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Fig. 1 Manufacture process of Si3N4p/SisN4 composite material by’ CVI method

BER R SiICLEE R B BB A BT R AR RN, A 99.99% . SE & (Fe?T,
Fe?t) <10ppm) 1E ML, NH(BEpd XA T, 4 99.9%) H A, Hao (45 99.99%) H
B VIBURMNARE Z, HEEARMN N

SiCly(g)+4NHg(g)—SisNy(s)+4HCl(g) (1)

7 S 6 8 B DT ARIR BE y 900°C, Hy 4t i 2) 100mL/min, NH3 iff # 24 40mL/min, Fk 77K
1000Pxa.
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Table 1 Elements content of SisNy,/SisN4 composites

Elements N O Al Si P Cl Ca Mn Fe Ni W%

ws/% 339 179 0.0929 476 0.105 0.179 0.114 0.0377 0.0843 0.000380 0.0391
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Fig. 2 XRD patterns of as-processed and heat-treated SizNup/SizsN4 samples
(a) As-processed infiltration; (b) Heat treatment at 1400°C for 2h;(c). Heat treatment at 1600°C for 2h;

(d) Floccule derived from SizNy4p/SizNy4 samples heat-treated at 1600°C
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Table 2 Mass loss after heat treament, density and open porosity of the samples

Heat treatment Density/g-cm™>
temperature/°C Mass loss/% Before heat treatment After heat treatment
1 1400 0.36 2.08 2.07
2 1600 3.48 2.30 2.22
3 1400 0.55 2.19 2.18
4 1600 3.09 2.23 2.16

A, WFETE 1600°C N H R No R4 AL EE 2h J5 R TR AEAE, JESM TR #4r %%
A5 R 7S, EIMRZE 2 1 5L 06 B 55 A0 AT UE B AR IR S AR VTR g o B A PO g Ak
Koichi Niihara 2 A [0 4 {iF A % B SiCl,-NHs-Ho f& &, #E 1300~1500°C, 1330~9310Pa JE /7
T, AR S a-SisNy IRZ. A SiCly-NHs-H K RZEMCIR T H o A iR & 28 0 &db
i, FEEIR (>1300°C) A BEA AL a-SisNy, RIR FUTAR=MfR et R T, RAEREIRE
(5 F AR B S TR W AR ROV IR BE) SEAC IS [H] R B A BB R A W S A AE, TR =4
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WA R, HAAH SisNy . SiOy . SiC Al Si. BB IR FE H REE IR K S FIE B R FAER T
SiOq 2148, #ir SiO2 s 5 EiR Ny AU A B SisNy, 505 £ 853 38 SO A4 A% SiC.
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Bl 3 & SisNyp/SisNy H &M R B IR . BRI NI B R 4, S5 %80E, B
A [H A 0.1~0.3mm FLBR AR REE FE T (E 3(a)). BT B S 2R IEFT B RN TR,
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L. BB SisNg 2ERIR, HERY 4~8um, BEM S, L LHFEFEMRL, XEH
T SigNy Hikr 5 3 R B2 Ak 2 0 1 ) (G 3(c)). B 1 2 R R T 6 S0 Ak b SR o B /N B
RLREGE R, ML, BAFERRE (WA 3(d)), BT LA & bR Py 38 LA 2144 45 50
LR A FOR BT A B BRI, R, RS, BN R AR FE R L (L 3(e). iR
£ 1600°C 4b 22 J5 FLBR A 2 A B SisNy 28 (i 3(6)).

B 3 SisN4p/SisNg B A #EH SEM B A
Fig. 3 SEM photographs of SisN4p/SisN4 composites
(a) Granulae and coarse pores; (b) SizNy coating; (¢) CVI SizNy; (d) SizNy particle; (e) Fine pores; (f) Whiskers
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Table 3 Flexural strength, density and open porosity of the samples

Flexural strength/MPa Density/ g-cm™> Open porosity /%
1 94.04 2.28 14.2
2 91.84 2.31 13.2
3 63.22 2.11 22.6
4 64.26 2.31 17.2
5 54.03 2.30 14.3
6 52.57 2.15 22.1

Samples 3,4 heat-treated at 1400°C; Samples 5,6 heat-treated at 1400°C

SigNap /SizNy RFE ) 58 B 5 5 4 94MPa. 25y 2.2~2.3g/cm® F R FLE K 13%~22%.
SigNap /SigNy B4 25 il 58 B BT 3R (1 S0 32 49, A0 35 S50 AT TR]RTBOREL A P DT RLSCR
b SRBOREL AT (8] 45 & A B0, LRSI (I 3(a)), BT B 338 JBE R PR, 1A DY 3T
RIEDEE, £ECTHREZEALERZE (WE 3(b)), FFEBR MK, K2R
METRY S80%, RERIVNESAY S, 255 TRBEERE. % MR AL B m
ThaRE, VRN EL, FFF, AR, BEW SRR, @ /bR R F RN B
RARFLRSE, 3 IR S 2 75018 35 RCR B Pl 42 1T DA R AR SR B iR B A 2 PRI
T RO R B, XN REVE IR SN R N R, W55 T A Ak RE UKL (W) 45 & A SURL
W E 45, 806 B R BE TR
3.4 MRS

IRFEE R N H BB I 8 A Ak M R & 4 s, R A 3 BBl 10 ~3x107Hz. B
B 4 7] LA E v R T K
R /N, HAR e (A
4.1~4.8 Z [H]. 24 4N e 3 55 %
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e Ak 0 B B 1 41 I e 35 A8 4k,
I HLH B B B R AE 24 4 m
HL 3 M5 R 2 Tt R, R b AR
P TE R I I R A B4
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Dicelectric constant

RO ST R D, B A 1.0E+3 1.0E+4 1.0E+5 1.0E+6 1.OE+7  1.0E+8
o F; /H:
e, AT 2149 T 8 1 O/ e
P K27 < 10*Hy 75 FH 4, B4 BB AN A SRR A Y 3 R 2
A, B B R R R Fig. 4 Dielectric constants of the samples vs frequency at room
) temperature

gy, AR At A A O R A
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Samples 1-1,2-1 are samplesl,2 heat-treated at 1400°C, respectively
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Table 4 Comparison of some silicon nitride radome materials’ properties

Materials Flexural strength/MPa Dielectric constant

1 Si3Nyp /SizNy 94 4.84(30MHz)

2 Si3Nyp /SizNy 91 4.69(30MHz)
1-1 SizNap /SizNg 64 4:57(30MHz)
2-1 SizNyp /SisNy 63 410(30MHz)

3 Sintered SizN,-Si2N,O! 500 7~8

4 Reaction sintered Si3NL4] 5.6(8~10GHz)

5 Sintered nano SigNLm] 89 4.8~5.7

6 SION nanocomposite[m] 190 4.78~5.00

7 SIBALON composite['¥] 7:47(8.5GHz), 7.14(35GHz)

8 Electromagnetic window '] 85 4.03

4 45

1. R A SiCly-NHs-Hy 2 WAk 2R %5 SisNy 550k: 7 il 44 il 45 SisNap/SisNy 175 3 51 K
XRF MRS EESA Si. N O =MicR. KHEFZERMT K SisNg . SiOy fl CVI
SigNy.

2. XBRD AR Bl BN o-SisNy FHE G S AR Si0,, JFA M fY 5-SisNy
AR AR Si. e IR R4 2 AT IR R TR A8 O a-SisNy I B-SigNy.

3. A RRIY S I 5R BE A = Ry 94MPa, B BE N 2.2~2.3g/cm?®, JFRALE N 13%~22%, HUkL A
(B 4 & A, FRE B KL G T AR R BE A48 =

4. T FE A B R ROBE K 2 A S AR, A TRE, REEN 4148, HiRAH
Al AR AT W R B PR B PR BRI B T B N A 3 At AL R B A R
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Characterization and Properties of Si;IN,,/Si;IN; Radome Material

Prepared by Chemical Vapor Infiltration

LIU Yi, LIU Yong-Sheng, ZHANG Li-Tong, CHENG Lai-Fei, XU Yong-Dong

(National Key Laboratory of Thermostructure Composite Materials, Northwestern Polytechnical Univer-
sity, Xi’an 710072, China)

Abstract: SizNy,/SisNy radome material was prepared by chemical vapor infiltration (CVI) with
SiCly- NHs-Hs systems. XRF analysis shows the specimen mainly contains Si, N, O three kinds of
elements. XRD patterns indicate the sample consists of a-SizN,4, amorphous deposit, noncrystalline
SiO9, small amount of §-SigN, and Si. Amorphous deposit can be converted into a-SigN, and
(-SisNyg by high temperature heat treatment. SEM-photographs show weak bonding and large
pores exist among granulae. Maximum- flexural strength of the samples is 94MPa, and dielectric

constants are between 4.1 and 4.8.

Key words~~Si3sNy;, /SizNy radome material; chemical vapor infiltration (CVI); flexural strength:;

dielectric constant



