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In—situ Observation of High Temperature Microstructure Evolution of Three

Kinds of High—strength Aluminum Alloys

YUAN Jianyu WANG Ying PANG Jincheng XIE Guojun LU Wu
(Aerospace Research Institute of Materials & Processing Technology, Beijing 100076)

Abstract 2219, 2A14 and 2195 alloys were three kinds of structural materials for aerospace application.
Particularly, 2195 alloy was more and more widely used in aerospace industry because of its low density, high
specific strength and rigidity and etc. By using the in—situ observation system of high temperature metallography, the
microstructure evolution and phase transformation of three kinds of aluminum alloys in strengthened condition from
room temperature (about 25 °C) to zero strength temperature (about 600~660 “C) at a heating rate of 50K/min was
investigated. The results show that three kinds of aluminum alloys melt at a temperature higher than the solidus
curve, the first melting position lies around the spherical phase (containing Al, Cu), and that the massive phases
(containing Al, Cu, Fe, etc) melt at last. After the cycled—water solidification process, the micro—hardness of the
re—solidified materials decreases by about 50%, indicating that the strengthening phase in the matrix decreases. The
Cu content of primary a phase decreases, and most of the Cu element remains at the grain boundaries, forming net—
like Cu-rich phase whose composition is close to eutectic composition, and a few massive phases that do not dissolve
completely are forced to the grain boundaries. As a result of the comparison of three alloys, the conclusion is drawn
that 2195 alloy, which has the smallest solid-liquid temperature interval, is susceptible to thermal cracks since the
Cu-rich liquid films are easily torn apart by thermal stress.
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Tab.1 Nominal and actual chemical composition of three aluminum alloys %(w)
219544
WiH Cu Li Mg Ag Zr Fe Si Ti Mn Al
SEE 3.8 1.09 0.5 0.26 0.12 0.15 0.03 0.03 0.02 Bal.
% U8 3.7~4.3 0.8~1.2 0.25~0.8 0.25~0.6 0.08~0.16 <0.15 <0.12 <0.1 <0.25 Bal.
221944
WiH Cu Mn Ti Zr \% Mg Fe Si Zn Al
SEE 5.8 031 0.06 0.14 0.13 0.01 0.26 0.08 0.03 Bal.
% SUH 5.8~6.8 0.20~0.40 0.02~0.10 0.10~0.25 0.05~0.15 <0.02 <030 <020  <0.10 Bal.
2A14454
WiH Cu Mn Mg Si Fe Ni Zn Ti Al
SHE 4.3 0.69 0.71 0.7 0.1 0.01 0.06 0.02 Bal.
% U8 3.9~4.8 0.40~1.0 0.4~0.8 0.6~1.2 <0.7 <0.10 <0.30 <0.15 Bal.
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Fig. 1 The experimental setup of the high temperature

metallography in—situ observation system
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Fig. 2 Illustration of the heating process for three aluminum alloys
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Fig. 3  Microstructure of three alloys
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Fig. 4 Constituent phases of three aluminum alloys in

backscattered electron detector mode
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Tab.2 Quantitative EDS analysis results for constituent

phases of three aluminum alloys % (w)

G4 (VA RSF/um Al Cu Fe Mn Si
A1(GEMR) - 96.81 3.19 - - -

219544 A2(JEAH) 1~2 7875 2125 - - -
A3HARA) 10~20 6735 2473 792 - -

BI1(JEk) - 9447 553 - - -

221944 B2(EIEAR) 3~10 6333 36.67 - - -
B3(HetRA) 10~20 65.94 26.38 620 1.48 -

C1(FEMA) - 9577 423 - - -

2A14 54 C2(BIEAH) 4~10 71.10 2827 - - 0.63

C3(HCIRAH) 10~30 70.77 536 7.62 8.26 7.99
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Fig. 5 High temperature metallography in—situ observation

results of three aluminum alloys
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Fig. 6 Microstructure of three alloys after the continuous

heating and cycled—water cooling process
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Tab.3 Quantitative EDS analysis results for solidified
microstructure of three aluminum alloys  %(w)
w (ALY Al Cu Fe Mn Si
A1’ 98.51 1.49 - - -
2195454
A2’ 66.32 32.33 1.35 - -
B1’ 95.47 4.53 - - -
21954
B2’ 63.35 35.41 1.24 - -
cr’ 97.33 2.67 - - -
2014454 €20 6389 36.11 - - -
c3’ 68.99 3.39 6.07 14.40 7.15
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Tab.4 Micro—hardness testing results (HV0. 2) of three alloys

a4 R HV
T8 4 192

219544
W 96
T87 2% 156

221944
AWyt 79
T6 4% 159
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W 81
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Fig. 7  Cu content of three aluminum alloys in three different

situations
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Tab. 5 Solid-liquid temperature interval corresponding to
three aluminum alloys

- XENLEY IeA BIATAIREE  WOANZRIERE GRS

R SihE /c /°C X l/°C
2195 Al-3.8%Cu 585 647 62
219 Al-5.8%Cu 548 641 93
2A14 Al-43%Cu 575 646 71
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Fig. 9 Morphology of liquation cracks near the fusion line of
welding joints of 2195 alloy
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