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Synopsis :

Advanced composite ceramics of the Si3N4-BN system have been developed. The
Si3N4-BN composite ceramics (SNB) have been produced using slipcasting technique,
which utilizes homogeneous mixing of ultra-fine constituent ceramic powders, and N2
gas pressure sintering. An essential feature of SNB is that it is possible to change
widely their various properties by controlling the proportion of BN to Si3N4. The
advantageous features of SNB are high thermal shock resistance, high corrosion
resistance to molten metal, and excellent machinability while retaining relatively high
strength, i.e., the bending strength of SNB with 20 wt.% BN is 200 MPa or over. The
thermal shock resistance temperature is improved by 250 to 300°C compared with
Si3N4 monolithic ceramics by incorporating 20 wt.% BN. These features indicate that
SNB are well suited to machine parts for various molten metal casting facilities and jigs

for heat treatment.
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Synopsis:

Advanced composite ceramics of the SigN4-BN system have been
developed. The SisN4-BN composite ceramics (SNB) have been
produced using slipcasting technique, which utilizes homogeneous
mixing of ultra-fine constituent ceramic powders, and N: gas pres-
sure sintering. An essential feature of SNB is that it is possible to
change widely their various properties by controlling the proportion
of BN to SisN;. The advantageous features of SNB are high ther-
mal shock resistance, high corrosion resistance to molten metal, and
excellent machinability while retaining relatively high strength, i.e.,
the bending strength of SNB with 20 wt.9% BN is 200 MPa or over.
The thermal shock resistance temperature is improved by 2530 to
300°C compared with SizsN; monolithic ceramics by incorporating 20
wt.% BN, These features indicate that SNB are well suited to
machine parts for various molten metal casting facilities and jigs

for heat treatment.
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Table 1 Properties of SizN, and BN powder

SisNy (A) %Nmm} BN
af(a+5) % 100 (%) >07 93 |
Fe (ppm) <50 1800 | 60
I . Al (ppm) <10 1500 | <10
MPUTILEs | e (ppm) <10 1800 | <10
Mg (ppm) <10 <100 I <10
Specific surface area (m¥/g) 10~11 7 | 50 ~80
Particle size Dyo (gem) 0.7 1.2 | 0.1

2.2 WETHE

Fig. 1 v SNB o 7 v — %7+, SulNe %, BN ®®, *
LT SN oaeiEBhal = LT ALOs #3, Y.0u By RaH—E& L,
KEEbmE—n I b TH-RELLE ATV -FELTY,
AV, FEy ATy VIRBHAAIY kL, TOATY —-%0
PR LAAR, 0~40 wt.% T 10 wt.% BlfEo BN §H RO
45+ % 50 mm x 50 mm x 10 mm 0 g A 81, R AT EE,
A U foi%, 9% 10°Pa @ Ny & &ch, 1800°C Ly 5 Gl TRERL L
TEERER A B, S OBEEEL H4mmx3mmx 40 mm RN
)0 LCRERNT L, SiSaRRERE L OHETmHERAN
&L,

2.3 HMERRE
MO, SNBERoEEETENE SEM) ik

[ SisN1 powder _I [_BN powder“
L |

Sintering aids

{Al:0z and
Y:0s powder}

Milling

Slurry control

Slip casting

(Plaster mould)

I Binder removal ]

(at 1800°C
in 9% 10°Pa Ny)

Fig. 1 Manufacturing process
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E L1 (n=20 OTFHME) . MRERERRED B8+ kEdhetz
hZROBRET | R RFE, 0°C DRF~O2HT LOBERY
Sxteth, JISEwES 3 ABITRERRIEL, #ERTHAEL
ToWREZO FREY WHREREE 4T) &L 1=10 DFH
i) o 3 AT A4 30mm, 28 A~, FAE—F 0.5 mm/
min &\ 5 & CRIE L, @R Tk ->nTi, WCHELR
ERAGRESN T hInTHE>FEL .

3 EEER

3.1 WA BORN
Photo 1 iz SisN. (A) Bi& % w2 SNB(A) BEREOEE @

BN 30 wt. %

BN 40 wt. %

Photo 1 SEM photographs of SNB (A} ceramics
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=+ 0y ACRRPCHE-CREL TV, —H, SuNJ(B) B
K%M h SNB(B) BE& 4 oMM Tk, BN &858
w2 ESo%T{iz SNB(A) LERIULERNTH o 20Y B
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Fig. 2 Porosity and average pore size of SNB ceramics
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Fig. 5 Thermal shock resistance of SNB ceramics
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Fig. 3 Pore size distribution of SNB (B) ceramics
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iy, HERED S-Sl oRBENMHIZ RS, 4, SNB(A)
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HEHBE R E, B ERD Z L EHIEL TV 3, B BT,
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HC, EDREN Y ¥ — 7 CBD T Eik, BEMO BN BT 4 SiN,
Th Yy P ARRE—SH LTV BB EEL LTV, 2O
ki, Fig. 1 CTRLAFUEROBEBCHEAY » 7R 2T 4 v
FEERHVBAF Y g, SNy & BN pil—4#8 LT3
CERKELHFLEL TV LM TR S,
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SNB o@fy, Fig 4 iWiRTL 518 BN 5RO~ §7cv 3
SHTBELSMET T2 0, SILBOEMAKELERTHS, L
Hlichit, SuN: & BN o &HROMFME~OREI Hrke
T XL, SNB(A) #1SNEB(B) L h#ELAE V-0, BEHBED
PRt o ER L T SNB(A) oG L%abh 2 v o & AR ER
ThiH,
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51y 7 AOTBEREC T, BRERC I ZBETLH
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RRBTI, KPESECI2ANORENME L EEL LR
20, (1) RRTHEREBENER R CRE LTk,
S(1—w)

K ~—-—-Ea— ......................................................... {1}
5. wEtRERE
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a:  BARESR G

BN &% 84 10, 20, 30 35 XX 40 wt.9% ¢ SNB(B) # v, +
IR, K7V, BEERE Y MELLERY Table 2 1ok
T YYIR, RT7 YV HITEEESAAREIZ L b IE L. BN
SEHEOBMMZE L, YR, X7 v vk, BEEENLE
FL, oy v 782OETHE L {, BN4Owt.% i1 BN =i+
BEM T Ty FRBIVPELL TV B, BN EEEHEINCE L
5 YV IrBOBETE £LLTRILEOHEMC b nrELL
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Fig. 6 & SNB(B) o BN K& L (1) R bHERZ Lo Tk
B RBEICENLUL-BEREE 4T) LoMGEyRT. HEH
BESkEonTi, Fig 4Rl g FEEL B, ko
L5, AT TREND W HERIEIT, SuN, MR & & T
BN sHEOHEME L biTBEECHEL Tk, RIEL LA LT
REd R, MAEREom kL, (1) ArbBx s e v rR
DEELRETCIABEHORPCEL LCEET 2 2E 2 b A
5,

4.4 WEMIE

SNB oim T 2 » = X A LTk, Bk, SNB(E)
PRHCTHEL T2,

Table 2 Various physical properties of SNB (B) ceramics

BN content Young's modulus Poisson’s rtio. | ooufhomnt (REL000°C) | resamease pasameter R
(wt.%) (N/m?) (1/°C) ¢c

10 1.50% 101 0.21 3.4x 107 330

20 5.89x 100 0.18 3.2x10™8 850

30 3.41x 10 0.13 3.1x10°8 1120

40 1.71 % 1018 0.13 2.7 x 10® . 1280
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Fig. 6 Thermal shock resistance 47 and its parameter R of
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Fig. 7 Relation between BN centent and width of flank wear

land of SNB (B) ceramics
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Fig. 8 Relation between BN content and surface roughness of

SNB (B) ceramics

< FYy 7AORREEELLD, BN O~ZHSRCLOEFHM
g+, Thcbb BNRETR 77, 7OEB AL E Lk
h, EEEREL, EECYE>BELEeTLT, BIFLZER
MIEErC-2EEL LMD, BB~ Hr, BNESEE
NeirhEBEELLD, BN OoEGREE &~ 2B, B—8HLR
LT LA, SNB OEEMTHAREL V2L 015,

5 BHERBREAOER

4 m, FTHABHFE L7 SuNGBN RESBRESLYH VT, HHEos
BOFH7 ¢ AT BT 2BASEHETM, Flik, #A7 7%,
Ax—BER, KEHEBER 7 v—20vy, TEAZ7 AL 20
JAALBITHEB LR, SORE, chbholEdl, EB%~0HE
ZirAh DOECEFFE L L TER B TEYR LA 6, TER
BE, e, HRESE T O A, MBEECEN, kK
HE L b REFAMAREERT I LABES .

thALOFERCESE, BUACRERRSERTH O = — K
#HLThHHABIAYE > T 5, Table 3 I & EBALERAMHIZ
T AEAMNY ¥ L TR, BoH&HATH, &8, B
|ETREE, BINTHEEER & LS AR, ~ . 7AR0EE
# 7 ARHHRGE~ORRIERIEA TV,

TN, 235, 22 BN EFEIE LSS, BN ETFLE SN, BaBERE,
Table 3 Application of SNB (B) ceramics to the parts for molten casting
Customer A | B C D E 1 F ‘ G H
Metal Al Al Cu-Zn Cu-Zr CuSu-Pb | NiCr | FeNiCr | CoLr
Temp. {°C) 700 700 1200 1200 1600 1600 1 600 1 600
Application Protector tube | Tube for Break-ring for Mould for Nozzle {or atomizing Break-ring for hori-
for magnetic dicasting semi-continuous | up-casting zontal continuous
pump casting ‘ casting
Feature + Heat shock - Erosion « Heat shock . Heat shock resistance « Heat shock resist-
resistance resistance resistance . Erosion resistance ance
« Erosion » Possibility - Erosion + Insulation
resistance of moulding resistance . Erasion resistance
- Insulation
Conventional RB-SipN, Pig iron Carbon Carhon : ZrO, ‘ Zr0; RB-Sialon-BN
materials SigN, Steel HP-BN | NSBN | ALO, | HP-BN
Sialon i i : HP-BN | HP-ZrO;-BN

HP: Hot pressing NS: Normal sintering RB: Reaction bonding
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