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Abstract

Using low-cost diatomite and carbon black as raw materials, porous silicon nitride ceramics with high porosity and
uniform pore structure was prepared by carbothermal reduction reaction. The influence of sintering additives on their
microstructures was investigated. Microstructures and mechanical properties of porous silicon nitride ceramics were
studied by XRD, SEM and three-point bending measurement. XRD analysis showed that $-Si;N, phase, minor of a-
Si3Ny phase, Sialon phase SisAION; and glass phase Y,Si;03N, were detected. SEM analysis showed that porous
silicon nitride ceramics was composed of rod-like 3-Si;N, grains and uniform pores. Porous silicon nitride ceramics
with different porosities and good mechanical properties were fabricated by changing the sintering additives.
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Table 1 The chemical composition of diatomite

SiO, ALO; Fe,O; Na,O K,O Therest
89.2 2.5 2.7 2.9 1.4 1.3
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Fig.1 SEM photos of diatomite particle
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Table.2 The composition of the starting powder

Sample Composition
Y0% 67.9 wt% diatomite + 27.1 wt% C+ 0wt% Y,0;+5wt% a-SisN, seeds
Y1% 67.2 wt% diatomite + 26.8 wt% C+ 1wt% Y,05;+5wt% a-Si;Ny seeds
Y3% 65.7 wt% diatomite + 26.3 wt% C+ 3wt% Y,0;+5wt% a-Si;N, seeds
Y5% 64.3 wt% diatomite + 25.7 wt% C+ 5wt% Y ,03+5wt% o-SizN, seeds

3. R R
3.1, 3L I Y

T FAGE I S B DL AT, By, e 4l IR RN St A A SOkl 0P IR RO i s B T 4
2 LA . AL SN R3]

38i04(s)+6C(s)+2N2(g)=Si3N4(s)+6CO(g) (1

Tl A TR E B AR Si0, & /DR ALO; + Fe,0; « CaO. MgO. K,0O. Na,O.
P,Os S . T AREEE R 1) Si0, 1T LU B #Rad st e AR AIEREYR, /D ik T LUk 2 k%
SEMFIRIVER, (R4 SO AL AR AR

BALRERILM AL G, FURT AR T Y R BRSO T 7 AR R B
HOREE, A5 IREN RN, A e 4530 B 10 FARE 7 R P (1850°C) i, [ FIT A 2%
I BE[4]. BRIUEAS BEAK SEAL Ge I [ AR e 4 ik BIBUE AL, AN TGV 7], R F VAR 45 R
B TS . fEmire i R R B3 S SigN, BURLRTHIK Si0, k)2 [N A 55 13
FH, VARV A &5 ORI AT AT, Dl AR AR, B R R, (R T AR R B
Bedk . FALRE AT e g R FE b (K B0k EHE . o-BATI AR K2 B-SiaNy foFiL ) AE K 31052 21 i [m) AR 2
(52 o DRIt A 8 B 0T S0 e B 8 (R O 4 23RN ) 7 1k RS IR EE 2K s S ]

3.2 HiF, KHE, TI#

Y05 SRR T, PR, S FLRAE R g 3 R, BRI HGA 5 R
IR JRER,  JEURE R R [ A A e AR Al CO M, BRAS ERRHGE S5 N T R K2 44% 2k
Fo Y,0; HEAPRFE R ERA M, WPERERAHEZN, MATHIRAE, K&K b mmik
IR AR B R AR, e BRI ZE R S B . BRI R A R R f
R 1 S8 X T Y0%, HEEEEH S ALO; Ml Fe,05 254 J8 Ak Skt + A& 11 Si0, ) W

789



790 Yuan Lu et al. / Procedia Engineering 27 (2012) 787 — 792

TR, REBIGRA WA, (s, TR T a-SisNy [ B-SisN, IAHE AR FL[6]. 55 Y0%
HALE, FARAEZR N Y,05 5585 LU E milld B SRS ) Si0, S NTE BB A e AR %
Az, ST R, S EORRE AT S I A AE R . T a-b ARSI WO EEA T, I
WORE SO0 T A e AR M B A A B AT B LR 5 . Y205 S5 1 2 0n) T HH 6 AR (AL E A FH DR
AR A5 ALOs Fl Fe,O3 S5 MM, YO% I T-3HAT Y,0: (EHEAREAZ AEH], S EUbe 45
FACHIAR AR A G4, FTEL YO% HA SR AR I MR i R A de i UL . B Y,05 & I 4
s KR A A AT R R A A, (et 7RG M BCE AL, WA R N, R
FLRFEL.

®3 WHBeSi TEREA oA T fE

Table 3. Summary of Sintering Behavior and Mechanical Properties of the samples

Samples Weight loss [%] Linear shrinkage [%] Porosity [%] Flexural strength [MPa]

Y0% 49 2.7 79.5 23
Y1% 52 10.2 75.2 11.2
Y3% 48 12.2 72.3 12.1
Y5% 50 14.8 70.9 14.5

el B RE B s an i 2 frow, GBS A FRAFER XRD 29087, 5 EAHB-SisN, 41,
/b5 [ a-SisNg AH, Sialon #H SisAION;, DL B2 0 W AH P L E2 2] . dfHAH Y,Si305N, 218 i
Y,035 Si0, Fll SisNy RN JE T 553 ALOs B 565 2 4 A H BIoi 78 203U R AR FAGE i
SN AERE AIN, ARG AINS ALOs Al SisNy il BN AE R SisAION,. X FANA Y,05 & & 1k
FE, A YO%EATAIN Y205 1E A Be4s BIF, Y 1%% N Re4s Bh )& s KD, TG & 1) A0 K
By DR TR . Y3%A Y5%K I I Y.0; & EE 2, nl LOW 5% 2] & ) 41
sti303N4o

® [i-SigN € a-SigN,
VS AION, OY,Si;0,N,

s

=

-

-

=

s

=

=

=
"

10 20 30 40 50 60 70

2 WEEM XRD & (1) Y0%, (2) Y1%, (3) Y3%, (4) Y5%
Fig. 2 XRD patterns of the samples (1) Y0%, (2) Y1%, (3) Y3%, (4) Y5%
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3RFEM SEM B (2)Y0%, (b)Y1%, (c)Y3%, (d)Y5%

Fig. 3 SEM photos of sample (a)Y0%, (b)Y1%, (c)Y3%, (d)Y5%
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