?
2.1 ? ( Sic |
2.11 ?
?
(' Young’s modulus )
? ? ®lgd
resistance )
? 2
( rhombohedral ) 2

?
5
(wear
( cubic ), ( hexagonal )
? (3 -Sic)
? ?
?



1
2.
3.
1 # #
&
(quartz )

furnace ) ( Smoak,R.H.,1980 )

( anthracite coal )

#

( Schroll, F.,1959 )

(Zircon)
process ) #
#
( Ball milling )
grinding)

02 +3C —>

# (Carbothermic Reduction)

# (Polymer Conversion)

(Gas Phase Systhesis)

(Carbothermic Reduction)

Sic + 2CO

#
( Alterov, A.v.,1956 )

( Boron )

( electric resistance

( Petroleum coke )

@

( McMullen, J.C., 1957 )

( Titanium ) #

1 ( Frank,H. and Wilkendorf ,E., 1959 )

# 1

(Vibratory milling)

! ( Achesion

(Attrition



fl

( Stanley, D.A. et al, 1973 )

( Stanczyk, M.H. and Feld, I.L, 1980 ) fl 1
1/4 0.4 2
2
(hydrofluoric acid ) ( Prochazka, . and Scanlan, R.M.,

1975 ; Prochazka, ., Johnson,C.A. and Giddings, R.A., 1978 ; Brynestad, J. et al, 1984 )
(methanol)
fl
(electnc arc) (Kuhn, W.E.,1963) (Ueda Y.,Shimokawa
K.,Sekiguchil., Sayama .,Kawabata J. and Taungbodhi tham ., 1989)
(‘iron oxide ) (catalyst) f (argon)
$ b (CO)
21 2,600 C
« ! fl fl
1,500-1,600°c (Wei,G.C.,1983)
(Silicon monoxide intermediate product)
fl f
((2 f N f

fl @)

Sic + 2sic2 3Si0 (g) + CO (g) 1)



2. ? ? (Polymer Conversion)
? (Professor
Yajima) ? ? ? ( organosiligon
polymer) 1/ ? )
? | (Polycarbosilanes) | (Polyborosiloxanes) /
? (Polydimethyl Silane)
? 200711
Mo 20 / / /
/ ! 1,500° /
2?1 ] )
21 / /
? ?
/ ? West et. al (1983)
? (polysilostyrene) / ( polymethyl-
SiClI2) / (dimethyl-SiCI2) 20 ?
(inert gas)
800 °c / ?1 [ (SiC fiber)
( amorphous ) Bancy (1979) ( disilane )
? ( methylclorosilane monomers ),  Schilling et. al (1983) ?
?1 / ? (Vinilic) | (cloromethyl silanes)
20 ? Wills et. al (1983) /
/ ? ' ? ] 21
/ 00
? (micrcstructure)
? (chain) 7 (branch) [
? (cyclic) ? ' ' (polycyclic) /

Schilling et. al



3. ( Gas Phase Synthesis )
|
Venkaleswaren et. al (1985) Halstead et. al (1986)
(Sintering)

- Neuenschwander et. al (1967)

90% Evans et. al (1969)

f

Strepkoff (1973)

1200°c fl1l

1000 -3000 °c Sheppard and Grocning (1976)

reacting zone

Moss (1978)

89-92 %

2200-2700°C

Chase (1974)

mixing zone

Stroke (1979)



? ? 97%
) 2i
% !
1 f1 2 ]
? ? ? ! reaction
zone
f
! Boccker (1977) ! ?
fl f 1000 -
1800 C ©)
CH3SH3 (g —" Sic + 3H2 ©)]
? 1?2
1987 White et. al ?
2.1.2 ?
? ? 1
? 1881 Colson and Schutzenberg ?
1891 ! (Acheson) ?
?
? 2
2 1 , , )
? ? !
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- 99.5% fl ' 0.01 %

- 99.0%

- 98.0% fl'

- 90.0%

(P)
(Polytypes) (a)
(Taylor

and Jones, 1960)
(strength), (temperature and corrosion resistance)

(thermal shock resistance)

4h ,6h ,15r '$ 3c ( Hino, lwama, Takaya and

Ichikawa, 1978 ; Kawamura and lwama, 1977 / 1978)

h, r C 1" tan (hexagonal),

(rhombohedral) (cubic)
3c
if

(Coppi and Richarz, 1986)

| A

f f
(comoposite and coating) 2-3

( reinforcement ) f



resistance-heating rods

Density

Flexure strength

Elastic modulus

Shear modulus

Fracture toughness
Creep resistance

Static fatigue resistance
Thermal 3hock resistance
Oxidation resistance
Hardness

Compression strength

98% - 99%
2

?? ?1

?  reaction-bonded products

?
” .
? ? «
4 2
39,500,000 ?
84,950 ?

90%

. 1990

« 42,414,000 ?

?! ?. ?

Tension strength

Impact resistance

Erosion resistance

Contact damage resistance
Wear resistance

Corrosion resistance
Fatigue resistance
Thermal expansion
Thermal conductivity

Thermal emissivity

Specific heat

special grinding-wheel

? 7

(metallurgical) ?

78,943 ?
Il . 1992

?5 45%

?1

?1

14



«

. 1993 ?
fl
fl metal-melting
?
granite
?
fl
? 3
!
kiln fumiture.i
furnace skid rails, nozzles
?
coating ?5
? ? .
? ? 2
chemically vapor deposited (CVD) coating ?
2.3 ? ?
? ? ?
?
? $
? 1
? ?

019137

ironmakipg

grinding wheel

crucible

wear plates

?5

15

steelmaking

wiresawing of

.1966
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?2 2 ?
A ? ? crystal marphology
grow
10-100
? ? ( single crystals )
theoretical limit ?
2.1
21 SiC Whiskers
Property Value
Chemistry Stoichiometnc SiC
Crystallographic Structure oc - or (3 - phase SiC
Elastic Modulus (GPa) 400 - 500
Tensile Strength (GPa) > 5
Diameter (Jim) 0.5- 15
Aspect ratio 10-25
Spesific Garvity 3.26
Metallic Impanties (ppm) < 1,0
. 1975 f (Cutler)
? ? ? grow
vapor - solid (VS) condensation ? ?
growth carbon furnace
? « ? ? ?
? ?

ceramic - matnx composites

metal - matnx composites

? higher - temperature

polymer - matnx composite



Sic - whiskers - reinforced ceramic cutting - tool inserts
(A1203) 25 - 30 wt%

used high - speed cutting of high nickel - content alloys (

17

insert

( E) =400 GPa, Weibull modulus = 16 fracture toughness = 10

metal - matnx composites
fl
modulus 1/3

fl )

$ 800 / Kg
( suppliers ) fl
( Advanced Composite Materials Corporation ),
( Tokai Carbon Company ) Cof

Technologies : ART ) .. 1992 ART

2.2 (Rice hull / husk)

elastic

( Advanced Refractory



221 «
’ A
?
? : ?
1986 (James and Rao) '
«
20
22° 1 ' ? (amorphous)
(crystallization) 70000
95 ? soaking
? ? 10
?
? (Sharma, Williams and Zangvil, 1984 ; Lee and Cutler, 1975 ; Raghavarapu Venkata
Knshnarao et al, 1991; Ueda Y. et al,1989) (Rahman and Riley,1989)
?
222
(Sharma et al. 11984)
2.2 ? ?
? 2.2 2
2.3 ?"
? ,
(Weight fraction) ? ? ,

51.185 wt%16.935 wt% 41.88 wt% ?
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2 Shanma
} 13-29 wt% f
2 87% '
2 t fvi
r 1 ’
1 ' fl 2
f (free energies) } ' 1
n fl }
fl | 2
2.2 3
Constituent Amount Present (wt%)
D.F. Houston, 1972 G.H. Nelson et. al, 1950
Cellulose 34-44 42.2
lignin 19-47 19.2
Hemicellulose 17-26 26.0

Considered to be CC - cellulose, Composition of lignin ( .M. Siegel, 1968) approximately
(in wt%) 60 C. 6H. and 15-20 methyl (OCH3) “"Hemicellulose contains approximately (in wt%)

59 D-xylose, 22 L-arabinose, 11-methylglucuronic acid, and 8 D-galactose



2.3

Constituent

(X-ceilulose

Lignin

D-xylose

L-Arabinose
Methoxylglucuronic acid
D-Galactose

Total (wt%)

¢Excluding (2

2.2.3

(cationic impunties)

(Nakata et al.)

(Sic whiskers)

Amount present

in rice husk (wt%)

c H
43.30 0.444 00618
22.00 0.815 0.0925
17.52 0.400 0.0670
6.53 0.400 0.0670
3.27 0.404 0.0250
2.37 0.357 0.0720
51.185 6.935
?
? ?

mineralizers . 1989 ~ (Xu et al.)

Pj

?
mineralizers
? iN]
11 1:3 HCI/H20 ?
?
? 99%
? ? ?

2 ? ? ?

in constituent

calculate weight fraction of element

0.4938

0.0925

0.5330

0.5330

5710

0.5710

41.88



? (Si-C bonding) (substrate base)

?1 ? (M. Patel, 1989 ;

M. Patel and p. Prasanna, 1990)

2.2.4 ( Combustion of husks )
?
(Differential Thermal Analysis : DTA ) ? ? / ? ?
( Thermogravimetry / differential thermo-gravimetry :TG-DTG ) 21
330 °0 425°c N2 : 1 650 °¢C
? TG-DTG 2.2
600 °C 2 2
). (Dehydration) (charnng)
). (Depolymerization)
' f
soak
collapse 10
600°c - 650°c soak 10 ? ? 3
5 ? ? ?



TEMPERATURE DIFFERENCE IN K

20

18 V)

16

14

12

10

——

) i |

2 \\

0 200 400 600

TEMPERATURE IN © C

2.1 DTA graph «

Ibrahim, Kabiah, and Kamal, 1987

800




NO*

WEIGHT LOSS

4

b
>
—

A

SN

2.2 TG - DTG graph

200

400

TEMPERATURE IN ¢

Jamee and roa, 1986

6C0

23



2.2.5

24

?i

(Siliceous material)



24 « (Properties of Thai nee husk)

Properties Value
Length (mm) 6-9
Mohs Hardness 6
Bulk Density (Kg/|T|3) 95 - 150
True Density (Kg/m”) 650 - 750
Combustion Energy (Kcal / Kg) 3,790 - 4,000
Volatile Matter (%) 61.10-64.34
Ash (%) 15.62 - 19.02
Moisture (%) 8.12 - 11.54
Crude Protein (%) 2.90 - 450
Crude Fibre (%) 39.10 - 42.25
Cmde Fat (%) 1.0-1.7
Nitrogen Free Extract (%) 24.72 -31.70
Ether Soluble Extract (%) 0.81 - 1.23
Cellulose (%) 36.5 - 39.0
Lignin (%) 31.5-34.0

Report of International Research and Development Cooperation ITIT Project

No. 83-1-8, October 1986



2.3 fi 2 ' n

J« ( Pyrolysis ) ?
I« 2 2l
(Thermal Decomposition)
?2 7
02 1 4 T 23 ?
(ultrafine Crystallize particles) ? 2«
« , Ssoaking time
Raghavarapu Venkata Knshnarao et. ai (1991)
4
1. ? ? (Formation of Silicon Carbide whiskers)
2 ?1! ? (Formation of Silicon Carbide Polycrystal)
3. (Crystallization of amorphous silica)
4, ? (Graphitization of amorphous carbon)
« 2?1 ?
1150 - 1310°c % ? ?
( ' 13100 (vacuum)
? fi ? ?
| 2 + C S|O (gas) + CO
SO +2£ — Sc + 0
« 2 + 3C -» S|C +CO
1 ?1
- " (SIO) ( ? 1)
- (deposits) SiO ? (carbon substrate)
- ?! « $ SiO ( ? 2 )

(1)

_
o

—
ES

26



21

12 2 2 ?
? ? ? ?) ? 1
? ? ? ? 2 Sio
? 1 ? ? 21 1
? ? ? ? (carbon surface) ?
SiO n 2 (gas phase) n 2
? (Raghavarapu Venkata Knshnarao et. al, 1991)
N ? )2 ? 2?1
Rice Husks

J' Heating in a coking furnace

Primarily Silica and carbon in amorphous state

4 Heated in the 1200 - 1800°C range

Reaction occurs between silica and carbon via the gas phase

)

Silica dissociated and subsequently reacts with carbon

4

Crystalline particles and/or whiskers of silicon carbide products

1. ? ? ? ?

(amosphous ? crystal)
2. ? 2 SIO( ? 2)

3. ? ?
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