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Abstract In this study, aluminum borate whisker reinforced Mg-3A1-2Ag-1Zn matrix composites were
fabricated by the squeeze infiltration technique. The purpose is to develop materials for elevated temperature
applications. Microstructure observation revealed successful fabrication of the metal matrix composites, namely
no cast defects such as porosity and matrix / reinforcement interface delamination etc. High temperature
hardness and creep rupture properties were improved significantly with addition of Ag to the Al borate whisker
reinforced Mg alloy composite. MgsAg phase formed during aging heat treatment could improve creep

properties of the Mg matrix composites.
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Table 1. Specification of Al torate whisker.
Chemical composition p (g/em®) Dia. (um) Length (um) o (GPa) E (GPa) Shape
9(ALO; * 2(B,05)) 3 0.5~1.0 10~30 7.8 392 whisker
2 e & gsblel MBEE ARG, AEEHS 9

y TO-1-
3l f7)Ble) 1( ation starch)g} F71uKI (silea colloid)
=M E FH7bstd 1000~3000

O:HH]/H& ]% i=]

Azd AUAFAE 3Y7 24283 253 wxﬂ
AE A EFTEEFANE 0183 1

ZAzAZH .

MgB8A 59 Az SE7IIREHS AR o
F3E 7| FE5 AeATe ReA .
3t oujAdFA = 450°CE. Jgd
800°Ce] 884 Sl 394t ¥, 35 MPa9] <o
= Z]‘ﬁ/\]{" 72, E¥A (plunger) °l&
THHEA A M 6022 BT

xﬂ&% MgE @Al 8.e] mH 22e S4kIA2 o Oxallic
acid, 100ml H,0) 4o g #2a H2jg & ei
S Tl SEMO2 #Edgich AxE BPAE
S APE AFE AL 915 Rigaku Model D/
Max-2400 4812 XRDEA = TN 5500NORAN #H]
2 EDXE &% stk olg BFAEY] 24& HIt
at7] 918l HA2olA wlo]As HEAgH 37 FIANY
< WhEen LA AEMVK-HI(TIZEL) 9
YA EE AAEATE AHAEL HoMd 7t EE
Z2st 8516(Instron co)ANE7E ARSI 150°C,
200°C, 250°CellX Zbzbe] A1@:-& 100 MPay] 35S
Brrstd HEEH ZGTHAZRe SAS. At
£ 150°Ce} 180°ColA 5~150h) A& ExE s}
o ZslEom, Ag M7tel 93 MEEg BEs] $
st TEM 29 S AA AT Mgl 5474 Asiols
o] EB7IetaL, particleo] Exsks EFANS Jet
polishingo] E-7}3}chi -"”Jr‘:}‘ﬂoi lon mlllmg% A3l
3mm diskE® YEJY. 3mm diskE WSS 95k
100 me] FA A 7174103‘3}% AAIEEIL Dimple?| 5 At
&3k 5m FATNA] AAEAT 24 YL JEM-
2000 FXII2 #9& st
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Fig. 12 SB/RRIEFHOR Azt MgEHAEE
SEMo R #E3 o2 (aE 15wi% Al B ]E ¢
271 /Mg-3A1-2Ag-1Zn7}F (b)E 15wt% Al REo]E
£71/Mg-3A1-1Zno) wlM| AR oIT) a) B b)ellM &

Fig. 1. SEM micrographs of Mg alloy matrix composites a)
15 wt% Al borate whisker/Mg-3A1-2Ag-1Zn and b) 15 wi% Al
borate whisker/Mg-3Al-1Zn.
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Fig. 2. X-ray diffraction patterns of Mg alloys and Mg alloy
matrix composites.

A2=71/Mg-3A1-1Zn, Al RE|°|E 9|27 /Mg-3A1-2Ag-
1Zn9] X4 sdaEoz 5302 Mg MgqAlL A
o] #&HJTh FH Mg-3Al-1Zn /A FZ0] Al BH
OJEE H7Fe EFAE (o) % 2wt AgE H7IE
(@9 7% 71AG=H FsAZE v 5 MgyB,0s
31580 #AHTE T3 Al BHo]E/Mg-3Al-1Zn

2 wi% BBl 2 wi% AgE zma (DM E MgAg
o] Mg EC] AAEUSS & 4 Ik web Fig
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Fig 3(a)E AgZE H713F Al HEolE 927 73}
Mg-3A1-2Ag-1Zn BSA 52 TEM ARl JeER]IL 3
T}, Fig. 3(2)2] bright-field AFo) M= Al HaloE 9|
271 &4 % Mg matrix®] Mg3Ag/‘L 2 A E o
MgAlYd 5ol A&HASE & & A Fig 3(b),
(c) B (dy= bright-field A}ﬁoﬂ L}EM 7} 4F2] SADP
(selected area diffraction pattern) ¥ EDX¥EY ZAAE
VERAATE Fig. 3(b)ellAl & 4= 9150 bright-field AHX

oA EE rod-type®] 4 orthohombic end-centered
TZ2E 7= Al REolE 73] o)tk %3 Fig. 3(c)
+ 3-folds®] BCC(body centered cubic)t-ZE 7=
23] Mg AlLEYE & 4 Uk Fig 3(de Agd7)
of & Mg matrixol 4Z¥ 5-folds®] FCC(face
centered cubic) TEE 7HE MgAgddS & 4
& Fig. 3(e)= Al Bo|E9} 7]11?{};01 Mg2] in-situ
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Fig. 3. TEM image, EDX and diffraction patterns of 15wt%
Al borate whisker/Mg-3A1-2Ag-1Zn composites. a) bright-
field image, b) Mg matrix and Mg;Ag diffraction pattern, c)
Mg matrix and Mg;Al,, diffraction pattern and d) Al borate
whisker diffraction pattern.
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Table 2. Hardness and flexural strength.

Al borate whisker Al borate whisker

Mg-3Al-1Zn Mg-3A1-2Ag-1Zn Me-3Al-1Zn Mg-3A1-2Ag-1Zn
Hardness(Hv) 60.5 65.8 143.4 183.3
Flexural Strength(MPa) 400 410 426 448

Holt}y, AEZhE Mg-3Al-1Zn < Mg-3A1-2Ag-1Zn
< 15wt% Al RE°|E 9223 /Mg-3Al-1Zn < 15wt% Al
HYolE 927 /Mg-3AI-2Ag-1Zn8] £ 2 Z7181% T
EEARE ZIAGEe vs 2u) oo AEFE e
Wlen, Mgirast 28489 FYAEE Mg3Al-
1Zn < Mg-3A1-2Ag-1Zn < 15wt% Al BHO|E 927/
Mg-3Al-1Zn < 15wt% Al BEolE 9127]/Mg-3Al-2Ag-
1Zn] M2 F7kehe A8S el ol Arie
Al Beo]E Z3lAo} & 82 MgAgh T°] Axe)
BEFTt @S nA Aoz AztErh

Fig. 4= ZL7% A1g434-5 Yehd A02, Mg-3Al-
1Zn < Mg-3A1-2Ag-1Zn < Swt%Al H#olE $j27]/
Mg-3A1-1Zn < 15wi%Al Hel|o]E 9| 2~A/Mg-3Al-2Ag-
1Zn®] M2 YegANE, 257} 45 84E AgE 3
7VlR] e Me3Et Al RHolE 2SS B s
Mgl e A=7t AgE H7Ish Ao vl ¥4
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Fig. 4. High temperature hardness of Mg alloys and Mg alloy
matrix composites.

Table 3. Creep rupture time measured after creep tests.

Table 32 Mg@E# Mgda714 EFAEE 150,
200, 250°ColA 100 MPa®] sFEo 2 AYAIHS A3}
of AlZbe] wh2 MY e Z7te) A sl e APt
A7 vebd Aolth Mg el Vsl BgAse =
HEHo| FHEHAJL, AgE H7HE 8487} 7MY ¢
73 AHEL S YA

Fig. 55 AgE H7ket Me¥+a3} Ag®t Al borate
whsiker® F7}st B3ABE 7H7b 150°Ce} 180°Col| A
5~150h &< Al EAES F9 H=E Yehd Aol
150°CollA BRI 8 FAAFAZRE 20 holYSL, v
& Mgdae] FAAEAIZHE 30 helSdek. 180°C oA 9]
EdAgo] fIAEAZHE 10h, HIEF Mglae v=
AMEARRRE 20h o2 ZAERT. & E3ste Alden
o] F7te wEhd g EA7re] BEHE AL &
o BExge] A AeiAetel dEAdA A ol
Afe] 7t WE MY BFY YA Fae 2
2 AsHA AAZE AEAEde] Bad S AAs ¥
= Aol o3 B} EXH= A0 AFEH.

S Ag7h F7HEA] & Mg-3Al-1Zn 3 ¥ B
AEe] Al RHOIE 9|27/ Mg-3A1-1Zn A|FHNM = F
S8 AEIsF BB FU Fig 59 vEhbs 3
ANEE AgdZl et el S3AER o= TEM
AR B2E MgAge] Mol 9t Aoz Azt
3, MgAgAEES AHAYE B9 IRIYAEE I
BATe AeRE AEHE

Noto 7 g
S oeo yo b

4.8 £

3ARAE1Z071A) FEEFARE AXAQD o2,
ZIAY 54 AYEAH X AgiTtY] 9EE =
Abste] ThE-9]

Mg-3Al-1Zn Me-3A-2Ag-12n WhiskI::‘rll\/tI);-r;i zt:l- 1Zn ?/]Igt-);) rlgx ;_lf;‘:
Creep rupture time(h)150°C 1.5 9 325 497
Creep rupture time(h)200°C 0.2 1.1 4.6 9
Creep rupture time(h)250°C 0.1 0.2 0.6 1.5
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Fig. 5. Age-hardening curves of Mg alloys and Mg alloy
matrix composites. (a) 15 wt% Al borate whisker/Mg-3Al-
2Ag-17Zn, Mg-3Al-2Ag-1Zn at 150°C. (b) 15 wt% Al borate
whisker/Mg-3A1-2Ag-1Zn, Mg-3Al-2Ag-1Zn at 180°C.

HAT, ERAEY 97t vES MgEE /1A AS
B} A& uAA7ke] el )
2) I AEF Mg-3Al-1Zn < Mg-3A1-2Ag-1Zn
< 15wt% Al BHFOIE A7 /Mg-3A1-1Zn < 15 wt%
Al BE|o]E 9]27 /Mg-3A1-2Ag-1Zn8] $02 Z7}3t
AUTE 150°CHlA Al RO E ¢ 47 /Mg-3Al-2Ag-1Zn
o] 7% Mg-3AK1ZnoY ¥ls) A=} 38 o)A Z7)eksd
t}.

3) AEAIAEE S5 100 MPa, 150, 200,
250°Ce] 2E Z7ol4 Mg-3Al-1Zn < Mg-3A1-2Ag-1Zn

er

AFHF RHFo|E

738 Mg-3A1-2Ag-1Zn HEEGA T B4 795

<15wi% Al Ho|E $12:7/Mg-3A1-1Zn < 15 wt%
Al BEo)E 9)27)/Mg-3A1-2Ag-1Zn & 02 Z7}3)
Atk B3] 200°Co M= Al B OE 27 alol| u}
gt Mg-3Al-1Zn¥59] A5 7IXF4% B} oF (154,
Mg-3A1-2Ag-1ZnB5¢] 295 oF 304 ol &A% 3
TAIZEe] Z7HE BT ol whisker 43 B MgAg

o MEEol AYATE F AHFIAZE F7HZ
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