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T Mg-Nd-Zn-Zr 64, HHF T8 E S r4
LG VERERIEN . AT, AR/ IT S A E A A
BOERI BT AR, DRI, AR TR [E A A R
il 2 RS1 2 500 nm (1) ALO; MUkLIE 3 AZ31 BRI
SRR, I RARESE ALO; Pkt &+ kA
L5 )1 BRI R

1 =SCI§

1.1 i3t

ARIEH RILR A S H R AR E 1) AZ31 B
HalE NSk, REAARNZE SRR 1 5], ALO,
SRR, 14 B R 4 FH V0T T v BH L, 2 i R RH R 2 ] AR
(1) ALO; P & RRL, FF3RA2 K /N A 500 nm.

T AZ3 B GRS
Table 1 Chemical composition of AZ31 magnesium alloy
(mass fraction, %)
Al Zn Mn Si Cu Fe Mg
2.80 1.00 025 0.06 0.01 0.01 Bal

1.2 R HE

AZ31 BEREHHATUIE N, VIEhn TRk 3.50~
5.45mm, % 1.40~2.85 mm, /£ 0.15~0.55 mm [¥
KAORMEE, SRIEK AZ31 8:JE kS 500 nm ) ALO;
FORLNAT B IR, 7R E TERES 3 h, 2K

(2)

B 1 ALOyYAZ31 E&MEHITMMA LI

LIS T 5T 4 150 r/min. 4 EREE 5 (TR AR S A
AEBRF, TE=EIRT, K18 650 MPa, R}k 15s
J&, HICEAN 40 mm, &N 40 mm FFEFR . B
JE R BRI G A B, Hod, 7EREE R
Z TR EAEB AN 2R R, DN S B Z R
JEE 7, SRIGINIAE] 400 °C, IR 20 min J5, fEJE /)
N 600 MPa, FFIE#E N 2 mm/s, HrIELA 25:1 (14
HETRAFHEAN 8 mm M, 193] ALO,; Brkilg
SRIVEER S AR

1.3 S

FIF OLYMPUS-GX71-6230A 745 ) 4 A1 514
F1 FEI-SIRION ZY 5 (1494 X ALOs/AZ31 SE 4
LT RGOSR o b, A IR i AL
G AN . SR FH T R L SR AN A IR R
R FEACR A ARHEEAT J 28 e DA FE .
Hp AR BT, ARZE SR 3 A A, HL
SEIME DA PR UE B A M o K Image-Pro Plus X
SIHTINE ALOYAZ31 EAMBHII SRR /N A o

2 SLIGZER

2.1 MBL S
B 1 B AANES R ALO; MK Bk 55
AZ31 BEFRE SMBHIROR AL TS . W 1),

Fig. 1 Optical microstructures of Al,03/AZ31 composites paralleling to extrusion direction: (a) AZ31; (b) AZ31+0.5%Al1,05;

(¢) AZ31+1%A1L,05; (d) AZ31+2%A1,04
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LRSI ALOs TRI , AZ31 BEJEAA (1 SR K320
FRBIW, FAEDE A d/ bl & 1(b)fr
AN, U 0.5% M EACK . ALOS RUKEI , E& R
(1 R AL,  BLYE R BRI St kL FE R 46 B < T
BER” B SN RL T ERCK T ALO; BURLAT
15, St A s BT FLE AT, RAE %X
B AL B OR, TR B AL X, X i
T OIS, H TS G MR SR 41t .
W 1), BEE ALO; K& &M, &4
BHE ARRLRAN BT K, P45 /N AR WY £ .
2 ALO; FURL & 5 2%, Bhas gt K4E, M
KatbLg A, a0 dioks R B2 )y, sl
WA BT ALO; BvkL & & 3G N, HAEBE R
AN s], SHEETHARENE S, R4
AR SRR . 2 Ak

12 Fis AR & & 10 ALOY/AZ31 AT
BIaRLRST a2 B, AR ALO; FURLIN,
AZ31 BRI SRR/ N 34.56 um. 24U ALO;
kLG, S EMEH SRR B9, 2 ALO; Bk
TEN 0.5%F 1%, EEMEHERR N A 29.67
um 1 26.45 um, FHELT AZ31 8544, FHAhRIR T2
AR T 14.14%H1 23.46%. 24 ALO; kL& 8N 2%
I, SEARH SRk 2 B/ 20.38 um, AHEL T AZ31
BEEAA, FOARRIRSTTRFE T 41.03%. —J5TH BT W24
K ALO; FURLIIAALE, X E GBI AL E 3]
FTHLVER], HAEBEE ALO, MUK & BRI, FHETH
TERIZET IG5, SIS S MBRAS IR, Hm & dtm
VLD R, B A X Re 8 A A i ik
Maiimetx, WS AR SR 2 E g 5
—J71H, T ALO, BURLE BRI, HAERAR R

40

N

30t 7—

20

)
0t
7
2

Grain size/um

0.5 1.0 2.0
Mass fraction of Al,O; reinforcement/%

B2 ALOJ/AZ31 EAEMETE Sk RF
Fig. 2  Statistical grain size distributions of Al,0;/AZ31

composites
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SEM 4. Wil 3()fimn, ARG, TWRCKH T
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5 AZ31 BRI S G R eI, WA TSR
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b, ik 3. B 3 NE 3(b)F A C HIfiE
T, AEBRCAER NN ALO; Bk . B 3(d)
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T B2 TA 2 e KAE 83HV,  AHEL T REIN ALO, FiUki i ,
HEMEBHREEIRE T 31.74%. 5 & RHE 860 1)
FHEFA: ALO; PRIAE AZ31 BRI 514047,
R T REGRALIE . AN, BT ALOS BURLIITE
15, SEEMER ISR T ETHLER, M
G A MBI SR B4k, R T 4SRRI
H, H ALO; FkL)E T Ha gk, L AA B & E
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Element  w/% x/% — 0 —7n
o 28.70  40.04
Al Mg 1091  10.02 \ M A \ “
Al 60.39  49.95 ”

oM
. \

0 2 4 6 8
Energy/keV
B3 ALOyAZ31 EEMEHN SEM GAIRENE 73745 R
Fig. 3 SEM micrographs and EDS analysis results of Al,03;/AZ31 composites by solid-phase synthesis: (a) Distribution
morphology of Al,O; parties in AZ31 alloy; (b) High magnification of zone B; (c) EDS analysis of point C; (d) Linear SEM-EDS of

line 4 in Fig. 3(a))

AZ31 Mg

R,

Al,O; particles

Dislocations

Dislocations

e Al,O; particles

B4 ALOyAZ31 HEHMEHN TEM &
Fig. 4 TEM images of A,O;/AZ31 composites: (a) AL,O; particles; (b) High dislocation density zone near Al,O; particles

ST, TERAMERZERMEME, Rea it BN S EMIN, HE AR E IR . DU .

LN ¢ P G s e s AL (s K RIRETHE o RN ALO; UKL, AZ31 BE2E
Bl 6 B AA RIS B ALOYAZII EAMEHNE  RIPTH R JE R A 2537124 260 MPa.

MRAEFE . Brhind i R, WKl 6 Fis, B ALO; 163 MPa Fl 4.5%; 4 ALO; WKL & &4 2%, E&
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PABHRPURISREE | i R B2 A 28 43 Sl ik 31 e R AH
302 MPa. 203 MPa £l 8.15%, #HELT AZ31 BE3EAA,
A RRE T 16.15% 24.54%F1 81.11%. HIUILAT 41,
W& WK ALO; BURIFIINN, RAMEIPUH SR E
I AR B = BRI, F KRB R BRI &

851

Hardness, HV
~J 3 [e2e]
S 3 & &
T T T T

(o))
(e}
T

0 0.5 1.0 1.5 2.0
Mass fraction of Al,O5 reinforcement
Bl 5 ALOyAZ31 B&MBH S KAE T
Fig. 5 Vickers hardness of Al,0;/AZ31 composites

350 15
300+

112
L X
& 250 N
= E
= 200} i/{r/{__,,..-—«—i 19 =
50 S
: 2
& 1501 50
X l¢ 5§
100} = — Yield strength -

e — Ultimate tensile strength
S0 +— Elongation of failure 13

0 05 10 15 20
Mass fraction of Al,O; reinforcement

El6 ALOyAZ31 HEMEHIHE KK
Fig. 6 Strength and elongation rate of Al,0s/AZ31composites

3 SIS

TR ALOs BRI FIAELE, MIfE ALOs/
AZ31 HEMEHO )RR B B m . HAaEA
T8 k. BT ALOs BURLE A ey (1 i 2 A pE
Bk, TERAMEVRZERMIBIIN, B84 3o
PR, A3 i B A ARL I e AR R . By e ALt
AP AR5EFE Y e ] Lod e =) TR

A,y =0.5V,0,, (1

Xf: o, Fon AZ31 BEE LSRR IREEA 163 MPa;

V, Fon SN 2% ALOs BURL AR 73408 0.54%,
Rk, @k ()T A, il B A AR
Jet 5 FE 3 1y 0.44 MPas

ERFFELFEF, BT ALO, Pk 5 AZ31 B:%
IRTE D)5 AT )% ERIANILIEC Acpg )s TEFRIHIAL 2272
AEIVELIR RIS, FEUE ALO; UKL AT LU R
A AL X, T E 1T E A MR JE MR
Acre A MORHE 5 B R4 S m Dl i = 2) T
ﬁ[w—zm:

ch 12AT 4.V, 2
Aog = @ bD(A—V,) (

A 4, TR AZ31 BEA S5 ALO, kL [A] FAREZ K
AW ERN2526X107° Ch A FRRPINERES=
HMZEER 375 °Cs b FoREEN A& H 08 0.321 nm;
G RN AZ3 AL MBI E 16.6 GPa; o WA
W 1 DRV, A3 RIRR ALOs BURL P2 B AR AT
H AR %070 51 500 nm A1 0.54%. R, 38
Q)VFE AT, A A SR AL A A Rk e R o
FE T 20.37 MPa

B A R FE S, BT ALO; Bk HIfF1E, fi
ALOYAZ31 EAMEHG SRS 2 2 E g0k, it s
TS RRATER, A SRR JE R FE AT 214G AL
PEiEe A AR B2 G PRLE AR FE R nT Do
Hall-Patch .(3)i+ 52"

-1/2 —-1/2
AHall-Patch = K(dcomposite - dAZ31 ) (3)

KH: doomposite T dazzy 73 BTN L EFEIN AZ31 8.
FEARI T34 ok K /N33 20.38 um Al 34.56 um; K
71 Hall-Patch £%09 0.13 MPa-m'?,

L@ T AT R, g SR R A RN
JE RSB T 6.76 MPa. o TV MK 2% ks 7] LAY
e B E AR, E1E Orowan 5L Aorowan )2
BENS A SO S E SRR JE IR 98 EE . Orowan 5RALAL
0T B2 A REE R i B )4 v T Lhd it A2 Orowan-
Ashby(4)i1 52 23],

0.13Gb D
rowan = (4)
. D

[(0.57,) 7 ~1] "%

Pk, AT, FIA Orowan E1EAL
T LA S S ARG i A L R v 9.26 MPa.o UKL
S < JR R A2 G AR I BRI JiE R i B2 W] LA i X (5) 7
24,

o, :(1+O.5Vp){om+A+B+£} (5)

O-ll'l
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X o, RORE AWML RGERE; 4 71 B 55
TR Acre T Aoowan 11 0.5V, ROREATHEAGAEF

R 2 PHIAIBIEL Ay~ Acte ~ Aatipatch T Dorowan
SRALITE AR A A RO S ARG . 3R 2 1)
A, A PPR R JE IR R A LR A — e
B, HZEMHN 8.17 MPa, i B2 E IR R v GE i T
WKL) ALOs BURLIIAELE, X &G MBI A kL
Bl —E W2, TSI AE = T B T . Bt
AL T IERCK R ALO; BURIG 3 AZ31 BEEE &
PERE, B Agg ~ dote ~ Aatipateh T orowan SR
H, Refe A AO0hIR S E SR R IR .

2 ALOYAZ31 KA R A5 FE 1 AL T SAK
Table 2 Calculated value of Al,O3/AZ31 composites yield

strength
40ad / ACTE / AHall-Patch / AOrowan / O, /
MPa MPa MPa MPa MPa
0.44 20.37 6.76 9.26 194.83
~
4 Z5ip

1) [ AR A BT CAI % ALO; SEACK Bk 1 55
AZ31 B E AR, H ALO; Bk ¥ &) H 4> BIE AZ31
BERAR, SRRl SR S AL

2) ALOy/AZ31 SEMEH 1 ERERE A ALO; B
RLE BRI iR = . 2 ALO; MUK & 5 2%, &
AMEHIVEREA B O, B PLhimfE. JEMR
s E AV 5358 83HV. 302 MPa, 203 MPa Al
8.15%.

3) HT ALO; BURLIIAFIE, XAHIZEIE S T 4]
AR, (TS WS, R SRS
R AN o BT Ageg v Aore ~ Aatipatch ! Aorowan I8
WHLE, A AR JE s A5 21 2 4 .
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Fabrication of submicron size Al,03/AZ31 composite prepared by
solid-phase synthesis and its strengthening mechanism

HU Mao-liang, WEI Shuai-hu, JI Ze-sheng, XU Hong-yu, WANG Ye

(School of Materials Science and Engineering, Harbin University of Science and Technology, Harbin 150040, China)

Abstract: The solid-phase synthesis was used to prepare the submicron size Al,03/AZ31 composite. Its microstructure
and mechanical properties were characterized by optical microscopy, scanning electron microscopy, transmission electron
microscopy, Vickers hardness tester and electron universal strength tester. The results show that the submicron size Al,O3
particles are uniformly distributed in AZ31 magnesium matrix after solid-phase synthesis. Al,O; particles increase the
dislocation density by pinning the dislocation motion of the matrix, promoting the dynamic recrystallization nucleation,
resulting in refined grains of the composites. Meanwhile, the mechanical properties of the composites increase with the
increase of the content of submicron size Al,O; particles. When the content of Al,O; particles is 2%, the mechanical
properties of the composite reach the maximum. The hardness, tensile strength, yield strength and elongation are 83HV,
302 MPa, 203 MPa and 8.15%, respectively.
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