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High-temperature compressive properties of 20vol% volume fraction nano-Al,0;

particles reinforced aluminum matrix composite

LI Xuan'*, ZHAO Ke™?, LIU Jinling"?
(1. School of Mechanics and Aerospace Engineering, Southwest Jiaotong University, Chengdu 611756, China;
2. Applied Mechanics and Structure Safety Key Laboratory of Sichuan Province,
Southwest Jiaotong University, Chengdu 611756, China)

Abstract: To improve the high-temperature mechanical properties of aluminum-based materials with the aim of
satisfying application requirements for the structural components in aerospace above 573 K, a novel aluminum
matrix composite reinforced with 20vol% volume fraction nano-Al,O4 particles (146 nm) was prepared via high
energy ball milling followed by vacuum hot pressing, and its microstructures and high-temperature compressive
properties were investigated. The results show that, nano-Al,Oj; particles are uniformly distributed in the ultrafine-
grained Al matrix, and the resultant composite is fully densified. The composite exhibits superior high-temperature
compressive properties: As the strain rate is fixed as 0.001/s, the high-temperature compressive strength reaches
380 MPa at temperature of 473 K, still maintains a high value of 250 MPa when the temperature increased to 673 K,
which is at least onefold higher than that of traditional Al-based materials. By establishing constitutive model based
on thermal activation, it is also found that the composite shows high stress exponent which is 30 and high apparent
activation energy which is 204.02 kJ/mol. This may be attributed to the addition of high volume fraction nano-

particles into Al matrix which not only anchors Al grain boundaries and enables thermal stable interface between
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nanoparticles and the Al matrix and thus significantly enhance the thermal stability of the microstructure, but also

can impede the dislocation motion effectively as well as Al grain boundary, thereby increasing the threshold stress

for hot deformation which ranges from 190.6 MPa to 328.4 MPa as the temperature is in the range of 473 K to 673 K.

The hot deformation process of this composite can be properly explained by substructure invariant model.

Keywords: aluminum matrix composites; nano-Al,0; particles; high temperature compressive strength;

threshold stress; substructure invariant
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Fig.1 Sintering process of 20vol% nano-Al,03/Al composite
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Fig.2 XRD pattern of 20vol% nano-Al,O3/Al composite
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Fig.3 SEM images ((a), (b)) of 20vol% nano-Al,05/Al composites and

Al,Oj particle size statistics (c)
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Fig.4 TEM images and Al grain size statistics of 20vol% nano-Al,05/Al composites: (a) Low magnification TEM image; (b) Grain size statistics of the Al

matrix; (c) High magnification TEM image; (d) High resolution TEM (HRTEM) image of Al,O; particle/Al interface
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Fig.5 High temperature compressive properties of 20vol% nano-Al,03/Al composites under different temperatures and strain rates conditions:

(a) Strain rate of 0.1/s; (b) Strain rate of 0.01/s; (c) Strain rate of 0.001/s; (d) Comparison of peak stress

B —Fi A O W o
2.3 20vol% 413k ALO,/Al £ &+ R IR 1 52
UKL 1 9 4 R 5 A 5 MR IS TR AT O T
A~ I 1 Bl P AT R S IE 5% Arrhenius 7 i P
PEATHEIE 107 FE A K O AR TR A7 B K i R
P, AT LU ST N AR TR e S AR N S o, AR
T BE T sREOC &, 1 Bl LA 5 AR JE A0 56
(0 B 2 500 (an 10 A3 38 0 n RE B 3800 fE Q) Sk 4
W AR L A TE AL, Gn T s B

& = A[sinhao]"exp (_RgT) (1

Hobe AN SR EI RPN R RO B
R ool R AN R IO A T R IR A R g 22 (8] £
A S A P 24 R R A S 5 e SO Xk B £ 9 A T
TR, s AR 1B K B AL R X (1)

5 Syl
0 17K (@o<0.8) B,
e=A0™M exp(—l%) (2)
=5 N S K (@o>1.2) B,
&=Ae¥exp (_I%) (3)
H, AL Ay. mi I SIRE TG L, H
a=pB/nio
X2 (2) X (3) PR 2 O BCRT A5
Iné = B+n;lno (4)
Iné = C+po (5)

Hr, BRI CHYEEANR,
WG (4) 1K (5), HUWLAE A 0.1 B A% 37 A8 1
J1, 42 H Ing-Ino Fllng-o 2 2B, @& 7(a) Fl



T

20vol% M EL G B4 K AL, O UKL 5 65 B 52 5 B ORL Y o i s 44 14 A 1123 -

NG AIl'M o Al-Cu-Li®
600 6063A14 g 7150A18
x 10%SiC/2017A1%)

a 0.8%A1,0,/6063 A1)

300 v 16.4%AIN/AINY
& NT Al-Fel
400 | < Pure Al

* 20vol%Al,04/Al

\ -

450 700 750
Temperature T/K
NG—Nano grained; NT—Nanotwinned
6 20vol% 49K Al,O4/Al A MRS RSB R RS PEREXT [E

Fig.6 Comparison of high temperature compressive properties between

Peak stress 6/MPa

20vol% nano-Al,03/Al composites and traditional aluminum-

based materials

5.5 5.6 5.7 5.8 5.9 6.0 6.1
Ino/MPa

Ing/s™!

-02  -0.1 0 0.1 0.2 0.3 0.4 0.5

In[sinh(ao)]

’ 7(b) B, xb HBEAT S MRS TSR AG 2Rt

P B E, B AT SR A ngF g5 51 Sk 40.57 Fl
0.12, #Eminl=k45 o & 0.003/MPa.

ST W e 5 R B TG OC , 7R 1H & iR B A
X (1) P B o] 15
Iné = InA + nln[sinh (ao)] — Q/RT (6)

M5 2 (6) 2 1l Ing-In[sinh (o)1 & K, W
Bl 7(c) Bron, W HEHEAT MG SR AT B AR AD
I J3 46 % n=30.65

Zener Fl1 Holloomon # T W A8 3 >R Fl i B
XA T i FE A 25 A VR AT DL IR B A ME S 8 Z &
7~, Bfl Zener-Holloomon %1%,
Z = &e'92RD) = A[sinh (@o)]" )

B A2 T i BE e e — 4 5 1L Y 1] PN R

PREEAAS , FEEE N AR HOR T, X2 (7) P H
T 4
-2 L ()
m]
o 473K
B x sBK
A 673K
_ 4t
£ 5
—-6 -
-7+
240 280 320 360 400
Stress o/MPa
(d)
04 F g 0.1
X 0.01/s
_ A 0.001/s
T 02}
S
=
=
=
= ol
X
-0.2 f A

14 15 16 17 18 19 20 21 22
1000/T

&—Strain rate; «—Material constant; c—Stress; T—Temperature

7 20vol% 44K AlLO4/Al 54 kRN AS N

N S D G R AR

Fig. 7 Fitting diagram of flow stress equations of 20vol% nano-Al,05/Al composite
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