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1 %= B

BN 274k £ Ll 43 Tl B 8 & v F 5 e i o, R
1000 #2, P42 E 4% 7~8 pm, ¥ 1.76 glem®. 1%
¥ 958 BN 28 4 i (W R M &b T Ui s RE,
KM 1 CVI L 2K £ BN Jt i F1 BN SiBN.
SizNy 3 Fii%E4A, 3K73F BNyBN. BN¢/SiBN. BNy/SizN,
3P YE R AR R BN L] 4 ok A8 TR b v k4T
il 25 TR R S A A b B, SR EEE 650
800 C, WM 2 h, HZ. JRIMHLHERILH AS
(as-received), FAbHE 5 1947 4 o) 43 ) id b HT650
HIHT800. Ak, K H #4Hs bont £F 4EJE AT 1600 °C 1)
AL B, R, Ny A0 RIS TE] 2 he ¥ BN 274
SR B A SEAT WA AL o B . # BN 2F 4 sl Bl
mini & A8 BB K EE 70 mm (6 $z A6 3588 347 A
S B IR o K BN 2T 4 ORI 2T 4 R 53 4 b4 R FH A S8 b
Ag i 4, A5 AR AE, K<) 22.86 mmx10.16 mm.

PO T 3 W 8¢ R i 7 S BE (SEM,
S-4700, Hitachi, Tokyo, Japan). JG 2 415 #71 K H B
WY (EDS, Genesis XM2, EDAX, Mahwah, New
Jersey ) o C JG & & = M 70 #r K H ik B 4 A1 A
(EMIA-320W, Horiba, Japan), 5% RSD<0.5%. ¥
AH LR 23 B R X B 2R A7 340 (XRD, DS8-Advance,
Bruker, Karlsruhe Germany), Cu Kal, & H [k 40 kV,
FHLA 100 mA, BK 1=0.154 056 nm, 393 %
i 4°/min, KA 0.02°, HHFEVER 10°~90°. ffif
o5 B WA 2 1 56 IR AR UE ASTM D3379-75 HEAT & i 47
P REAR, K H Instron 3345 %! (Instron Ltd., High
Wycombe, England) HL J7 G2 i 50 AL 2E A7 H7 4 1A 5%
INEGEE K 0.2 mm/min, AREEA 50 mm. A HLHEEL
ISR e SR =, A R B4 A BT (VNA,
MS4644A, Anritsu, Atsugi, Japan) iR, 03845 Bk
X-band (8.2~12.4 GHz).

2 HR5WE
2.1 BNAHERMMEHSHEE

z1 MRIZSH
Table 1 Deposition parameters
BCl; NH; H;, Ar SiCly
Flow/mL-min”'
BN 650 18 20 60 100 100 O

SiBN 800 1 12 10 60 100 100 100
SizNg 800 80 0 60 100 100 100

Matrix T7T/°C P/kPa t/h

2.1.1 fhs#M

il BN SR 2 i OR e R oo (& D
7S A Y R T ORN AF Yt 2 T AE AR K BRI S, oy
FiAN¥y, EDS 4t (E 1. % 2) BoReF4eRmocs
Bk B. NJG#4h, & H C. O, Si3 Mo, 44
2R S5 C. O B Si &R Z . YR IbE,
BN £F 4 R {7 4E — 2 HHEW lFik)Z2, H C. O Al
Si 3 Fhot B AL, 3 A2 LT 4 R P A H

Pl 2 Ay 1l % e 88 45 R4 A A AR BE S BN 2R 4E R T
MR TE S . Sl AL PR S ,  2F 4R 32 1T A P 2
WO, AR B e [ AR RORL AR IROR TS R
2b.2d) TH LR F BN £F 4 3% [ A7 8 K &= 4 /NI AL
JSHAE 50~500 nm, 34T A, 23 5600 7 4E ¥ J) 2% Fl
S HLPE RE X S TOU Bk B T RE A B BN £F4E 1 1) £ T
285 .

2 2 % R E A5 AR A AL BT BN AR 4E 3R
M E SR . 650 CHRAFE BN £ 4 £k
Si. CILHEW K, O TLHE G = NI, Ui i 72
AR 2 SR TR A LI 7O 2 R o i, 6T B AT HE TR
Jiah BN 204 LB iR)E M E R TR ARk C. Si
O, Bk BORLAEN & B,Ose HI T RE WAL 73 M7 IR B
ALK, @ TR M Jr s, SRA C-S BRIINAY
X BN ZR4E) C =47 0 Hr. Jilh BN 474 C &%

Element B C N O Si
at% 44 26 17 11 2

Element C N (6] Si

at% 61 18 16 5

1 54 BN SHERBORTE IR Ao 74
Fig.1 Surface microstructure and elemental composition: (a) BN

fiber bundle and (b) binder between fibers
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Fig.2 Surface microstructure of BN fiber bundle after heat treatment: (a, b) 650 C and (c, d) 800 C

T2 PAIEN BN AHRETESENEMN

Table 2 Effect of heat treatment on the surface elemental contents

of BN fiber (at%)
BN fiber bundle B C N (6] Si
AS 42.52 25.83 16.68 12.17  2.81
HT650 68.34 0 25.53 6.13 0
HT800 67.75 0 16.18 14.77 1.30

i 16.18% (im0, AL E C FEEN 0.3%
PLR, 2 BH 3 10 i J2 40 5 i A B )5 1t 90 A

Ji 4 AN [ 3 B A AL 385 1Y) BN 41 4E 1) XRD i
B 3 froc. M Scherrer 2y 30 i 51 ki ]~

D=kA/(Bcosb) (1)
b, DOAERIRST, 42 X &K, g2
s, 0 JEFRiit . p=B-b, B FEFEM AT 0%
i (FWHM), b WA . k2t — 28, RH
e i 0 I R 0.89 0 B U £ 4 41 (002) 4 11 ( 20=26.749°)
AT (1 AT ST W A, T S4B SR RS 29 1.4410 nm,
Vi £F 4 2 g K RBE I h-BN SR 4L, AL R
BAK. X BN £F4EE4T I 650, 800 CAI N, A4
1600 CHALHLE, 7%t R AEAE h-BN. H 2 650
H1 800 “C 1 il % Wit B2 A5 A AT, AT S U ) i B A
T BB R AE I ARk, M AL R £ R R AR
FE N, SO 1600 CHALER 2 h Ji5, A7 506 i 5 i
WK, WEARAS, UiW] BN £ 4E b ok i Ak R R
R E N

(0-02) = 1-BN

. (100) o4 (110)
1600 C n (00 -
800 C_#™
650 T
[AS AN AS

10 20 30 40 50 60 70 80 90
20/°)

Intensity/a.u.

K3 BN ZF4E XRD 3%
Fig.3 XRD patterns of BN fiber
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Pl 4 2 1 5% i P58 S5 A P A AR PG BN 2T 4 R
PR PERE RO RE M . BN 2T 4 1 22 5 i BoA 70 e, %
G A, SEAERREGLTZ D, T4
RN — D BD W R A RLRE, O A W7 %
&, fufdhde (& 4a) ETFBRIRIRAN T . 5
45 BN 212 AR iz (it 26 FR B 2218 R RS 0, 5
DI P e MU R R 2E, R0 o) 21 4 o 22 W 3¢
i, B AN ek B YRR E, )
RPAWIER; BEAVDPAW . 2L 650 A
800 CHMALELIR, A HLILZ Wik, 2F 4 [0 A2 2
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Fig.4 Influence of heat treatment on tensile property of BN fiber

HT800

bundle: (a) tensile curve and (b) tensile strength
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By 0

1 O RS e R (PN G RS o T S (T 2 o L A 1913
JI N Weibull 4347 , 111 £F 4 1) 98 5 o0 B30 1 I &0
AP200 K 4b S0, AR 650 Al 800 C kb H S
BN £ 4 3 (1) 58 53 93 9 94.57.114.43 F11 94.29 MPa.
J5is BN 28 2 el T 4A MU 2 A2, AR 304 4 1A
S BURAR, 3 IR o R AR . PR BT S I A 4
RIMAWIRIZWE i, FIRRAR G, A4k
B bt m, SRJEHE S 800 CHALELS, BN £74E
H S BERS A B, BN £F 4 A B 16 1 43 R0 45 3
R FEARN, FYrh 51T ByOs 55 % i 2 bl 45 # Ak
AT B B A R, Bl (B
2b. 2d), FEHALERRE R, IR0 45 AN I8 Ak
TR, e B R U
2.2 BNHAHEREEGMHBMEH S ERE
221 e

BNy/BN. BN/SiBN FI BNy/Si;N, £F 4 i 5 & 44
BF B R 2R B SR 5, SRR G B L 3.
BN. SiBN FI Si;N, 3 i % 55 44 ¥ 32 11 50 4 5 IR

A ot A A R BB (R SRR R BT AR L
3B AR R SE AR 5 2T 4l 45 5 B, I BN 5 SisN,

1) A2 ik 2R B ) (%%i&]z’aﬁ 3.2x10° KD,
CVI L&MW “HBBN " IR K R 2N E

5 HAaMEIERES

Fig.5 Microstructure of composites: (a) cross section and (b) surface of BNyBN; (c) cross section and (d) surface of BNy¢/SiBN; (e) cross section and

(f) surface of BNy/SizNy4
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Table 3 Elemental contents of BN, SiBN Al SizNy matrix

(at%)
Material B N Si (@)
BN 69.39 25.85 0.00 4.77
SiBN 71.15 21.90 6.02 0.93
Si3Ny 0 51.61 48.39 0

BRI 3 s R, AR LR . SRR
FVEPH, YR RO BRI, {55 BNL SiBN A1 Si;N, 3
FhIEARI IR EE 3900 0.77, 0.96 A1 0.78 um, 74
IR E (Ve FREVEARRR T LB 20504 57%. 53%
R 57%. FLBRE W IR0, X5 EE AR . BN/BN
FIBN¢/SiBN R4 5 S i (i) A5 21 BH &l 73 5 26 (1]
5a. 5¢), K4 BN ikl BN FUEAHE (3% 3), SiBN
Sy L BN O PPN, 5 BN 4L .
BN{/Si;Ny JeAR 55 512 ) 47 7 ] {573 S 26 (] 5e), SisNy
FAKLL Siv N &N L, SHmE BEER.
2202 FHEARMA

PRI ORGSR ESE T Weibull A8 3E4T 4>
FrB2, 3 Fh £ i R A2 A b4 R i o B R L Weibull Ziit
BN 4 s 2F4E 2 T EUREA, R BUHIE
FL B X 58 FE 1 5 ) v L 20 . BNYBN . BNgSiBN Al
BNy/SizNy FIFTH7 58 B2 f5 KAE (omax) AT EIME (Weibull
G, E(o) MKIKFEG, Weibull B (m) KK
NFE, HIREE M EOMERS K. BNYSiBN Al BNY/SisN, J& 7
800 C FHHATIAKRMIHIE, 1 BNYBN 21 650 C N
TTHARI I S G AR T Yl I 5w, &4
B ms RN B A2 R AR T £ S AR R it i T
b

IbAh, R AMEMA RIS, 245 R A
DG PO o) B it AR 21 24 1) ) 24 VE R IR R 5 S 255 ),
HA 52 G AR TR A2 )

Ef
op =0mu[1+Vf(E——1)] (2)

m

S AR oy K9 FE RS0 E , Ve by £ 4 RN 0 4
E WU, En NIRRT . 27 2 5 B AR 2
B ILHC 4 fF, R E/En>1, 27 4EReke 28R 4E 1] .

R4 3 MESHRIEITRRERE RE Weibull 125
Table 4 Tensile strength and Weibull module of BNy¢BN,
BN{/SiBN and BNy/SizNy4

Composite Vil% omax/MPa  E(o)/MPa m
BN¢/BN 57 82.7 68.8 12.9

BN¢/SiBN 53 54.2 30.6 2.8

BN/Si3Ny 57 32.5 26.2 1.66

%} T BN¢YBN. BNySiBN Fll BNy/Si;N, 3 Fi & & 44 %l
M, EJE, WA 54 0.80. 0.53. 0.31, ¥+
B RBCRAS, RICRE B IRIG K, Wk 5 o,
DRI I 21 4 i 44 i B0 A4 Ty B 10 1 44 o 21 A/ Bk A LA 59
S G BAR 3 MG T BN St BT
41 BN FLH AR S A, A HAR M ZREH, F
Y /3 A (¥ FETHT 45 4 0 R AR R Y, e L S B2 U A e
FIEF 4k 1 (fiber pullout), JEARRE L2 5 B 5 4F 4k,
I8 LT YERE T R A, AR R I M T 2R ) 2R
AT A, I W 250 B I .

3 M ARRHE A 2 AT FOB SR A E 6 FE 7
fi. HihZi%n, BN¢YBN. BNy/SiBN fil BNy/Si;N, 2 &
PORERT BT 22 Y ) R 2N AR R B, I HLATR IR Hh i
WIRFAE o F7 BRI 11 SR B M PR R P DR SR A, TE 4T
Yk th o

%W LI WL T 3 3 He-HutchinsonP** 141 Hi )
ZLU e 5 B ORI AR RS, ] 8 . gy
PRk 21 2/ SRR URG X RN £T 4 2R X o B A AL bR
R PPER R RIC 1 o, HAIL (3D F (4 315, 9L
MAKT T/ Ty R ST R AR T WL e 2 HE

a=Lr ~En (3)
E, +E,
E =E /(1-v) (4)

Aorbe A m ARRLFYERIBENR, ESNEMAIE x (1

£5 JMEAMBMESL

Table S Modulus ratio of three composites

Composite E{En Fiber pullout, Y or N
BN¢/BN 80/100=0.80 N
BN¢/SiBN 80/150=0.53 N
BN/SizNy 80/260=0.31 N
90
g0l —BN/BN
_ 70} —BNI/S?BN
E ol ——BN/Si,N,
2 50}
2
Z 401
2 30F
S 20t
= 1of

0 1 1 1 1
0.0 0.1 0.2 0.3 0.4 0.5
Strain/%

K 6 BNyBN. BNySiBN fil BNy/SisN, 2T 48 o 5 & %1 kLK
A GRS
Fig.6 Tensile curves of BN¢/BN, BN¢/SiBN and BN¢/Si3Ny4

mini composites
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K7 WraJes
Fig.7 Fracture morphology BN¢BN (a), BN¢/SiBN (b), and BN¢/SisNs (c)
x6 FEMBMER
Interphase L rl0 \ Table 6 Properties of raw materials''*?**7
K 10.93 2 ] A
G i L G Fracture
ép'ba 0.8 II/ ) Density/ Poisson’s Modulus/
il [ Fiber failure Constituent 4 ] energy,
) g-cm ratio GPa
Matrix F/J'n’l_2
BN fiber 1.8 0.22 80 8.6
: BN interphase 1.4 0.22 100 3~8
Debadding 1 BN matrix 1.4 0.22 100 3~8
L 'O‘:§3 '0:3 : a0 ' ' . .
1.0 05 9100 05 1.0 SiBN matrix 2.2 0.21 150 -
Elastic Mismatch « Si3Ny4 matrix 2.8 0.2 260 -

K8 R arin % 55 F 1 i K A 4 &
Fig.8 Crack deflection and interphase debonding criterion map Li,
L, and L; denote the calculated range of I3/It for BNyBN,
BN¢/SiBN and BNy/SizNy, respectively[33]

S THT N AR B B, EL R v, 43 ik R G R SRE  R R
Pl o 1 2 /55 U JB0RY g 75 ZE R w2k A . £F 40
GRS ORE R M T ZRE D . BT il 1 Bl B 43R 6
d. MRS T300 C R4 AER S 8.6 I/m®, 1fif
BN £F4Ef 45/ 5 C LR 4EAHIT, 5 BN 2F 4k (1) by
ZL68 129 8.6 J/m?. BN FLii W 2L 3 3~8 J/m?.
AW, %} T BN¢/BN. BNy/SiBN. BN/SisN, 3 ffi &
AR, BN FLIH AR BN 2R 4k 404, T/ 7
H0.35~0.93, AL TVL<1/4 12840 0 5 ) 95

B8, HA Y S W A S AT e 2 Ll
(LYrp) /NT0.25 BF, G0k 54 A4 v 68 & AR fi
e FUOmE B okS . % F BNYBN . BNy/SiBN il
BNy/SisNy, a 20 5H14-0.11. —0.30 F1-0.53, 3 Fh&
BRI F L EX (B 8), Fifab ¥ RS
G, AR ERS, EAME R H M
Wi % . 42 m BN FUIH I A0 RE B2, FRARIL T 2 A

J& S BNY/BN. BNy/SiBN Fl BN/SisN, & & #1 B
S T4 TR DG B
223 AwHEE

BNy/BN. BNy/SiBN #ll BN/SisN, £F 4 ok 5 &4
BHE X-band [/ APEREWIE 9a~9¢ Tk, 3 ME A
FARFE A H o B2 Cer) #<3.0, S U HRE 38 Cem)
<0.1, JrH#FE (tand) <0.04. A HARFE LT 4R E
GBS IR IR A S AT G, BRI A H P e
Bl od firos, BRI A i Elodm =y, 6 5245 AR A
HL W K WA AR AR R 8. M A A R R
GBI, R DU ST ) A% 1) G BRI A R A
e'<3, THHFE tand<0.04. & A ARIE A HH L
G A H A8 8 YR T~ 52 5 M RE v 1 AL B AN A Fl 4
BARM BN £ 4 5 A i B A BLURE 29 ) ok
1 A0, AT LU 25 BRARALREIR A i H . AL BRI A7 7
AIEAG KA 5 B0 BN AT 4 39 3 0k (AR o Bok T
50%) 11 3 BNy/SisNy 545 ABHKE Bk e AL T SisNy
W S TR I B Mk e o DRI HME LA IR I B i, 3 M A M
BRI Ve e AN RE AR 95 S0 00 45 R BT LR,
W=D 5. 275 5 18 M RE R A LT BB, BNYBN
J)EvE e Al BRI R, RO RRE L.
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5.0 a 0.11
45p T BNAN 0.10

—— BN/SiBN )
401 ——BN/SiN, 0.09
351 0.08

o 30f % 0.07¢
25 0.06

! 0.05f

201 0.04}

L3 0.03}
1.0 . . . . 0.02

9 10 11 12 9 10 11 12
0.05 3.25
—— BN/BN c 3.20F d
—— BN/SiBN 3.15¢
0.04 ¢ ——BN/SiN, 3.10F
3.05F——————— £
:% 0.03 3.00% ga
&
0.02 0.1F
tand
L . . . 0.0 : L " .
0-01 9 10 11 12 9 10 11 12
Frequency/GHz Frequency/GHz

K19 BNyBN. BNySiBN. BNy/SizNg 4RI G HR KA BRI B H RS &0 JEHE &R FEAUAE tand
Fig.9 Dielectric property of BN/BN, BN¢/SiBN and BN¢/Si;Ny: (a) ¢’; (b) &”; (¢) tand; (d) &', &” and tand of resin

3 4 it

1) BN 4R MIAFEANREMIGRE, B C. O
1 Si 3 FhoTZE ALK, 7F 650 F1 800 C B 2= HAb H f5 43
fift, ¢ 4 20 A7 A5 KR 50~500 nm (R AL BB . £ 4
(FIAH 53 R b A R B AR h-BN, 16 524 M R} i
#HE 650 K1 800 C FARKAALL, 1600 CHu kb
S e AR R s o A U R AR AL R S A o R e A
AR, 800 CAbHE SV Hrhffism izl 94 MPa.

2) KM CVlI L Ziil4 T BNyBN. BNySiBN A
BN¢/Si;Ny 3 MR FEIEAAI E A kL, AR5 5057
K 57%- 53%F1 57%, bR e EME 730 68.8.
30.6. 26.2 MPa, KKK, FZJREA: F4EMHi
I 1) 4 T T T AR 4 5 R A ) A e 2R R P
BOK,  LRYER BRBAE BN 3 FPEAAORH F T
Sher oI s TR A S I T

3) BN/BN. BNy/SiBN Fil BNy/SisN, 3 Fl¢T4Ei &
BRI A B H BOSEER 6/<3.0, A HLAURE tand<0.04, H
WEE D PERE BT . 3o, BNYBN E &+ BHE J 2 Mg
B Sk TP R SR AR RE, BB ERRIR R, 4%
A rERE ST
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Preparation and Properties of BN Fiber Reinforced Nitride Mini-composites

Li Jianping', Cheng Laifei', Ye Fang', Cheng Zanlin', Liu Yongsheng', Zhang Mingxia®
(1. Northwestern Polytechnical University, Xi’an 710072, China)
(2. Shandong Research & Design Institute of Industrial Ceramics, Zibo 255031, China)

Abstract: BN¢yBN, BNySiBN and BN¢SisNs mini-composites were fabricated by low pressure chemical vapor deposition/infiltration
(LPCVD/CVI) process. The microstructure, tensile property and dielectric property of BN fiber bundle and these three mini-composites were
investigated. Results indicate that BN fiber is composed of #-BN with low crystallinity, whose phase structure is unchanged after heat treatment at
650 °C and 800 °C. A large amount of micro pores with size of 50~500 nm exist on the surface of BN fiber. Mean tensile strength of BN fiber
bundle heat treated at 800 °C is 94 MPa. Average tensile strengths of BNyBN, BN¢/SiBN and BNy/Si3N4 mini-composites decrease in turn, which
are 68.8, 30.6 and 26.2 MPa, respectively. Three mini-composites all exhibit brittle fracture behavior, owing to the modulus mismatch between
fiber and matrix and strong interphase bond strength. Cracks cannot be effectively deflected and fibers cannot bear the load effectively. Real part of
dielectric constant and dielectric loss are lower than 3 and 0.04, respectively, leading to good electromagnetic wave transmitting property. BNyBN
possesses the best comprehensive performance.

Key words: chemical vapor infiltration; BN fiber; nitride ceramic matrix composites; mechanical property; dielectric property
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