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Abstract

This study aims at investigating the correlation of microstructure and mechanical properties of the
AZ91 Mg/Al borate whisker composites fabricated by squeeze csting technique with a variation of ap-
plied pressure. Microstructure observation and in-situ fracture tests were conducted on the composites
to identify the microfracture process. Detailed microstructural analyses indicated that the grain refine-
ment could be achieved with applied pressure and the little change in volume fraction on reinforcing
whiskers could be carried out. It was also found clearly from in-situ observation of crack initiation and
propagation that in the composite processed by the lower applied pressure, microcracks were initiated
earily at whisker/matrix interfaces, thereby resulting in the drop in strength. In the composite process-
ed by the higher applied pressure, on the other hand, planar slip lines were well developed In the ma-
trix, and then propagated through whiskers without whisker/matrix decohesion. Thus, the effect of the
applied  pressure on microstructure and mechanical properties can be explained by grain refinement, in-
creased amounts of reinforcements, and improvement of whisker/matrix interfacial strength as the ap-
plied pressure in increased. (Received August 21, 1996)
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Table 1. Room temperature basic properties of reinforcements.

Reinforcement o Dia. Length o E
(g/cm?) (um) (um) (GPa) (GPa)
9(ALO;) 3 0.5-1.0 10-30 7.8 392 whisker Alborex
(K,0)-6(Ti0,) - 0.5-3.0 | 10-100 | 3.0-5.0 230 whisker
ALO;-S10,(47:53) 2.6 2.8 20-300 1.4 120 short fiber | Kaowool
Al,05(96-97) - S10,(3-4) 3.2 3.0 200 2.0 300 short fiber Saffil
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Fig. 1. Greenhardness as a function of the amount
of binder.
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Fig. 2. SEM micrograph showing Al borate whisk-
ers in the composite preform.
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Fig. 3. the

squeeze cast AZ91 Mg composites fabricated
with applied pressure of (a) 20MPa, (b)
35MPa, and (c¢) 50MPa, showing the pre-
form deformation.

Macroscopic optical photographs of
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Table 2. Preform deformation as a function of applied pressure.
Applied Pressure h, V.% h, V% h AV %
20MPa 15.0 15.43% 13.5 17.15% 1.5 1.72%
35MPa 15.6 14.84% 14.2 16.30% 1.4 1.46%
50MPa 154 15.03% 13.8 16.77% 1.6 1.74%

h, . Preform height before squeeze infiltration(Unit:mm)

{ «

Preform height after squeeze infiltration(Unit: mm)

V% : Al borate whisker volume percent before squeeze infiltration
V% : Al borate whisker volume percent after squeeze infiltration
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Ao el S350 SudzA o2 § 9
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(a) An idealized schematic of the fiber
arrangement 1n Al Borate preform
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Fig. 4. Deflection of beams based on beam theory.
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Fig. 5. Preform deformation indicated by the re-
duced height as a function of applied pres-
sure. Experimentally measured values of
preform deformation are compared with the
calculated values.
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Fig. 6. Optical micrographs of the squeeze cast AZ91 Mg alloys fabricated with applied pressure of (a) 20MPa,

(b) 35MPa, and (c) 50MPa.
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Fig. 7. SEM micrographs of the squeeze cast AZ91 Mg composites fabricated with applied pressure of (a)
- 20MPa, (b) 35MPa, and (c) 50MPa.

X5, 000

Fig. 8. SEM micrographs of the squeeze cast AZ91 Mg composites fabricated with applied pressure of (a)
20MPa, (b) 35MPa, and (c) 50MPa, showing pulled-out Al borate whiskers. Samples were deeply
etched.

(91)
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Fig. 9. X-ray diffraction patterns obtained from
the squeeze cast AZ91 Mg composites fabri-
cated with applied pressure of (a) 20MPa,
(b) 35MPa, and (c¢) 50MPa.
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Fig. 10. Hardness of the squeeze cast AZ91 Mg
) alloys and composites as a function of ap-
plied pressure.
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Fig. 11. Weight loss of the squeeze cast AZ91 Mg
composites as a function of applied pres-
sure.
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Table 3. Average spacing of secondary dendrite arms.
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Fig. 12. SEM micrographs of the worn surfaces for
the squeeze cast AZ91 Mg composites fab-
ricated with applied pressure of (a) 20MPa
and (b) 50MPa.
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Fig. 13. Flexural strength of the squeeze cast AZ91
Mg composites as a function of applied
pressure.
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Fig. 14. Flexural strength of the squeeze cast AZ91
Mg composite fabricated with applied pres-
sure of 35MPa as a function of volume
fraction of whiskers. Experimentally mea-
sured strength values are compared with
the calculated values.

T Y7t =2} rule of mixture2} Cox model2[22]
A4 e n)wdtgdrr. Rule of mixtureg 7
T+ H2As ASAHFY S dEdz s
qew, olZRE EFAEY FIREE oS
Qo) ofshe] AT
Op= OV 1+ 0m (1-V)) (6)
Rule of mixtureg] A% oo Al borate A
A 2A 2 ZAxE ddslgent, Cox modeledl A
<+ random3}A] FEH EBASIIHANE FAH
el g A ] FEE oS o] Azt A4l

(94)

kol 22 ].
azé-of (7)

28122 Cox modelo] 23 B89 F3
AEE TS A 2o

Oer= 0V + 0a (1-V))

0. BHARY SIAE
o . 713 A9 F37tx

On - 7331209 QAT}E A 7|R]Y FI]AE

(8)

ol AMAFAY FYAE

Fig. 14 Yepdgixo] ZFAE Y AAFI
735+ Cox modeld] &jste] 73 F37tEe B
t} A3k} o] rule of mixtured #A-$ IFA
AE dESHFE 7MAS 7] dEeldd. zey
Cox modelo| A= 32A e FY7xE th4l o4
AeAel Y702 E AHEs 7] el o] =d
o] &3t Ai¥ A APE) A e
L=

3.3.4 In-Situ I3} P A+

Fig. 15(a)-(c)= 20MPa9] 7}tH oz Az
g Mg¥s SHAE A|Ho] wedgeo] 28 315
go} e XA nti-Zol A 27} Y s 3A
BoEr}t, 27)85(0.77kgl) el A =X
= o7t WHEyE goy, HAAE AY &A
52 ¢eth(Fig. 15(a)). #Fo] F71=(6.
13kgf), A /71A] A" A vlAg Fho] &
AE, o] vlAFdEL AAstz & mlAF
A5 dASHHA vy & FEE AFYC
(Fig. 15(b)). 7}& FAZTZR Ve Re] &
A ZAZF B3R A= R, o) HAH
o =3 me IH2A/7IAY APEEd 3
Tdol AAEE AL & F 9t o sFel
7he) X (6.28kgf), ZA AAH TEL XA
@3 AAFHA g7} FH5A A "o
(Fig. 15(¢c)). €9 AFfs F2 FH2HE
Beo] 4= sle 949 FEEFH dZ=EHA
AP=HT, FEE AlolE dZ2E wolwt 71A)F
Fo2 2y =)

50MPag] 7jgtez Alz¥ Mgis ¥3A
59 iA=L Fig. 16(a)-(c)o] “He}f
o). Fig. 16(a)ollA] BXo] xxAkie n]4
2L 7itge] F7lel me 20MPasg] 7k
22 Azd BgAE(Fig. 15(a))e vls] ==

L
=
Q
=
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Fig. 15. A series of SEM micrographs near a notch

tip of the squeeze cast AZ91 composite fab-
ricated with the applied pressure of
20MPa, showing (a) basic SEM micro-
structure(load : 0.77kgf), (b) microcrack
formation by the separation of whisker/
matrix interface and the whisker cracking
under the relatively low applied load level
(6.13kgf), and (c) crack propagation
mainly along the separated interfacial re-
gions(load : 6.28kef).

(95)

Fig. 16. A serles of SEM micrographs near a notch

tip of the squeeze cast AZ91 composite fab-
ricated with the applied pressure of
50MPa, showing (a) basic SEM micro-
structure(load : 0.74kgf), (b) development
of planar slip lines and their propagation
through whiskers(load : 6.81kgf), and (c¢)
crack propagation mainly along the well-
developed . palnnar slip bands(load : 7.
2kgf). A number of planar slip lines are
observed near the propagating crack.
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$492 Y02 A2Y AZ9] Mg/Al Borate H27 ¥R ol423 9 714 B4 - A, 294, o4, ¥onl

A, 2 A (AHE AFFE deAe R
<€ & & U™ #Fo| 7EH == (6.81kef), Mg
71X gFANA HYo] HA Yoy HeYPA(pla-
nar slip band)e] ¥3A& 1Az @eo] LAY
o} ol3q "AeHo] A WEEHW, 7AWl o
Algde] AT, o] viAlFEEe] AFsHA
HEAES ADsA "dot(Fig. 16(b)). B8 ¥
& 355l A (7.20kgfl) MAFEER AR o
A=EHA Hol & gdE AAsim, = AAd3
AAEHY, A& g vATFEEH AZH
HA AHo(Fig. 16(c)).

o| Ay L ZrEAY FEJl Fdy AZIl
Mg¥ds 559 a3y FAAFde £%
ox 7HHHe me 2 HagAge] A ZFEhA
= e ¥¢9 o 2L V¥R AzE E
AR A Qi BFASAA £3] BREHE
HEA/7IR] A FgAAHLR P2 3]
et AE Tr) =Y, ZltHe] HA e
utg} vz 2o XUsAHA HEFAH/ A
AREAl A 4" gl 2 7Y
stell e HA2A/71A ARAFH] Folx]7]
dFell AL EAfely APy Eejrl A9
B ARA ZIA e Al dofid 5 3l
th. 28l hepT2e Mg@FolMde <A
71 A 7|dFoll WEe] F dojux] Xtz 7
gk o 8 zZxlo] Wedste WEHo] dojuA
Hel, o] H&ePAL vAFEE WA, o]
plAlgde] HAsHA HE2AESE ADsA =
o} ol HAH/7]1A] AHAE= F7|dEel A
A2 e ALY dovrA] et oA £%
Tz A] 7FEe] v e, 3A2H /71X Al
o] H<fste sl AHE wel LAHET, o
o]A} 35S ¥ $ Uk Fig. 1364 2%
o] 7}st# o] kATl wel F¥IEI}F At
Aod =28 2 dAFedA FR= f2skAR, o
Axt 33l F o8 ZIAA AAdE AslE A
22 Q7R
4.2 B

Z1712} Al borate FAAZ 7}3A|71 AZ91
Mg &5 HZASEE fedze= Azxsty
oH, ulAz2 U 7|AAH B vl X< 7}ty

(96)

9 gg ZAFL R o2 AL FHE ¢
et

1) 7], F7uldddE etz A ¥EE
E3le] duAYAE Az, of e
A2HE] wHyo] A doAvtz LA FEI}
+% EgAE AHE Az F U

2) 7hetEe) 20, 35, 50MPaZ F7}§ 6| met
Bl B4R A £ kAo Fadtue
o, B R dMe F2AFelW HaAL &AL
Aol A=A gk

3) A7}¢] Al borate }2HE AHAE AL
3led Saffil, Kaowool 2AF 743 B¢z &
IHste 7|AH S4€ A= Mg ¥5 5%
AEE Azslden, HgHol F71g w2
Ax, Juld 4, 3-H F374=7 F7hslksch

. 4) In-situ AP AY e 7IgHeE A
z¥ EgAsdAe HEA/ZIA AHAAM Y
TANHeR Fe FEldAT Hrt Y s
Aqert, 7ol Frhgel wel H2A/7) A A
HEAo] A FAET FAAHL &Akolt AW
o 227} A9 gle] ZAgFlA HeHo] &
=] %o

5) AZ91 Mg/Al borate 327 B3 AF A
7htE el F7tgtel ae} 7|AA SAe] FAEe
PAe AAY0| A3, Ha2AHY FIEE F71
5o BEARA anel 32FH/7|A AHEA ¥
A 9 dedyduly wed So 224 g9z A
HEg & AdAdct

2 7o d¥E FEHLALAITLE A
oz ojgoizen ol A=Y
& & d
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