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relatively well understood are described in some detail, and current
deficiencies in knowledge are emphasized.

Yy 144807k Slow crack growth in hot-pressgd silicon nitride.
Quinn, George ).; Quinn, Janet B. (Army Mater. Mech. Res. Cent.,
Watertown, MA 02172 USA). Fruct. Mech. Ceram. 1983, o5, 603—36
(Eng). A variety of tesis was employed lo obtain slow crack growth
parameters for NC 132 hot-pressed SigNs. Stress rupture in 4-point
bending expts. were conducted in air at 1000, 1100, 1200, and 1300°
for >1000 h. Addnl. stress rupture expts. were conducted with
samples contg. artificial flaws introduced via Knoop indentation.
Double torsion testing was conducted at 1200 and 1300°, Results
from these expts. are discussed relative 1o each other and to the
published literature.

99: 144808m Inhibition of anatase-rutile transformation due
to niobium oxide addition: the relation between the solid
solution formation and the inhibitory effect of Nb20;. Hishia,
Shunichi; Koumoto, Kunihito; Yanagida, Hiroaki (Fac. Kng., Univ.
Tokyo, Tokyo, Japan 113).  Yogyo Kyokaishi 1983, 919), 399- 404
{ddupan).  'The relation hetween NbOw solid soln. formation in
anntase and the inbibitory effect of NL:Oy on the anatase -ratile
transformation were studied. 1t was suggested that at 700° Nb.Oy,
forms # substitutional solid soln. at <04 mol%, and an interstitial
one ut >0.6 mol%. The inbibitory mechanism of the transformation
by NL2Os was explained in terms of the solid soln. types. The
formation of a substitutional solid soln. dcereases the conen. of O
vacancies which act as the nucleation sites for the rutile phase, and
the formation of an interstitial soln. hinders the movement of Ti

Uena, Kazuo;
Ikeda, Japan 563).  Yogyo Kyokaishi
The effects of addn.

oxides as sintering additives. Taibana, Yasu
(Cov. Ind. Res.

91(Y), 40914
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(Japan).

investigated.
promoted the densification of SisNy in hot-pressing at 1800°
300-400 kg/cm? for 60 min.
oxynitrides which was obsd. in the sintered body contg. Y-lanthanide, .

and

mixed oxides as additives led to the formation of a highly refruclory‘

SiiNs ceramic having bending strength of 82 and 84 kg/mm? at room,
temp. and 1300°, resp.

temps. The optimum sintering time for the highest strength was 90

phosphate powders obtained by pyrolysis of dibasic calcium
phosphate dihydrate. Kanazawua, Takafumi; Nuagai, Masayuki;
Hoshikawa, Jun  (Fac. ‘I'echnol., Tohyo Metrop. Univ,, Tokyo, Japan
158).  Yogyvo Kyokaishi 1983, 91(9), 415-20 (Japan). Some
properties and sinterability of Ca:P-0; powders obtained by pyrolysis
of reagent grade CaHPO.2H20 were examd. The samples lost water
of crystn. and then dehydration--condensation occurred, while they
still retained their original shupes. “I'he heated samples consisted of
agglomerated primary particles, which were comprised of smaller
crystallites.  The change in properties of powders during heat
treatment was explained in terms of rearrangement and growth of
crystallites and neck growth between primary particles. The d. of
campacts increased in proportion to logarithny of pressure below a
certnin pressure, but it increased irregularly above this pressure wnh
a smaller slope. The d. of compacts and its pressure dependence
were examd. on the basis of 3 different types of void spaces during
pressure treatment. Amaong the Capb2(); powders obtained at various
temps., those heated at 400-600° sintered 1o highest d.

99: 144811g Data file on borides. Kostyunin, B. N.; Molchanov,
A.S. (USSR). Vysokotemperatur. Boridy { Silitsidy, Kiev 1982,
139--44  (Russj. From Ref. Zh., Fiz. (4-D) 1983, Absir. No. 8ES8.
Title only translated.

99: 144812h Synthesis of wollastonite at low temperature.

Possibilities for its use in ceramic bodies. Fekeldzhiev, G;
Andreeva, V. (Inst. Glass Fine Ceram., 1618 Sofia, Bulg.). Mater.
Sci. Monogr 1983, 16(Ceram. Powders), 89-96 (Eng). Direct

solid-state synthesis of g-wollastonite was achieved at low-temp.
using high-reactivity raw silicite and mineralizers such as Na:COy,
Na2Si0a, NaCl, and Na:S0),. Diffusion intensifying methods such as
fine grinding of the raw materials was not necessary. The initial
components of the batch, ie., CaO, silicite, and mineralizers were
mixed with water in a ratio 1:1:3. After a short period of time the
suspension was placed in a mill, ground, and homogenized for about
10 h.  After drying the body to ~7-8% moisture content it was
thermally treated with final heating at 1040-1120°. The properties
and use of the synthetic wollastonite in porcelain prepn. are
described.

99: 144813 Smoke staining of hard porcelain.- Hogg, C. 8.
iEnglish China Clays PO, St Austell, UK). InterCeram 1983,
32(3), 22-5 (Eng). Smoke staining of slip-cast redn. -fired hard
porcelain is assoed. with the presence of Na:SQy, which encourages
the deposition of C. ‘The € may be preferentinlly deposited on
surfuces activated by burning off sulfate in the biscuit fire. BaCOy
and org. deflocculants such as Dispex [9003-04-7) or Dolaflux B
[32932-33-9) may be used to ppt. the sulfates, and thwe addn. of

glucose may ulso prevent smoke staining, bui enly in the absence of

Nu:C0s  The Na:COs cun induce smoke qtmnmg by reacting with
the CaSOy mold 1o forms the NuaSO:  Some defloceuinnta way
cantain NozCO oy a cotmponent.

1983, i
of various lanthumdc”\

The addn. of simple and mixed lanthanide oxldes1

The crystn. of Y- and lanthanide-Si!/

In the Y203 + La20y system, a higher molar”
ratio of La:0: to Y204 gave a higher hardness and strength at lugh“

vesskls in the chem. industry.

prowded by NASA Technlcal Reports Server

(Tashkent. Politekh. Inst., Tashkent, USSR). 1/2b. Khim. Zh. 1983,
(11, 50-3 (Russ). The chem. and phase c¢ompn., high-temp.

iransformations. and chem. stability of bone ashes from different
livestock were detd. with respect to the development of P-contg.
porcelain. The bones were freed fromn fat by boiling in a Na.COy
soln. and heated at 1173-1673 K. All the ashes heated at 21273 K
contained Cas(POs)aF as the only cryst. phase. All impurities (K, Na,
Mg, Fe, Al, Ti, Si, and S) were incorporated into the lattice of
Cas(POy)sF.

99: 144815m Replacement of cobalt monoxide and nickel monoxide
in ground coat enamels for sieels. Popuv, E. (Bulg.). Stroit.
Mater. Silik. Prom-st. 1983, 24(6), 24-7 (Bulg). 'The pussibility of
patfial or total substitution of CoO and NiO by Cu(, dO, PHLO,

Fez03, and MnO:2 in ground coat enamels for steel contg. SiO.
38.65~51.05, ALO3 2.84-4.00, B.0s 17.81-19.50, Na:0 15.80~18.61,
K.0 2.50-3.20, CaO 1.50-5.97, Cal: 4.20 8.03, BaO 0-3.15, NiQ
1.20-2.22, CoO 0.60-0.70, and Mn0O2 0-0.40% was studied. The

substitution of NiQ) by Cu0), PhO, and MnO: did not deteriorate the
wthesion and other properties of the ennmels The substitution of
Co) by CuO in the enamels decreased their adhesion to stecl, but
did not affect other properties, while CdO had a neg. effect on
enaiel propertices.

99: 144816n Correction possibilities of vitreous coatings by
trunsition elements. Ideus on the effect of low additions of
doping agents on glass structure and pruperties of glazes.
Ravaghioli, A.; Krajewski, A. (Inst. Pech. Res. Ceram., CNR,
Florence, lialy). InterCeram 1983, 32(3), 26-9 (Eng). Transition
metal oxides introduced into vitreous enamels and glazes us ecoloring
agents affect the adhesion as well as phys. parameters such as
electrochem. balance, surface tension, coeft. of expansion, and
moilulus of elasticity. Tests show that small addns. of oxides with

cations which are network modifiers increase the diffusion from the -
oxides and their mixts. with Y203 on the sintering of SigNs4 werew support to the glaze. This is related to the electrochem. balance of 2

conen. cell formed by the glaze and its cationic content. ‘The effects
of addn. of Cu0Q, PbO, Co:03, Mn20y, Cra03, MnOz, Co0, Fex05" NiO,
and CdO are discussed.

99: 144817p Corrosion problems of cernmic glazes. Ruf, Harald;
Sadewasser, Juergen (Inst. Bau- Grobkeram, Weimar, Weimar, Ger.
Plem. Rep.). Baustoffindustrie 1983, 26(3), 90-2 (Ger). Colorant
oxides in ceramic glazes were mare susceptible to acid attack than
the colorant spinels or colored frits.  Alkali attack followed by acid

attack increased the corrosion, and matte glazes were more susceptible

than glossy ones.
Partridge,
G, (Vitreous Enamels Ltd., Warrington/Lancs.,, UK WA4 INL).
Vitreous Enameller 1983, 34(2), 29-45  (Fng).  Glass and
plass-ceramic compns. were stwdied for use in cover coats on pressure
The glasses were alkali silicate type
‘with ‘addns. of Ba0y, Zr02, Ti02, Al:Ogy, and alk. earth oxides The Li
aluniinosilicate type glasses have improved resistance tu corrosion
and thermal shock, abrasion, and impact.

99: 144819r Corrosion of enamel coatings in weakly acid

solutions. Svetlov, V. A.; Perminov, A. A.; Bovkun, N. I'. (USSR).
Zh. Prikl. Khim. (Leningrad) 1983,  56(7), 1654-7 (Russ),

The corrosion resistance (CR) of TiOz—contg. and F-contg. (B-free
and low-B) enmmels for utensils to citric acid [77-92-9] (pH £5.20)
was studied by boiling for <96 h.  The CR of all the enamels
decreased with invrensing pH. The corrosion rate of the 11 enamel
increased with time, whereas that of F enamels increased with time
at pH 2.5 and decreased at pH >2.5. The CR of the F enamels was
higher than that of the Ti enamel.

99: 144820j Raw materials for ceramic industry in Parana.
RBerg, Egon Antonio Torres (Lorenzetti Porcelana Ind. Parana S A,
83600 Campo Largo, Brazil). Ceramica (Seo Puule) 1981, 27(138),
205~12 (Port). ‘The ceramic characteristics of 18 common brick
clays, 10 plastic clays, 9 kaolins, and 14 tales, snd the chem. compn.
of most of these and several other ceramic raw materials (6
quartzites, 2 pegmatites, 4 feldspars, and a serpentine) from the state
of Parana, are reported. The brown-to-red brick clays, suitable for
making structural ceramics (bricks, tiles, tubes, floor planks, and
punels) were extruded as 20.0 X 2.0 X 1.0 ¢m specimens and after,
drying at 110° und calcination at 950°, tested for modulus of rupture,
linear shrinkage, water absorption, apparent porosity, apparent d.,
ignition loss, and color. Similar data are given for the plastic clays
(dried at 110° and calcined at 1450°), kaolins {(vulcined at 1250 and
1450°), and tales {calcined at 1250°). The plastic clays anid kaolins
with ignition losses 4.8-19.9 wt.%, contained SiO: 45.8-72.0, ALOy
7.14-37.6, Fe203 0.08-4.11, Na:0 0.03-0.32, K.O 0.24-3.76, and
generally <t wt.% TiQy, Ca0. and MgO. The rich deposits of tales
had ignition losses 4.52-155 w1.% and contained $i0: 4i.6-65.3,
ALy 0.09-16.8, Fe.0y 0.07-7.76, MgO 15.8-43.4, genérally <0.1 of
Na:Q), K20, and TiO2, and from traces to 14.0 wit 1 % of CaO.

4. 8. Cichowski

99: 144821k Mithods used for calcutating the formulation and
reformulation of sanitary barbotine cluys, and assessment of
fundamental characteristics parameters (key indicators). Part
1I. Application to Brazilian ceramic raw materials. Cardoso,
Sonia Regina F.;  Angcleri, Frederico Biscaldi  (Celite S,.4, 01000
fan Paulo, Brazil). Ceramica (Sao Paulo) 1981, 27(140), 289-317
tl'orr). The compn. and characteristics of several Braziliun ceramic
raw materials (8 clays, § kaolins, a phyllite, and a granite fHm Sao
{hanto, Minas Gerais, Parann, and Santa Catonnnd and o1 8 sted.
mr!nulnlinn:; andd 20 n-l'urmulnlu»nr: uf sanitary ware bodies hased oo
them, wre repoced. The relimminted sanit oo ware Lodes were
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Hot Pressed Silicon Nitride with Various Lanthanide R

Oxides as Sintering Additives

Kazuo UENO and Yasuo TOIBANA

‘ T . (Government Industrial Resean.h Institute, Osaka
Midorigaoka 1chome, lkeda-shi

563 ) )

The effects of addition of various lanthanide' oxides and their mixture with Y,0, on the

sintering of Si,N, were investigated.

The addition of simple and mixed lanthanide oxides

promoted the densification of Si,N, in the hot-pressing at 1800°C under 300-400kg/cm® for

60 min.

The crystallization of yttrium- and lanthanide-silicon oxynitrides which was obser-

ved in the sintered body contuining yttrium.lanthenide mixed oxides as additive led to the
formation of a highly refractory Si,N, ceramic having the bending strength of 82 and 84kg/
mm? at room temperature and 1300°C, respectively.

In Y,0,+La,;0, system, a higher molar
ratio of 1.a,0, to Y,0O, gave a higher hardness and strength at high temperatures.

1t was

found that 90 min wes an optimum sintering time for the highest strength.

[Received February 9, 1983)

Key-words : Silicon nitride, Bending strength, Lanthanide oxide, Yttrium oxide,
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L & = ‘ B, BB Y, 1800°C, 300~400kgfem® o
By 41RL5I92 ARFAETHBLELIR, B Tfi-k BRBRHELTEMBEEIV0T, Bi5R
BRfetE, BAICRATRY, FRI—E RF 1 —+ HithnTit N,4+CO RIERLEL 6 1 5. B,
Wx eI MOMBBEMEE LTORMBEIZEE 600 F¥ 1 YT Kd — v ic X 0 IRENGE 2 BREEL,
20h%. BT ARHBHERIELS Iy IR THEE RENE (TA%2 728 RO XREFE & 57 -
», RO LELERESES D, MgO ® Y,0, 1. L :
2 ¥ ORILHPEHSBHERBAE LOBRMEN S, iR fREH 3x3X40mm OfET, €08
BRTHME THA ML B b, BREBICY  FHACHBETY, 213-RVEHDOMD S E O
FATRL, BB ERAOKESHERRCRT X5 fid 800 54 v FHHEIRIC X VERY L. 3
REFINFELY. BROKRCEEDIBIEHE LT AMTFHRERR,2 20mm, Jex~Ay FRXE— F0.5
i1, Y,0, % Y,0,-ALO, FNE (bR TNBY™Y, mm/min, ZE& PICTHBART 1300°C TRE L.
Y:0, & BRIL LSS, MFEAHO—DTHS, 5 iR 3~4 REOVSMHE Lok Yy h— A FEH
Y 74 FEHEAY SiN-Y,0, ORAIZH 1825°C Lift  FA¥EL FEFRAWRE~A 7 vty b — XGERIC
EERTWEY, 0k > RHRAOHBBEYERTS kv, EHr 500g 2L, REAT 10 XOVLBHAL RS
Bk LT, oy = FRtIBa b6 T s, 7.
Mazdiyasni & i} CeOs. & IFIE LT, EE M THREA- 0 . L
105kg/mm? @ Si,N, ﬁﬁﬁkms’cpzﬂ;. Mitomo & ‘ 3. EBERRUER
i2La,0, ® Sm,0, #B#IE LT N, BEETFCOSLN, 1 3.1 ‘5 4= FRILMBA
DEERRERFTNY, F 1t Si,NSi0;-La,0, Fizown BAEBAIL LT 8HE O 74 = FERMEY (La,O,,
TRELCBISEL, #MMThHS 25N, La,0, DAz NdO,, Pr0,,, Sm0,, Eu,0,, Gd,0,, Tb,0s, Dy,0;)
#12000°C LLELHELTWB?, L -T, 54 % 6mol%® HmLT, Si,N, $EdkeB 2 2rL,
= FERMEA BB CHMEE D SiN G B3 ewic Pr0,, KU ThO, 3 Eh#h 2mol% KU 3mol% &

- BHRBNITHD. mL, ERAROBRNMORIHOBEEBLITRLD L

KD BN BRTORELLO NSV HTHBEMED DL &y MY LRKHE, 1800°C, 300kg/m?,
SiN, B BB Z L THY, TORDYHELTS 60 HTHA. - '
v ¥ = FRAIOM« Oftikty, H2VRENLDOREY F]1CHER GO, SFE, BAEWE, SN, 0 sk
BB, #EIH, T bOMAEDE, EREORS . BRUXHET TRV Sh e REL R, i

A SiN, SR OREE I RIFTREIC OV TR L 2. BRERSOREKBUCHE» DHA L LHAEE T, &

HBEEXMN->TLRTH S, B R XHELF 5~
. £ B K83 SN, 0.0 WRY p RO (210) EHEHF -
REOBIEy 4K EEEF Lo 723D, « B ; IBE, L RKC L »6RULELDT, Lil.+1; o
£ 92% LS UHIMKT, TORHHERLLm TH | fiThs. RICHKLIEMER « RV SSIN, B0
5. ZOMR, Si59.20wt%, N37.9wt%, C0.92 $oTHBE.
wt¥, Ol.82wt%, Fe0.007 . Table 1. Densities, f-type content, and crystalline phases

wt%, Ca0.007wt%, Al<0.005 of silicon nitrides with various lanthanide oxides additives,
wt%, Mg0.001 wt% ThH 5. 7 hot-pressed at 1800°C under 300 kg/cm? for 60 min.

v 7 = F 5 o &8 R U

Lanthanide Density Apparent relative g -type éry’snlune phase

Y.0, Giv\?'hfl)m 99.9% DTFFi  oxide (g/cn’) - density (\) ()
RBTH 5. Y,0 i2RE 2/m ' = : 0 —
PLF# 85% Bl EoMETH 5. L1a0; . 3.3 ®.0 . 80 . ZS.LJNA:LA?O;..LT%(SiO‘I):N
201 ORI OREIRTET N0, 340 987 82 .vunkovnA IS
H5. FERO SIN, RURE T PP 9.0 T e
PR T FULREBRIAR, T smdy . e e ’ % .sisn“'s"mzo-j,Sn:fiizo7N2
M3 _).7,.:__ wick Dﬁi‘ﬁﬁ (5} o Euzo’ . 3.42 L 98.8 . ) 60 }\m)w\-m
gt xy/—n) Lk ’ . 63,05 - ER) | 95.4 - 85 ..--~uhkown
hy b7 URSERE, BN 3K ™0, 3.47 99.4 9 vnkown
CHEE 2— FLARIE @RE - 0 3.29  sa '. 97 51,8,Dy,0,,Dy 55 .0%,

Wi : 20X 40mm) & v, H&
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GdyO; U Dy:O, &UIRIE LASWELUSE, Hikilko
BELIIEATHE Y, MRTEE I 98~99% T - i
LN 2T, Tith 5 = FRIEHBIFIN S B LR
HEATHTHD 2 LD, SN, D aFihb A B~
DOIELbIZ L A EDBRFETL (AT Y, RIEBi2
I21F 80~97% Th ol T %= FE{tHiT SiN, #
mOLY HERIEL, 1600°~1650°C ORA % oK R
WA+ 3. £ URHETHIERSICE 3 bE (il
HB”. hy b AL RABENONMETS T UV v — DEE
FEBTAE, WEhORUDEDRIE LA TLIR
{F 1450°~1600°C Iz 3V TIRAEAMEE D, 1700°C {hiE
NOEGHICIRGE L, 0% 5~15 £ THLEIIEIET
3. oz kid, 1600°C fhECHEAMEL, fuliesE
FEXHEL L SIS E L T 3. Zh b0
FHALTO, aBlh s RI~DIRIENRHELOTHS 5.

Mitomo & D#s5Ic ki, SiN-SiO,-La,0, Fic
T 1650°~1750°C T4 L% (2SN, La,0,)-La,0, 18
SR EOIMIIN GRS 1, AHBRT
2Si,N,-La,0,, La,(SiO).N R # 5 R fHicsriE+
3", KPFFEiIcBT La,0, #BHfIE L SiN, Hic
ix, EbDWEDO LR Y, 2SN, La,0,, La,(SiQ,),N
B¢ LaSiO,N M7EfEL TV . LaSiON 3 1400°~
1500°C T4 LBHTHBHR, Zhix 1650°0~1750°C ¢
Si,N, LR LT 2Si,N,-La,0, :THELELD".

Wills 508EYE8RT+3L, R1IKFRTEIK,
Sm,0, & Dy, 0, ’&%ﬁﬂtf%;ﬁ‘(‘, M,0,:Si N, RU

-M,Si,0:N; (M=Sm, Dy) o 2% silicon lanthanide

oxynitride R EH LB, FORMOPEIC LIS
AF UL b IA FRiICHY TS bR E- 2
N 2~5 KRGLRAEN, ThALDAFSF+A FT4 FiZ

ONWTREFEFINRRC, B € — 7 ORERTE 2h -

7o BEok iz, 707 = FEFOERLY T Kk
& Uiz SigN, SRR oI Riz, vWih bREBROBRE
RETRBET B LN o7 L, EOMRRE
{ELDBERTHTHY, ¥ IFREDBRER SOV TIIME
TCELholt.

RAUZET V¥ = FEMEME BIFIE Lt SiN, ﬁéﬁﬁi
O, KIRKZU 1300°C CofiFaFEE R~ wihi=
B3R 1 80kg/mm? LLE, $FICHEREE DS 99% LL
Lotk DEr 12 90~113kg/mm? L\ 5 BV ATSH
3. 1300°C TOME i < OHE, REMAL VY
£ <, 50~60kg/mm! CH 5. Eu,0, 2 BHAIL T 28B4
RSB IHE S, (BOBAFROESBE TH > .

FRAUCHBROR L BT 5 &, BERHEIFFHAL D
DT UG RRIRMREE AW W T L A3 5. IR
fhoF L DRy, PrO, BHRFRAEHR TN L Wi
BETd3. Pr0, 32X ' HSMEoMRRMEELDSD
THH 5. Wiz, EuvO, BFRITHIETOMBE KT
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Table 2. Bending strength at room tempera-
‘ture and 1300°C of hot-pressed silicon nitride
with various lanthanide oxides additives.

I ponding atrangth ( kg/ned )

romm temp, 1300°C
oxide . nean MAX , mean Bax.
52 53
120, 104 120
ua.0, 13 1237 H 0
: 4
. ProL %0 9 © 66
£m)0, 109 127 53 54
.0, .13 99 25 25
: ? ]
0,0, a2 91 ) .o
5
™,0, 104 122 56 8
ny,0, a9 08 53 53

Lvn hEbe EuO, 2D 7 ¥ = FR{kSic ok
LTHBLRT L, REETHZDOT, BIRLLTLHEH

BN EBSH . OBRRIEOVT Y, BIF

40~50% OMFEERTHRHBZZE M b, FvF=FRFH
ﬁk%@AG%mTﬁZfL%ﬂﬁﬂﬁﬁmdmékﬁ
EERNT LRSI

3.2 Y. 0,+5v 5= FER{LtBSBIA

SiyN, BEfEEOBREMLEED I DIZ, 5=
FEMEicEic Y,0, ¥ inx, REBHBH L LT
Si,Ny iZHIL, FRRICHEREEZE . Y0, ix SiN,
RO SiO, LRIEL, WRAOHBHEBMCERTS
DHIEHF, Ca 2 Al RYOTMMA A L&+ Ofks
WA ICHE VATBRE b oV,

BREHEA BRI, SN, 94mol%, Y,0, 3mol%,

S FrH= PR 3mol¥ TH B. 3.1 Hik Rk,

Pr,O,, ROt Tblo'l it 2mol% &U3m01% &L

‘grc&xusma%ﬁMfovhﬁm.Mma%

Y.0, 3mol% MR L 2 5.

#IIC Y0, RUF v ¥ = Fgfe#s (La,Oy, CeO,,
Nd,Oy, PrOy, Sm,0y, Eu,0y, Gd;Oy, . TbOy,
Dy,0,, Ho.O,, Er;0,, Tm,0,; YhL,0,) iB&¥1BIAI%
wL 7z Si,N, Btk o, »ESEE, ANEERVER

k& 1300°C TOMFRE DR R £, 1300°C TO

BAEE D, FIAMEE A 6 OE TR TR

SRR IR BEE DS 98% DL ETh iy 90kg/mm?
PEThs EHEBEENTRUTTH S LXIEMES,
EFEONATWBRILBLHE L OBRRE->TETT
5. L»L, Dy,Of % Ho,O, & & OF% TR BEN
121F 96% BV iz bhdb b, 38EF ik 90 kg/mm? LA
EERT. M ®EE R REE T 3B kT
HBH%, MRSFHEL, HFLORBEMHIVEY TR
HIREE L TWS DT, HOMRHEILTRAYTHS. L
TebioT, HMEERSY L OABCRETILKILOK
EMEICHET S Lo Tiriev. DyOp ®° HoO, #8
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"t Table 3. Densities and B—]mint bending strengths of Si,N, with Y,0, and lanthanide N !
oxide additives. Si,N, ! Y,0, { Ln, :

,=294 : 3:3 mol%. Hot-pressing conditions : 1800°C~
400 kg/em?-60 min. . .

3-point banding strength (kg/ma?)

Lanthanide Density Apparent relative ﬂ—“—m :
ox1da tg/en’) density (%) m":m mp;u“‘t) mean uoo"c::mo) (:ft '
La 0, B I} °8.6 101 114 66 2407 . .7 3
ceo, 3.3 98.3 91 102 61 6 1.0 "
¥d,0, . 3.30 97.9 94 106 ° 76 80 . 19.1 {
Br oy, 3.4 99.7 %0 93 81 83 10.0 :
7504 3.35 99.2 104 Taett L es 6 36.5 8! i
24,0, 3.27 BT 97 7 4o 35 42 - 3.9
64,0, 3.33 98.5 % 104 7n 7 - 26.0
. ™0, 3 lol.z 01 104 63 7 Yt ;
i { Dy,0, 3.25 '95.3. 91 - 98 62 66 - 31.9
" . ",‘ ' ‘: riuazoJ 3.19 93.0 " do > a:‘a ‘ &8 e ‘1‘.5.0 ;
:}-, I ,l' _z'z°3 3.26 9.6 9 ‘ % 69 n o 24.2 ;
el BT SO 3.8 91.3 73 76 6ot 63 16.4 ;
o N ¥b,0, 3.27 95.6 7 79 62 77 12.7
L b : : 2
a_/“ {f . TR S ‘ R .
s : tpa, %omme%zrgomﬂmm SHLE DN, BEEEROBBHERS. Y-SONRRR ;
R WETHS 5. 5y = F&R-Si-O-N RZomggsE s & bicHFEL : 7
. 1300°C TOBEE I, Y:00+Eu,0, RERLHT 60~ Thi. MOBFREBNTY, YREHHEL I 5= | 4
R Wkglmm' T, MBLET > 5= FRIHOIOY  FREMBICHITTS & 5D BER £ g Bl l
b4 ;f FFLD 10~20kg/mm* BABETH R o7 ! i
N Fvp= ke V.0, elaA b sz kick BEME OBBILE ) DT, 33 P g #
A D, HEMESEEL BRI, vy = FRike X5 10~30% THH, 5o = FRIBIOHREE :
g ’ Sr,N. DR THEASEE D & OMHBRITR I BEIL L LIPE D 40~50% X Wh&wv. Pr0,u+Y,0, % ! .
' 1 12 SiiN, +liquid C CHMEOETRIZ 108 Th Y, RRHMBES AR v
i “» 28i,N - La;0y+ La, (SiO)yN+ glass L LTEBATN S Yi0,+ALO, RBIA SiN, i L
. ‘ REDHFAMEERT IR, Y0, ik D Eickk  ETR (FH ~130000) © 27~40% P& D bhav. , 'C
e K B L VREREH EEXLNEN, AMEBAIR  ZORIPO[ONDOFRTYL, MEERTHRNE 20% LT ! u
: TEholk. Rél, BAF—F I VAR CERRIE  dok BENXYRR, Y0, L 55 = FRttHER
: A "\ Table 4. Crystalline phases in hot-pressed :’ LAEbERPAERAVS Iz LicL Y, XY TBEOBN Efl
i silicon nitrides with Y,0, and lanthamde Si,N, Sk 2 B3z 2N TE 2. Ev,0,-Y,0, 2BHM 7
) 3 oxide mixed additives. GRS RR OB ERL ), BREBOTAEN | t,
' : Lanthanide’ Identified crystalline phases BEETERLOALY, Zh BEBLREL I Eu,O. o
o , - oxidé . Yeerium-61-0-N Lanthanide-Si-0- DOAREEIEET I LELLRS. R INRE ’ #.
[ | T, mad i, 3.3 RABFIRICHD SEALOKE . ! e
S | Tl ma o YO+ 727 = FRACHTREIN & M7z SN, i | L
; ' szzs' M, 3, H sigp ~25m 05 SRELON, BRTAMEICEN TR ), BETHNREERTC &8t : N
. ¢ : by,0y - g, . Dy, Si,0,1, ol 3.2 filioRE, Y.0, LI F = FRMLS R ‘ b
a “eor - st teo, Th¥h 3mol% +o SiN, KEMLEBEICONT £
l 5,0, M, 3, R . St vb0, - THD. FTIvi=FRE ORI ELT Lao, ' z
. £IBY, Y,0,-La,0, RiconT, SiiN, EH+35m i ?
; ! | M= Helilite type ¥,0,"°5 Ny, J= Jphase:¥ §i 0w, BRU Y,0, & La,0, DHBEFMLEXLD = L itk 3
': A 1= H-phass (N-apatite) 1Y, (510,) N D, BIRIARR Ot R et 3 B OWTRMNL ; z
N - :
H
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. Table 5. ~Effects of the ratio of the additives on densities; etrengths

. and hardness of Si N, ceramics.

1

Cmposition (nol 8} UGHIU‘-V Appaxent relativa

3~point bending strength (kq/mz) mcxovlcxon():q/m’)

0. 1 '
to. 513" Yz°: ta 0, (g/m ) dansity ) room temp. 1300°¢ hardness b
. mean max. méan !, - max.' - .8, !
. vy . ] R
1 % 2 2 2,82 85.7 65 ‘69 LT 12 . "
2 94 6 0 3.04 92.2 50 94 46 53 :
.. g
3 04 4 2 3.1 93.3 84 94 53 57
' o ! N Lo T s
4\ 9g 3 3 3.3 98.6 1017 114 66 74 :
. . . ) T o
5 94 2 4 3.31 °8.1 78 81 ss €0
T : ‘ : : R O b
6 94 0 6 ‘3.38 99.0 104 120 52 53
. v . . . 0 oMty L] '; . ,': L% ‘: 'l'._’lllt’!;"'-. 1
R 27 S 3 336 - 991 30 Lo%e8 L 8o edyteyy tasegt i VL
8 92 4 4 3.36 98.4 " 8¢ %8 790 7 i a2l ange, ARV
9 92 3 s 3.37  98.4 81 50 8¢ '™ 9 T aa7g i L5
. LN I8 R
10 %0 5 5 3.39 98.3. 98 108 ; . 82 L2080 —
. - . . o i .o R R : ;
11 .8 7.5 7.5, 3.50 97.2 107 113 15 o8
12, 80 10 10 370 - 990 76 o8 n 3]

e ‘;'ﬂrf.ﬂl&k’)w‘ﬂib v f - zmﬁtwusbr- &
%&ﬁ 5 h—?] ‘;‘ !

w%%&&m&+5e Bzw&@waua%Mo@
HINiZ 6mol® LAETHY, 4mol¥ ATOWMTIE

BRI+ THS. B
" SiyN, #3-94~90mol% DRIFH T, IRME 1T 80~
100kg/mm* TH Y, HRRVBSHICREEERTL
WESkAEShS. AL, Y0, ik 6mol% KM
Licid, bELLTHTH D ME oA Ic gk L
THEL v p,oameuxﬁamsmmom
NP3 /155 % o

—%, 1300°C TO@E REREDLBEEMIDHN
Bz eifrof by, BESIN, 73022
DERTOMEFL TR FHORICE VBZ 30T,
LENREAL TV B R OITRRER D 2vE X #fE i
BB LEZLND. XEROPE, BHHE 6molF
WHMUARBEE Y b, 8~10mol® HMLILEFAHRT
REAETH Y, BEOBINL IYIC R o . Y,0,:
La,0,=3:5mol% DESICIIcTiEENE <, 1300
CILELECHMENETIIE< A {, LA L

if’ﬁ( o, ZThix Slch &0%0)%@"5)6 é:»v-,x_

53 SiO, RUBREMLH 0.5 20D 2 HHIcH
BRAICRLEREIELRDTHS 5. BISRmEK
A 15mol¥ LLEE725 LWRBERETTS, oh
BREFHOBREICE 2EALNS. kDL T, b
IHYLEMBCOWAHFEM w3 2 Lick Y,

1300°C ¥ THEEF O SlsNo b 3 J:sz
TE 3.

Y,0, & La,Oy ORAHEHEZS L, HmaE &U
92mol% SisN, DTHHTL bz La,Oy WMMBWIT YK
BEOBRME N LR W 845, N- Ay a4
M Y.0,-5i,N, DRk A R 1825°CY °HY; I
(Y.Si,O;N,) RU'HH (Y Si0)N) v {, 1700
°C LUF R+ 3. —J%, 28i,N,-La,0, ﬁ%é’eﬂﬁ.ﬁ
ME 20000C” THBZ b, XY EBRACKEINE

0%k, Tibb La0, ORERENRIE VEHEMEN
WeEZOND. ETEE b La,O, REVVRIZ E RV,
La,0, 238\ 12 ETBER® <, if*?ﬁv‘ﬁzﬁﬁﬁﬁm&
bHBZ LERELTNS.

3.4 BERMOBECHT NG
3.3 Mk CORRIILERREME 60 2L LTHELO
TH5. BROBBCREE X D) D ICiLEY 25
Table 6. Effect of hot-pressing time on the

strength of silicon nitride with Y,0, and
L3,0, mixed additives.

; . Bending strength ( )(g/m.m2 )
Hot-pressing

room temp. 1300°¢

time (nin} sean pax. wmean’ nax.
15 72 n 7 "
0 . 80 %0 | 76 %
60 86 98 79 . 82
% 96 103 107 110
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+

RENAGIE e ENLDHD 5. Tsuge BiE, Y,00-ALO,

. FER SN, OBRREEED D Y, ISR

H 6 Lo SiN, EkE: N, BIEKTF, 1700°0C ©
105, AIN 850 FRTiBL T3,

Y,0, 4mol%, La,0, 4mol® L LT, 1800
°C, 400kgfem*® T 15, 30, 60, 90 A}il& v F FL = L,
SLN BEREEEZH/E. wWFnibRiERLRLEELTY
7o RO ICHFEREEORIBRG 1300°C CodhiTir $
T _

FEME b 1300°C ToOME b, SRSV Y
. 1553 s D Si,N, R i iz fhod DIz HEk

CLTRREWA, 1300°C i B B & TR DIE FAs 20

XBETTH5 &, 15 HOBEEZETL Y.0,8,N,,
2 SiaNa'Lazox REDRBEBRLhBZ LN B , BEEL
RIS < T bR kit D B IR 2, T
{7%3. Si]N, D a Bhb 8 E~OELRIZ 15 4M
JEkE T 1M 50%, 60 SHLILET 80~90% T o 7x.

 BERERE IS BV E A D1, BLRERER L Y

L LFIRIC B LR & Vi THS 5. WEME
ffirt, MBEORWELRLY b Bk R EH51zi2 9
SN T THHEFZIONS.

: 4. % 5}

SiyN, OEERSICRIETHELT v ¥ = FRRLHENORK
gt SO MoR S L, 13 fiFOREIc
Y,0, il A b el S BRI B GO TRM L.
Beph i 1800°C, 300~400kg/em®, 60 43 & L1k
ROEEN BN '

(1) 8#i¥io 37 =FEith (La,0,, Nd,0,,
PrO,, SmOy; EusOy, GdyOy, ThO,, Dy,0p) %I
FE LT 6mol¥ (74 = FusEiy) s Lk
o bEREES . T HREREIET 80~110

- ' .
S . . = 1

kg/mm?, 1300°C ¢ 50~60kg/mm? T -, HeEhk

K. UENO and Y. TOIBANA 36

Izt s vy = F-Si-O-N Bfifhns fefe Lcwv e,

(2) 13 MEBiD 5 » 7 = FReEY (L.a,0,, CeO,,
Nd,O,, Praon, szon liu,O,, deou Tl)ton D)'zon
Ho,0,, En0O,, Tm,0,, YhO)) ic% 4 Y,0, PHLIAG
HERHNURFR T, MLCOMEDLLN T ¥ =
FRUEH O OWMOY X W M» L. Serkikpicix
Ay VY TRECT ¥ = FROF LY 2 Rz ik
SRS LGV Mg E bR B Ltk D
FOMWBHENHELLEZZONS. :

(3) Y,0,+La,0, BIAIFRIZO W T, REMARY
Y,0,/La,0s OBk RohEE i+ 2 RBEAN &’
mERrFET o Lic L b, BEM,H 1300°C £ T 80
kg/mm® LA Lod30EE &5 BERE RSB b .

(4) SERERSHIOZMEE o+ 5 R A B~ IRy H, 90
SyMgER I D R bRV iSRS (1300°C T#Y 100 kg/
mm?) AEbhi.
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