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Table 1 Composition of 2A70 alloy (/%)
Cu Mg Fe Ni Mn Al
2.4 15 11 1.1 0.15 Bal.

A SRS RE i R % TR SR 2404, 800# I
100040 48T BE, FI 5 A1 1 pm B30 B HUBCH I J5 1
TIRSIEM . T3 FELE 50 'C R4 25% HNO; /K%
WR Tk 30's, R ZEISS Y62 B s (OM) M 2 & 4
SIS, AN, KA ZEISS EVO 18 11 Hi 5% (SEM)
W 5% R 002 il BRI A L 4, i id Oxford BEE 4>
HTAX(EDS) 3 #7454 ikt X J 35 — MHRL 7 B4R 25 1 oy o
FH 22 7R 49 H & # A (DSC) X AN AR 25 & & ik 4T # oy
#r, JHEEZ A 10C/min, £EXHESEY. 54
PIAR S AT I £ AE X SR ATHH EdEAT, SE5RA Cu
B, HHEE Y 10(°)/min.
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2.1 REREFENRDZESH

AT KA Scheil BT TS 2A70 & & 19E
SPHTEEE AR B 1 Fron . MWEIR TR, R R
639.6 CIf, &&FFUNTH a-Al, MRS &1
FHZTR L . BEAE IR S, & &R AlgFeNi.
AlL,CuMg. Al,Cu. Al;,CusNi % Al;,Cu,Fe #. 1,
ALCuMg A4 & e AR S mL S Al A BT R
516.8 C.
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Table 2 Different homogenization treatment tempers

Homogenization Temperature/ ‘C Time/h
Traditional 460 480 490 500 520 16
490 8 12 16 20
Two-step 490 C/12 h+520 C/12h
640
620
o
3 600+
=
S 580+
8
g 560 | —— Liquid+fcc
[ —— Liquid+fcc+AlsFeNi
540 | — Liquid+fcc+AlsFeNi+Al.CuMg

—— Liquid+fcc+AlCuMg+Al:CusNi
—— Liquid+fcc+Al:CuMg+Al:Cu:Ni+Al.Cu
520 F —— Liquid+fec+ALCuMg+AlCuNi+Al:Cu+Al:Cu:Fe

51687
0.0 0.2 0.4 0.6 0.8 1.0
Fraction of Solid

KBl 1 Al-2.4Cu-1.5Mg-1.1Fe-1.1Ni & < 1t i [#l % 45
Fig.1 Solidification path of the Al-2.4Cu-1.5 Mg-1.1Fe-1.1Ni
alloy

2.2 AEMEBSHER

2 N 2AT0 & HEMSAHAL I . AWEH
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AN R HOIR B EAE, X LAY N S A .
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Sk PR S A RE S B S HAH A PR 3 o, Bl
BEIEEIRIHLA AlL,CuMg 5 AlLCu 3t &, KK
WEMN AlgFeNi #H, KA Al;CusFe £, 5EH
N AILCuNI #. HIET &, 2A70 A& EEAE
AlgFeNi. Al,CuMg. Al,Cu. Al;Cus;Ni & Al;Cu,Fe #H .

Kl2 2A70 &5 R a4 2
Fig.2 OM microstructure of the as-cast 2A70 alloy

3 2A70 A &AM EBANK A
Fig.3 SEM images of the 2A70 billet
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Table 3 Composition of second phases marked in Fig.3
measured by EDS (at%)

No. Al Cu Mg Fe Ni Comment
Al,CuMg and
1 64.23 21.01 14.05 0.17 0.54 Al,Cu eutectic
structure
2 8466 1.20 7.05 7.10 AlgFeNi
3 66.21 25.87 073 7.19 Al7;CusNi
4 8215 0.61 9.55 7.68 AlgFeNi
5 7457 15.12 6.49 3.82 Al;CuzFe
6 65.06 28.05 2.09 0.17 464 Al7CuNi
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H(DSC) it 2. MK 4a AT LLE L, Bl .20
SHGIR L AN T R =, B 1 DIRCAER TR S, TR AE
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(500 C), 25 2 NG M ITURE BN Yk
F| 520°CHE, % 1A 2 MRAUEECH L. A48
1E 490°C TSI, BIECRIE R KL (8 h), &4
58 1L ARG BN R, fR15 12 h G E 52 R,
WK 4b Bion. B dc NGORG] b B S A
41 DSC %k . g3 Sibsi fg, ek B 1 9k
UG CTH R, (HEE 2 BRMIETIIRAFAE; SRR
AR FR G, 2 AW ARG OV 58 40T 2K
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HEW . WNEFITLLE S, KB50EEEE 41
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F5 R b (8] B a3k AR i SRR
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B4 RREBSIRE 2A70 &4 1) DSC ik

Fig.4 DSC curves of the 2A70 alloy after different homogenization treatments: (a) single stage hemagcnization-different temperature,

(b) single stage homogenization-different time, and (c) two step homogenization

B 5 AFENREBS SIS 2A70 &4 1S AHH R
Fig.5 OM microstructures of 2A70 alloy after different homogenization treatments: (a) as-cast, (b) 460 C, (c) 480 °C, (d) 490 C,
(e) 500 C, and (f) 520 C



* 3230 -

Wity @A RS TR

i 45 %

Kl 6 A 2A70 & & HE KW S AL B S
XRD K, BB A, HEHAFEQR o-Al.
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K 78 2A70 A& 8545 4 490 °C/12 h+520 C/12
h B2 35 S)A AL B 4 R P B R o 23 514 Ak
HS, &8 PR S 5 H R O R T4, (=
HMEVE AT AR TE 35 514 2 o oR R AR B R A A, 705k BE K
= Al,CusNi. Al,Cu,Fe il AlgFeNi X AH (K 7b).
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6 2A70 B & HEE LI LMIRE R XRD Bl i
Fig.6 XRD patterns of the 2A70 alloy in as-cast and two-
stage homogenization

K7 2A70 &8 LR RIS E 1) SEM HZUE H
Fig.7 SEM images of 2A70 alloy in as-cast (a) and after two-

stage homogenization treatment (b)
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2. mEAT A, 447 511.4~519.0 CuHE AN HBIEE 1
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Fig.8 DSC curve of the as-cast Al-2.4Cu-1.5Mg-1.0Fe-1.0Ni
alloy
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SE TR LR e A AL B BRI BGR B . ¥I504k
TR v, 3 B [R5 T T I D A . ] e e 2]
Wi 7 Al-Cu-Mg-(Ag) & &3 51463l J1 2 7 2

T BL
A, A= R go 46t AL, L
Q 4n°D,

R . T AEAHFIEE T, Mg JeE My #ikk Cu ot
Z, Rkl st FE R B Cu TR Y.
Cu &M% Q=136.8 ki/mol, ¥ %[ D,=8.4
mm?/s, SR % R=8.31 J/mol K. WRIEA&E&HEH
HRT R, HEE LIRS AEE L~45 pm. Hib
B 15T VPR AT A, ¥ S I AR FE IR 490 C i
BT 75 AN ) 18 h, 5 SEIG 45 AR .

I 4 /50, & 44 490 C/12 h B g5y 5]k Ab 7
Ja. B LE 1 ARG E e AT AR, (HER 2 IR
W AT SRAFAE, W AlL,CuMg Ml E 78 23 ¥ fi#, 177 AlL,Cu
FH I B AR « 4 490 “C/12 h +520 °C/12 h XK
St b FE S, AlL,CuMg K Al,Cu AH C [81 15 = 5644, Bl
22 MR k. 5B 6 ik XRD 4R KE 7
FIT 7 XU 341 51 A A B i R 4L 20— B

4 % i
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As-cast Microstructure and Homogenization Treatment of 2A70 Heat-Resistant
Aluminum Alloy

Ren Xin?, Zhang Junli?, Wang Zhao'?, Liu Jian', Zhang Honghui*, Wang Xingrui *
(1. National Engineering Research Center for Plastic Working of Aluminium Alloys, Shandong Nanshan Aluminium Co., Ltd,
Longkou 265713, China)
(2. Beijing Nanshan Institute of Aeronautical Materials, Beijing 100048, China)

Abstract: The microstructure of cast 2A70 heat-resistant aluminum alloy was analyzed by optical microscopy (OM) and scanning electron
microscopy (SEM). Its homogenization treatment was investigated by differential scanning calorimetry (DSC) and X-ray diffraction
analysis (XRD). Meanwhile, the solidification path for the Al-2.4Cu-1.5Mg-1.1Fe-1.1Ni alloy was calculated using the Thermo-Calc
software. Based on the calculation, the phases precipitated during solidification were analyzed and the transition temperature of the
non-equilibrium eutectic phases was also calculated, which provided a theoretical basis for the research on microstructure and
homogenization process. According to the calculated results, the a-Al, Al,CuMg, Al,Cu, AlgFeNi, Al;Cus;Ni and Al;Cu,Fe phases exist in
the 2A70 alloy, which is in accordance with the experimental findings. In addition, the transition temperature for the non-equilibrium
eutectic phases can be approximately substituted by the computed data. The reasonable homogenization treatment process for the
investigated alloy is 490 <C/12~16 h+520 <C/12 h. During the high-temperature and long-time homogenization process, the
non-equilibrium eutectic phases are dissolved completely while the AlgFeNi, Al;CusNi and Al;Cu,Fe change little.

Key words: heat-resistant aluminum alloy; thermodynamic calculation; homogenization treatment; microstructure
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