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Abstract: In-situ toughened a-SiAION ceramics were successfully prepared by using two-step gas pressure sintering at
relatively low temperature with a-SizN, powder as raw material. The effects of La,O; and Al,O3; on the densification,
microstructure and mechanical properties of a-SiAION ceramics were studied. With increasing proportion of La,0s3, relative
density, flexural strength and Vickers hardness of the samples decreased, while fracture toughness increased firstly and then
decreased. When ny:n;, was equal to 9:1, with increasing content of Al,Oj3, relative density, flexural strength and fracture
toughness of the samples increased, while the Vickers hardness decreased gradually. The above properties of the samples with
3 wt.% Al O3 were 99.7%, (1202 + 43) MPa, (8.0 + 0.3) MPa-m'?, and (17.5 % 0.2) GPa, respectively. SiAION ceramics with
high strength, high hardness and high toughness can be obtained with simultaneous addition of La,O; and Al,O3 due to the
acceleration of the anisotropic growth of a- and B-SiAION grains, despite the decrease in the phase content of a-SiAION.
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BN a-SiAION FFpl1 0 4Z &eg el
T Wit B AR 9% Chen 2812 B-SiaN, 4
FIERE, SR AL R B4, i i KR (1550 °C ~
1650 °C){#1R, K&K T a-SiAION HIEAZ SR, fii
HEAF R RA K2 m, R&fl& B AT K
PR ki 1Y Nd-a-SiAION P %, Wrzdrias) 1
A, FESIBIE T Y. Yb, Nd %+
EFX] a-SIAION B % WIS s, 458 %
B, FRMEREEIR a-SIAION  fhr () 56 Hi 2453 i L
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La B T2 A 828 b amkn
— A, HAFHM/NR 3 F—RAEHEA
a-SiAION g4 Olsson 2K [H] He il
La,03 Al Y,0; VE Abest Bhl, i i s T2
il % o/B-SIAION & # g %, 5 R KW,
a-SiAION F Bl LayOs HLBi ()38 fin i 12 i b
i, 12 La, 05 A FI T a-SiAION S & B Bl
KAEERIES . Shuba 2R Lay0, 11 45 Bl
F, il PUEBELELE 1900 °C, 30 MPa JE 7 Rl
% T Y-a-SiAION P&, 5 EM, LaOsf2dt T

a-SiAION Y BUE L AR SR i AR, difk T
sk RSF, B2 T a-SIAION P %5 14 iy 24%9) 1 1l
ISR L SR, BURBESE By 7 i AR RE AL
AR AR, i H R A TR B iR, A
EAT a-SiAION Bt fbA =, teah, DL
BB K2 Lay0s E N Beas B3], ik
La,0; EN a-SiAION A4 s i AT 3 I 5T L
TR DLARIA
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1.1 FEHE

S Ir A RORHA FALRE (a-SisNg &> 95%,
AN 1.2wt%, THRAR Dso o 0.5 um). %A
EERCR AN 1.0 wt.%, Dso i 1.2 um), AHALE2
(ZlifE> 99.99%, Dso A 1.0 pm), LB (4l >
99.99%, Dso 4 0.2 um). AALER (4> 99.99%,
Dso M 0.8 pm)3
1.2 HmEE

PEFE m=2n= 1.0, B Y(333Si105A115005Nis5
YENA K o Y-a-SiAION fYFEARZ ), L) LayOs
BURER Y Y05 BB AMINA — 22 5 1 AL O3 X FE A%
HoritAriEs, MEIAR RS, iR
1 IR G AR 75 1& Si3Ny R Si0, Fil AIN 3R
Y ALO; ¥ i), FHRE 1 PIELEL, 730l 4%

F1 MV HR IS E R A E

Tab. 1 Composition and relative density of samples

Sample e Composition/mol% Excess added Relative density
Y-HLa

Si;N, AIN Y,0; La,0s ALOy/Wt.% 1%
Y1005 10:0 67.742 29.032 3.226 0 0 98.9
Y9Lal 9:1 67.742 29.032 2.903 0.323 0 98.2
Y8La2 8:2 67.742 29.032 2.581 0.645 0 96.8
EAll 9:1 67.742 29.032 2.903 0.323 1 99.1
EAI2 9:1 67.742 29.032 2.903 0.323 2 99.5
EAI3 9:1 67.742 29.032 2.903 0.323 3 99.7
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JOBLR A A B BRES WE P HE TR A, W TTK
O, BREEAEN SisNgEK, ERESHTE]A 24 h,
BRES 5 MR LS TR N 80 °CF e 4 T
Ja ik 100 H 0 dE 47 1R . 3R e B R R AR
10 MPa JEJJ FEIEMA A 50 mm x 50 mm x
6 mm [, FELE 300 MPa JE 1) T 78 &
JEARFHE , B Ab BT AR SO B AR T, R
FEBEE I NHAT DRSS, JEAE 1500 °CRYE 1 h,
FLAE 1800 °CHHR 2 h, PHAESIETI A 3 MPa,
1.3 TRt

KA Archimedes HEZK 72: 0 12 #f i 19 (AR 235
B, IR . R &R DRI
YIEI 8 ~ 10 i 4%, If43 3R H 200 H I 1000
H & RA XA AT IS e m 1., e
BSR4 GB/T 6569-2006 PR R 3 mm x
4 mm x 36 mm PR, FEFT = R P v B I
BEE 30 mm, MIZEAR 0.05 mmomin ', K]
HMV-G # 4 FC AT 313 o IR 7 (TF) I R i
A [CRE B2 BT PIPE, JnaRaT 196 N, CRIERT
] 15 s, Wr 24P 2 % Niihara 250748 1
nalo KA D8 B X SHERATEH (XRD) Mk i
A, it Devlin 25U i 7 1A
o/ (B LLAE, =X FR .

W - 1,(102)+1,(210)

“1,(102) +1,(210)+0.647[1,(101) + 1 ,(210)]

(1)

K W, o/(o+B)I ELAE, 1,(102)F1 1,(210)
3R a(102)F1 a(210)AT SRR IE , 1,(101)F
15(210)4351 4 B(101) N B(210)1i7 5F U4 (5 i

K H Apreo S HUg K& BT B T BB
(SEM)WLZEAE il I b b T2 30, UG AT il A
400 °CH% il NaOH H -7 6 b 3

2 #RL5i#®

21 HEALFBEHEM

AN TR 2 43 B f B4l i B ARG 25 FE I Bl 2 1
B W1 HaTLIE H, 5 AT % R
La,03 H i 5938 fin sl AlL,O5 I A AU/ I AR
VLA 52360 v La,05 Fl ALOs X SIAION i % 8%
FEIRAE FHAR R - SIAION P % (1) be 4 T 1 s L A
B4, BEEEHI, BEAS A SizN, R SiO;
K AIN R ALOs W IE BORAH, AR TR

SisNy Fll AIN, 38 i okr dE HEE FE 8UE 1L s b

JEH, SisNg Fl AIN FEWRAHH %, BTl SIAION
A%, FEVE AR — AT A R b RO 2 T [ A
SiAION f#s Mg AL %), SIAION Fi & (5
JEFEEZ WO & . R R S LR BE T S .
La,Os AN A A5 AH s i i N2 R I B4
SEOBARRE TR, B T A FLHERR A
B, AR 26 R . X5 Shuba 255
SR —E, R HCR R R R RS, BRY
T EEHE R (1900 °C), A F T IRARES B BEA, i
H. Shuba &5 (525 LayO3 AN G AR U
FHRL EE B Y205), i BBAH 38 m, PR A5 5
TRASLI AR 258 . 7] La,Os AHLL, &SN
A ALO; 3N T AR, FEAR T AR TR B B
FEE, P, FEE ALO; MIARAIHEM, FE5
AT B @ B o o, BALS R 9 A X 2%
i, BET 99.7%.

B 1 ASFEA A bess 5 i XRD &3,
ME 1 AT, RS XRD A AE
0-SiAION, B-SiAION il M Hi(& Al #EEK A M,
ResSi3 AL Ny ) TSI, B o/B-SisNy &
2 L FREEAR N a/B-SiAION, Ak, Y8La2 #fdh
B EiRMIARAN, A AETE 21R AAYAT ST . T AE
A JFURHAD U B 2R % 8 SisNy F Y Si0, K AIN
RKEM ALO; T i, EMKRPHEELED
Y,03-Si0,-A1,05 4043, Fr L Y1005 & ip 5 4 2
Y B-SIAION Hlfh FLA M2, 8] 2 SRR i
0-SiAION A F1 B-SiAION AHAART & &, I 2
AR, P La,O5 3 ALO; & s 3G fin, B-SiAION
FH ) 5 B W T o

E1 AEAESHERREFR XRD Ei&
Fig. 1 XRD patterns of the sintered samples with
different compositions
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2 FEESHEBE o F B-SIAION H8EL B
Fig. 2 Phase ratio of a- and B-SiAION in the sintered
samples with different compositions
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22 BHEW

] 3 AN [R 143 BE dibe 45 /5 (1) SEM BE F 1 iy
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PR i T A% A 5 BOH: & 08 3 3% Bk 45 b
AR W& 3 R af RIB H, Y1005 KE A A4k
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0-SiAION ki,

2.3 SN1EFHERE

Bl 5 ARk S b 2s 5 1 ) 2F 1 Re 1
#lo LA LayOs BACER I3 Y205, HF i A XT3 FE R
fi%, AALZBm, AT A 2R TR, miAH
X2 K o-SIAION A 7 i (1 BRI R 80T+
A FCRE R 1 R AL YOLal Af 5 b K AR ok 5L
wHHZ, AT BIRMSSUEEER, AR T
PR W2 IE . BR Y8La2 KBRS T S A T K
ek SIAION ki, (HH Gk RSHECN, IFHA
Lg%, Wik HA T R, Y1005, Y9Lal
M1 Y8La2 AF 5 Y W 2 B M 4 B (6.6 =
0.2) MPa'm'?. (7.9 + 0.3) MPa-m'? HI(7.5 =+
0.3) MPa-m'’%,

ALO; HIIMAK BT SIAION fkiik 7850 %
B, FEHE SRR B B F S a-SiAION A
THM TN, FLARNZEWILFEERT, ME
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Fio H, BAIZ MEMMIPTE R R, RRT
(1202 + 43) MPa, [R I HA 5 040 5 10 4 FG A
2L, 9 k17.5 £ 0.2) GPa FI(8.0 +
0.3) MPa-m'?,

T, EBR EAE P SisNg Fl SIAION B % 7] 5
B9 A H AR & (Kyocera) ., H AR NTK, 3
[E| 2% 1 (Greenleaf) . 3& [ 444 & (Kennametal) Al
75 (5] FE I A 5 (CeramTec) 5 . £ 2 WALl &
) EAI3 BEdh 5 EANEE) R A 1 R 2P i T
HL = i RN HeAE L . R 2 mIAL, AR TAERF
Hil Y B34 H) SIAION P e 14 tere 5 E A iR
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B3 ARASHRMEEEMEN SEM BEMBRR TS (a) YI005; (b) YOLal; (c) Y8La2;
(d) EAIL; (e) EAI2; (f) EAI3
Fig. 3 Etched polished surface SEM images and the distribution of grain size of the samples with different
compositions: (a) Y1005, (b) Y9Lal, (c) Y8La2, (d) EAlIL, (e) EAI2 and (f) EAI3
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4 EAll #@MEHST SEM BA
Fig. 4 Backscattered SEM image of sample EAIl

B S5 ARASHERKLEENSIZMEE: (a) flexural strength; (b) Vickers hardness; (c) fracture toughness
Fig. 5 Mechanical properties of the samples with different compositions: (a) flexural strength, (b) Vickers hardness
and (c) fracture toughness
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Tab. 2 Properties parameters of different Si;N4/SiAION ceramic cutting tool materials

Company Grade Main constituent o/MPa HV/GPa Kic/(MPa-m'?)
Kyocera KS6050 Si3Ny 1200 15.6 8.0
Greenleaf XSYTIN-1 SizNy 1200 17.9 7.5
CeramTec SL303 SiAION+SiC 750 17.0 5.5
Kennametal KY1540 SiAION — 18.2 7.5
NTK SX9 SiAION 1200 16.7 7.0
International Syalon050 SIAION 800 19.8 6.5

Syalons

This work EAI3 SiAION 1202 17.5 8.0

e REEHEEA AT KY1540 TJHRTERESHORIET SCHk[4], AR RIA NS T] AR RES B R IR T
BINCR )

Fl B-SIAION b )45 ) PR, (HL S8 T

3 2 % SALF B-SIAION & B BN, AHAHAE o Y B
ZATNEAE R, B R RN 4 ECAE R R R

(1) VA LayO3 B EB 43 Y05, A FF a-SiAION (2) ALO; BIIIMATESENE SIAION BB B L
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