, WU Shu-sen, LU Shu-lin, LIN Chong. Effects of
Rheo-squeeze casting parameters on microstructure and
mechanical properties of AICuMnTi alloy[J]. Materials Science
and Engineering A, 2012, 538: 320—-326.

FRIEEt, B, BRRHRYE, sk 15, 2ot AREBHET
BEM K AL-Si-Cu-T4 WAL ERE[T]. A G2 E 2R,
2009, 19(4): 625-632.

ZHANG Ke-wu, ZHAO Hai-dong,
ZHANG Wei-wen, LI

OUYANG Xiao-xian,
Yuan-yuan. Microstructure  and
mechanical properties of Al-Si-Cu-T4 solidified at different
squeeze pressures[J]. The Chinese Journal of Nonferrous Metals,
2009, 19(4): 625—632.

HAJJARI E, DIVANDARI M. An investigation on the
microstructure and tensile properties of direct squeeze cast and
gravity die cast 2024 wrought Al alloy[J]. Materials and Design,

2008, 29: 1685—-1689.

GRUSHKO O E. Ingot metallurgy of aluminum-lithium alloys[J].

Journal of Aeronautical Materials, 1994, 14(2): 45—54.
GHOMASHCHI M R, VIKHROV A. Squeeze casting: An

overview[J]. Journal of Material Process Technology, 2000, 101:

[16]

[17]

(18]

[20]

1-9.
FEHR, HRHEEL 5k Ay, BOUUE, TR S5 8090AI-Li £ 4
BEREHLHIL]. AMRRLEEERE, 1993, 7(5): 391-395.
LIU Yu-lin, HU Zhuang-qi, ZHANG Yun, ZHAO Hong-en, SHI
Chang-xu. The solidification mechanism of 8090 Al-Li alloy[J].
Materials Science Progress, 1993, 7(5): 391-395.
g, ORI, RHENE, REH]. BI3 mumAR A B AH )
BT[], BERBUER TR 2% 244], 2011, 33(6): 12—16.
JIANG Feng, ZHENG Xiu-yuan, XU Yan-ping, CHEN Yi-zhao.
Constituents in B93 high-strength aluminum alloy[J]. Journal of
Wauhan University of Technology, 2011, 33(6): 12—16.
KATSIKIS S, NOBEL B, HARRIS I S J. Microstructural
stability during low temperature exposure of alloys within the
Al-Li-Cu-Mg system[J]. Materials Science and Engineering A,
2008, 485: 613—620.
SURESH S, VASUDEVAN A K, TOSTEN M H, HOWELL P R.
Microscopic and macroscopic aspects of fracture in lithium-
containing aluminum alloys[J]. Acta Metallurgica, 1987, 35:
25-46.
PASANG T, SYMONDS N, MOUTSOS S, WANHILL R J H.
Low-energy intergranular fracture in Al-Li alloys[J]. Engineering
Failure Analysis, 2012, 22: 166—178.

(FE FRITH)



