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Mechanical and Electrical Properties of SisNs—TiN Composites

Prepared by Tape Casting Process

Young Jun An

Division of Advanced Materials and Engineering, The Graduate School,

PuKvong National University

Abstract

Silicon nitride(SizN4) ceramics are regarded as one of the most important high
temperature structural materials. Recently, high-strength high-toughness SizNj
matrix composites, such as whisker-reinforced or particulate-reinforced
ceramics, have been developed to improve the mechanical reliability of SizNy
ceramics. If sintered SizNs bodies can be made electroconductives, electrical
discharge machining(EDM) technique can be applied to manufacture complex
components. It has been reported that the introduction of electroconductive
second phase can improve the mechanical properties and electroconductivity of
silicon nitride ceramics. Titanium nitride (TiN) exhibits a number of desirable
properties, including high hardness good chemical durability, and high
electrical conductivity, and is a popular second phase additive due to its good
compatibility with SisNs when sintered in non-oxidation atmosphere.

we investigated the effect of debinding conditions and sintering on
electrical/mechanical properties and microstructure in SizN4/TiN  laminated

composites fabricated by tape casting

Ketwords : SisNi, TiN, SisN4-TiN matrix composite, tape casting
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A Al

o =
2 o) FR4E | AT AR Melting Boiling 1=
(erg/cm) (&) (mPa-s) | point (‘C) | point(C) (g/cm)
Water 72.75 78.5 1.0 0 100 1

Methy! alcohol 22.5 32.6 0.6 -97.8 64.6 0.789
Ethyl alcohol 24 1.2 -114.4 78.4 0.789
n-DPropy! alcohol 21.4 20.0 2.3 -127 97.2 0.804
Isopropy! alcohol 18.8 2.4 89 82.3 0.785
n-Butyl alcohol 18.0 2.9 -89.8 117.7 0.810
n-Octyl alcohol 27.5 10.3 10.6 -15 194.5 0.827
Benzyl alcohol 35.5 13.1 5.8 -15.3 194.5 0.827

Glycerol 43.0 2.0 290
Ethylene glycol 48.4 38.7 20.0 -15.6 197.2 1.115
Acetone 25.1 20.7 2.3 93.8 56 0.781
Methvlethylene ketone 18.0 0.4 -87 80 0.805
Benzaldehide 38.5 17.8 1.3 -26 179.5 1.050
Propionic acid 26.7 3.3 1.1 -22 141.1 0.993
n-Octanoic acid 28.0 1.0 91.5 166.4 0.872
Ethvlacetate 235 6.2 0.4 83.6 77.1 0.900
Putylbutyrate 25.7 1.89 1.0 -91.5 166.4 0.872
n-Hexane 18.4 2.4 0.3 95.4 68.7 0.659
Toluene 28.5 0.6 95.2 110.6 0.867
o-Xvlene 25.2 144.2 0.880




A Al

T 2. Azeotropic multi-solvent system@ 2218 &2&

g0iel 24l

95.57 | Water 4.43

68 Toluene 32

Ethyl alcohol 21 n—Hexane 79

alcoho

Y 30.6 | Ethylacetate 69.4
27 | Trichloroethylene 73

40 | Methy! ethyl ketone 60

87.8 | Water 12.3

22 n—-Hexane 78

|[sopropyl alcohol 69 Toluene 81
propy 30 70

Methyl ethyl ketone

23 Ethylacetate 77

71.7 | Water 28.3

n-Propy! alcohol 4 n—-Hexane 396
49 | Toluene 51
88.6 | Water 11.4

Methyl ethyl ketone 40 Ethy! alcohol 60
30 | Isopropyl alcohol 70

32 Ethyl alcohol 68

51 Propyl alcohol 49

Toluene 31 69

Isopropyl alcohol
68 n—Butyl alcohol 32
64 Methyl alcohol 36
Trichloroethylene Y

73 | Ethyl alcohol 27
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Hel ol FHAL 7HAHok ), kA3 HIAEA Y T, 98 Y A
Aol o] & (lubricant) &3, B3 FAH ] &g B ToR J
o] <& vinyl#} acryl FEje w7l Unkdo=w ALEEw Gujo
Sasln A ddn FA=E FEANE F e U ARA(chain)®] #
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i
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el v FAAN oEsrt, H Y Al 2®(tape casting)

oA mielH ¥& A
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o7 A¥LE7} Fasta Oloﬂ e 2A5E9 ZF7ME sheetd] WH,
d¢lo] =t} ¥4 (non-naqueous) tape castingolA 7134

Binder:= PVB(polyvinyl butyral)elt}. ©t& 3F 3ol



Frl

3. =02l pyBe =eld E4H
Manufacturer Monsanto Sekisui
Grade B98 B76 B74 BMSZ BL1
Molecular weight in thousands | 40-70 | 90-120 [120-150 252 55
Hydroxyl content as % PVA 18-20 | 11-13 | 17.5-20| 1545 26+5
Acetate content as PVAc 0-2.5 0-1.5 0-2.5 4-8 max. 4
Butyral content as PVB 80 88 80 78%3 7243
- CH CH N \ o, e oH .
?H EE{I CE{/\ i
H ) ] )
“o & L
|
£ i CH,
PVERI7-78% PYA(L-3%) PYACI2A-21%)

@ 2. PVB HiQIH el LBHAEQl a5 2%
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i A B
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1) DLVO ©]Z(Double layer repulsion)
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I ESRZI
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capillay2] ®ol 213 jonic solution®e Z €A Aol 23t 2 oA H
=9 o] [ electro osmitic flow]2tiL = vl Fo] dojurt
¥ hydrodynamic planeo] °|& %< it A Aot o v

o A]¢] EHAE [zeta potential]e] &} gt}

98t counter ions ZtE AlelA  zeta potential surface
potentiale] A& A o B7H e 7] &7]2 EA T zeta
potentiale] 0¥ wje] pHE 5 A4, [isoelectric pointlet FHth.

Liquid-suspended #%-& #2k& A717 fowl A#xoz &3

=

S doymg B Fo oFZE wtEolFE= H7|H chargingS E 3l
A Z2g2 oA AlAHoE )l DLVOo|E& 53 gid oFEFS 7t
= 2 Qzi7te] As e MAusiFw attractions WiHEY F AT,

IL

4.
ES
AAEA, Azre] Agle] 49 Van der waals doll este] Foizint,
T3 repulsione F A7|% o]lFZE Wi YT AOZA PR =
7] @ mek =7AE, o)FEe FA, fHdF Tl oFEsT A AClA
= repulsion potential energy 7} attractive potential energy=

Bore] the S FAslA =i YA zeta potential F ol F T
W97t EAE Brownian &% W] ZAstE FEOIE %

Ny AE 20TAHE 10 KT o]2& #H7]A chargingol 2|3 coagulation

o uty] 9E e oF 25V zeta potential ol 3@ 3H= repulsion H o]
oojeratt} 3 YA B AAE EF Fl &S U7 faA

] £ repulsion #Ho] glojol st} JkH A R}Eo] steric hindrance
= 2o o3 EMd gtd 25mEt Z& zeta potentialdl

q gl g AW & 9

tlo  rif
S

lo

N

Ir

\
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2) Steric hindrance(Steric stabilization)

Steric hindranceel ]38 repulsion® o} AZE FEE oA
o)A primary minimumS ZA 2ETH ©] repulsion §A ®Hel

ol

EayE BARE 7o) AsAgo] 9t #AHEY. F A& polymer
chaine] & %334 =W configulational entropy®l & A7 LA s
o, ol w AA ANAL AFoAUAZFIE A HER JAELS

Nz owrastA Bk QA EHel F2E polymer chaing @ AAFO] €] van

ZAsko] ¢) o B2 polymer chain &

rir JN'

der waals attraction ¥-& 7447
additional repulsions % &= Zo] Hrh

Rehbinderr 59 ¢std dxe) @7)7F A (<igm), HIY 4 FA
2 pArel o] o] Be AL ¢xEo]l primary minimumol] A &R 8hE
79 1yl 9ale] o= HL 9] steric repulsions ¥=A] Qs H
1891, Shaw 52 double layer repulsion® steric repulsiono] &%
HYL o A 2L dAHIE AL F A
A double layer repulsion®} steric repulsion®] &%
2 TR vga o olFEFE vluF | A
barrier® ¥4 3s= WA steric hindrances & Aol JA-AAHe]
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(slurry) 7} damell %< % o] micro—adjustable gateoll Al d&3tel& 72
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H Z (carrier film) & WE(belt)dl A A E(sheet)
b Mg EelHE AL 57 aA ARGEAE Sl HheA
U} 9 "2o)) WE uEtk A|E9 7= micro-adjustable gate$]
bladet} lip coater, die coater %3 carrier film®l #gwke] o}ue}
carrier film¢ £X¢ AxEE® 9GS vHg. v A2 A E(sheet)
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ER 4ol S

o

bl

of

93§}£l§§ 517“ T‘jT ] %§01L+DL
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Ed el Hedol "ok o] AS HYY Ao HEAHLS
grom ¥zt &0 Aert HA . dx
A= AME AR dojubA st 71 el AdSl sheet 3
o] ~7lo] WAE A ALF Fof g EI Ax 2= ALUEA
Hojob st a4k &vje 5 H(boiling point) ©]&te]ojol Frh B A
3o o]a) A sheete] &ml7} AZxHOR o]Fatm, AXH 2
A7t 7MY A FEol LA sheet FA WEHS = 2
oA AEF FA oF 12 =olvt R AFES zb= vkld (binder)
el Belts A of RGN fwan et Az HUA
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Ajr (iltered)

In Exhaust
i Out
Ceramic Tape jg i
e

m Carrier Tape

o L

Drying o

& Sharry

Slurry Chamber and
Doctor Blade .28

oasss

O 4. HY HAE X 24k

_ AP
H=AD y[1+ 557 ]
A HolE FE(side flow)dl] o &Est= A

D: ; Dauny / Das dried tape

hO : cast thickness at the blade
AP ; pressure-motivating flow
ns ; slurry viscosity

v, carrier velocity

L : cast length
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22 =4

o

| 4202 AR JIs
W WC TiN

ES 46x107%cC | 5.1x10°%/C | 8.9x107°%/C
5.44x107°Qum | 5.3x1072Qum | 1.3x1072Qm
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Aohqrs SdAE A wdHete gy LA AA M
Aol ofyet wARLTE FRH R AFHA A
T =]

FRHon BAREE LAl Pk,
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HojMe AHge =3 1 4o K
H A 3lE] ook &t} screen printingAl ¥l AAHE AEHARE A7 =7
W Fof] FEAC g vl QxbE <ldE sEHe] FA 2 B s

Stk 23e g A4 18 By & g

R e Aol sob wadol

N

R=pl/s () === (1)

(o wlEAF, 15 & Atolol Aol | s ;aua)
S 4 Aol Aghe ¢ Aol met Aol oA goh 1A Fd
4 Aole] Ae mae AdHE duiel DA e 1 g T
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AatA Bk aER | A4 Hege Ade Hol2ES FAT HE
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2 9%Fs MAA 2R FAE oAgA LA FASA I H=v
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F=F1+F?2
— (L _dy.r,26in 2 . oy
= 7,( ” x) Tgisin ‘U+ 7+2nasin¥ « sin(¥ + 6) o

= 7 (za’sin le(_i,——};)-FZﬂasian - sin(¥ +0)]

ot @714 olawo] fEe] Ay

a(l— coslIJ)+—%
a cos(¥+06)

Finay

Wetting angle 0, deg.

R22D BEA0 M
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18 62 1=0¥ u] HZEZ(angle of contact) ¥ ¢ % & 7ZHwetting
angle) ool W= F A Alo]g] ¢ bzl Y FoR Wl o7} =&

Zdo] 2 AL & £ 9tk U0 ¢ A$, F=2rma n cosO°|th.1=0

9(*7. =90—— 7"(4)

ojt}. ©zte]l Ocr Bup AW £ YA} Apele] whrE o] zgste] 1>00] ®

o} 2ol durAel ALz A 1209 wox F dxpatolo] FEEE e
2l 9-14 ol g3l Wy 09 FE AR £ vk 28 62 W=30TY
m Qo) 1 o w2 F YA} Atole) AL As Aoltt dE Bl BEZ
67F 70Cel A TUArel B9 A= 1/a=0.25°1th. W. J. Huppmann<
Rezto] AW AAZ olgid @abo] dojurtm P E Ao] =
nARog Zad Heg 7|Fo 2388 AXNA frh webA A A
A Bgzto] AW o] - HA Feth
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A 3F. A2 ¥W

3-1. SisNg 71 A x

ArEEd Ashyta FE ZAZA 10 wt% Y2039 5
wt% AlLO:S AHEstath Agel o] &% 2o 7|2 54L& & 5o 4

Efuioich &3 23S Alx Ashta BEn A2FZA FE
EFad &A1 A Sl Be 2Z(Butyl Alcohol)¥ o€ ¢
= (Ethyl Alcohol) s ersl & Nalgene Bottles 500ml
(Wide-Mouse Bottle, Nalge Nunc International, U.S.A)°l A3}t 4
(SiaNg) & 223 122 vz FH7bste] 24X7§ < 12 Wet Ball
Millings stdem, 12 B2 o|fFd {71&<2 ZA(Binder), 7FAA
(Plasticizer)® #7}ste] 221 Ball Milling2 24A17H59 oAl A A3l
Slurry & A x99t 278 72 2 439 A4 §858 e ok
ol@A Azxd Lo AIT2(SiEN) B8 Az ¥ F &Y
WRol WA= = 7IEE AAS7] 98 € 7] (deformer Machine,
AYJ-1FM, Korea) & o]&3lo] Aspiratore o] &3 3 Feioll A 23

stirring< st™ ¢k 1A 7+ & Z(deformer)E 3t ).

o
=~ T
&S
o
o)
o
fill
(ol
T

I

.,l
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g 5 280 o188 =€ =4
Average
Powder |wt% Manufacturer Grade Particle
Size (um)
SiaNag 85 Omura Refractories Co. . Japan 99.9% 0.754um
Y203 10 Grand Chemical Co. . Korea Fine 3-5um
Al>O3 5 Sumitomo Chemical Co. ., Japan 99.99% <5pm

O3 7. SisNs J18 HZel &M =8

_26._




3-1-2. HY 7} ~"&(Tape Casting)

125 AAS SlurryE SEMI-AUTOMATIC TAPE CASTING
MACHINE (22 9: STC-14A, Han Sung System, INC. , Korea) (%
9NE ol&dte HY MaES st HY ME"E o HEY 728
715 Abgstglom, @7l dAlZdole 2 molx, AEWAS H9E &4
ol= wAolt} o] HY MA®7E ol&ste] Hatih ANEE AFHst
ov, YPRASZ = blade ol vtealA 3 WA bladew= 1.3 mm,
H A blader 0.8 mm= st 3 casting £E5 10 m/s, o]EWE
30C, tape? %2 120 mn ©Jt}. A ZE 28 A E(green sheet)E 451
Bod Incubator(C-IB4, Jeil Scientific IND. Co. , Korea)oll 4] 7 x3}
Az ¥ 29 A E(green sheet)® F7= ¢F 400500 pm °olth. AX
a3 A E(green sheet)Z 100 mmx100 mm =712 w3t 1& green

sheet® FHIeIATH & 6& HY A28 R 4F =08 b

¢
bt
i —

0
KIS

i
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CHIYY MAE Y HEEXA
Powder SisNa (10 wt% Y203 + 5 wt% Al.O3)
Solvent
N-butyl Alcohol + Ethyl Alcohol
(229 70%)
Dispersant KD-1
Binder & Plasticizer Binder - PVB
Plasticizer —-DOP
Forming Sheet M 400-450 um. 0l&=% 2 70 cm/min
Lamination 10x10 cm (4%) , 24 Mpa . 60 °C , 300 s
2nd Blade
4

1st Blade

¢

Reservoir
Ceramic Carrier
Relative Carrier Motion
a9 8. gE Efol= W49 blade

_28_



Tape Casting & X

g 9.
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3-2. Paste A=

250ml(Wide-Mouse Bottle, Nalge Nunc International, U.S. A9l &3t 4
(SisNy) 23 &4 Y1 24h 2UE & $ stiring & Heatingg 3k
Ethyl Alcohols X% 3|utA|zict. wloj2E e AR AF T4 e L

+ 3
107 20 Hxzd 222 vhefEe o]§35ke grindings ol

3 el s
S Fulatgth ol&E A Ful® &g wol| Thinner 9 Vehicleg 1:1 4| &
2 #7483 3 roll-milling machine( EXAKT, Germany)ollA ¢F 1A|3F

% Ball Millingst™ paste®d #3353

_30_



g 10. &Ml Paste M=E

H 7. HOI2E MZ0 Mo 22 D228

iy S|
S o

Average Particle
Powder | wt% Manufacturer Grade )
Size (wm)
TIN 50 H.C. Starck Co. .Germany Fine < 5um
SizNg 39 | Omura Refractories Co. . Japan 99.9% Q0.754m
Y203 8 Grand Chemical Co. . Korea Fine 3-5um
Al2O3 3 [ Sumitomo Chemical Co. . Japan| 99.99% < 5pm




oba A =% SisNg 12+ green sheeto]l #AZH TIN #Ho]|2EE °]
g3t 239y = 20
UehQith 2 Ade o] g3 A~z Afol= 320 mn x 320 me] &F
vF 3oz A% @ Aot mesh EFYL "k 2H(stainless
steel)©] ™ mesh count(per inch)¥= 325 mesholth. o] ~E 9| FA= 30
~ 40molth. A B 12+ green sheet® 45T 9] incubatorel A A Zx3HS

o,

rY
ot

sttt 23" ZjYe] 78 $A4E 2

o
—t

o2

Squeegee - Sc:?m mesh

a9 12, 71 A
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3-3. SisNs-TiN EgAs 9 Ax

3-3-1. SisNy-TiN A3 2 27 green sheet A X

o1 & H=w 17 green sheet 3 F3} A E sHA] & 3FY

sheetE A2 QoA 34 Z=stsch oA Y& sheet9} sheet Abo] 9]

715& A =9 sheetite] &L T LAl st7] AAsto] & £

28 ( HyerVac, HongWoo Packing M/C, korea)& ©]&3ste 3 X%
= BRI aia=s 72 SEAbE sheet & A= Lamination
Machine(SVP-100C, Han Sung System, INC. , Korea)oll A 60Tl A <F
Mol dtFoz 58 o sttt FA7F 1.6-20 mel 23 AEE Az

shsact.
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332 Sheet 48 ¢ 7= AAFEA AA 27)

27 & A7E o7 7hA 9B 2F Fof stue AFe FA
Hatd AHoldh o]#d ZAFTL AA A2FA Fo LAY Fx JAT 1 R
t} 94 casting® A AE green sheet?] @Fe] ©l F ot o]
casting©.2 A ZHA sheete] F7 #Bzrt dept BASEA dopR AL
g3 22 48& 9

2 23} sheet?] F7 Azt 7t 2 Y9l tape castingl® A
&3t green sheet] F74 WY o, ol green sheeto] F7 A
ANA A 20l 9o &eja]l HE, casting? blade?] =], casting®]

22) A J
Sx Wsh 59 APe WD A3 sheerd) T/ WATF Lok A7)
= %

o rir

8-S sttt tape castingo® W&
10x10 em 27)9) sheet 43S HZ8) 4 sheetl T4 BAE HAE RHE
7] 9le) 1 gt exE galetdnh 439 sheets WA IE EA7V]

o] £3t4] sheet$t sheet Atolel F7le BF A7 & THE 3§t

4
zAcl N AFe] B 5
EAA 43 AT sheete] FAZ UEAAL,

AL ol gttt A2 E-E 60 kef/em, 80 kgf/emol L HF

ol
1o
~n
=
o)
B
N
o 12
g
T
il
oX
P‘ﬂ
rir
2
2
ir
Y
ol

o
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3-3-3. g4 9 &~Z

HdAa" Eelg Axstry] YA Zhe fUlES &2 %
o 2% AAS7 e €A THELE HAAFATY. gA= FEER
(Lindbug/Blue M, US.A)E At-&3stel e ew, TiNY 4AtstE =38t
7] sted v AEA BEY7IA ek 500C7HA 0.3-0.5C/minZ <
&, 500CelAM 227 A F ezt 29 shgich 22X AEe €A

Ze A" f71EY 24 A5 FA gEoes FAsAth
2L 279 AWE grapite FA floll F, A TEA
b7y 1750°C, 18007C, 1850TC & =& WA A

7Vl A 7F2~¢t 2 Z(Gas pressure sintering) st A

AZE D AZA e 7hAate ZhzE 2A417E, 1071gel T A E AlHE A
H Yol SisNy B=g gold I #Fel g3 seld A AZs3
o} AlHe] WE g3E AT, grapite T3 AlHES] W o] ¢

go]4 < 93 BN(boron nitride) #3& T¥3le AZeA
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O 132X B 2AE
1750, 1800. 1850
1000
600 3-8 atm 10 atm
2 h
5C/min 5C/min . 10C/mi
holding
GasF
8 14, A2 AHE T
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B, FAF dx @)
Zldd 2z de] g ol &5t BEE 57
2 o] &3t dUiE=E ARG,

Tape castingS. 2 #.

BN

ol

% green sheeto] pasteE Astz AE T

A = 2A0 AlFA4e oSN, ¢ 34 x 10%C, TIN : 89 x
10 /C)7F A3 sheet®} paste®] Ha Awe] 2|7t LGSt 540 ¥
o] x| = Ea)Ho] r}. o8 e 427 F A HIEALAES dotrn
2} SigNy B8e A2 £xo WE SigNye| FHAAF AolE golr 7|
18] 10 wt% Yo0:9 5 wt% AbLOs, 8 wt% Y2059 3 wt% AlLOs& 77t

47 exo welste £FF F 1 SHE

EeN
th, TIN 229 9345 E TIN £%S 50, 60, 70 wt%s th2 A 3

.
o
9
e
222
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A 4%, A8 A3 2 33
4-1. Tape Casting =7 33}

4-1-1. &wjel 9%

4,

hydroxyl group®- = ?l'ﬂ é%

dZuE 95% AEFS o) &stE Aol Frh oF2 sheetE AF & 4

= Z7)9te] & acetone AY MEK AlE ®o] ALE3H T4 sheets

48e W F2 Toluene AS F2 Wol ALEST. EF 8o A2
3

QW PVB HEolA §u 242 whRel Au gele] HEsh AR o
o

A

o zHe ’SE—‘."SM] =k 2994 £mlE2 AF83EE B S tape casting ¥
Az N sheet EH skin @Ato] AE7] 4 dx =285 =3
7] 94 vE5 "o & &2 s v Yk 3UAE dFE AHES

174 A3

3tk A AR T solvento] WE BAREE &7] A IA

Fa, 2 A oy 1915 o 2o

o] 7}A Lo Fo np-HE &= (n-Butyl Alcoholel 7+ £

B9 JeR gl o, CHN, MIBK, Ethanol, MEK £2o2 ##& &

9)2ith. 121} Tape Casting W& ®Wol A& =31 = Toluene %
A

Hita Bud s Bl 27 ok AL & & 9otk

ke

i
flo

al

[LAR

i
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metA | B Aol s AEA dx Ald ddo] 2Asks As
Wxsky) 9lste] Begel ttEn @4kdel F& FE &E, JdEs,
A

35000
| . —&— n-butyl alcohol+ethanol
300004 ¥ ---&-- n-butyl alcohol+ethanoH-CHN
4 |

25000 =
’r? «
* 200004
[
Q\; 4
2 15000
v
o -
Q
£ 10000 A
>

5000 -
g
o 0000000000008 -0-0-2-0-0-0
T T T T T ¥ T T 0
0 20 40 60 80

Shear Rate (s")

mE A4 Wste el Hojth T oA

o
o o] ¥Y A vl o] & o P wm Bie]l T Hi



=
§- sheet®] & Ado] "ojz 1, ¥
a]
AA

7}
Bt SR Aoara B 8 wt% +10 wt% Y03 + 5 wt%
AbO;2 31733l binder ¢ plasticizers @elste] 2@ AFH2AH 2
ol we} sheeto] Helx: ettt #8w= # 79 &2 Y sheet
o] ZeHE dEd Flog B AgdMe 4EF 270 (0F & AFd ol f
sttt

#8799 AdE HyrEY &g Azxd AHEE & system
o] «dgfo] 74 ZA yehdot &wl Algloll wel X EC] AEjr &t
A e Zujo] ko uld] f7]Eo] wWel HIMEAY Fo] HE B¢
T AzZkAY. E5F(toluene)ol H7F € ¢ sheetd] Hx AH
Aoz F2 @A & AL EFA(toluene)d] Y F=7F W=
slurrv & ¥ (deformer) F°l4} sheete] AZX Fo ZFdlo] UF mE A
ol s A AES FEVF mobxlv] WEesE AztEd. oy 2

37 sheet®] 7Z Aejel whE B2 7bA Ao TAL g 1¥ 189

2 slurry HEY 71X E
AS &3] YEHdT. Sheet

cracke casting®] &v] system ¥ F7]E2 2AH| 7} 94 s o Ay

71 2 F9 crack? shee

g3 Ao M gds AA &A EF

r,
e

to o
b

el

2

L‘:
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8. SisNs &diel MZ0 Mo FI|I=

i1
I

33.7
36.6
36.6
34.2
38.

40.6
40.6

ANES &l

5.6
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6.1
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6.
6.
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=

[

ol T
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713 WA F9 crack

Sheet crack

13 18. SisNs Sheeto HAZE &Ei0 TE
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12+ sheetZ Incubator WHolA F7] &3 glol 1§ 45ToA Azx A
Z o carrier film ¥-%3 sheet TW9 SEx7] TS Az Ftol
ghAe i e S A HEeiA sheet & BTl cracke] A5
S 47 98 incubatorel F7] £33 F2E TEo] U5
FE A71WA sheetE 723 FA gt o] Al HE A H
2 ekgkty, 2 AeE WH L casting?l sheet’t AY7bE ceramic
carrier2 Uel 66CE AEE st ZA Ax WA oR SEAL HAXA7Y]
31 50C9 incubator W¥-ollA &7 £38& AJA o= A= 4T
Ao A A Wel A R 2%y 19202 AE Hdx 3A

o ¥

i

O

o

o [e]
of WA= ZATS e, casting #AS FAHUI S A
casting2 & W slurrvE &7}l PET (polyester) filmo| d&& 7|2t}
= AbAe gk}, sheetd) FA7F 500mm ol o2 FAA casting 2 7

9 filmel FA7F UE 9Fo} sheet AZ 8 wf A FolAthe AE &
F A2 2 carrier filmsY FAE 71E9 0lmelA 02me] F7
o] films& AHE3FAF sheet7t A2 & wie] of - 959 §3E& HE sheet
of E&2 AU

old)dt A7} Z EE casting &9 sheet 71 Z+E incubator W5
|

i

oA F7les FAo® 45TAA 4-5 h A% FES Az v
9 218 ARAZe] wE S i FoF 30 - 60T & A
glol 719 el 45 h A=W TE8 AE Ho 3" Zdgel 7t
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[H A28 60T %] [ 15FHloly 45T Ax]

[ Hood A% ] [ Hood 71 AlE SIH]

% 19. SisNs Sheet2] A MEIN TE 28R
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2 20. SisNs Sheet2l
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4-2. Green Sheet® =4

a8 AE UL FAAAAUA(SEM)S o &dto] #As o

W, o AsE od ool GEQTh 1R AEs EW gt 4F $o
E

ERgHst Be AolE ngon, o Ao Adte] 14 NE
guge wo 23 AE, & 439 AEsl 497 343 Frhshe 44
2 B¥ ¥ 5 A

A

NE Q83 ZRAPS AT dgd 235 29 239 ve
Witk AN@AT 12 AES FEZFEIL 145 Pa olen, 234 AES
Ao 3756 MPa © & 1%} green sheetol ®lsjr HF F 7F43k 23
sheet= Z=7} "¢ Hojt o2 e
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(a) 1X green sheet
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50mm
‘ ’
4 5 6
2 24, ®E B3O Sheet FH B3t 5T 29|
E 10. BZ 59 Sheet 292 FH =&
=4 ) A FA
1) ;ﬂ =
al DL E LSS IRET ] ag
T70-E10 A | 2.170 [2.148(2.184 | 2.196|2.204|2.169| 2.18 . 6o
- .13 0%
(60kef/ar.60°C,120s) | ¥ | 2.039 |2.037]2.039|2.048]2.050|2.043 2.04 ?
T70-5MF A | 2.110 [2.042(2.105|2.052]2.069{2.094| 2.08
. 0.14] 6.8%
(60kgf/cr.60°C.120s) | & 1.931 11.93011.930(1.932|1.931|1.931 1.93 ¢
T70-E10 A | 1.916 [1.939]1.93411.931[1.929(1.889| 1.92 i
(80kgf/c,60°C.120s) | ¥ | 1.775 | 1.7891.80211.77911.790|1.780| 1.79 0.15) 7.8%
T70-5MF A 12190 2.194]2.185(2.158|2.153|2.124| 2.17
i - 0.16| 7.4%
(80kef/arr 60°C.120s) | 5 | 1.994 |1.977(1.996|1.979|1.977|1.994 1.99 ’
T70-E10 A | 2.078 |2.059|2.0801]2.055]2.073|2.068| 2.07 0 6
) ) . 13 3%
(60kgf/em,70°C.1209) | ¥ | 1.945 [1.950}1.942|1.914]1.920|1.932 1.93 ;
T70-5MF A | 1992 [1.95911.971[2.016]2.003|1.944| 1.98
. 0.14} 7.1%
(60kgf/c,70°C,120s) | ¥ 1.834 | 1.84 |1.854[1.846|1.827|1.850 1.84 v
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T 11, €A 220000 g g€X8 ¥ 24
Oxidation Reduction
Atmosphere Inert
Vacuum Atmosphere Atmosphere
Atm h ( Air. Os ) Atmosphere ( He )
osphere ir,
Slurry P ¢ (CO2, N2 ) ¢
Si3N4 Complete Debinding
Static Oxidation of incomplete | Reduction of TiN
SizNs—TiN TiN (1) Debinding
Vacuum
SiaN4 97+1% 100% 98+1% 100%
Debinding
SiaN4—TiN 96+1% 99+1% 97+1% 99+1%
SiaN4 97+1% 100% 97+1% 99+1%
Density
SizN4—TiN 96+1% 99+1% 97+1% 98+1%

(1) Oxidation of TiN ;

TiN (s) + Oz (g —> TiOz (s) +1/2N; (g) at 500~6007T,
(Losing the electric conductivity completely.)
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SisN4(HM-5MF, Japan)el 2ZAz A2 HA7lE = 22334 1 42
10 wt% Y203 & 5 wt% ALOsolth ol AFo M= ALO; FE
AKP-30& T84 #H7tsta Y03 +%( Alfa Aesar Reaction, Grand
Chemical & Materials, H.C. Starck grade C)%F @83l £22 = 2= &
Z48) Rl SNy 422 FAE EFst FAEKD-DE -
g o5 ogb&o] Yol 24h 52 BEE ¢ & o
0e Azskel 3ton® YOI Ys 7t JhgHekel HPAE WE
A EZFY Y.0; e BALe ¥ o129 Za 1 #Ee 42

=2

Bk x}o) =2 ®»wW HC. StarckAle] grade C(2-3 m

~N
olr
-

O

a9 279 2o A
=)o AS g2 B wmste] 7hg dxF viAsAn 7 We <l
A BxX2 7bA B2 Alfa ReactionAhe] #2(2-10 gm)o] T

ol& A W= AlHL 1750, 1800, 1850 TolA 10 atm® N: #9171
oM Z+zy ~Fsted g 19 328 Yz E 4

O3 328 BY AZ 5o W2 YET} castingdlA RFE AlHE
o W% ZAHG HuE 27 2L AL & 5 Atk o3 Bus =z
22 AP A% sampled 22 F ZHIF Fol7] wEel 79
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