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CVI �� Si3N4p/Si3N4 r!&W��
�_3 7�384�925�.10�68/
()��,�*��(#��!�% �$"-�&+'�)� 710072) �� 9 SiCl4-NH3-H2 j�CI��6IG"h�V (CVI) �y� Si3N4p/Si3N4 V+2*	 XRF <''F'-�/9 Si � N � O �~V7	 XRD <''F�?2*�/J�j

α-Si3N4 =�zHTx=�z SiO2, )Ng'o β-Si3N4 =zI Si, �owU����zHTx	$j α-Si3N4 = β-Si3N4. SEM h[���!\ao?.'wB�8/h�Y`	'-o`ql}��j 94MPa, sxC/j 4.1∼4.8.< I -� Si3N4p/Si3N4 V+2*�G"h�V (CVI); `ql}�sxC/�t6RB�TB332; TQ174 x|�j[�A

1 	��BGZ�OK%pty�S>�xm�S� /	J�igpK�j�fem~t��Q���s/Æ
z)e`�G�9��g	pDJ�eH1�O�m~��G~�NI>�N����xm�y�Zs4�-K%�S� &k�O~ep�4W,4,�*Af5Q_��$kp,�>(� [1].WUpeH14,z�
�O�D�p>x%�p��p�z�peH14,��K>pS��S�f�0�p�DNg�*n�0_� Y2O3 s�p[�H�)4,ptyD0��p7OIKA�)?%��/7�W,4, [2∼4]. z��ldzeH14,p
�O
CVI �>i,y� / x%�p (SI/HPS) �� CVI ��Oz�p~t��w�hp&>��Æ\��z�b��#�^&gsKw�5Q_�0$k� CVI �z� Si3N4 4,w�E��f�kB��*mz�SL,A_ [5∼8], �n7Jiyp C �l> SiC �l�/SJPz��ldzW,��4,�W,�l� Si3N4 �l� BN �l`j�2�`5Qw�<j� SiO2 �l�pz{ixm~Bt� SI/HPS �z�peH14,p(�la�Z-L,�f�
�u"�z�p&d&g�n�p7O�l>�b��_� Y2O3 �p[�A:z��ldzW,4,*jBb
z�!r7JH$iÆ�W
�z� Si3N4p/Si3N4 W,4,ÆJ Si3N4 �b"�H%L"UzJ�: SiCl4-NH3-H2 k�DJ��`UzJ|IU Si3N4 PJ�z� Si3N4p/Si3N4 ��4,�-?=()4,pL��yÆ��hp&�arm~>tyD0�*�z)4,phm:fa 2005–08–22, m0�9:fa2005–10–31GN~℄ 4^�vOu (90405015); {�!2a#-�;qX�Ou (CX200505)��HL 2 = (1979– ), O�3�'��
 E-mail: liuyi80126@yahoo.com.cn
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980 u Q 2 * " � 21 �p&>m~rbp,�� Si3N4p/Si3N4 W,4,ty�SmxNKP5Q_eBeH1W,4,�
2 h�
2.1 i��+7J Si3N4 � (	8| f}�GZO
#5�s� 6µm, α-Si3N4 :( >90wt%) >1}k}3 (A����TH"F� SiO2 :( 24.36wt%) L���b"�"℄` 400◦C �C�GH�vE>1}k}3L�H%L+6pUzJ� 400◦C C�GH��� CVI 6|�`
900◦C �IU Si3N4 PJ 150∼200h v(.(Di�P! �[��p��+4O�Y 1 A��

X 1 CVI y� Si3N4p/Si3N4 �?2*3NX
Fig. 1 Manufacture process of Si3N4p/Si3N4 composite material by CVI method�W�7J SiCl4(�|4#
�4,	�O
{#5�Y~ 99.99% �O:( (Fe3+,

Fe2+) <10ppm) �k1Y� NH3(�|�`H"F�Y~ 99.9%) keY� H2(Y~ 99.99%) k_i�IU�DB�^�eP!�DkÆ
SiCl4(g)+4NH3(g)→Si3N4(s)+4HCl(g) (1)!�+!spIUp~k 900◦C, H2 4(k 100mL/min, NH3 4(k 40mL/min, %#k

1000Pa.

2.2 7z)lJ X �E.6 (XRF, m507�#5� S4 PIONEER) w�W8�z�J X �*6 (XRD, <�UM�#5� X’Pert Pro) w�yÆ>{��z�J�Ey��h~ (SEM,|!| #5� S-4700) w�h-�>�z�J}C���z6 (�5�n:#5� 4294A)w�tyD0=(�J SANS CMT4304 S(+S=�warm~�7JV1�=C~>	i�9�
3 J?CoZ
3.1 *7�y}7z(.|�W8:(�( 1 A�� 1 Si3N4p/Si3N4 8D%V�nAU

Table 1 Elements content of Si3N4p/Si3N4 composites

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

ωB/% 33.9 17.9 0.0929 47.6 0.105 0.179 0.114 0.0377 0.0843 0.000380 0.0391
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4 d 1 <�q� CVI y� Si3N4p/Si3N4 V+2*'oR�R 981(.|�0:O Si3N4 � SiO2 > CVI Si3N4 ��L�� Si3N4 !b"X,� SiO2 �YO&�Z��4!b">H%7O|7Jp1}kep[�qAy��!MP CVI 6C�X?ix SiCl4 S H2O � O2 iJ�D�L SiO2. IUAy CVI Si3N4 H$\(�Y 2 k(.X(.`/Tp~�xV�Ep XRD Y� XRD �z(G(.�L�0k α-Si3N4 >{D (*r��;5f1�k{�), *Oh(p β-Si3N4 >{J Si.

α-Si3N4 � β-Si3N4 >{J Si �Pb"AJpeH1�J�{L�kH$iÆIUAy>1}k^1A�p{ SiO2, IUAyk{DeH1�(.` 1400◦C �D% N2 i�|xV� 2h E��Bh�pÆ%�uOB�({IUy
%k{D�(G(.�O%;p

X 2 Si3N4p/Si3N4 '-WwU�D'- XRD Xb
Fig. 2 XRD patterns of as-processed and heat-treated Si3N4p/Si3N4 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 Si3N4p/Si3N4 samples heat-treated at 1600◦C� 2 k�1e,Sg��\3�ObQY
Table 2 Mass loss after heat treament, density and open porosity of the samples

Heat treatment Density/g·cm−3

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 2.16xtz��(.` 1600◦C �D% N2 i�|xV� 2h E��1�Æ%�{IUy1�
%k{D�5_B�$kp�+(�|�qGtpiÆIUAyk{D [5∼10]. |!$k
Koichi Niihara sy [10] 1qG7J SiCl4-NH3-H2 J��` 1300∼1500◦C, 1330∼9310Pa %#���IUSbup α-Si3N4 [>��e SiCl4-NH3-H2 J�`tp�u��L{DpeH1�`�p (>1300◦C) 5S�L α-Si3N4, tp�IUAyxtz�%;�uO`l�p~
(�P�Ms{DIUypiÆ�Dp~)  E�b�xV�5S��)DÆ%�IUAy
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982 u Q 2 * " � 21 �M{D
%k{D�(.�pxV�KO���xV�p~S��9,��( 2 A��(. 1400◦C �xV�Oh���� 1600◦C �xV���lb�xV���QOb(����y�L�eL�k Si3N4 � SiO2 � SiC > Si. 2G(.|p1}kep[`�p��L)
SiO2 �l�1� SiO2 NS�p N2 i��D�L Si3N4, NS�K���D�L SiC.

3.2 vK;7zY 3 k Si3N4p/Si3N4 ��4,p�hp&i\�"℄Q1�U%;�p&xC�"℄bO 0.1∼0.3mm��mS�WM= (�Y 3(a)). MP�U��[w�niJ�D9~��(.(D~;IU�>eH1[> (�Y 3(b)), ���W7Ow��x�4,|9℄l�i���Up Si3N4 Mo��s�[ 4∼8µm, �W�℄xC�PJ	a&℄`h.s�l!MP Si3N4 "SPJxXg�WbLp (�Y 3(c)). MPb"7JpeH1�"k �"�p�L�\:���?O`sp(D (�Y 3(d)), A:��4,Q1P:-=jWU"mz��4,ADOp"�rD�PJp&�4,Q1a&℄`hi� (�Y 3(e)). (. 1600◦C V�E��|K�L Si3N4 {� (�Y 3(f)).

X 3 Si3N4p/Si3N4 �?2*o SEM h[
Fig. 3 SEM photographs of Si3N4p/Si3N4 composites

(a) Granulae and coarse pores; (b) Si3N4 coating; (c) CVI Si3N4; (d) Si3N4 particle; (e) Fine pores; (f) Whiskers
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4 d 1 <�q� CVI y� Si3N4p/Si3N4 V+2*'oR�R 983

3.3 T��`7z=n Si3N4p/Si3N4 (.arm~�C~>i�9�( 3 A��� 3 k�1ud3�\3�ObQY
Table 3 Flexural strength, density and open porosity of the samples

Flexural strength/MPa Density/ g·cm−3 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

Si3N4p/Si3N4(.parm~��k 94MPa. C~k 2.2∼2.3g/cm3,	i�9k 13%∼22%.

Si3N4p/Si3N4 4,parm~s�P(.p�hp&���"℄b>"℄QIU�6��6"℄bp�/(xC�i�Q^Zb (�Y 3(a)), NiJ�D9~C��(.Q1
mR��W�(D8IU	�>eH1[> (�Y 3(b)), |Kix4,m~Zt��r�64,IU�℄xC�90i��n�0�℄�~;��l�m~�C~>i�91F�(.arm~�IUd���C~��i�9��m~1KH��R7d�b"Q^:d�UzJi�Q^�d_}#iJH��W�6&�Z��:H�4,pm~��pxV�jt)4,parm~�l!?k1}kep[�p�J����)eH1"bp�>"℄bp��ix4,m~�j�
3.4 M2�`7z(.`%p�tyD0=^9%Hr��Y 4 A��=(^9�ik 103

∼3×107Hz. MY 4 �e(.tyD0==(^9db�d��etzt`
4.1∼4.8 rb�h__yB^9Bt�pP 0��4,|p��VH|S�	__yB%H�tyD0_j�bt�h__yB^9�h����6PVH`L4^9	��/	__yBp%H�6PVH�tyD0p$	�hd��?�tyD0=^9p���d���Yb[` < 104Hz �iQ�tyD0t==(^9	�,{��&k6PVH^9mx__yB^9����%n�� X 4 '-$osxC/<℄8$Go+�q�

Fig. 4 Dielectric constants of the samples vs frequency at room

temperature

Samples 1-1,2-1 are samples1,2 heat-treated at 1400◦C, respectively



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

984 u Q 2 * " � 21 �Le!(.xV�E�1}kep[J��hAYeH1�S�1� *f��.�b(�by<�ixtyD0t,{_� [11]. h^9B���tyD0vMn5VH�z�pP��t�(.xV��:Tt NH4Cl s^{�jttyD0��epPtz�
3.5 #p/F>s"'X�`5�

Si3N4p/Si3N4 W,4,>eBeH1W,4,�S�"�( 4 A���D�peH1m~;��ftyD01l� [1,4,13]; �pMAeH1w�L_�p[�fMAeH1�℄` *f�ixtyD0Æ�l� [12,13]; 4,C~ÆT���p7O|A��,H1�:jttyD0 [12], A�eH1{��:H�4,m~ [15]. Æ��)�7JH$iÆ�W"UzJz�peH1W,4,�OX,;Ms�L!t$�Y~��hp&�Æ\�w%��x�Q^L�sKw�ST�=ÆS��S>W,�S�!4�BOkZpW,4,�� 4 $6.E=q %V�^4�
Table 4 Comparison of some silicon nitride radome materials’ properties

Materials Flexural strength/MPa Dielectric constant

1 Si3N4p/Si3N4 94 4.84(30MHz)

2 Si3N4p/Si3N4 91 4.69(30MHz)

1-1 Si3N4p/Si3N4 64 4.57(30MHz)

2-1 Si3N4p/Si3N4 63 4.10(30MHz)

3 Sintered Si3N4-Si2N2O
[1] 500 7∼8

4 Reaction sintered Si3N
[4]
4 5.6(8∼10GHz)

5 Sintered nano Si3N
[12]
4 89 4.8∼5.7

6 SION nanocomposite[13] 190 4.78∼5.00

7 SIBALON composite[14] 7.47(8.5GHz), 7.14(35GHz)

8 Electromagnetic window[15] 85 4.03

4 JZ
1. 7J SiCl4-NH3-H2 �DJ��W Si3N4 "UzJz� Si3N4p/Si3N4 W,4,�

XRF =((G(.�0:O Si � N � O ��W8�(.�0L�k Si3N4 � SiO2 > CVI

Si3N4.

2. XRD =((G(.�0�Lk α-Si3N4 >{DeH1> SiO2, *Oh(p β-Si3N4>{J Si. �pxV���{IUy
%k α-Si3N4 > β-Si3N4.

3. (.parm~��k 94MPa, C~k 2.2∼2.3g/cm3, 	i�9k 13%∼22%, "℄bp�/℄�90l�bi�
z)4,m~pH��
4. (.tyD0==(^9���jt��}pPtz�tztk 4.1∼4.8, �pV��jttyD0�(.ty�SmxNKP5Q_eBeH1W,4,�(Pw{
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Characterization and Properties of Si3N4p/Si3N4 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: Si3N4p/Si3N4 radome material was prepared by chemical vapor infiltration (CVI) with

SiCl4- NH3-H2 systems. XRF analysis shows the specimen mainly contains Si, N, O three kinds of

elements. XRD patterns indicate the sample consists of α-Si3N4, amorphous deposit, noncrystalline

SiO2, small amount of β-Si3N4 and Si. Amorphous deposit can be converted into α-Si3N4 and

β-Si3N4 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∼∼Si3N4p/Si3N4 radome material; chemical vapor infiltration (CVI); flexural strength;

dielectric constant


