311

3.1.2

313

Disc grinding mill Model HSM 100 A

Sieve Retsch ASTM E.11 100,200 325 mesh
Hydraulic Press

Sintering Furnace HT 1600

Drilling Machine
Machine Tool Plant-Sliven eu 500 M
Cutting Machine Struers Accutom-5  CBN Cut-off wheel Struers 355CA

Grindosonic Model MK51

Universal Testing Machine Instron 4502

Micro Hardness Tester MHT-10 Anton Paar

Surface Profiler Dektak3ST (Veeco)

X-ray Diffractometer System JDX-3530

Optical Microscope (Carl Zeiss)

Scanning Electron Microscope (JEOL) JSM-5410
Nuclear Magnetic Resonance Bruker Avance DPX 300 MHz
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3.2

321 Silicon Metal

silicon metal 25.13
13.27

31 silicon metal X-ray flourescent (XRF)
(% by wt)

S Al Ca Fe
Si metal 99.11 0.14 0.47 0.17 0.10

Trace element : Na, Mg, K, Ti, Cr, Mn

31 silicon metal SEM sieve 325 mesh
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3.3 silicon metal 13.27
3.2.2 (Binder)
(PVA) 2% )"
3.2.3
99,9%
95:5
common grade
3.3 ,
33.1
3311  silicon metal 1 mm
3.3.1.2  silicon metal Disc grinding mill 509
5
3.3.1.3 Retsch ASTME.11 200 325
mesh Si 45 (
3.3.14 PVA 80°c 2% /
3.3.1.5 PVA
60 °c 45
3.3.1.6 PVA 100 mesh



3.3.1.7 PVA (uniaxial press)
stainless steel die 50 x 17.5
60 kg/cm2 509 10
33.18 110°

175 mm
34 hydraulic press
3.3.2 (Pre-sintering)
High Temperature Furnace HT 1600
flow rate 10 l/hr flushing 1
3.2
3.2 heat treatment Pre-sintering silicon compact

Heating Step Heating rate (°c/r) ~ Temperature (°C)  Dwell time (hr)

Calcination & 150 500 1
binder removal

Pre-sintering 200 1200 10
Cooling 600 35 0

* [Kuljira and Benya,1998]
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Temp
1200 °C 10 hr .
200°C/hr 600°C/hr
500°C
150°C/hr
RT]
wTime
35 heat treatment silicon compact
3.3.3
333.1 Ultrapycnometer
33311 calibrate calibrate Vcell ~ Vadded
3.3.3.12 10
5 1
3.3.3.2 (Young * modulus)  Grindosonic
(ASTM C 1259-94)
33321 5mm  15mm 2 mm,
3.3.3.2.2 Young ' modulus Grindosonic
10 fundamental resonant frequency 1ff (Hz)
3.3.3.2.3 Young ' modulus
31
E = 0.9465(mff2b)(L3t3TL [3.1]

E =Young ' modulus (Pa)

m = (@)
b = (mm)
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L = (mm)

t = (mm)
ff = fundamental resonant frequency (Hz)
T, = correction factor fundamental flexural mode
JL = Poisson " ratio = 0.17
11- 1+6.585 (1+00752 . 08109 ft2 /Ly . 0868 (t Ly
8.340 (I +0.2023 fI + 2173 i1\t | L'ya [3.2]
1.000 +6.338 (I +0.1408 t + 1.536 fi2\t ! L)1
3.3.3.3
(Optical Microscope )
33331 5mm 15 mm 2 mm,
3.3.3.3.2 320, 500, 600 1800 1000
3.3.3.33 20
33334
334
3341 (Microvickers Hardness) (JISR1610)
334.11 sputtering 15A 60
33412 silicon compact
Micro Hardness Tester MHT-10 100
10
3.34.1.3
HV = 1.8544 P/(2D)2 [3.3]
HV = Vickers (N/mm2)
2D =

Diagonal (mm)
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3.34.2 (Compressive strength)
33421 16 mm 30 2 mm
5  [Moore, 1945]
3.34.2.2 Instron 4502
0.045 [ .
33423
"om = PIA [34]
Cldm = Compressive strength (MPa)
p = Max load (N)
A = Cross-section area (mm2
3.3.5 (Machinability)
3.35.1 (Drilling)
335.1.1
34 5mm
33512 (Speed) 1150, 685
480 (rpm)
3.35.13 (feed) 0.08, 0.16, 0.24
0.35 (1)
33514
33515 ,
silicon compact
(speed/feed diagram)
3.3.5.1.6 (Material Removal Rate IMRR)

MRR = 7tDZ4 fr N 39]
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= (mm)
fr = (mm/rev)
N = (rom)
3.35.17 (rotation speed) V=71\ (mm/min)
3.35.1.8 MRR/V
3.3.5.2 (Turning)
33521 Machine tool plant-SLIVEN
eu 500 M high speed steel
2 mm
[ = ¢
¥ 3
3.6 Si compact
3.35.2.2 (Speed) 250,315,400
500 (rpom)
3.35.23 (feed) 0.00741,0.00855, 0.01010
0.01235, 0.01482, 0.01710, 0.02022  0.02471 (1)
3.35.24 Dektak3 ST Surface Profiler

3.35.25
(speed/feed diagram)
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3.3.5.2.6 (Material Removal Rate)
MRR = 71(D2D12 fr N [3.6]
4
= (mm)
DL = (mm)
3.35.2.7 33517 33518
3.3.6 (Nitridation)
3.36.1 5 1350,1375 1400,1450
1500 °c 14
3.3.6.2 High Temperature Furnace HT 1600
N2:H?2 95:5 flow rate 10 I/hr
flushing N2:H2 1 :
3.3
33 heat treatment Nitridation

Heating step  Heating rate (°c/hr) ~ Temperature (°C)  Dwell time (hr)

Heating 250 1100 0
Nitriding 50 1350-1500 14
Cooling 600 35 0
Temp a
1500°C 1500°C , 14 hr -
1100°C 600°C/hr

250°C/hr

RT.
Time

7UM 3.7 waunIwuanIngzuaung Nitriding Fusuigoimngigega 1500°C
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33171
33.7.1.1
33.7.1.2

33.7.13
33.7.14

3.3.7.15

3.3.17.2

33.7.21

3.3.1.2.2

3.3.7.2.3

3.3.7.3

33731

3.3.7.32

3.3.7.33
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110°c 3
= 1
2
= 2
1 = 3
(Bulk density) = 1Xp0 [3.7]
372
p0
ultrapynometer
3331 (true density)
o (% porosity)
6 30 4
Grindosonic
10 fundamental resonant frequency 1ff (Hz)
3l
180, 220, 320,
600, 800, 1000 1200 20, 6 13
1
(Optical Microscope) 20
Scanning Electron Microscope (SEM) sputtering

I5A 80
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3.3.7.34
sputtering
3.3J.3.3
3.3.8
3.38.1 (icrovickers hardness) (JIS R 1610)
33811
Micro Hardness Tester MHT-10 200
10 10
3.3.8.1.2 33
3.3.8.2 (Flexural strength)
33821 RBSN 3X5%25 mm Struers
Accutom-5 CBN Struers 355 CA
001 |/
3.3.8.22 180, 320, 600, 800, 1000 1200
(diamond paste) 20, 6, 3 14
3.3.8.2.3 1000 45° stress
concentration
3.38.24 Three - point bending Instron
4502 crosshead speed 0.045 mm/min
ASTM ¢ 1161

<D

3.8 Three-point bending
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tiflex =

J 2 X t; XW [3'8]

Cllex = Flexural strength (MPa)

P = Force required to rupture (N)
L = Length of specimen span of fixture (mm)
= Width of specimen (mm)
t = Thickness of specimen (mm)
3.3.9
3.3.9.1 X-ray Diffractometer
339.11
XRD step angle 0.04 deg. counttime 1.0 sec  Cu target
receiving slit 0.2° 1 beam slit 1.0° peak 100 90°
3.39.12 peaksearch peak  standard ,
33.9.1.3  integrated intensity peak relative  integrated
intensity
3.39.14 calibration curve  (oc-Sid\4)- Silicon phase
339.14.1 0.012, 0.024, 0.036, 0.048, 0.060, 0.120, 0.180,
0.240,0.300,0.360,0.420 0.480 g a-SiN4 0588,
0.576, 0.564, 0.552, 0.540, 0.480, 0.420, 0.360, 0.300  0.240 ¢
3.3.9.14.2 a-Sidv4 Si :a-SiN4 34
acetone holder slide
34 Si:a-Sid\4

1 2 3 4 5 6 7 8 9 10 1 1
Silicon (wt%) 2 4 6 8 10 20 30 40 5 60 70 8
a-SiN4(wtoe) 98 96 94 92 90 8 70 60 50 40 30 20
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3.39.14.3 XRD step angle 0.1 deg. counttime 1.0sec  Cu
target receiving slit 0.2° 1heam slit 1.0° 15° b5°

3.39.144  peak search  integrated intensity peak

3.3.9.145  Relative integrated intensity

3.39.1.46 plot | 1(,)
ACSE(HE ) ™A g lSPINA (10 )
weight fraction S calibration curve a-SidN4
silicon
3.39.147 Relative integrated intensity
NN Calibration
ACSE(IL ) oA ST A (L)
Curve phase  a-SiN4 S
3.39.2 Nuclear Magnetic Resonance (NMR)
339.2.1 (pure
Si) (ct-Siavg (Si02

2
3.3.9.2.2 Magic-angle spinning (MAS)
261N Si-0 59.62 MHz 7
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