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ABSTRACT

A series of reaction-sintered SiC was fabricated from preforms with varying volume fractions of two resin-coated SiC particles

of different sizes (63 and 18 µm). The electrical resistivity and mechanical strength were eventually optimized at the small par-

ticle volume fraction of 0.3~0.4, at which point the porosity of the preform was minimized. This study experimentally proves that

additional processes after the formation of the preform, such as silicon infiltration and reaction sintering, do not apparently alter

the optimum volume fraction of the preform packing, predicted by an existing analytical model based on solid packing. Thus, the

volume fraction of particles of different sizes can be determined practically through the solid packing model to fabricate RSSCs

with optimal properties.
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1. Introduction

eaction-sintered SiC (RSSC) has received much interest

due to its potential for use in areas as diverse as semi-

conductor processing, nuclear fuel preparation, and high-

temperature thermomechanical applications.1,2) It is usually

fabricated by infiltrating silicon melt to a porous SiC-C pre-

form,3-5) a step that is followed by the evaporation of residual

silicon. Further heat treatment in N
2
 is known to increase

electrical conductivity.6)

As the starting preform is highly porous, a process that

minimizes the porosity of the final product efficiently is of

great interest. However, existing works on this issue are

limited to the control of the forming pressure7) or particle

size of the preform.8-10) In reality, the porosity of RSSCs can

be reduced significantly if particles of different sizes are

used. In this regard, the necessity of optimizing the mixing

ratio of differently sized particles in the preform is well

aware.11-12) However, systematic investigation into the opti-

mal volume fraction of differently sized particles is scarcely

available in the literature. Therefore, in the current work, a

series of reaction-sintered SiC is prepared by varying the

volume fraction of two differently sized particles. In addi-

tion, a guideline is presented for determining the volume

fraction of the particles of different sizes in the fabrication of

RSSCs with optimal properties.

2. Experimental Procedure

Two types of SiC powders with average diameters of 63

µm (D) and 18 µm (d), respectively, (Showa Denko, Japan)

were initially mixed (d/D=0.286) by varying the volume

fraction (x
d
=V

d
/(V

d
+V

D
), where V denotes the volume). The

mixed SiC powder was shifted into ethanol with dissolved

resin (SiC:resin:ethanol=4 :1 :3 in weight ratio). It was

then mixed and dried. To prepare the perform, the dried

product was crushed to pass a 70 mesh sieve and uniaxially

loaded at 147 MPa in a BN-coated graphite mold 40×10×3

mm in size. Silicon powder 2.2 µm in diameter (Silgrain＠,

Elkem, Germany) was spread on top of the preform in a

graphite jig (preform:Si=1 :0.3 by weight ratio). The pre-

form and silicon were heated in a vacuum furnace to

1600oC, held at that temperature for 30 min for reaction sin-

tering, and cooled thereafter. Samples were reheated to

1700oC for 30 min in a vacuum, which was followed by the

introduction of a flow of 10%H
2
-90%N

2
 at 1.02 MPa of posi-

tive pressure for 90 min at the same temperature, after

which the furnace was cooled.

The porosity of the final specimen was determined by

mercury porosimetry (Micrometrics, Auto pore 4-9510).

Both ends of the specimen (40×10×3 mm) were spray-

coated with aluminum to measure the current at a constant

voltage (27 volts) from which the bulk electrical resistivity

was determined. The elastic modulus was measured by an

ultrasonic method.
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3. Results and Discussion

The elimination of the residual silicon and nitrogen dop-

ing during the processing stages were reported in a previous

study by the authors.7) The microstructures of the fabricated

RSSCs with varying volume fractions of small to large parti-

cles, x
d
=V

d
/(V

d
+V

D
), are shown in Fig. 1. In the optical

microscopy (Fig. 1), the brighter regions are in focus (mainly

SiC particles) while the relatively darker regions are out of

focus (either pores or dug regions formed during the polish-

ing of the sample). When x
d
 is close to zero, e.g., 0.1 or 0.2,

small SiC particles mainly fill up the open space between

larger particles to decrease the porosity of the RSSCs. As x
d

increases, for instance, when x
d
=0.5 (Fig. 1(g)), small parti-

cles themselves do not become well separated in the voids of

the large particles. The small particles form clusters with

smaller voids, inhibiting the packing of the large particles.

Thus, there may be an optimum value of x
d
 that minimizes

the porosity of the specimen. Eventually, only voids between

small particles exist when x
d
=1.

The competition between the open-space-filling effect of

the small particles (to decrease the porosity) and the clus-

ter-forming effect (to increase the porosity) can be clearly

quantified by the characterization of the porosity of fabri-

cated RSSCs. Fig. 2 shows the change in the porosity of a

fabricated RSSC as a function of x
d
. The porosity of fabri-

cated RSSCs is essentially minimal when the volume frac-

tion of the small particles is suitable: x
d
=0.3~0.4.

The elastic modulus and bulk electrical resistivity of the

final products are shown in Fig. 3. Although some data scat-

ter exists in the elastic modulus, as indicated by the stan-

dard deviation bar, it is clearly maximal at x
d
=0.4, which is

within the x
d
 range of 0.3~0.4. The bulk electrical resistiv-

ity of the final product is minimal at x
d
=0.3, which is again

within the x
d
 range of 0.3~0.4. The optimum x

d
 value for the

bulk electrical resistivity (0.3) is slightly offset from that

(0.4) of the elastic modulus. Porosity itself is important for

Fig. 1. Microstructure of the fabricated RSSCs with varying
volume fractions of small particles with xd=Vd/
(V

d
+V

D
): (a) x

d
=0, (b) 0.1, (c) 0.2, (d) 0.3, (e) 0.4, (f)

0.5, and (g) 1.0.

Fig. 2. Change in the experimentally determined porosity of
fabricated RSSCs as a function of the small particle
volume fraction, x

d
=V

d
/(V

d
+V

D
), and theoretically pre-

dicted porosity of the preform by an existing model13)

when d/D=0.286.

Fig. 3. Change in the elastic modulus and electrical resistiv-
ity of the final product as functions of the small parti-
cle volume fraction with x

d
=V

d
/(V

d
+V

D
).



August  2008 Optimizing Electrical and Mechanical Properties of Reaction-Sintered...... 441

the mechanical properties; however, for electrical conduc-

tion, the number of contact points between SiC particles per

unit volume is at least as important as the porosity itself.

This difference may yield the offset of an optimum x
d
 value;

however, additional work is necessary to clarify this issue.

The fact that the volume fraction condition (x
d
=V

d
/

(V
d
+V

D
)=0.3~0.4) for minimal porosity is consistent with

the condition for optimal properties is not a new finding.

However, it is important to uncover the relationship

between this result and the x
d
 condition for optimal preform

packing, because, by envisioning such a relationship, it may

be possible to draw out a guideline about which volume frac-

tion condition of the differently sized particles must be

employed for the preparation of the preform. For this pur-

pose, a semi-empirical prediction of the preform packing

density has been pursued as a function of x
d
. Included in

Fig. 2 is the predicted porosity of the preform based on a

solid packing model13):

Here, ε is the predicted porosity of the preform itself;  is

the porosity of the compact with only larger monosized par-

ticles (D); x
D
 and x

d
 are the volume fractions of the large and

small particles, respectively (x
D
=1−x

d
); and δ is the size

ratio of small particles (d) to the larger particles (D), d/D. δ

is 0.286 in this study. The functions of δ, F(δ ) and f(δ ), are

given as

and

.

As shown in Fig. 2, the experimentally determined poros-

ity of the final product is lower than the predicted porosity

of the green compact mainly on account of silicon infiltra-

tion to the preform. The porosity of the RSSC at x
d
=1 is

somewhat smaller than that at x
d
=0, which stands in con-

trast to the packing model. Clearly, the post processes that

follow the preparation of the preform, such as silicon infil-

tration, the subsequent reaction sintering, and the nitrida-

tion stages, are responsible for this discrepancy. However,

in this case, the measured optimum x
d
 value of the final

RSSC (0.4) is fairly consistent with the predicted optimal x
d

value of the preform (0.44). This indicates that the post pro-

cesses do not apparently alter the predicted optimum x
d

value of the preform.

The consistency between the optimum condition of the

volume fraction for the preform formation and the condition

for the optimal properties has been observed herein for a

case in which the effective particle diameter ratio d/D is

fixed at 0.286. Thus, the preform packing density was pre-

dicted for other d/D values; this result is shown in Fig. 4.

Here, the larger difference of particle size (smaller d/D

ratio) decreases porosity and the optimum x
d
 is achieved at

smaller volume fraction. When it is necessary to prepare

RSSCs using d/D values other than 0.286, it is suggested

that the experiment is performed at around the optimal x
d

first by initially referencing Fig. 4 to ensure optimal proper-

ties of RSSCs.

In order to ensure that Fig. 4 is a more precise and reli-

able guideline to prepare the preform, the consistency of the

x
d
 condition for preform packing with the condition of opti-

mal properties must be experimentally checked further for

other d/D values. As the porosity and resultant properties

are governed by the aspect ratio of the particles as well, the

optimum x
d
 condition for the preparation of the preform

must also be investigated further for other aspect ratio par-

ticle combinations. However, as mentioned earlier, Fig. 4

can serve as a guideline about which the x
d
 range must be

investigated initially under a given d/D condition.

The literature does not specify the proportion of particles

that must be mixed to fabricate RSSCs with optimal proper-

ties. This study experimentally proves that the predicted

preform condition is not apparently altered by the post pro-

cesses. Second, the current study can be regarded as an

experimental verification of the existing model.13) Unless

current systematic investigation is available, these two

findings are neither easy to predict (due to the aforemen-

tioned post processes) nor safe to utilize (due to the lack of

verification of existing model for RSSCs). The current work

experimentally demonstrates a practical means of deter-

mining the volume fraction of differently sized particles to

achieve the optimal properties of the RSSCs.

4. Conclusions

Two differently sized SiC particles with diameter mea-

surements of D=63 µm and d=18 µm (d/D=0.286) were

used to prepare a series of reaction-sintered SiC with vary-

ing volume fractions. The resultant reaction-sintered SiC

showed minimal porosity and maximal mechanical/electri-

cal properties at the small particle volume fraction of 0.3~
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0
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Fig. 4. Optimal volume fraction of small particles x
d
=V

d
/

(V
d
+V

D
) to minimize the porosity for varying particle

size ratios (d/D) based on a particle packing model13).
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0.4. This condition was similar to an existing analytical

model of the solid packing of a preform. This indicates that

additional processes after the formation of the preform,

such as silicon infiltration, reaction sintering, and a subse-

quent heat treatment in flowing nitrogen, do not apparently

alter the optimum volume fraction. Thus, the mixing ratio

of differently sized particles can be determined by a solid

packing model in the fabrication of RSSCs with optimal

properties.
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