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Fig. 6 Heat treatment state organization metallographic
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Table 5 Ageing hardness of alloys with different elemental content HV
FisJ ] 0 0.2Zr+0Sc 0.2Zr+0.2Sc 0.2Zr+0.4Sc 0.2Zr+0.6Sc 0.2Zr+0.8Sc
12h 209.6 283.2 304.8 328.7 305.6 261.9
14 h 223.6 297.79 326.4 358.0 322.6 280.2
16 h 2151 290.5 312.4 330.2 300.5 275.6
18h 203.7 276.9 301.8 320.9 298.4 267.5
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Fig. 9 Stress—strain curve and fracture photo
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BE48% rounory

ERT, 8ERATERINZ+ScuREHREIM TRX
AOtRT, (BMTRISUNAE T e .

2.4 BREEEIS 0.2%Zr+0.4%Sc £ HSHR

SREA)
FESHIRE T4 EENHERHMERERNEL
P7mo

HELEH, ELRRENIINR, EENES
HAWBZ REMANY . DEEERSHTET, SEHE
RERN+oHEK, BRFETEELUELN FRELR
F. HEEEAEREFTET, REEMERER
RETRBEEOMEIER, BEMERXEERONTHER
BEMNHESARTR T AFFNE ., HEL0a-fAJH,
BEESREIRENNR, 8SNFESHRABEZ K4
1, BETEEEEERNL, FEUXTEEZEEMIR
PERXER .. SUETBHEANESHTREIE
B (WEL0f) , ARBERFLT, BT RSEE
MAOFIRE, BIAEEBINSERE, ReFZE,
MBI RIER .

EARBGILET, EREIAARER:

I=NwAmnexp[- ( A G+ AGy) 1ET] (4)
A VAR AR RIMEZ EE, mol-1; o ERETF
REpizR, s*; AR RIGRIBAEERR, nm’; 2 ER

(f) Fas Al



Vol.72 No.8 2023

iEE rounorr BEEESE

B RIERR ERRRRTF AV EZE, mol-nm? -nm’;
A GETTEUHERE, J; AGCERIERRIT RIS
mERE ML, J; EERBRZEEN, I-KY; THE
E, K.

ISTRXR R LIRIRA D AZEEIL S ERIIE AT
B, ALWFEEREHFANT, TLEBHET
1, BLLERBKRE, FREEES, RN
RLEIZHHL

2T (4) EHRENRESIZB S EREREI PR
BRERR, T2ERNEBANRSIAZIEL . RS
el B RANT S E THTHIRELRE, LiRSEHE
BEABHE, BEXRIETEEM (S ) FZEe
SeINLAGME . EREZIBICH, IEYREEZIRES
Tz | A

Ndx. . (1-cosO) Dc)';]/2

JS: v a Leeff er[_

a*\f(0)RT

BRSAZIRIC SRS AR AR BSFEAZFH “AY
‘imE" (v) ZBXREWNTR:

J=JJ1+2B (-1) "exp (-m%lt) ] (6)
I N ARRIRRAR B TEIEORAZEL, mol™;
dRERERENFHEFER, nm; 2L NEYEE
2, t2f; oxrEERZEMRA, °© ; DARE
RIEEE, nm’ - st o NERBRIBRERE, J; AG
NEENEFHIGRFAZI, J; «hRFHRIES,
m; RASKEH, K- mol*; KERKREL; T
TNRIBIRE, K; (FRRATE, s; BRRMERFHE
BXEE, T=N.

LEENRERERRE, MEELSHNRENR
BR, BSEZTR ‘HanE () SiHEIxsR
IS =51, LIRARHER, BSEZERTRKTIREH
2R, aMERke TEEE XA, Eit, &
RIREE T, EELRERKIENSSSENINR, N
MBELEBESHEZZL . B, ERIERE L
UREY KARTENEBRR, MEmTNROK
4, MERCAIIRE NBEE.

NARSLERTEESFRMBER, (FENHE

AG
KT

(5)

BEHIT TXRDIPIBDHT, HITERNELFTR.
HELLF~AH, REEEE T, aHR
AEMNEMBERZ, ASTERNEEERT, £
TALMg,. AlLZr. AlCu. Al,MgLi. Al,sCu,sZr.
Al,CuLi,. AlZr. ALScFAlgLi, i H4E; LEANKS
WERENEGE, HREEREH IR, 582N

& ALZr * ALMgLI ¢
* AlCu saLze "
SALCUL, O Al

¥ Al Cugelr » AlSc

v AlMg, Al

cps
™
mm—
°
—
- L

0.2Zr+04Sc I L

& s -

02Zr+0.4Sck v L

v &9

stas
0.27r+0 4Sc BEB

10 20 30 40 50 o0 70 80 90
20/(%)
FEI11 0.2Zr+0AScERBEH | KR HIBSH | 2125 Ui XRD ST
Fig. 11 XRD analysis of iron mold, water—cooled copper mold mold,
and vacuum dump tape of 0.2 Zr+0.4 Sc

894 RAEHALMgLI . AlCuLi,. Al,Mg,. ALZr. AlLSc
FAlgeLiy, . HBEEEIAZIRIBRERIZET, £k
HEHEL, ERETAFTERRENERER, HE
DT EELER, E£REEIEALMgLI. Al,Zr. AlScil
AlgoLi, o HILATX, EEBRNBERET, &%
RSN HEREE, KSHIBRETRARNT
&£, HEEERNNERZ R, EaKENZBIE
B, B, mREEE NEANARTUAEGER
HERAIERERER .

3 #hig

(1) [EAI-5Li-4Mg-3.5CuERtE& £ hINANZr+Sc
B, 6ENFESRNMEEE, ERSAARBIE
KT A EHR . BEMESEIIN0.2%2Zr+0.4%Sc
ANASI SRR IRE, DREERINZr+Sco =N SRR
R, BEEHR.

(2) EASNEfS, BT LARSLEREIAT H AOELEERIR
ETHE, 7IN0.2%Zr+0.4%ScE S HIAMERIER R 17 ;
LIRSV IR RIS S AIREETELT0 °C/14 hiB T,

(3)&agh=meeNtEaT M, &mn
0.2%Zr+0.4%ScHE TN NF4EEE TRANIES,
FAEL FAI-5Li-4Mg-3.5CuEME S MR EIRES TN
48.57%, {HI<ZFRIEF 727.93%,

(4) D00.2%Zr+0.4%SciI A S HESAHLEES
BREEENIR, SSHENML; FEBEEREE
ERmtk, aefmaEdEhEmERETEr. X
FRETESEHTRIEEERN, §2NEAILMgLI.
Al Zr AlScFlAl Li, fBRITH, HTHiERNEERLDE
RSN



f 2 ‘!t
2023%F HE8HAET2E EERS5E rFounory

SEEk:

[1] STALEY E. Application of modern aluminum alloys to aircraft [J]. Progress in Aerospace Sciences, 1996, 32 (2-3) 131-172.

[2] ZHANG X, ZHANG L, WU G, et al. Influences of Mg content on the microstructures and mechanical properties of cast Al-2Li—2Cu-
0.2Zr alloy [J]. Journal of Materials Science, 2019, 54. 791-811.

[3] WU, GUOHUA, SUN, etal. Influences of Mn content on the microstructures and mechanical properties of cast Al-3Li-2Cu-0.2Zr alloy [J].
Journal of Alloys & Compounds, 2017, 715: 421-431.

[4] CHEN Antao, WU Guohua, ZHANG Liang, et al. Microstructural characteristics and mechanical properties of cast Al-3Li-xCu-0.2Zr alloy
[J]. Materials Science & Engineering, A, 2016, 677: 29-40.

[5] SHIC, WU G, ZHANG L, et al. Microstructures and mechanical properties of ultralight cast Al-3Li-XMg-0.1Zr alloys [J]. Materials
Characterization, 2020, 170: 110698.

[6] ZHANG X, LIANG Z, WU G, et al. Influence of Sc content on the microstructure and mechanical properties of cast Al-2Li-2Cu-0.5Mg-
0.2Zr alloy [J]. Materials Characterization, 2018, 142: 223-236.

[71 KARNESKY R A, DUNAND D C, SEIDMAN D N. Evolution of nanoscale precipitates in Al microalloyed with Sc and Er [J]. Acta
Materialia, 2009, 57: 4022-4031.

[8] YUNL, WEN, WANG H, etal. High-temperature tensile behavior and microstructural evolution of cold-rolled Al-6Mg-0.4Sc-0.13Zr alloy
[J]. Materials Science & Engineering, 2008, 497. 10-17.

[91 SEIDMAN D N, MARQUIS E A, DUNAND D C. Precipitation strengthening at ambient and elevated temperatures of heat-treatable Al
(Sc) alloys [J]. Acta Materialia, 2002, 50 (16) : 4021-4035.

[10] E=EWoal, BERL, REEK, & ROBETEESEMRERENBEGEHREEEESHFM [J]. $i&, 2010, 58 (3) : 239-
242.

[11] NOTTA-CUVIER D, LAURO F, BENNANI B. Modelling of progressive fibre/matrix debonding in short-fibre reinforced composites up to
failure [J]. International Journal of Solids & Structures, 2015, 66: 140-150.

[12] VASUDEVAN A, DOHERTY R D. Grain boundary ductile fracture in precipitation hardened aluminum alloys [J]. ActaMetallurgica,
1987, 35 (6) : 1193-1219.

[13] LI'Y, LIU Z, XIA Q, et al. Grain Refinement of the Al-Cu-Mg-Ag Alloy with Er and Sc Additions [J]. Metallurgical & Materials
Transactions A, 2007, 38 (11) : 2853-2858.

[14] AKH, AJB, BJW, etal. Effect of rare earth additions on microstructure and texture development of magnesium alloy sheets [J].
ScriptaMaterialia, 2010, 63 (7) : 725-730.

[15] WU Guohua, SHI Chunchang, ZHANG Xiaolong, et al. Effects of Sc addition on the microstructure and mechanical properties of cast Al-
3Li-1.5Cu-0.15Zr alloy [J]. Materials Science & Engineering, A, 2017, 680: 232-238.

[16] LAVERNIA E J, SRIVATSAN T S. The rapid solidification processing of materials: science, principles, technology, advances, and
applications [J]. Journal of Materials Science, 2010, 45 (2) : 287-325.

[17] BRI, £ /EERERIE [M]. Jb52: U Tl AR, 2000.

(18] [@¥&E, BEPE, M, £ AI-TCBRZL205AG TR ISRFINIT AN [J]. 515, 2022, 71 (11) : 1374-1381.

[19] WANG E, GAO T, NIE J. Grain refinement limit and mechanical properties of 6063 alloy inoculated by Al-Ti-C ( B ) master alloys [J].
Journal of Alloys and Compounds, 2014, 594. 7-11.

[20] FBIESR, 2R, XICTZ, %. ScTEEAEHRHIMASHIERIIE ] HRaSHEIF ST, 2008, 5: 249-259.

[21] =X, 40, XUFH, % AlCu-LIREESENaSHESHE2N [ FEBE2EFR, 2021, 31 (2) : 258-279.

[22] B¢, (BIES. IFFEREMEESEME [M]. bR RIS HRE, 2004,

[23] TANGY, LUOL, LUOL, etal. Effectof Li Content on properties and microstructure evolution of near-rapid solidified 2a97 Al-Li alloy [J].
Rare Metal Materials and Engineering, 2019, 48 (9) : 2737-2744.

[24] BRI, JLRE, HERE, % Al-Cu-LiIsEHIULEBSHAMMMMWAREN (2X) (] BEEEMHETRE, 2017, 46
(1) : 28-34.

[25] TAKEUCHI A, INOUE A. Classification of bulk metallic glasses by atomic size difference, heat of mixing and period of constituent
elements and its application to characterization of the main alloying element [J]. Materials Transactions, 2005, 46 (12) . 2817-2829.



Fg—-"
{EL% Founorey BEBEE Vol.72 No.8 2023

[26] BE, B/, TX]. BHESEEREXEK [J]. B£/E. 2008 (8) : 59-64.
[27] DALEN M, DUNAND D C, SEIDMAN D N. Effects of Ti additions on the nanostructure and creep properties of precipitation-strengthened
Al-Sc alloys [J]. Acta Materialia, 2005, 53 (15) : 4225-4235.

Effect of Trace Elements Zr+Sc and Solidification Rate on the
Microstructure Properties of Cast Al-Li-Cu-Mg Alloys

XU Xiao—chen, WANG An-guo, LIU Ya-guang, SU Chun-wen, ZHANG Li, ZHANG Bo, LIU Yu-lin

(School of Materials Science and Engineering, Shenyang Aerospace University, Shenyang 110100, Liaoning, China)

Abstract:

The melt treatment of the cast Al-Li-Cu-Mg alloy was carried out by controlling the trace elements Zr+Sc and
solidification rate to study the effects of both factors on the microstructure and properties of the alloy. The
microstructure characteristics and mechanical properties of the alloy were analyzed and tested by using optical
OM, SEM, X-ray diffractometer and universal tensile machine, respectively. The results showed that the as-
cast grains of the alloy were significantly refined by adding Zr+Sc to the Al-5Li-4Mg-3.5Cu base alloy, and
the matrix grain morphology was changed from dendritic to nearly equiaxed crystalline. The limit of grain
refinement was reached when 0.2% Zr+0.4% Sc was added to the base alloy, and further addition of Zr+Sc
reduced the refinement effect and poison the alloy structure; after the mechanical properties test, it was found
that the mechanical properties of the alloy with the addition of 0.2% Zr+0.4% Sc were improved, and the
tensile strength increased about 48.57% compared with the base alloy, and the overall elongation increased
27.93%. During rapid solidification, only Al2MgL.i, AI3Zr, Al3Sc and AI8.9Lil.1phases were precipitated
from the 0.2% Zr+0.4% Sc alloy, and the number of precipitated phases was very small and the size was
extremely small.
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castAl-Li alloy; Zr+Sc elemental alloying; grain refinement; rapid solidification
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