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Mechanical properties of Al,0,/Mo/MnQO, composite
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Abstract When Al,0,-MoQ, mixture is reduced, MoO, is only reduced to Mo at 900°C. But a compound between Al,O,
and Mo is not formed up to 1300°C. In the case of Al,O,-M0Q,-MnQ, mixture, an intermediate compound Mn,Mo,0; is
firstly formed at 900°C and changes to MnAlLQ, at 1100°C~1300°C. Al,0,/Mo/MnO, composite are manufactured by a
selective reduction process in which Mo is only reduced in the powder mixture of Al,O;, MoO; and MnQO, oxide. For
AlLOyMo composite, the average grain size was not changed with increasing Mo content because of inhibition of grain
growth of ALQ, matrix in the presence of Mo particles. Fracture strength increased with increasing Mo content due to
phenomenon of grain growth inhibition of Al,0O; matrix. Hardness decreased because of a lower hardness value of Mo,
whereas fracture toughness increased. For Al,Oy/Mo/MnQO, composite, grain growth was facilitated by MnO, and it showed
a lower fracture strength because of grain growth effect with increasing Mo and MnO, content. Hardness decreased because
of the grain growth of matrix and coalesced Mo particles to be located in grain boundary, whereas fracture toughness
increased.
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2.1. ALO;-MoO,-MnO, 44
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Raw Materials Al:0s, MoOs, MnO;,
L Mixing Planetary milling, 4hrs
Drying 75T
Forming Disc moulding, 1000 ke/cut
E’l‘g H2-N: gas, 600-1300T, 5C/min, 45min
Characterization XRD, SEM

Fig. 1. Schematic diagram of experimental procedure.

Table 1
Chemical composition of specimens for reduction firing
(mole ratio)
Symbol AlLO, MoO, MnO,
M1 0.5 0.5 -
M2 0.5 0.3 0.2
ZUUEZE o-ALO;(Kunggi Chem. Co., purity

99.9 %, mean diameter 0.3 mm), MoO;(Ajax, mean
diameter 0.76 pm), MnO,(Shinyo, mean diameter 28.97
um) A 9RE ARSI T

Table 13} 728 ZAJO =2 HIsle] planetary ballmill
(Fritsch Co.)ollA 4AI1ZF B<F SRpet 3 &8 4
st & dry ovenollAl 75°CE 2447+ BQF A3
AxE BEE folA B9 F F52=E7% 28 mm)
2271811000 kg/em®)ste] discFEHE AFAS T
% kslEe] B3-S 93} tube furnace®] H, &
718}l i 600~1300°CE 45% B<F SAzlsiit).
T2EEE 5°C/min2 VCH, WA N,E ZTiA
wbete] 715 AAT & H, E718klM Ak
ou| WAl E AstEe] A4S Eske 200°C olst
2 Yzt 3 N,Z H,E AAsKH.
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2.2. Al,O;/Mo/MnO, composite

ALO,/Mo/MnQO, compositeE 35171 s ALO,S}
MoO,;, MnO,%] EUUEE AME3R] Table 29} 7H
ZPo7 HFsrh. HIFE TFELE  planetary

hLS

ballmillof| A} wﬂ BoF SFrs ?Jvﬂ T B &

A 1l
TS o= W"]ﬂﬂ ﬁﬁﬂ "@}% 4s F2s
tube furnace®] H, EH7I5INA4 1100°CE 458 &
A3 FhE EHE ZoM A7) Hell H, ¥
A7Nst A 2R WA T SeE RBEe] A
hot press(Korea Furnace Development Co.)& AR&-3}]
Ar 291713114 40 MPa®] S 718 1400°CE 14

Table 2
Chemical composition of specimens for hot-pressing

(volume%)

Symbol ALO; MoO, MnO,
HPMO.5 99.5 0.5 -
HPM2.5 97.5 2.5 -
HPMS5.0 95.0 5.0 -
HPMI10 90.0 10.0 -
HPNO.1 99.5 04 0.1
HPNO.5 97.5 2.0 0.5
HPNI1.0 95.0 4.0 1.0
HPN2.0 90.0 8.0 2.0
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3.1. ALO;-Mo0;-MnO, #4474
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Fig. 2. Multi-recording XRD patterns of (a) raw MoO;, (b)
MoO, heated at 600°C and (c) MoO, heated at 900°C for
45 min.
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Fig. 3. SEM photographs (x1000) of (a) raw MoQ;, (b) MoO,
heated at 600°C, and (c) MoQ; heated at 900°C for 45 min.
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Fig. 4. XRD patterns of M1(0.5A1,0,-0.5M00;) heated for
(a) 900°C, (b) 1100°C, and (c) 1300°C.
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Fig. 5. XRD patterns of M2(0.5A1,0;-0.3M00,-0.2MnQ,) heated
for (a) 900°C, (b) 1100°C, and (c) 1300°C.

Fig. 6. SEM photographs (x2000) of (a) M1 and (b) M2 heated
at 1300°C.
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Fig. 7. Density of composites as a function of Mo and Mn
content with the specimens hot-pressed at 1400°C for 1 h.
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Fig. 8. XRD patterns of (a) HPM10 (AL,0,/10 vol%Mo) compos-
ite and (b) HPN2.0 (Al,0,/8 vol%Mo/2 vol%MnQ,) composite
hot-pressed at 1400°C for 1h.
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Fig. 9. SEM photographs (x1000) of fracture surface for (a)
HPMO.5 (A1,05/0.5 vol%Mo) composite and (b) HPMS.0 (AL,Oy/
5.0 vol%Mo) composite.
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Fig. 10. SEM photographs (x1000) of fracture surface for
(2) HPNO.1 (Al,05/0.4 vol%Mo/0.1 vol%MnO,) composite and
(b) HPN1.0 (Al,05/4 vol%Mo/1 vol%MnO,) composite.
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Fig. 11. SEM photographs (x5000) of back-scattered image for
(a) HPM5.0 (ALO,/5.0 vol%Mo) composite and (b) HPN1.0
(ALO,/4 vol%Mo/1 vol%MnO,) composite.
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Fig. 12. Fracture strength of composites as a function of
Mo and Mn content with the specimens hot-pressed at 1400°C
for 1 h.
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Fig. 13. Vickers hardness of composites as a function of
Mo and Mn content with the specimens hot-pressed at 1400°C
for 1 h.
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Fig. 14. Fracture toughness of composites as a function of
Mo and Mn content with the specimens hot-pressed at 1400°C
for 1 h.

Table 3
Data for density, fracture strength, vickers hardness and fracture
toughness

Density Fracture  Vickers Fracture

Symbol (glem’) strength  hardness  toughness o

(MPa) (GPa) (K;c/MPam ™)
HPMO0.5 3.933 609.19 17.14 2.80
HPM2.5 4.027 6594 17.22 293
HPM5.0  4.158 675.27 17.06 3.15
HPM10  4.200 525.24 16.96 3.15
HPNO.1I  3.98 573.91 16.93 2.76
HPNO.5  4.015 42738 16.13 3.53
HPN1.0  4.119 433,14 15.0 3.70
HPN2.0 ~ 4.168 482.7 14.75 3.86

# AlLO;/Mo/MnO, B3+ Mo} MnO,9] §fo] =
7Fdel et B8 Svksle 432 Boleul matrix]
Ul w2 A EAE = Mo DAES] coalescence
7b solur] wiEolgl AJzhETh, Table 3o 2%, 3}
75, Vickers A%, 34 2He A8kt

4.4 E

ALOSE MoOE 3IAAEPE MoO,ZF 900°ColA
Mo=Z FE31 1300°C7HA] ALO,SF Mo7be) 313HEe
FAEA w9t ALOE MoO,, MnOS 324
PR 900°CellAT MnO,7F Mo, whgale] =748t
E MnMo,0;2 FAATE 1100°CeF  1300°Co A
Mn,Mo,0y SHHE-S ARFA 2 A28 3HHE MnALO,
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