Fig. 1. Schematic diagram of experimental procedure.

Table 1

Chemical composition of specimens for reduction firing
(mole ratio)

Symbol Al203  MoO3 MnO2

M1 0.5 0.5 -

M2 0.5 0.3 0.2

Table 2
Chemical composition of specimens for hot—pressing
(volume%)

Symbol Al203  MoO3 Mn02

HPMO.5 99.5 0.5 -

HPM2.5 97.5 2.5 -

HPM5.0 95.0 5.0 -

HPM10  90.0 10.0

HPNO.1 99.5 0.4 0.1
HPNO.5 97.5 2.0 0.5
HPNT1.0 95.0 4.0 1.0
HPN2.0 90.0 8.0 2.0

Fig. 2. Multi-recording XRD patterns of (a) raw Mo03, (b) MoO3 heated at 6000C and (c) MoO3
heated at 9000C for 45 min.
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Abstract When Al1203-Mo03 mixture is reduced, MoO3 is only reduced to Mo at 9000C. But a compound
between Al203 and Mo is not formed up to 13000C. In the case of AlI203-MoO3-Mn02 mixture, an
intermediate compound Mn2Mo308 is firstly formed at 9000C and changes to MnAl204 at
11000C~13000C. A1203/Mo/Mn02 composite are manufactured by a selective reduction process in
which Mo is only reduced in the powder mixture of Al203, MoO3 and Mn02 oxide. For Al203/Mo
composite, the average grain size was not changed with increasing Mo content because of
inhibition of grain growth of Al203 matrix in the presence of Mo particles. Fracture strength
increased with increasing Mo content due to phenomenon of grain growth inhibition of Al203
matrix. Hardness decreased because of a lower hardness value of Mo, whereas fracture toughness
increased. For A1203/Mo/Mn02 composite, grain growth was facilitated by MnO2 and it showed a
lower fracture strength because of grain growth effect with increasing Mo and Mn02 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 2F Al203-Mo032l =22 SR AHE0HH Mo032H 9000CH M Moz SR &l 1) 13000CHHAl A12032F Mo2t
o gtet=22 EAEA LULCH. Al203-Mo03-Mn02 =& 22 &2, 9000CHAH HA Mn02Jt Mo032t EBtSat



0 =238 Mn2Mo308E & Aol CHF 11000C2F 13000CHIA Mn2Mo308 SHEFE2 AletXI2 Mz & 3stE
= MnAlI2040t MAEIACH. Al2032F Mo03, Mn022l S 2L = Mo2t0| MEiN o=z ST = selective
reduction processOl 2/ol Al203/Mo/Mn02 =&THE MZoIHCEH. Al203/Mo S&EM2 HS Mool &0l
SOHEUSE E70t0 Mo ADIF Al203 matrixll LAHES AHMGIH BRUB2 H= He SHAAUCH. It
WS = AI203 matrixe LA AN SA& S0 Mol 20l SO0l ek SIeHRCH. == Mo
Of U2 ZFT3 MRl 2«2t 2ASIHSLE BHtH DIHeIHdES SItotF L. Al203/Mo/Mn02 S&HIHel A
2 Mn02= matrixll LHEE FSEAIT LD, Mot Mn022l &0 SOt et Mn02el Y8 &E St [
ol @3ldd ¥2 MUEEE Ct. 2= HOW =Mot= coalesced Mo &A= matrixe €4
20 Cs 26U Bty MR8 S = Sllotle &= EQLC.
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2.1. Al203-MoO3-Mn02 && A4

Al2032F Mo03, Mn022] &t AMAl BISMHESS &E0I5tD| R6tH Fig. 10t &2 ASEZ2™S &6t
ELRS 2= a-AI1203(Kunggi Chem. Co., purity 99.9 %, mean diameter 0.3 j
diameter 0.76 mm), Mn02(Shinyo, mean diameter 28.97 mm) Al2S AIESSIHLCH.

Table 12t 22 =H2Z ZESI0 planetary ballmill (Fritsch Co.)0A 4AI2t SOt E]R42 &N
S8 2M8t = dry ovenUlAl 750C2 24AI12 SOt AXGIYUCH HXE 2Us QYA 2ME £ 2=
SC(2F 28 mm)z LEIH2(1000 kg/cm2)otd discEHEHZ HEHE OIE & AMF29 EHIALIESE <
off tube furnacel H2 Z<2J15tUHAM 600~13000CZ 45= =0t E X 2|t L.

S22 = 50C/minZ SIHH, MM N2E E2HA tubeCtel BIIE HMIHE & H2 2ADI6t0A EXel
ol W2AN=s =22 M2 1D2dol0 2000C Olot2 W2E = N22 H2E MIHGIRICEH.

2.2. Al203/Mo/Mn02 composite &4

A1203/Mo/Mn02 compositeE &HAst)|l ol Al2032F Mo03, Mn022] E=ZRESE AFESIH Table 22
Ao HOIULH. HES S EL2 planetary bal Imil 10IA 4A12F S SF+2F & b

o
=
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[on
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= dry ovenOlA 750CZ 24A12F SOt AXGIULCH. AXE 2
g LS tube furnacel H2 —r°| SO 11000C2 4582 SO &
Ol AWl SOl H2 S®ID15HHA SR H2ZAIRLCH SRE 2
Furnace Development Co.)& AIE5H( Ar =9 ISt Al 40 MPa2l &
hot-pressingdt A Ct.

an o

of 2 hot press(
= Jioll 14000C2 1AI2F S0t

2.3. ANIEHS| E4 XA

A X f- fractometer(Rigaku, D-max 2200)E Ol&0ot0
scan speed 4o/min, 2q = 15~800 59r|01|/\-| A2 oYL SHXAH2 CuKaES AFZSHH 30 kV, 20 mA
M =HGIUCH. A& gl’“%F 9| Xt HlWdtH ASE2 AHOALCE.
ZH2Is AIEHZ2 OIM72=E | EDJOH carbon ZE S ol F=AMXXS0OIZ(SEM : JEOL, JSM-6300)
oz ZHEIITU2MH, #800, #1000 #2000 AOtAIZ2 Xtell2 H0rst & 0.03 mm diamond &L= XHOJDP&
O ArE2DI15H0I A 12000C0IM TAIZE SOt SENES SIACH. 2EE DIMRE PHIALASS SEMOI 2
== EDAX (Oxford Co.)E 0l86t0 2=AS2 PHIAAE X AIGCIACH ZEE DMFIEUHAN 22X
AJl= line intercept ZHE[15]2Z AR 2o &AME2 00 CISAIN 2ol HAHGHRCEH.

AMEUE MHE ZIANO HOS 250
=}

HAAUH = (Ao 20l/nxE2 M=) x1.56
AZBHC XU HTE T Alol)| ®Iol hot-pressingst AIECS EHBIEZES HHS = PEDIDHHIAOI
22 E 0l=2ot L E =HoIQCH. MYUZEer 2 & 21842 58O %8t hot-pressingst AlE

< = |
bar EEH(40 mm x3 mmx4 mm)E E S £ 0.03 mm diamond ELE AHOlolD 2 M0l EMol= 73%
AR

= M6t ?I6tH 4502 2 A2l JtES 6

JE2AAU L= StsSTHSAIE D] (Instron 4467 Standard)% Ol=25td =832 o2 span 30 mm, cross
head speed 0.5 mm/min2 2 =HGIFSMD, S = 3PL/2bd22 AICZ AHAMGIHCH. JEe OoIEE
Vickers Indentor (Buehler MVB044)E AFE0t0d 20 kgfel olE2zx 13x2t 22lol =X,

¢}
Vickers &= Hv = 1.8544 P/a2, It2II&2 KIC = (0.0261/2P1/2)/[(c/a)3/2a1/2]22 SotACH. Of

/a
JIM P= olE, a= crack® 20|, E= EFEH 2, c= crack? Z0l0ICH16].
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3.1. A1203-Mo03-Mn02 & & A«

HEEL M03E H2 E=RIIIGHUIA 452 ZXclet AlESl XD =4 Z21E Fig. 20 LIEHHACH
6000COIAl EXiciet 22 Mo03Jt Mo02Z B E A0, 9000CHA EX et 32 Mo =522 &Y
S= HOIoIACH &3=E Mo03= =42 JtE6tE 300~4700C01 A Mo022 &2 & 11 5000C0I Al MoZ &
= A0 €M AU & A80lH= 9000CH A e == ME & AR =0 0IXR2 H2 gas
o flow =2 €Xcl =20 &0IE0 HE 2=z =0 g 2t XdE Jtd stg=E
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Mo308, Mo8023, Mo9026, Mo4011, Mo17047, Mo5014 S22 &olgr =+ QUL
Fig. 32 Mo03 E==2Z1 6000COIA S Xclottd & & Mo022+ 9000CHIA EXxiclott &&& == Mo
Of =AMEXESOIZAXOICH =5 MoZ SEEE M03 BS=L0ILE &= Mo02Z2CH XDt & F

ol E01SS =g & UL
Fig. 401 M1(0.5A1203-0.5M003) Z4&S Jt& SEHE 900~13000CHI Al HO
o XRD EHDE LIEHHYACH 9000CHE a-Al203% BRAE 2% Moo

Al2032F MoZtel SZtstgt=2 EdEHA EUASS &2e = UYL
=<

=2 Exels 32
&

32+ LEtU D JSH

tou rkoll

Fig. 5= M2(0.5A1203-0.3M003-0.2Mn02) =& S 7%’&' é*; HE 900~13000COIA H2 & =202 S
et B2 XRD =4 ZHO0ICt. QOOOCOH/d gxclet B2 Mn02Jt Mo032+ BtSot =2tate= Mn2Mo308E
Sdoti, 11000COIA S2tat& = Mn2Mo308= At PII_’ 13000C01|/d“ Mn022t A12032] 3tef= MnAl2040t
dd8s =g = AJYCH = %_‘.:__O.I 2= =0 =5 Mot xXH°F 2Holg = UAAT

Fig. 62 M1t M2E 13000COIA ZXclet ER2 XAPHIPOWIDU\P

&l M A1203
HE2 2X) HHsS S2E Mo LIH(AD &2 dIHI SHMD A= AS 2FE = JA20, Al203

I
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ot =% Mo2tel S2tate=0l EHotAl ERUE XRD 242t LXlotd UCH. M22 B Mn022t A12030t
BISot A= StErE MnA12042] 2 ADF Al203 EAECH N &6t USS =2+ ULH, S
MoJt MnAI204 S XE SdM] UASBS = = U

3.2. Al203/Mo/Mn02 composite &A

o

A12032t Mo03, Mn022l =g2Z= 0/&0t0, Mo03BtE HENOz 2R A|J|= selective reduction
processOl 2Iall AI203/Mo/Mn02 S&ME M Z3tALCEH.

Fig. 70 14000C0l Al 1AI2F SOt hot-pressingst =&
ACH. Mol & &0l 0.50lAM 10 vol%z SIHEN el

Mol LEgtsS Molt Mn02 &t é‘#

Eél

Ol=0dl 0l212 Y=3t0l 2 Mo(density 10.2 g/cm2) 2t A
[S1g=24

A

=5 =
T 4.0040M 4. 20(g/cm2) g 3
203 (density 3.970 g/cm2)2| &8¢

ZOteta2 U 0| SIet U2 W, Mott
n022t MoECH ¥2 2 T2t (density 5.026

NOZ 2= Mo%t Mn02oF &= ABS FAl &

ZobE 20 diof oft R 2Egts 20l=0 O

rno
=

g/cm2)E 2| M&0ICtH.

Fig. 82 14000CHIA 1AIZ &S9Ot hot-pressingSt HPM10 (A1203/10 vol%Mo) =& 2 HPN2.0(A1203/8
vol%Mo/2 vol%Mn02) SEHIHSl XRD 24 Z DH0ICH. HPM10 SEHIHel 2R 22&E 2= Mot a-Al2032+H0]
%%El‘ﬂﬂ SIS E2 MHGA 22 BOH0l, HPN2.0 S B2 Mot a-Al203 & A12032F Mn02
JF BHSol MAE MnAI2040F HEEUCEH.

Fig. 9= HPMO.5(A1203/10 vol%Mo) =& N2t HPMI0 SEHS HMEHHS LIEFH SEM AFXIOICH. 1 mmE
N2 MR AAES I UM o &H2 2H2 Mo Sl UCH. &St Mool &0l St
Ol 27otl YRUH Has HO gisSsS 2= ULH. et o 2X= Al203 matrixe LA&H
dMetlle HE BEHECE.

Fig. 102 Mo2 Mn02JF Z&&E (a)
(A1203/4 vol%Mo/1 voI%MnOQ) =& el HPEF
HPN1.0 AIEHO] A0 oLt &N 2
matrixe LAFU It JUASS & = UC
Mn022l LHZE SUE &elot)| RIoH Mo2t E&t&E (a) HPM5.0(A1203/5.0 vol%Mo) =& 2 Mol Mn020t
e (b) HPN1 0(A1203/4 vol%Mo/1 vol%Mn02) S&IH2l DHH=( x5000) SEM AFEIS Fig. 110 LIEFUH
AUCH. Mo 2 XE &algl Y6t 2ol back-scattered image2 ZEoIA=0 (a) HPM5.021 H 2 A1203
matrixOl 0 S22 229 Mo LA LHO =2 22XE6tD JASH LXAIIIF THE 222 20k Mo
A XNI2IC coalescencedt LUHGSE & = UCH. Mn02It E@% (b) HPN1.0°| d2 24 matrix X
Jb A HBIEE = * ‘212D4 1T mm A% EDI_QI é% JEEL Mo L XISCHOl LA triple
junctionOl &Moot USS £ = UCH. Lt Mn02= _XHoP“ 20| ofulet AI2039P B2
SOl matrix &2 AJIE SIHAIIILD MnAl204 3%0“:'9 @é% XRD ZH0IIA & == UCH. MnS Fe
M el XIS JHXIMH oleist Mnel XD Bl 2 232X HISHSIAEA 22 I
éFEP. X CHE AEIQ o2 Mn 20I201 Z2FIXELHS Al 20l=2 Xelo XI&Z 2284 ¢
NE JtA 2 volume diffusion rateE SIHAIIIA ECh. = single grainW0ll fast diffusion path
501 excess grain growth NIESEe] %%*oUﬂ =l

Fig. 120il 14000CO0l Al 1AI2t =02+ hot-pressingst =Sl MUAXEE Mot Mn02 &2l a2 M Lt
EFLHRACE. Al203/Mo EEHKHEZI HM,I%*EE Mool S&f0l SOtE0l et Sotote de2 20l=0d 0122
Mo 2 XtJF grain growth inhibitor2 =&Z0t0 Al203 matrix2l LAHEES AHIGHAII W20l M=2ECh.
012t IEESZ Mn02JF ZEE AlI203/Mo/Mn02 EEME=E 2 MUXEE 20/=0 022
&2 EXGIHI| M20ICH.
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A1203/0.4 vol%Mo/0.1 vol%Mn02) =&t (b) HPN1.O0
S LHEFEH SEM ARRIOICH. HPNO.12CH Mn022 &0l 22
gds Il USS 2 = UCH. TekA Mn029+ A1203
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Fig. 130l 14000COI A 1AIZ2E SOt hot-pressingdt =& M2l Vickers hardnessE Mo%t Mn02 & &Fo| &=
Z A UEHHACH. Al203/Mo SEIHS BT = Mol &0l SOE0l Teh <2t 245t g2 20l=
O ol=de ChZ23E Mol EZJF 2.1 GPagZ Al2032] 18.5 GPalll Bloll w2 gt2 JHXMH 0 =2 S &
Ol 2 Z0lct M2AECH Mn02JF E&E Al203/Mo/Mn02 S&EH = Mo2t Mn022l &0l SItEHol et
0= Z4cte 2 20/=0 0lH2 LHNH =IHot= coalesced Mo A= matrixe LAHAE M2

Olct]) M=t

Fig. 1401 14000COI Al 1AI2F SQF hot-pres
PLHO*E Al1203/Mo SEHHS YIS Mo
=35 Mo0l 28t crack tip2l blunting &=

smgéF SO Ol dE2 Mot Mn02 &2 a2 A Lt
o &2kl SIIEHI [[PEP Solole &2 20l=0 0|H2
bridgingtll J121ot= 882 2t32t crack0l Mo & XH=<0



A 20| deflect Z0 FIOE D HR0l2h M2=ICH. Mn02JF E&HE AI203/Mo/Mn02 S8 IH= Mo2b Mn02
o &0l SOl Mek 6= &Jiole Hek2 20l=0 matrixe LAEU W2 LHUH =Mek=E Mo
AUX=2l coalescencedt =0{LID| HE0l2t) M2AECH, Table 30 €%, MA&Z %, Vickers 3%, It
0l g2 H2lotLt.

4. &2

A12032t MoO3E &R AAGHH Mo032F 9000CHIA Moz =R T 13000CHFKI A12032 Mo2tel FlEiE22 ¥
AL X LUCH Al 20 2} Mo03, Mn02E &t&AH ot 9000COIl Al Mn02JF Mo032+ Bt=26t =
2t3Hgt = Mn2Mo308E & A G LI 11000C2F 13000CHIA Mn2Mo308 SHEIE2 Af2HAI ) ME

stet= MnAI204DP MHEA

A12032t m%,wm2|§@§%§ Ol=ot0, Mo03BtE HdEdo=z 2R AI|= selective reduction
processtl 2ol Al203/Mo SETHE Mo CEH. Al203/Mo SE M HR Mool &0l SIEWE 27
ot BB HE= He AU20 Mo Oﬂ Al203 matrixSl LAEES AHMSHHCH. Al203/Mo/Mn02
S 2 012 BHE Mn02= matrix2l &2 SXARALCH

Al203/Mo SE&TH2l Mo EFHFI T2 LLM_I%FEE Mo 2 XtJb grain growth inhibitor2 &&06H0
Al203 matrix2 LAES AHMOIAI 20 Mool &0l SIHEol et SIOtotACEH. Al203/Mo/Mn02 =
Mo AR Mn022 A&ESW R0 20ld 2 MUAEE EACH. Al203/Mo EEe H2EZ= Mo
o U2 AT EU Mool &0l SIHEN et &2t 24Adts JE=2 B0l= sHE AI203/Mo/Mn02
=g M= YHO =Mol= coalesced Mo &A= matrixel A& =0 Mot Mn022l & &0l SIHE
o et = d4dte 482 20 mm@gg =235 mw O|8t crack tip2l blunting £=

HO

E~
bridgingdil J1Clot= &2l 23, crackOl Mo LA=2I0 A 20| deflect &I MIIE= & Z matrix
o ULEN E LHON =Mot= Mo YS9 coalesoencejr s0U= & 20 Al203/Mo SEHHS)
A2 Moo &0l SIHE el E2totl Al203/Mo/Mn02 SEC AR 0= Sdlole J&e2 BRUCH
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Fig. 3. SEM photographs (?000) of (a) raw Mo03, (b) Mo0O3 heated at 6000C, and (c) MoO3 heated
at 9000C for 45 min.

Fig. 5. XRD patterns of M2(0.5A1203-0.3M003-0.2Mn02) heated for (a) 9000C, (b) 11000C, and
(c) 13000C.

Fig. 4. XRD patterns of M1(0.5A1203-0.5M003) heated for (a) 9000C, (b)
11000C, and (c¢) 13000C.

Fig. 6. SEM photographs (?000) of (a) M1 and (b) M2 heated at 13000C.

Fig. 7. Density of composites as a function of Mo and Mn content with the specimens hot-

pressed at 14000C for 1 h.
Fig. 8. XRD patterns of (a) HPM10 (A1203/10 vol%Mo) composite and (b) HPN2.0 (A1203/8 vol%Mo/2

vol%Mn02) composite hot-pressed at 14000C for 1 h.

Fig. 9. SEM photographs (?000) of fracture surface for (a) HPMO.5 (A1203/0.5 vol%Mo) composite
and (b) HPM5.0 (A1203/ 5.0 vol%Mo) composite.

Fig. 10. SEM photographs (?000) of fracture surface for (a) HPNO.1 (A1203/0.4
vol%Mo/0.1 vol%Mn02) composite and (b) HPN1.0 (A1203/4 vol%Mo/1 vol%Mn02) composite.

Fig. 11. SEM photographs (?000) of back-scattered image for (a) HPM5.0 (Al203/5.0 vol%Mo)
composite and (b) HPN1.0 (A1203/4 vol%Mo/1 vol%Mn02) composite.

Fig. 12. Fracture strength of composites as a function of Mo and Mn content with
the specimens hot—pressed at 14000C for 1 h.

Fig. 13. Vickers hardness of composites as a function of Mo and Mn content with
the specimens hot—pressed at 14000C for 1 h.

Fig. 14. Fracture toughness of composites as a function of Mo and Mn content with the
specimens hot-pressed at 14000C for 1 h.

Table 3

Data for density, fracture strength, vickers hardness and fracture toughness
Symbol Density

(g/cm3) Fracture

strength

(MPa)  Vickers

hardness

(GPa) Fracture

toughness

(KIC/MPam1/2)

HPMO.5 3.933 609.19 17.14 2.80
HPM2.5 4.027 659.4 17.22 2.93
HPM5.0 4.158 675.27 17.06 3.15
HPM10  4.200 525.24 16.96 3.15
HPNO.1 3.98 573.91 16.93 2.76
HPNO.5 4.015 427.38 16.13 3.53



HPNT1.0 4.119 433.14 15.0  3.70
HPN2.0 4.168 482.7 14.75 3.86



