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Abstract  Silicon nitride porous ceramics possessed excellent mechanical, dielectrical, thermal properties and
chemical stability. It was very suitable for broadband wave transparent materials using in high temperature, large
load and strong corrosion circumstance. Reaction bonded silicon nitride porous ceramics had advantages of excellent
properties, convenient process and low cost. The characteristics of Si powders remarkably controlled the phase
component, microstructure, mechanical and dielectric properties. In this study, Si powders with different particle
size and purity were used to prepare gelcasting and reaction bonded silicon nitride porous ceramics. The results show
that dual granularity produces close packing effect in the green body, which is inherited and further evolves into a
reinforcing and toughening mechanisms of two—tier microscopic tissue in the sintered body. Dual granularity of 5 wm
and 45 pm obtains the largest bending strength of 109. 94 MPa and work of fracture of 990. 74 J/m*. The values are
111. 42% and 25. 97% higher than that of single granularity of 5 um as well as 46. 55% and 20. 46% higher than that
of single granularity of 45 pm . The dielectric constant and dielectric loss are about 4. 20 and 0. 007 respectively.
Gelcasting and reaction bonded silicon nitride porous ceramics can possess both good mechanical and dielectric
properties, which are suitable for special-shaped and large scale component such as radome.
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Tab.1 The chemical compositions of Si powders

Sikykite i A 5319 (w)
/um 1% Si Fe Al Ca HAty
45 985 9850  0.50 0.50 0.30 0.20
5 99.9 99.90 0.0153 0.0095 0.0042 0.0710
1 99.9  99.90 0.0087 0.0035 0.0013 0.0865
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Table 2 The formula and number of the samples

Si BPRLAE/ m SiMYE I

Si;N,~PC %"

1 A’ A
1&5 B’ B
5 C’ C
5&45 D’ D
45 E' E
1.2 H&EIZ

BEA 2 T AR A TR R R Si i 4
B (B 207 0 ke ) il 2 BB R BB YR A (240 t/minx2 h) ,
B R IE I 119 (w) B EREA G, 04 7168 7 20
min J& , U 35. 0% Cw ) 14 AR, V875 308 B AH 2
2 80. 0% (w) , B2 A 10 min, B J5 4 7ER R
4k 12 h BB, P 28 BB i 22 110 "CE IR T4 3
h, RIF R,

i) (R

[ s |——|ﬁé§JHi’fJ‘”r’~|J—LéL$HR’:\|*| sEE

ket g - e e o |

Bl RS AR

Fig. 1 The flowchart of sample preparation

FEIAED IR HERS , NZE IR L 1.5 °C/min i3
RIHEE 550 CIHARTE S he BEJE , BEMEE N
B3I N,(99. 999% ) KA th AL B4, Rk 78
AL, RS B TR B e NE IR TEE 1350 °CIF
{3963 h, B S THE ZE 1400 “CH0E 2 h, 2 THE
FH 5 Clmin, N, 1.0 Limin, Bl 2 %R
J& RB Si,N,~PCHRE S
1.3 MHEERME

SR BT SEK AE AR 5 AR % B D, i <AL
R FERZYIE] W T AU A 4 mm(b)X3 mm
(d)x20 mm (1) BYRESS 70T REIRIGHL b I = o525 iy
_ 6 —




R oy, R LRI 288 %2 53 51 O 16. 0 mm 1 0. 5
mm/min. A (DN o,
- = 3PL W
2bd’
B2 SO S/~ % W £ W 110 b ) o 2 R
DU HF i 280 A5 IR T T 24 051 2 ] 1 28 Ay — 57 % R £
5 x5l BB A B AR, SRAHRE BT A R T RE W, 1
ﬁﬁK(Z)i_l‘%:%ﬁ%yJ Yworo
Ywor = % ()
2P AR IR . SiN,~PC AL BGE 1T X
SHERATT BT (D/Max2400, Rigaku ) #EAT 408 , 3R 444 Ky
CuKo 128, ARG 5°~90° , 3% 2°/min, 251K 0. 027,
R R S T L (FEG-600, FED) 73k i
Ui FUES . SRR L L (MS4644A , ANRITSU )
DURRE S A FLH B e T B BRAE tand, A5 ] 8. 2~
12. 4 GHz.
2 #R5itig
2.1 AR
A CHIERFER XRD 75 3 (5] 2) 3 2
A Si fssige, R EIL N 584, AR o R B AH SE,N,,
A TRIAAE B Si,NLO A1, 25 A & AN 3 R o

* o =Si,N,

*B -Si,N,

5 15 25 3 4 5 6 7T
20/0)

E2 RB Si,N,~PC #4504
Fig. 2 Phase analysis of RB Si;N,—PC

%3 RBSi,N-PCH¥EESE
Tab.3 Phase contents of RB Si,N,—PC

G a-Si,NJ/%  B-Si,N/% Si,N,0/%
A 39.5 215 39.0
c 76.0 24.0 0
E 63.5 36.5 0

A F1 SN0 & 5 39. 0% (w) , 3% 2 H K 1 wm
Si By UEbRL AR/ LR TR, O 26 & &, 2 5
B 5 A Si,N,0 #H . CHIE B9 Sikrkiis K, 0
ZR A A, A A AU A SLNLO A . B AR LA
o4 —

H Az kA2 FAl B2 i sZ i, vl WL IJC A 2 50, Si #i 7E
1 400 CHYAAL SN s e A4 Uk 2 B AR, IX AT g 5
N7 TR SR A T R RN ) A R A
2.2 BROEIREKRS
i H RB Si;N, B 88 (1) 0 (2 A8 B 45 ORLAR | 21 4
AR AUIR B a=Si,N, , — 5 12 TG R 550 ok R 1
FIRRAR Y B-Si;N,, LA R kR Si,N,0. B 3 FR
S A C.EF1 DAL T FE S, BAE S T FE AR R
WERHERSIN . B 3(a) FBH A RE LT 230 A ok
21 wm DU EORLZE A 1) 20458 . 1 um Si By 9§t
LA/ AR KR 2R 1T O 4401, DA TTT A B K £ Si,N,0.
[FIESE, 470N S (5 N 47180, O AE B AR A i
TG 5 R, A AR AR R ST AR VO O PRI A
B A B o—SiyN, 2R 4Rl i 20 . F T R R AR, B
—Si,N, [ A i AR
AR W ¢

(c) EREN : () DEER
K3 RB Si,N,—PC W7 I 2 iHoE 5
Fig. 3 Morphologies of fracture surface of RB Si;N,~PC
3(b)FE W CHERF 43 B4k i B 4% 600 nm L)
T AKEES wm DU 0 Ak, [ AE /b i oK R
IF R EE A ARG . 5 wm Stk Y BURL K,
T O Z= T, KA % Si,N,0 5 N T3 Bk A Si ks
A P e B A IR ], DT 68 7 A R i Si 28 VR0 A
SN, 2B B ao=SiyN, f 201, S URE PN % A i/ i
o H RN A RCER, Sioks PN BB LR e, X ]
AEA AT BAHA AL
3 (c) 2B E R R A0 8 AR 205 /2D 5 4N
RS L 4025 AR ZE5 A, S 28 B4R 300 nm AR K
3umPAT . ERYSifimFRifE K, HFFERZ Fe 55
Fe T, — 7 2 B B EAVE R SO AL R N B )
AT, AR O B AR A0, T3 — 7 THD A% T Y 2k T 2
TN N (8 BRI N , I 5 T I A% AR U 4 /s
UL, Sioky N P IRLE B vy, B—Si,N, A B
XURLAE BB 5 2 BACBE UG |, LA 2551 2
FRIME T2 hip://www.yhclgy.com 20234F 4551



B LA AR IR SRS . I 3(d) B, D
BRI T ML R A 0 5 A L R VA LA 8O 5 e
FURLAS B l— I 54

K4 b AR CHME BRI BENE K, AP S

Y Area 16 Selected Area 1
i N 44.4 60.2 Area 4 Selected Area |

o a4 32 [T 5 N 413 643
si 512 6 g T Si s27 444
BT DT S T L ~

5.20%(a) 1) O, C A1 E HH AR H 8 3% O 4%, iX 5
223 XRD WA BT &5 SR —3k . X, 0 4%
FTEEETSIHEm, L&5EFERRTHR
[EA

Area 17 Selected Area 1
N 385 55.6
— l Si 61.5 44.4

T:(a) AREM; (b) CRER (o) EREM .
K4 RB Si;N,~PC i) EDX fEi& & 40
Fig. 4 EDX spectrum analysis of RB Si,N,—PC

2.3 BRILEMEREE

R DA P AN 5 (a) BT, X B — 42 Si #3
WA CHEMF,D R AR K H 0. 90 g/em’$2
FE 1,16 g/em®, P, 58. 19% [#MK 2 44. 55% ., X &
BT 1 wm SiK AR /N oA e A4S 0k HE L
JE A 545 pom S PRSI R J3 A B e, SO E AR
W R K. RURLAR A BRI D R 7= AR T HE RS
B EEIJE D', H D, 3K 1. 28 glem®, P, 2K 31. 60% , 43 5]
Fb BUREAR 11 C/ T E B A IO (B =5 ARG

RB Si;N,~PC (/) D, #1 P, in& 5(b) i, D, 1 P,

1 Bulk Density parent Porosity

45

&S5
particle size of Si/pm

(a) SikyZE#

B b7 A% 1) A8 A 4 55 ZE R 1 R SO R] 3 B it <
LA Si By 1A 5] RB Si,N,~-PC 138t /& 14 ; [7] i), RB
Si,N,~PC FEAH LL T Si F B, D, 3K P/, F# A A AL
R RA T BEMNIZK, I T #5RfL. XT
BRAR LR, B SiBYRIARIE K, D, FHR/IME 1. 7335
F]1.96 g/em®, P, H 5 KAH 47. 44% 9/ % 39. 26%
UL AR T A B4R i, 22 B 8 %) 5 2 3 AR, D
FEW) D, AP, 53 S BUAS e RAE 2. 17 g/em® Rl i /ME
32.66%. HIL AT UL, SR I RUCKE A% e B RE I B 47K
RB Si,N,—PC [ D, fl P, i A ¥ 5 i

777 Bulk Density Apparent Porosity
3.2
28 F
24F

Tl

51.6: 0
i”._j %

140
150

7
S
% 160 &
=
/ 170
/ 180
190
100

DI
s
NN

1 1&5 5 5&45 4
particle size of Si/pm

(b) RBSi,N,-PC

5 R AR BE AL <AL
Fig. 5 The bulk density and apparent porosity of samples
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