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Microstructure and mechanical properties of in-situ aluminum
matrix composites treated by cryogenic aging circular treatment
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Abstract: The in-situ Al;(Tiys5Zr,5) composite was synthesized using K,TiFs and K,ZrFg components in 7055 aluminum
alloy by melt direct reaction method. Cryogenic aging circular treatment (CACT) was performed after extrusion
deformation and solution-aging heat treatment. The effects of cooling rate (v), processing time (¢) and circular index (V)
on the microstructure and mechanical properties of composites were studied by orthogonal experimental method. The
composite was studied by differential scanning calorimetry (DSC) under cryogenic condition, and the microstructure of
composite was studied by SEM and TEM. The result shows that when the specimen is heated from the cryogenic
temperature (77 K) to about 165 K, there will be an obvious exothermic peak. The phase transforms from matrix to S
phase (Al,CuMg). There are amounts of fine precipitates in the composites, the main components are regarded as #
(MgZn,) and 5'(MgZn,') phases. With increasing the v, ¢ and N, the amount of #' phase that is unstable but hard will

decrease, while the stable but soft # phase will increase. Compared with the sample without CACT, the average tensile
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strength (o), impact toughness (ai) and elongation (d) of the sample with CACT have been enhanced by 14.7%,10.9%

and 50%, respectively. The main fracture mechanism is dimple one. When the samples with high ¢, and ay are acquired,

the optimal CACT parameters are: v=1 ‘C/min; =24 h and N=1 or 2. When the samples with superior elongation are

acquired, the corresponding CACT parameters are: v=10 ‘C/min, =36 h and N=1. The strengthening mechanisms of

CACT composite are precipitation strengthening, dislocation strengthening and fine crystalline strengthening.

Key words: in-situ aluminum matrix composite; cryogenic aging circular treatment; microstructure; mechanical property
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Fig. 1 Schematic diagram of cryogenic treatment container:

1—Liquid nitrogen tank; 2—Solenoid valve; 3—Vacuum
insulation tube; 4—Air fan; 5—Tank cover; 6—Gas outlet; 7—
Multilayer clapboard; 8—Container; 9—Thermocouple; 10—

Electrical cabinet; 11—PC control system
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Fig. 2 Process route of circular processing

R1 EEMRNRY N AR AL B S AT vt
Table 1  Orthogonal design for cryogenic aging circular

treatment on composites

Sample  Cooling rate, Processing time, Circular index,

No. v/(‘C-min”") t/h N
1 1 24 1
2 1 36 2
3 1 48 3
4 5 36 3
5 5 48 1
6 5 24 2
7 10 48 2
8 10 24 3
9 10 36 1
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Fig. 3 Schematic diagram of tensile specimen
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Fig. 4 SEM image (a), corresponding EDS pattern of position
A (b) and XRD pattern (c) of intermetallic compounds particles
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Fig. 5 DSC curve of composite treated by cryogenic

treatment

HHiLL Thermo—Calc 1545 WAiHig AL 7. 6
FTs A FEARFT AL,CuMg(S AH)7E =i BI9VA b FE IR
(77~300 K)I A AH & i S G R

HHIE 6 v I, THEE R A 77 K THE 2 165 K i
Bt HARS EBPN)ZEWRD: M 165 K 4RSI,
FEARE RN, WWILE 77 K THE S 165 K i,
A e R B 52 W RE AR R T LAl A . W8 R
AL CuMg(S AH) 1) 5t A2 A FiAR 5 B TE A B, B
77 K FHEF] 165 K i FEd ALCuMg i & 2§k i,
MREE T 165 K I, ALCuMg ik FR. 4i&#y
e G52 W 165 K I & AR KAz, 2
FART Al JGE LA Cu Al Mg JLE AR ALCuMg
(Rt R, M 77 K JTURE) 165 K ZeA 450, IR
METE i, S MBS T S MLERA AT FE
W AT R IE IR RRR A ST

2.2 RARYERLGIEEE SRR ERER
K 7 B IRA I SAE A IS SRR T
#H TEM 14 .

24770

(a)
T 24760t
5 E
=11
53 24750
o B
8=
“= 8
% £ 24740F
=2
2 24730}
© 165 K
24720 . . s .
50 100 150 200 250 300
Temperature/K
(b) 165 K
0.68F
D
g:
c 0.641
“
5 L
= 2
2 E  060F
[T
E el
f—
& 0.561
=
0.52r . . . .
50 100 150 200 250 300
Temperature/K
6 7055 Fafr h AN FEAN A SR M SR
Fig. 6 Relationships between mass fraction of different

phases in 7055Al alloy and temperature: (a) Aluminum matrix;
(b) Al,CuMg (S phase)
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Fig. 7 TEM images of matrix precipitates in different samples treated by CACT: (a) Sample 1; (b) Sample 2; (c) Sample 3: (d)
Sample 4; (e) Sample 5; (f) Sample 6; (g) Sample 7; (h) Sample 8; (i) Sample 9
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Fig. 8 Relationship between mass fraction of MgZn,

precipitates in 7055A1 alloy and temperature
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Table 2 Original mechanical properties of composites treated

by CACT using orthogonal method

Tensile Impact
Sample Elongation, FWHM,
strength, toughness,
No. /% o

oy/MPa a/(kJ'm )
0 250 8.10 221.52 0.162
1 310 12.31 280.00 0.169
2 310 10.23 263.34 0.177
3 260 12.12 221.52 0.204
4 295 12.02 232.98 0.226
5 280 12.71 237.60 0.174
6 275 14.14 251.57 0.229
7 285 12.50 228.38 0.141
8 290 10.51 245.16 0.206
9 275 17.42 249.83 0.237
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Table 3  Orthogonal analysis results of mechanical properties
of composites treated by CACT

Tensile Impact
Experimental Elongation, FWHM,
strength, toughness,
condition 0% o
ab/MPa ak/(kJm )
Without CACT 250 8.10 221.52 0.162
vi=1 C/min 293 11.55 254.95 0.183
v=5 C/min 283 12.96 240.72 0.211
v3=10 ‘C/min 283 13.48 241.12 0.195
Ni=1 288 14.15 255.81 0.193
N,=2 290 12.29 247.76 0.182
N;=3 282 11.55 233.22 0.212
t1=24 h 292 12.32 258.91 0.201
=36 h 293 13.22 248.72 0.213
=48 h 275 12.44 229.17 0.173
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Fig. 9 Microstructure of typical dislocation loops in CACT

aluminum matrix composite
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Fig. 10 Tensile fracture SEM images of aluminum matrix

composite without CACT (a) and with CACT (b)
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