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Microstructure and tensile properties of in-situ nano-Al-O
reinforced Al matrix composites

ZHANG Tao'?, ZHANG Liangxian"’, KUANG Shugian'?, JIANG Tengjiao'”,
ZHAOKe’, LIU Jinling"”

(1. School of Mechanics and Aerospace Engineering, Southwest Jiaotong University, Chengdu 611756, China; 2. Sichuan Province
Key Laboratory of Advanced Structural Materials Mechanical Behavior and Service Safety, Southwest Jiaotong University, Chengdu
611756, China; 3. School of Material Science and Engineering, Sichuan University of Science & Engineering, Zigong 643000,
Sichuan, China)

Abstract: In-situ nano-Al-O reinforced aluminum matrix composites are fabricated via the powder hot extrusion method, and their
distinctive microstructural attributes are examined to ascertain their impact on the room temperature tensile properties of these
composites. Microstructural observations and mechanical property evaluations are conducted utilizing advanced characterization
techniques, including X-ray diffraction (XRD), scanning electron microscopy (SEM), and transmission electron microscopy
(TEM), alongside room temperature tensile testing. The findings reveal that numerous in-situ formed nano-Al-O structures are
uniformly dispersed throughout the fine-grained aluminum matrix, with grain sizes approximately 500 nm. Some of these
nanostructures exhibit strip-like morphologies, possessing an average width of 20 nm and length of 65 nm, while others display short
rod-like morphologies, with an average width of 10 nm and length of 20 nm. Attributable to the reinforcing effect of the nano-Al-O
structures, the room temperature yield strength and ultimate tensile strength of the aluminum matrix composites attain 402 MPa and

494 MPa, respectively, marking a significant increase of 2.90 times and 2.66 times compared to pure aluminum( 103 MPa and
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135 MPa, respectively ). Notably, these composites maintain ductile fracture characteristics.

Key words: aluminum matrix composite; powder hot extrusion; Al-O structure; mechanical property

JEU 7 U 3 55 41 2 B2 5 BB BT /N TR
s ALAH . R R i 45 5 AL 9 25 1 2R e,
JA T ST [ N AMIFTE B o T, ] 25 o
K3 5 51 B 2 5 MR 7 vk 22 B A AR R

10k PRl W UL JEAL A A 9 AL AR AL 45 TiB, .

TiC. ZrB,. ALO; Fil AIN %5 & ik, 2t %
AE I % %, 3R RO F 2 TiB, ORI A 3L A
PREHRAS R HER, CHEA TR I EE ™. Zhou
4T D MR Ko TiF, F1 KBE, NIECEITE 2024 454
S MR T R A L TiBy/2024A1 44K, 285
TR UG AR, PUREREETT % 542 MPa.,
Kumar 25 " 5 19 4% v 15 JE 7 & B ZrB,/AAS052 &
AR, SO FAE 45 526 W] ZeB, UKL AE SE A4 1 43
T ds), 3F ELIURL 5 HAR R 6, 454 RLAF, B4
FERH J7 2 PE RS 30 50 B, BOR B i ik 5
161 MPa,

ESREERE T LARAERT B, HR 4 bR 2 5 7
HEFLI ., s P o T, T L
JEUE A A SR AR BT RO R B . A EL T 35
By if 4 i R T 58 2, (LRI A 1 2 A ML B
PSSR SN E B, AT S R EL 3085 . Rong
4 )l AL CuO o JBURER RS A v 42 1 7 20
il & T JEAL ALOy/Al-Cu & & M1 8E, 752 Fhidf 5 A
BRI, AR SR T i,
BREFik 568 MPa, Balog %" #4514 14.7 %AIN/Al
(AR50 A BRI 0 AR S8R 38 J 0 00
R AR TR, 4 Wilik 247.8 MPa 1 386.5 MPa, 7~
PR R AR & T 8 & T B &R
IR SO B AR T A BB, BFSE R AR A 5 T
K BRI R v, 2 S T AL I A R A
WTF ALO, BRI AN K AL-O 4548, 41271 T 453842
ARPEHI SRR L MR, ISR S T S
TEAEVF A 2 AL, B 5 B B2 RS
SR BT RS, AR AR, JF B &
FBAHEARANR 2 B R

H T RWAE G 4 TS AR R R, S 4Rk
TR 0130 5 M A P PR 1 4t L R 2
PERR YIRS SR B A bR % 4
VSRR S UV AT A2 A 1 T2, RERS A
W3 AT v i s A R DRl % A 9 S 0, AT
SR A ORI (0 B s 2 4 1 o R A,

XIS ERAR, Tombedh, il & BoAH R EA AR
SE AR/ N OB BURE RS o 25T, S A AR B
S ) 5 S 2 UK 48 568 45 B 52 5 ) RH AT 5
B HGE . A TARRLAEER R FIJCK 0 Bkt
T UCR PR A B T i S B AR 95 A A B 5%
Ao, i A AL 00K AL-O Z5 A 3% i Al B
ERL TR XA S RRHY B M SURFAE, I
X L 3 g 2k R AN B 11 TR A5 R AT IR A3

1 SLEHMBERE

1.1 SEIe4HHY

Ve FH2EER K CRiAR 2l 12 pm, 46 99.9%, |-
T AL T AT BRAS 7)) AT K W (46 99.9%, I
A T AR R FD) R ek, Slsa 8 o e 3
wmE 1 R,

I i U Z ]
Fig. 1 Morphology of aluminum powder

1.2 KEFHE

B AR FIJE K O BEdE: 4901 B9 T FUFR
BENBIGE T, FFINABIBR; H P BBk 5 8 K 1 it i
oA 1501, BEER SR i ELAR R 10 mm Y K ER A
R 5 mm B/NERAE L, HFTa bR 2: 1, Bl R
A T R AT AL BR S AL R BR 30 h, BREE B Ry
210 r/min,

P BREE GF I By IR R A T AR
40 mm PN B AT AR 2 A, R PLAE 200 MPa
BT R AR 2 min AR FEER . 3635 K HEER AT Py 3R
VR T DR I I R LA h, IR E S R
SAAMAAE 500 °C PR 15 min, Bifi B EF 7 $08% R,
BN 16:1, LA 10 mm/s (383414518 A5 3 5



5 6 1]

JEAEAK AL-O ZEkgsgai Al SR R SR P fiE 103

AR bR o K 4l BR R ) BRR [R] 1 e R O 280
PBE T2 & el iR B R A . B A MR &t
A 2 s

==

=

. i
n g —
g High energy Pressing into blocks
e — ball milling
Raw aluminum powder
and alcohol

W ==

Hot extrusion into rods Heating

B2 SEappil s

Fig. 2 Flow chart of preparation of composites

i X B9 (XRD, Panalytical Empyrean
L) X & 2 G AR T AR A3 BT o (8 P C 5 g
WAL (EDS, Elect Super A ) i 144 H5 - 5. 5l 5%
(SEM, Sigma 500 % ) | i §f B F & 7 5% (TEM,
Thermofisher Talos F200X ) il = 43 3 3R 155 5 HL - i
¥ (HRTEM, JEOL-2100F ) X & & b4 Bl 47 2% i
TSR WLEE | O b FAE RS20 o SR HL K AE
LAV RN BF 07 a4 85 e e b4 T an 1] 3
TR B T RRE , fiff R D 40K 1R 28 1T 4T S Ol
1, F T figi 5 HL (INSTRON LEGEND 2367 %)
HEAT 2R B 7 2 P RE TR, AR N 1100 s '
FE— P HIREEAR DT 3 18 AT AR 52 56 B 9 10 7

Bk
| 4 mm_|
'Y R3 mm
= I X
€ IE
o ( ___t'_')
v 6 mm

B3 R AR A R

Fig. 3 Shape and size of tensile test specimen

2 HER59H

21 BEiL Al EEESMREYHEER M E
B 4 R IR AR BB A PR B AR IR 2 R

M 4(a) B A BHRVRIZEES 1) XRD [ AT LA
EAM R Al A D5 ALC, FHALAL, BEA
WIEIFT ALOS ARG . AR ALCS AHTT
BTk ZEER Y C TR ALLE ] i Fi o 2 B
TR I, 356 T DA A O A5 45 5 — 5, iRk i
FEEHG ISR A R, (LR AE B B 245
JEL ST 488 R A bR R ER B 1 AL-O AR AT 5
eIV AT B

3 kA 20 L B, R 68 3k A b R
AL AT S0 057 4 LU Ao PDF R R oo £
JE T A R e — S IR o AR A i e

2dsinf = nA )

orh d S A ST VR ; 0 S X S SR T
6] (992 Ff55 2 XOSFER OB K s n o SSFB, Airht
W37 B 2 A ) 20 IR RS 2 ol T IR 40 S e e
SRR 5 T IR B S A, 3T R A TV RT3k A
JEAST SR A PRI AE ks o, SR R A —
TR I BT

&l 4(b) W JF AL A5 3L A BHEHE SEM BR -, M
Pl R L 3 S T JE AL IR S e, O FLR R 1
PR A 2 22 R ST AR A0/ A K508 (A
Bk TR ), S GR BRI AR 2 K SR A ek,
1 FF] Tmage J %PE 43 BT A5 59 53 e 44 K JURLBIT 5 (1 1
BUMELZI N 9%, i 3d EDS 15 15 40 W RE i R )
K I T Z 4R, S 4(e) . (d) iR, TE
Sy M SRR o U ALFL O AP, 4
14k B3I IR €0 400 K UK SR 42, O TR T 1 Lh i ik
23.8%; Tfii 15, 2 b BT IR 8 90 K UK AR 2L, 1 O JR
T 05 H A 5.1%. SR IRE S AL
B, T AS IR 2 SR b O JELF1 o5 LU AR 85, {ELJE: A,
1AL 2 b O BT He i 22 BT U 1L, B 40
AT AR R P I KBRS AT R 4R, TR R
JEF b7 Fe B BT ALOS AH, IR AT DATA 85 45 Al
TE7K 2 T3 1o Tk TR S AT A B 3o 8 1 7 U
B AR, TS A W — R R I 4K AL-O 2544, i
FILAAE MR s 8 PRk Al R A IR 2
B, TooK Z B R, 9ok AL-O S5 F7E R84
o R S AT AN, WA TR AR AL-O S A 1 B
S BOAT R XRD TG B AT IS 5 00
[17]O

&l 5(a) Hy 57 48 4 5 4 B RH STEM B35
1%, B 5(b) R 5 HX R T E H MBI . A 5(a)
HR] L A SR 1 SRR S H AR AN . By
BT 3 B 45 56 K 1 57 2 R0 R. T 292 500 nm, 4l
5 () s, U8 I 70 BRES LR R B0 R ek B o,



104 i = M R R 545 %
(a) 2 A Al « ALC, .
o
! 1
I
> In-situ ! A: A
G| AMCs +u I . 4 %2
c t
2 oo [
< ! 1 ‘!
Pure : [ “‘
Al | |
! 1
PDF# | !
85-1327 1 H . . Jo
20 30 60 80 36 38 40 42 44 46
261(°)
() A point 1 (d) A point 2
Atomic Atomic
Element ¢ ction/% Element fraction/%
= Al 76.2 Z Al 94.9
5 (0] 23.8 5 (6] 5.1
£ b =
J O
0 0.33 0.66 0.99 1.32 1.65 1.98 2.31 2.64 2.97 3.30 0 0.33 0.66 0.99 1.32 1.65 1.98 2.31 2.64 2.97 3.30
Energy/keV Energy/keV
4 JRNEREEE AAPRIN BERIES R (a) JRALERIEE G HPRIZEEE Y XRD EIE (MR RFHORED 5 (b) R AR

AR SEM B 5 () I8 (b) Hrsi 1 ARBIITER A4l 2R (d) B (b) Hsi 2 AR TR Hrali R

Fig. 4 Microcharacterization results of in-situ Al matrix composites

(a)XRD patterns of in-situ Al matrix composites and pure

Al(partial enlarged drawing on the right side); (b) SEM image of in-situ Al matrix composites; (¢ )element analysis results
at point 1 in Fig. (b); (d)element analysis results at point 2 in Fig. (b)
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Table 1 Comparison of room temperature mechanical proper-
ties of particle-reinforced aluminum matrix composites pre-
pared via powder hot extrusion process

Ultimate tensile  Fracture

Material strength/MPa strain/% Source
In-situ AMCs 494 8.0 This work
15%SiC/2024A1° 421 6.08 [24]
15%Mg,SI/AlT 21745 42406  [25]
20%B,C/Al 290 10 [13]
15%SiC/Al" 188+3 12.3+0.2  [14]
30%SiC/Al" 227.53 27586  [15]
20%SiC/2024A1" 470 4.08 [26]

* . # .
Note: represent mass fraction; " represent volume fraction.
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