(SN

21
2 - (a-SiNg
((3-SiNg 2 (tetrahedron)
C
2 2 SiN4 tetrahedra
ABAB...
ABCDABCD... AB
CD ¢ (Ekstrom and Nygren,1992)
a-Sidv4
{3-Si3v4 P-SiaN4
a-Sid4
2.2
( a-Si4 (353N
1400°c
( )
[William and Mark ,1994]
(Hot pressing) (Hot
isostatic pressing) (Pressureless sintering)

(Reaction-bonding)



2.1,

Crystal structure

Theoretical density (g/cm3)
JCPDS card number

[William and Mark ,1994]
2.2.

Property

Relative density (p),% theoretical
Young's modulus (E), GPa
Flexural strength (cr), MPa

(p
s

Flexural strength (CT), MPa (1200°C)

Hardness {HV)
Fracture toughness (KIQ1MPa-m12

[Taffner et al,1991]

2.2
RBSN
Nitride (HPSN)
Silicon Nitride (SSN)
(sintering)

a-phase, hexagonal

a-axis 0.775-0.777 nm
c-axis 0.516-0.569 nm

cla ~ 0.70

a-phase 3.168-3.188

41-360

RBSN

70-88
120-250
150-350
150-350
400-700

1528

RBSN

(near net shape)

SSN

(glassy phase)

HPSN

99-100
310-330
450-1000
450-850

1600-1800
42-1.0

P-phase,hexagonal
a-axis 0.759-0.761 nm
c-axis 0.217-0.292 nm
cla« 0.37

P-phase 3.19-3.202
33-1160

SSN

95-99
260-320
600-1200
500-780

1350-1600

50-85

Hot Press Silicon
Sintered

(machining)



2.2 ? Reaction-bonded silicon nitride (RBSN)
RBSN
(isostatic pressing)
(slip casting) (extrusion) (injection molding)
(die pressing) powder compact
(pre-sintering pre-nitride) 1200 °c
(nitridation) 1250-1450 °C

[John et al,1985]

3 () + 2N2(9 Siana () [2.1]
(S-N covalent bond) (porosity)
20% y  RBSN 10-100
250 |4

21 TEM 1150°c 28 [Brian.1995



22.1 (Thermodynamic)

3S()+ 2N29-» SIN4()

[Pehlke and Elliott,1959]

3Si(,+ 2N2ig-» SN4(, AG - -723+0.315T (kJ mol’) [2.1]
3 S )+ 2N2g— SN4() . AG ~ -874 + 0.4505T (kJ mol') [2.2]
3 Sgt 2N2g-» S3N4(, : AG - -2080 +0.757T (kJ mol') [2.3]

3 (Longland,[1978]
Moulson,[1979] Jenning,[1983])
Henderson Taylor
[1975] Si-N P-SiaV4

[Jennings et al, 198§

P*SiN4 a-Sidv
[Messier,1978 Morgan,1980]

2.2.2 (kinetic)

1) (reactant)
(impurities)



2.2 3
(SiO)
Si\4
Si3\4 ,
[Atkinson et al,1976]
IN4
(nucléation)
IN4
(growth)  Si3V4 S
SiN4
Rate of Reaction
| ] I
Time
10's of second 10's of hours

2.2 [Atkinson et al,1976]



2.2.3 Reaction-bonded silicon nitride (RBSN)

(single crystal silicon)

2231

PN 1 atm PN

(isothermal)

"pore-closure model"

extent of reaction

time

23

wW

[Moulson, 1979]



(isothermal)
2 2.4 1190°c  1300°c
1390°c 1450°c
30-40%
2 99%
‘.2}4 1249 1330 0 140(°Q 6
1400 - =
1200 -/ " See
gl ]
Z 80| : £<
& 600 ,’f\ f\ | 3ff
& oAl / Lt ::
00 \,_—/J \\‘ 1 27
(U 0
0 20 /40 60 80 100 120 140 16C 180
nitndation bime (1)
24
2 [Lei et o, 1994
2232
102104  Pa
Moulson [1979] 1350°c PS
102Pa 106kgmxecl
(impurities)

silicon monoxide (SiO)



Sig+Si020 - 2500  ~S =143 kimofl
B9+ 0) - y5i0p o= = 47T kimoll
Sl()+ HZ)(() = SI0E+H2AG = -82 kJmol’l
SI0
350+ 2N2) = SIY)+3/2000  Ag® = 502 kimol'L
SI0
P02 105atm P§ 108atm
Moulson
2.2.3.3
Jenning  Richman [1976]
Reaction-Bonded Silicon Nitride (impurities)
(eutectic)
Fe-Si
1207°C [Kaiser and Thermond,1959] FeSi2
eutectic melts powder compact
a  P'Siv4 FeSix a-SiN4
FeSix P*Si3N4

FeSix

[24]
[25]
[26]

[27]
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- g

OXIDE FILM NITRIDATION
REMOVAL : NJ ot< o rc RQHla EeS72

vdoc'<*at>on — " Bn4
pt < 2 =2 .C*GL

25

(A B) ,
(] , FeSi2 a  p-Sidv
[Boyer and Moulson,1978]

2.2.4 RBSN

2241 (Specific surface area)

(active nitrogen)
N+02—>N0+0 [28]
N+NO— N+ O :An =-313 kimofl 2]

a-SiN4
P'Si3N4
( )
a-Sid\V4 alp
[Jennings,1983]
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2.2.4.2 (Temperature)

condense material

P = Aexp(-L/RT) [2.10]
P L ( Si = 442 kJmofl
1400°C) R T A intetrate
Moulson [1979] 1350°c 107 atm
10'6 kg T2 sec'l 2.6
( )
Equilibrium 50 Rate of removal of Si (nmsec")
vapour pressure 2x107 40 (if no vapour above Si)
(atm) 1x10” B 30
20
A 10
2x10° ©
1x10°

61 63 65 67 69 7.1
«— 10'm (K"

2.6
(A) Unvala, 1963 (B) Honig,1957 (C) Batdorfand it ,1959 [Jennings,1983]

(vacancies)
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(self-diffusion of vacancies)

Rate of sublimation of Si

( sec') 80 0000000 1250°c
70 . SR — 1300°c
60 \ ""-,“ _ 1350°
5\ | T— 1400°c
40 \\ kY
30 \
20 \
10 N
A \ ..".
0 107 5x10'7 10 Partial pressure of Si over substrate (atm)
2.1 [Jennings,1983)
2243 (Pressure)
1
K = APSPNe‘ABHRT 2.11]

A activation entropy 1PS PN
AE+ activation barrier

[Jennings, 1983]
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2.2.4.4
(Iron)
02 [Atkinson,1976] 3\
FeSi2
[Atkinson,1974] (spilke)
a-SiN4
2.8
1000 ppm
[Moulson,1979]
/5% ]
2.8 [Moulson,1979)
2.2.45
Moulson,[1979]

HD = 2H2+ 02

. AG = 314 kimofl [2.12]
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P@ 2 2.12
01 10%
2 active nitrogen (reduction) SI0
( )
2.2.4.6 (Gas-flow rate)
(impurities) Jenning Richman
[1976]
( )
turbulance 29
95% 5% 1350°c
0.0 L
g 45.0 75 cc/min -
5
£ 300 106icc/min i
; 150 cc/min
s 15.0
s 55 110 165 220
Time (min)

2.9

[Mostafa and Arvind,1996]



2.3
o-Sidvd P'Siav
alp
(particle size)
(Temperature) a-Sid\4: p- SV
(Pressure)
(impurity) S0
a-Sidv P- Sidvd
H2
(Hydrogen)  alp h2
(Time)
a/P alP
(oxygen
potential)

(Heating rate) ~ a/P

(compact
Size)

17



24
(cutting tool) (grinding
media) (grit blasting nozzles)
(burner)
(welding nozzles) (heat exchangers)
(valves)
(turbo-charger rotor) (gas turbine) (spark
plugs)

, - thermocouple shielding tube
1 handling molten aluminium Lcombustion chambers [William
and Mark ,1994]

2.10

( Courtesy Tenmat,Ltd. ; International Syalon (Newcastle) and
Morgan Matroc, Ltd.)



	บทที่ 2 ปริทรรศน์วรรณกรรม
	2.1 สมบัติของซิลิคอนไนไตรด์
	2.2 กระบวนการขึ้นรูปซิลิคอนไนไตรด์ด้วยวิธี Reaction-bonded silicon nitride (RBSN)
	2.3 การใช้งานซิลิคอนไนไตรด์


