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ABSTRACT

Using Si powder with average pariicle size of & wm, $i compacts were formed by pressureless powder packing
method. The compacts were reaction bonded at 1350, 1400%C for 3~35 hrs under N./H: almosphere, and ils
microstructureg were examined. Reaction bonded silicon nitrides showed nitridation of 90%, and relative density
of 88%. After the impregnation of Gwt% MgQ as sinlering additive using aqueaus solution of Mg nilrate, the
Si compacts were reaction bonded at 1400 for 15 hrs. The reaction bonded bodies were gas pressure sintered
at 1800°C, 1900C, 2000T for 150, 300 min. They showed relative density of 95%, bendmg strength of 600 MPa
and fracture toughmess of 6 MPa-m!>

Key words: Pressureless powder packing method, Reaction bonding, Nitridation, Gas pressure sintering

LA = w2 Hebalr] flebey FHTee Wb gAY AL
ZH(Post-sintering)e] ol = ¢op®,

AsHfa AgheiE apake, Y 44, U, 7h2gk A e 1800T oiAde] 2=l s A
debmdd Ee] $ile] FxAR Fopolld FEgm e} Bl g oddskn 7hactel] 2gt slgk Ealg
de Ase)p-3 Asbga Aepa)re] ofr slal A= HBE A oly) el §hE A AR AdEe
W Folla] Ak qhfel elgk Wbg AHEEHE ol Aggl ahyjelohs, Rolok B 2o 4 fﬂﬁ.j(Pressure—
AL W AZzAL FHrirl el wWEd 227} less Powder Packing Method)& 18 222 3=
=7} fagte] Bk 3ads] Aslarg et g w3 Befe] AelFE Ere Bfsha r)A A 32 2)e)
gt ge|ol. 2t whg adgoeR alzg A #HAe] A2 AT F A4 AFAE PS5l
Bifx AgEleg 16~20% Axe 7)FE 3@ AFAAA oAkgke ARA] oH AP el wiag
TEEZA o8 o2 Az A vlE AYEA AEE §AEEE sl dyoeza 7|Ee AEY
Ealei 71A A EAe] welxle slds]) glrl o8t af Bldl Exk sabe) Alze] felsta, 3ol nlad

—1414—



FrRat 2w

hergk o] qrpe,

£ odTe e A dshpd 2EAES x|
glshed Frish b A Ay o] 85k 5 ASAE
Az g F 13507, 1400T A w2 £Aske] A ZA9
oA FE2E EX, AlzPER pasigch Wb 2FA
Thast S HejA S AR A Swt% MgOS Mg
nitrate FE2 Arleled Pg 28T F 7hagr S
Hape] k-3 AFAlg S48 Fale el G

2. AlEu

=% f852E Si 2Junsei Chem. Co., Japan)2
Algglglen] o4 F7] AR PVAPolyvinyl Alco-
hol %5 1000, Hayashi Pure Chem. Ind., Japan)g
FRgol BEA AN 2wt T4 Hel2 apdeloh
= AdzA gl Mg0d] F5-9.2% Magnesium Nitrate
(Mg(NOg);* 6H:0, Junsei Chem. Co,, Japan)S- A}-&-38k]
oh Frht B 24 AEE g ot AR 2KE-
1600, ShinEtsu Chem. Co., Japan)2 A}&-&le] 40X7X
0mme #4Per Azdstgcd. d¥As 5 FEs
Foo Bqlit F 7|A1AE A% rhele] Al A
F7] AtHAE 2ARHL o] 8Ele] AFAN L o] E
120CeN A 24417+ AFRA7 F F8lste] A =slech
AgAe 97 23 A TE RAET Hiﬂ
A A AZA] F2E FRAA x5S 249
EWL alvfale] e delge g Al

FrH v 2 Adges 43 5 AYAE 4
C/mine] £%2 800C7A ste] 5417 HAAHA
F7) AL E FREech =AY ASE 1000T7
4C/min, 1000Ce4] AHFLE7 A 20/min®E S25)
o] 1350, 1400TNA, FA14]712 3~354]719] 9ol 4]
g} A} AE Al Ny He=9118 &9
7YmE AHEER T BENE 7R 9 40 co/min 2 E
seick 28 G F AAE SN "]"rr Si 5 X4l
A EH47E ol idle] FHsga dxEe Fos 7
A€ 45 Adsigeny A84L FASIE 5F
dtol Aok wATFEE B HuAE o) &l
wAstech kst £2FL % £F2A A MOE
H71etr] HEhe] 5 AYAE 27 F N/H 4
7)ol 1200 A 1A b g el fA 8l 10%2) Aslgo
H=E AHAE ws sk o34 13 skl
A Ma(NO:J, 6H0 30 with 4ol 314744
Az AZ] F 400ToA A 24| 7HEqk DA E]ste] MpO4d-&

w2

A 334 Al12 2(1996)

2 Ayl ol Axdl Si A ke

a7} st o) g 47

A ek olaldh qhal-a-AEa] ERE el
5wt MpOS zashe A48 A= & 1400TH A
154 7F Zok Sy ete] whg 2 BN E Arabgoh bwik
Mg0O3 55 D3} uke 4235 1800, 1900, 2000T 2
Lmela] Dt 150, 30087 ARy AL sl
At naE A4S Allate] 80 7| e R A5k

7}}‘“ AAF 27AAL 2E, ANTE, GFHA8E

3.1 Si Myie S

FIAA ZgFe 28 dAEE FHAZ T dfale]
AYAE ZABHE ol Este] ARAAY YAEL 4
FARle gy 48 Aed fXEe ok R 54
A3 3" (Pressureless Powder Packing Method)& =12
zZ7], BE, 84, 2842 257 9 55 5ol 2 9%
=,

A AgH S HRE FF U] 8umi |

e

Fel] $i® whpor oz
AslE A, T3] Yael 27]ui5t 7] o]
e bt 1F REY A 24 Yeo) EobAle 3
o= HIEgr, B e ) AxY SHYAlE
AR 55%2H ThE BRS AHbale] ARWL uel
WMo El2A e 4YUEE UdSued 3L Be
EER 71%}— Aoz AzEn. olHe Ade
E YRS Al

H
PEE R

2 Agedye 22 402 & PVA ZHAE A8
E£gEla we

Fig. 1. Optn:a[ micrograph of Sl compact.
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Fig. 2. Nitridation percents of Si specimens reacted at
1350T and 1400C versus reaction time.
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Fig. 3. XRD patterns of reaction-bonded silicon nitrides
with various reaction time at 1350T; (a) 3 hrs,
{n) 9hrs, (&) 18hrs and {d) 35hrs.
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Fig. 4. XRD patterns of reaction-bonded silicon nitrides
with various reaction time ai 1400%; {a) 3 hrs,
(b) Shrs, (c) 21 hrs and (d) 35 hrs.
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Fig. 5. Optical micrographs of reaction-bonded silicon nitrides with various reaction time at 1350%; (a) 3 hrs,
{b) 9hrs, {c) 18 hrs and (d) 35 hrs.
(white: Si, grey: Si:Ny black: pore)

Fig. 6. Optical micrographs of reaction-bonded silicon nitrides with various reaction time at 1400C; (a) 3brs,
(b) Shrs, (c) 21hrs and (d) 35 hrs.
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Table 1. Properties of Reaction Bonded Silicon Nitri-
des with Reaction Temperature.

Temperature 1350 1400°C
Nitridation percent (%) a0 g5
Density (g/cm™) 27 2.8
Relative density (%) 85 88
Linear shrinkage (%) <1 <1
Major phase i) [

12
L

Fig. 7. Turbo-charger rotor made by pressureless po-
wder packing method (a) green body, (b) reac-

tion-bonded body
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Fig. 8. Relative densilies of reaction-bonded silicon ni-
trides after post-sintering versus lemperature
and soaking time.
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Fig. 9. SEM photographs of reaction-bonded silicon mirides after post-sintering versus temperature and soaking
time (2} 1800C~150 min, {(b) 1800 ~300 min, {¢) 1900T~150 min, (d) 1930C~300 min, (e) 20007~ 150

min, (f) 2000C~300 min.

Table 2. Properties of Gas Pressure Sintered Reaction
Bonded Silicon Nitrides at 2000T ~ 300 mm.

Density} Shrinkage |  Bending Fracture
(glem®| (%} strength (MPa) | toughness (MPa-m'%)
3.04 10 598 6.0
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