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Effect of High― Yield Polycarbosilane Addition on Microstructure and

Mechanical Properties of Alurnina
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Erect of pOlycarbosilane(PC),with higll ceramic yield of 85%,added to A1203 WaS investigated.Green
density ofthe A1203 pOwder compactincreases by the PC coating.A1203 Ceramics containing 5 to 10 volワ :SiC
derived from PC were fabricated by the hot‐ press sintering at temperatures between 1600° C and 1800° C.

After hot‐ pressing at 1600° C,almost all PC‐derived SiC‐phase exists at grain boundaries as ine crystalline

grains,、 vhich results in a signi■ cant decrease in A1203 grain‐ g■owth rate and in alo,7 fraction of porosity as

well.Some ofthe PC‐ derived SiC‐phaselnay be drawn inside the A1203 grains during grain gro、 th at 1800°C
to form intragranular SiC nanoparticles.Four‐ point bending strength of A1203｀″aS increased,and the scat‐

ter in bending strength values signincantlv decreased by the PC coating.Intragranular fracture mode、 vas
observed in the PC‐ coated A1203 COmpOsite,、 ″hile A1203+SiC powder composite exhibited intergTanular
fracture. [Received May 6,1999;Accepted September 14,1999]
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1.  Introduction

Ĺ1203 iS｀Vell knov″ n for its high thermal and chenlical

stability,high strength,hardness,oxidation resistance and

thermal conductivity.A number of researches have been
carried out to improve the strength and reliability of A1203

ceralllics.Yasuoka et al.irnproved the mechanical strength

Of」生1203 and Suppressed the decrease in strength at high

temperature by dispersing nanoparticles of YAG into A1203

matrix l)WVang et al. established the in～ situ dispersion
technique of 1/1g´ 、1204 nanOparticles in the A1203 1natrix and
ilnproved the lnechanical strength.2)superplasticity in£ne
grained A1203 M″ aS brought out by spinel or Zr02
dispersiOn.3)-6)Four― point bending strength Of 5 vol∫ る SiC
nanoparticle dispersed A1203 inCreases up to 760 111Pa
v″hile the strength of FnOn01ithic A1203 iS abOut 400 to 500

1/1Pa.7)The addition of nano SiC particles also reduces the

tensile creep rate of A1203,i・ e。 , the creep life tilne of the
A1203/SiC nanOcOmposite becomes longer.0-10)Nanocom―
posite of Aち03 and the second phase dispersion exhibits illl―
provement in mechanical properties.

The maority of the dispersed SiC particles are located at
grain boundary triple points.SiC particles also exist on the

A1203 grain boundaries as、 vell as in the grains.7),11),12)suCh
a nanoparticle dispersion suppresses the grain grolvth of

A1203 matrix,12)-14)and thatis one reason of the functions of

A1203,SuCh as superplasticity or creep resistance,brought

out by the second phase dispersion.3)-6),8)-10)sternitzke et

al.have synthesized A1203/SiCPc nanOcomposites fl・ om
polycarbosilane coated Ĺ1203 pOwder, and improved the
bending strength.15)、 、「here polycarbosilane (PC)is the
most typical polymeric precursor for SiC based ceramics,

and the SiC phase derived from PC is denoted as SiCPc The

ceramic yield of the polycarbosilane they used、″as loM″ and
some pores may be introduced in the pyrolysed one.Thus
the intermediate crashing and fornling process are
necessary after the pyrolysis process of the PC― coated on
A1203 particles to obtain highly dense A1203/SiCPc com―
posites.

Recently, 卜Iippon Carbon Co., Ltd.have manufactured

the high n■ olecular weight PC(type― UH,ハイw=10000-
11000).Ceramic yield of PC type UH(denOted PC(UH))
is more than 75%,and PC(UH)does not melt at high
temperature M/ithout oxidation curing.`「 hus it can be ex―
pected to fabricate highly dense A1203/SiCPc composites

v″ithout the intermediate forllling process by using
PC(UH)as a compaction binder The objective of the pre―
sent work is to obtain the A1203/SiCPc composites wtth higll

reliability and to investigate the erects of Pc(UII)addition

on the llllicrostructure and the mechanical properties of
A1203 Ceramics.

2.  Experimental procedure
Figure l shows a syllthetic route for the A1203/SiCPc com―

glass mOrtar,1 5h

60 mesh screen

40mm× 50mm× 10mm
30 MPa

1600℃ -1800℃ ,lh
30 MPa,Ar atmosphere

oluene solution
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Fig.1. Spthetic route for preparing A1203/SiCPc composites
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posite.Calculated amount of toluene solutions of PC(UH)

was mixed with A1203 pOwder(Taimei chemical Co.,Ltd.,
TⅣI―DAR,0.21μ m)by a glass mortar for l.5h.The m破 ed
slurry M″as then dried and sieved through a 60 1nesh screen.

Amount of PC(UH)addition was calculated with consider―
ing■ s ceranlic yield as the total amount of SiCPc comes to

5 vol%or 10 vol%.In this way,two samples of 5.75 mass%
and ll.5 mass%PC(UH)coated A1203 pOwders were
prepared.The powder lnixtures of A1203 and 5 vol%or 10

vol%SiC powder(Showa― Denko Co.,DU― Al,0.45 μm)
were also prepared by ball nlilling v″ ith SiC ball in ethanol

for 24 h Thermogra宙 metric analysis(TGA;Model TG―
DTA2000,Mac Science,Tokyo,」 apan)was perfOrmed on
PC(UH)and the Other kind of polycarbosilane(Nippon Car―

bon Co,Ltd.,type― S)up to 1000° C at a heating rate of
5°C/min under argon■ ow.
Green compacts(15 mm in diameter,3 mm in thickncss)
ofthe PC(UH)coated A1203 pOwder,A1203and SiC powder
nlixture and as― received A1203 pOM″ der M″ ere prepared by
uniaxial pressing under 30 NIPa of pressure.The green den―

sities of as formed compacts M″ ere calculated by measuring

the volume and the v″ eight ofthe green compacts.The conl‐
pacts were then heated up to 1000° C at the rate of 100° C/h
in Ar atlnosphere, kept for l h, and the green densities

、vere rneasured again.Relative densilr M″ as calculated using
the theoretical density of A1203(3.98g・ cm 3)and that Of
PC(UH)(1.lg cm 3).
The green compacts for hot pressing(40 mm× 50
mm× 10 mm)of 5.75 mass%and ll.5 mass%PC(UH)
coated A1203 pOwders,and 5 vol%and 10 vol%SiC mixed
A1203 pO、パ″ders vrere prepared under the same compaction
conditions described above.The green compacts v″ ere plac―
ed in a graphite die and heat― treated in a graphite resistance

heating furnace(Model High Multi 10000,Fulidempa
Kogyo,Osaka,」 apan).At the initial hetting stage,R.T.to
700° C,the samples were heated at the rate of 100° C/h for
degassing and pyrolysis of PC(UH).Then the heating was
continued at the rate of 600° C/h to the treating temperature
of 1600,1700 or 1800° C and keptfor l h under a hot press―
ing pressure of 30 ⅣIPa.Heat treatlnent was carried out in

an ambient argon atinosphere.
To investigate the crystallization behavior of PC(UH)
and the PC(UH)in the A1203 matrix up to 1000° C,X― ray
diffl・ action(XRD; Model RINT 2500, Rigaku, Tokyo,
Japan)measurements were performed on the heat― treated
PC(UH)and the A1203/SiCPc composites with Cu Kα  radia―
tion using an automated powder difl・actometer equipped
M″ith a monochrometer.
Apparent density of hot press sintered compacts was
measured by the Archiinedes illlmersion technique in
、ハ″ater.Porosity of cach salnple was obtained by a mercury
porosimetry(Auto Pore 3,Shimadzu Corp.,TokyO,」apan),
under a pressure up to 413ヽ IPa(60000 psi).
The surfaces of the sintered compacts、vere p01ished v″ ith
diamond powder(0.5μ m).Then the polished compacts
vrere thermally etched at 1350° C for l h in air.ル Iicrostruc―
ture of the etched surfaces and the fracture surfaces M″ ere
observed by scanning electron microscopy(SEM;ル lodel
S-800, IIitachi,Tokyo,Japan). Particle size distribution

、vas detenmined by the line intercept method after the
polished surface、 vas thermally etched.
Four―point bending strengths、″ere deternlined using a
four―point rupture test on 3 mnl× 4 mnl× 40 mm bar
samples of、 vhich surfaces and edges v″ ere p01ished、vith dia―
mond powder(0.5μ m).The fracture surfaces were observ―
ed by SER/1.Young's lnodulus v″ as rneasured for each salll―
ple(Panametrics MOde1 5900 PR,200 MHz,60 dB).The
distribution of the PC―derived SiC phase have been in―
vestigated by transmission electron microscopy(TEM;

20 100  200  300  400  500  600  700  800  900  1000
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Fig.2.  TGA curves of polycarbosilane type‐ UII and type― S under
■owing argon(heating rate:5° C/min).
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Fig. 3.  Relative green density ofノ 1ヽ203 pO、 rder compact as a func―

tion of PC(UH)content

Model JEM-100CX II,JEOL Ltd.,Tokyo,Japan).

3.  Results and discussion
Vヽhen PC(type― s)is ired in Ar atlnosphere,it starts to
decompose at about 400° C as sho、 vn in Fig. 2. At about
800°C,it completely lnelts and transfOrmsinto a black amor―

phous inorganic polymer、 vith loss of Organic groups and
subsequently changes into a SiC ceramics.PC(UH)alsO
starts to decompose at about 400° C, partially melts, and
ina■y changes into a SiC ceramics as well.PC(UH)has
high molecular weight fraction extracted from PC(type― s),
and the weight loss of PC(UH)is lower than that of PC

(type―S).The ceramic yield of PC(UH)is about 80%and it
may be excellent as a use of the compaction binder for
ceramlc pOwders.
Figure 3 shows the relationship between the PC(UH)
content and the green dens■ ies of the A1203 pOwder conl‐
pacts. The solid circles and the open circles indicate the

green density of as― formed samples and the samples after
pyrolysis,respectively.Green density of the Aち 03 pOwder
compact increases with increasing the PC(UH)content,
and reasonably high green density of 65タイ、vas achieved at
ll.5 mass%of PC(UH)after pyrolysis,while relat市 e den―
sities of the green compacts of as― received´、1203 iS abOut
57,る .Nearly the closest packing of A1203 particles tends to

occur when they are coated with PC(UH).It may due to
the improvement of powder nuidity by tlle PC(UH)
coating,leading to the highly dense accumulation in colll―
parison v″ ith as― received A1203 pO、 vder.One of the advan―
tages ofthe PC(UH)coating is theimprovement ofthe den‐
sincation of poM″ der compacts.
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XRD spectra of(a)heat‐ treated PC(UH)under argon,
A1203/SiCPc composites

Tabie l.  Density, Porosity, Young's ]/1odulus and POisson's
Ratio of the A1203/SiC Compacts Hot Pressed at 1600° C

Dens ty

/gcm 3

Poros ty/%

modu us/GPa

Poisson's

ratio

AL03+5vo%SiCPc 049

Aら03・10V。 %SiCPc 043 3802

A喝 03+5vo%SiC 400 40フ 7

A203+10vo・・SC 165 3922

The powder X― ray diffl・ action patterns of PC(UH)heat‐
treated at 1000,1600 and 1800° C are shown in Fig.4(a)
The pyrolysed PC(UH)exhibits an amorphOus Si― C phase
at 1000°C,M″ell crystallized 3C― SiC at 1600° C and complete―
ly crystallized 3C― SiC at 1800°C.The XRD patterns of the
A1203/SiCPc compacts given in Fig.4(b)shows that the
components of the A1203/SiCPc heat― treated at 1600°C was
only α‐A1203 and 3C‐ SiC 、vithout any reacting phases
Allnost all the heat― treated PC converted to 3C― SiC
crystalline phase even it is surrounded by the A1203 1natrix.

No signi6cant efFects on phase transition ofッ 1ヽ203 Can be
observed by PC(UH)addition.
Density,porosity,Young's modulus and Poisson's ratio
of the sintered body at 1600° C are sunllnarizcd in ttable l.

Young's modulus and Poisson's ratio of A1203/SiCPc are
quite similar to those of A1203/SiC・ However,porosity of
A1203/SiCPc is smaller than that of A1203/SiC・ The Pc
coating improves the po、 vder auidity and packing,and its
high ceranlic yield results the fully densiied sintered body.

The comparison of the rnicrostructures of all the samples

are shown in Fig.5.The A1203/5%SiCPc and A1203/10%
SiCPc sintered at 1600° C consist mainly of uniform ine
grains less than l μm.Constituent grains in the A1203/
5%SiC and A1203/10%SiC sintered at 1600° C are larger
than those of the sintered A1203/SiCPc,which indicates the

PC―derived thin SiC layer prevents contact bet、 /een the
A1203 partides and deteriorate the grain growth of rヽ 1203・
The average particle size was deterlllined from Fig.5 by

the line intercept rnethod as sho、 ム/n in Fig. 6.Data points of

F19 5  SEゝ /1 inlages of polished and etched surfaces of A1203,
A1203/SiCPc and A1203/SiC Composites

□ A203
0 A2° 3/5%SiCPc
OAり 03/10%S CP。
XAし0ゴ 5%SC(after Nakah ra et a i

1600        1700        1800

s ntenng temperature/℃

Fig.6.Mean particle size of A1203,A1203/SiCPc and A1203/SiC
composites as a functiOn of sintering temperature.

A1203+5 vol% SiC in Fig.6 are quoted from tlle
reference.14)The SiC particle dispersion suppresses the
grain growth of A1203・ In this study,A1203+PC(UH)show―
ed more signiicant decrease in grain groM″ th rate,and the

mean particle size decreases with increasing the amount of
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Fg 7  Four‐point bending strength of A1203/SiCPc and A1203/
SiC composites as a function Of sintering temperature

PC(UH).Thus dense and ine grain A1203 COmpOsites can
be obtained by PC(UH)coating.
The bending strength of´ L1203 at eaCh temperature slight―

ly increased,and the scatter in strength values signincantly

decreased by PC(UH)coating as shown in Fig.7.The max‐
illlum values of bending strength of the A1203/SiCPc and

the A1203/SiC Composites are almost same,however,the
minimum value increases by PC(UH)coating, which
results the increase in the lllean value,and the decrease in

the scatter of the bending strength lt rnay due to decrease

in the mean particle size and the number of defects in the

A1203/SiCPc composites.It indicates the PC(UH)coating
results the increase in reliability of the A1203 Sintered body

Figure 8 shows the thermally etched fracture surfaces of

Fig 8  Fracture surfaces of(a)A1203/SiC and(b)_41203/SiCPC
composites

Fig 9 Distribution of the PC(UH)derived siC‐ phase in A1203
matrix sintered at(a)1600° C and(b)1800° C observed by TEM
method

(a)the A1203/SiC and(b)the A1203/SiCPc composites
sintered at 1600°C.A1203 and A1203/SiC Composite exhibit
intergranular fracture,14)and the A1203/SiC Composite in

this study also displays intcrgranular fracture as slloM″ n in

Fig.8(a).The fracture mode of the A1203/SiCPc,however,
is intragranular as shown in Fig.8(b).

Distribution of the PC―derived SiC― phase M″ as analyzed
by TElvl lllethod as shown in Fig. 9,No signincant change

in grain size can be observed in the Fヽ 1203/SiCPc composite
heat―treated at 1600°C Ĺlmost all SiC phase derived from
polycarbosilane at 1600° C exists at the grain boundary as
the ine crystalline grains,and separate each 2へ 1203 grain.It

means the PC coating prevents contact between the」へ1203
particles and suppresses the grain growth. `「 he Ĺ1203
grains of the sample heat― treated at 1800°C are larger than
those of 1600° (〕 ,which contain some SiC nanoparticles in―
side the grain,Some PC― derived SiC layer also exists at the
grain boundary. The PC― derived SiC layers suppress the
grain growth,hOM″ ever,some ofthem may be drav″ n inside
the grain during the grain growth

4. Conclusion
ln this study,the emects of p01ycarbosilane(Nippon Car―

bon Co.,Ltd.,type―UH)addition on the microstructure
and the mechanical properties ofノ ヘ1203 Ceranlics、 ″ere in―
vestigated and the folloM″ ing was concluded.

(1) Four― point bending strength of Fヽ 1203 WaS increas―
ed,and the scatter in bending strength values signincantly

decreased by the polycarbosilane coating in comparison
with the A1203/SiC(particle)composite.

(2) PolycarbOsilane addition results in a signincant
decrease in the grain growth rate of′ へ1203,and the mean
particle size decreases、 vith increasing the polycarbosilane

content.

(3) The polyCarbosilane derived SiC phase is present at

ン
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the grain boundaries at 1600° C,which suppresses the grain
growth of A1203・ HOWever,some ofthem may be drawnin‐
side the A1203 grains during grain groM″ th at 1800°C to form

SiC nanoparticles.

(4) Porosit57 of A1203/SiCPc was lower than that of
A1203/SiC Which indicates the impro宙 ng of the powder
nuidity and packing.

(5)Intragranular fracture mode was obseⅣ ed in the
A1203/SiCPc composites while the A1203/SiC Composites ex―

hibit intergranular fracture.
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