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Development of 11 particle—dispersed Mg—based functionally graded
materials by a centrifugal solid—particle method

Ryuho SATO*, Yoshimi WATANABE™*, Seiji MIURA™* and Hiromi MIURA™***

Three kinds of magnesium based titanium particles-dispersed functionally graded materials (FGMs) were fabricated by
a centrifugal solid-particle method. Materials were pure magnesium, AZ91D ( 9.23A1-0.7Zn—0.028Si-0.23Mn—
0.0019F¢—0.0014Cu—0.001Ni—0.0009Be—bal. Mg) and Mg—6 mass%Zn alloys. The specimen shape was cylinder with
15-20 mm in length. Microstructures of FGM specimens were observed using an optical microscopy (OM) or a scan-
ning electron microscopy (SEM). 2vol%Ti was added into Mg—6 mass%Zn by a vortex addition technique in order to
fabricate Mg—6 mass®%Zn—2vol%T1 master alloy. It was found that a large number of titanium particles were observed
in the outer region of the cylinder, since the titanium particles migrate to outer region during the centrifugal solid-
particle method. In this way, the magnesium based titanium particles dispersed FGM can be successfully fabricated by

the centrifugal solid-particle method. Moreover, Vickers hardness increases with increasing the amount of titanium

particles.
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Fig. 1 Equilibrium phase diagram of Mg—Ti system after
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Fig. 2 Apparatuses for the centrifugal solid-particle
method performed in this study. The abscissa in this fig-
ure is the normalized position, and 0.0 and 1.0 of normal-
ized position are inside and outside surface of peripheral
position, respectively.
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AZ91D alloy

Ti powder

Fig. 3 Setting of the AZ91D magnesium alloy and tita-
nium particles in the mold.

Fig. 4 OM photographs of the AZ91D magnesium alloy
based specimens. Particle size of titanium and applied G
number are (a) 10 um and 40, (b) 45 um and 40, and
(c) 45 um and 120. The direction of centrifugal force is
indicated by an arrow.
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Fig. 5 High magnification OM photograph of the AZ91D

magnesium alloy based specimen.
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Fig. 6 Setting of the pure magnesium and titanium parti-
cles in the mold. Narrow hole with 1.5mm diameter is
drilled in pure magnesium matrix, and pure titanium par-
ticles are set into the hole.

525

ISR 30, IRRIERE 660°C @ 5t @0 ) [EIHHE s 4 8
Uico TR, SOTHINFIC B W CTRM S 3 XTI
LRBEMHTH B,

Fig. 8 ICHBS L /oMl oM 5B A R4, KREIOK
MO AATH b5, BEOHWRSNF 7 R Th o,
BOESN< 72 vy saBHTH 5, LMY, F
g VR TFHRAREEBICEEI L TWE, Thid, T4 YRT 0%
¥ 454 Mg/m® 7%, TARE= 7 % ¥ 9 A D 1.59Mg/m® £ 0
bRXOLD Y, F o vRITAEILAOHIINT & 0 G
NEBH LR TH B, T, EHAMICL T ¥ VRN
hBELTWA T EbIEETE B,

SEM 1T & 0 815 L 723l ik % Fig. 9 127" 9, EPMA
& D HOR T OB EIT - 1R, RFEdF s v Tho
oo TOEDIT, FHURTRELETTITHOMLTBD, »
DB L b SRR Z S AL TV S,

F & VR RRIRO X S ICENRELEC TV 2), i
BN c o3 thoiBy L i L TF 7 viIEESE L -
TWic, 22T, CofmgERty, lEdicsirs5 s v
KL T DRSS G A R I THAE L7, #R% Fig. 10
IR T o Al SEUEAIIC 2 T, 7572 5 e IS R AR
MOTERTEX B, COLkSIT, FyURTAE—THHLT
WARM ARV, EOEREIC XD, 5750 sk
R R < 7 % v 2 RERIEREM R O BLE S HIRETH 5,

Fig. 7 OM photograph of the pure magnesium—titanium
particles specimen.

Centrifugal force direction

Gravity direction

Fig. 8 OM photograph of the specimen fabricated from the Mg—6 mass%Zn—2 vol%Ti master alloy.
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Fig. 9 Typical SEM photograph of the specimen fabri-
cated from the Mg—6 mass%Zn—2 vol%Ti master alloy.
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Fig. 10 Distribution of titanium particles in the specimen
fabricated from the Mg—6mass%Zn—2vol%Ti master
alloy. The abscissa in this figure is the position in the
thickness direction normalized by the thickness; z.e., 0.0 is
the inner and 1.0 is the outer region of the cylinder.
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Fig. 11 Vickers hardness distribution of specimen, which
were fabricated from the Mg-6mass%Zn—2vol%Ti mas-
ter alloy.

RV, EONERHEEEH L TF 7 R 2 @RI 8
SR F ¥ VRO 7% v A RERFERER K o Sl %
HKAt, ZOFER, BB —ICF & VRN~ 2 vy
LTHR L e B AR R, @ OSBRI XD F 4 kL
THHY 7 % v U AREREREM Bl O BLE N FIRETH 5 T &
Mbdote, Fh, I7FX VI LT Y VRITENRSE 5
Eitky, =7 r vy sFAoREREIERS LR
S OlA] EASRIFE L 12 - 7o,

E 2

AW SCH RIS 21 42 COE 7o 75 4 [t 7 » 4
N — TEPREEE NS B X OB 14 MR R T ZE B
B [= 7% vy 258 0B HEEREREORIA L B0 34
ML~o77a—F ] OMEEZ )1z, £, KFKEOFEER
O—HR I LHE R RARBEHEICX > Titbt iz, IO
L0 EHT 2RETH B,

2 £ X #

D FEEIE, E#H PSR, 51 (2001, 498.

2) et JEOEE SHOB RILT, EEEOL | BeE,
52 (2002), 216

3) M. M. Schwartz: Composite Materials, vol. I, Properties,
Nandestructive Testing, and Repair, Prentice Hall PTR, (1996),
155.

4 ESHEOL B OB ESE, 46 (1996), 321.

5 fEcART, KORE, MO, EAFEIETOH, 39
(2000), 519.

6) S. Miura and T. Mohri: Proc. Fourth Pacific Rim Int. Conf. on
Advanced Materials and Processing (PRICM4), The Japan Institute
of Metals, (2001), 1947.

) HERE KBB4 « BIREREM I 28 © R AR
kL TEHES, (1993).

8) EAE—, IR, B, R | R E O

PIFE LM, v —x 4 v —Hilk, (2003).

9) fEHRIF T HABM Y25 (CHR), 56 (1990), 67.

10) HEUFEE, WAL B8, 46 (1996), 395.

1D EURE A L OB ARRE, 49 (2002), 1057.

12) T. B. Massalski, Editor-in-Chief: Binary Alloy Phase Diagrams,
Second Edition Plus Updates on CD-ROM Version 1.0 (ASM
International, USA, 1996).

13) ReH BLAR U 111 DAk, Ty —oNy 7 R, FEEAL,
(1997).

~



