Fa3E 21 o T
2022 4F 11 H PACKAGING ENGINEERING - 144 -

IR AR S I PLIA K SR E A B R S T

BTE, KRS, EEE, AR, WEES, W, TR%°, BZRAC
(LIRS SRS AR R A IRA R, 36T 250013; 2P A% BAR TR B, Kb 410075;
3R S LRI B IATIRA ], R 250031)

WE: B8 KRBEAILRESHAILARBMAESG hFREREUNEAG YR, FE FLRES
84.3% ~ 87.3% 89 i iR 4B X IR 25~ 700 CCARBEAT AL 28, 2T 4032 U5 09 X AF T R e 3 25 IR 45 5%
B, R EAEBAEEEMHT, MILAKRBHMERRBEMALE GRS L H-BEHERHZR
T3IAMHB: BEHRE, BRFENEFEERNE, JLRFEMN 87.3%B N3] 84.3%0, HLiBMHEFE
X T 444 MPa, BIRIZEEIY KT 039 MPa, F& 5 A3 KT 0.94 MPa, FLIRF A 84.3%4y /8 ik48, &
25°CH}, H 3 MHAEE 4 141.4 MPa, RJR3E B A 425 MPa, T & &/ 4 4.75 MPa; % m#G& & 4 500 °C
BY, FRMAEZHANET 128.0 MPa, BERIZEE R ADE T 422 MPa, F& B AKRAET 4.51 MPa, &
AR T | FEBRIRGR E e T & 8 A ¥ REIURE 69 3G e D 5 e #GE AR T 500 °CVA T AT,
IR M A A F TR, BRIRRE ARSI EEIK, ERERAT, REKESH TR
TR Z I B RGRA 2 R R 5530 F AL BT, JLRYE, FRHBAB L ERET, AF
WARARILIA T AR E E .

K MILEKLS; HILRE,; BE; HFae; THME,; AR

FESZES: TB485.1 XHFRIREE: A  XEHS: 1001-3563(2022)21-0144-09

DOI: 10.19554/j.cnki.1001-3563.2022.21.019

Compressive Properties and Deformation Mechanism of Closed-cell Aluminum Foam
with High Porosity after High Temperature Treatment

JIA Ning-tao', ZHANG Hu®, GONG Wei-peng', WAN Li’, SHEN Jia-jia’, LIN Zan-quan®,
LEI Ming-feng®, GONG Chen-jie*

(1. Shandong High-speed High-tech Materials Technology Co., Ltd., Jinan 250013, China; 2. School of Civil Engineering,
Central South University, Changsha 410075, China; 3. Shandong Provincial Communications Planning and Design
Institute Group Co., Ltd., Jinan 250031, China)

ABSTRACT: The work aims to explore the effect of temperature and porosity on the compressive mechanical properties
and deformation mechanism of closed-cell aluminum foam materials. The specimens with porosity of 84.3 % to 87.3 %
were heated in the temperature range of 25 °C to 700 °C, and the quasi-static compression test was carried out. Under qu-
asi-static compression conditions, the compressive stress-strain curves of closed-cell aluminum foam after heated at dif-
ferent temperature experienced three stages: elastic stage, plastic platform stage and densification stage. When the poros-
ity decreased from 87.3% to 84.3%, the elastic modulus increased by 44.4 MPa, the yield strength increased by 0.39 MPa,
and the platform stress increased by 0.94 MPa. At 25 °C, aluminum foam with porosity of 84.3% had elastic modulus of
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141.4 MPa, yield strength of 4.25 MPa and platform stress of 4.75 MPa. When heating temperature was 500 °C, elastic
modulus decreased to 128.0 MPa, yield strength decreased to 4.22 MPa and platform stress decreased to 4.51 MPa. The

elastic modulus, compressive yield strength and platform stress of aluminum foam decrease with the increase of porosity.

When the heating temperature is lower than 500 °C, the mechanical properties of aluminum foam materials change lit-

tle, but the yield strength and elastic modulus decrease slightly. Under the compression load, the deformation and failure

mode of aluminum foam shows that the plastic deformation of the pore wall and the collapse of the pore are firstly gener-

ated from the weak part of the aluminum matrix of the specimen, and the fracture compression zone gradually appears

until the pore of aluminum foam completely collapses.

KEY WORDS: closed-cell aluminum foam; high porosity; temperature; mechanical properties; deformation mechanism;
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Fig.2 Heating curve of aluminum foam
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Fig.4 Uniaxial compressive stress-strain curve of aluminum foam
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Tab.1 Basic mechanical property parameters of aluminum foam MPa
LB /%
TREE/°C ZHL 84.3 84.9 86 87.3
PIE LES YA T YA LES YA LES
MR E 141.4 0.232 112.9 10.192 114.3 22.844 97 16.072
25 JE RS oy 425 0.038 4.06 0.004 4.06 0.003 3.86 0.004
FH T oy 4.75 0 4.5 0.012 4.4 0.077 3.81 0.007
MR E 125.6 10.114 124.8 0.107 124.7 38.254 118 60.484
100 JeE I8 B oy 4.44 0.001 4.24 0 4.15 0.012 4.13 0
-5 1 77 o 4.89 0.035 4.45 0.005 4.03 0.032 43 0.006
PR E 116.6 72.454 127 0.191 113.3 31.282 142 5.94
300 JE IR oy 432 0 4.17 0.008 4.26 0.002 4.09 0
B RETT oy 4.94 0 4.32 0.022 4.37 0.002 4.09 0
AR E 128 2.68 102 117.218 12.821 57.103 93.1 11.844
500 JE R oy 4.22 0.032 4.06 0.032 4.01 0.004 3.65 0.006
F-5 M) o 451 0.031 4.16 0.023 431 0.027 3.65 0.003
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Fig.5 Energy absorption curve at 25 °C
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Fig.6 Energy absorption curve of aluminum foam with
porosity of 84.9%
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Fig.8 Energy absorption efficiency curve of aluminum
foam with porosity of 84.9%
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