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Dielectric properties measurements on silicon nitride fiber based on high-Q cavity method

LI Qinghui, KONG Weina, LI Zhe , WANG Shaomin , WANG Shaokai, GU Yizhuo , LI Min’
(School of Materials Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: The silicon nitride fiber has excellent high temperature resistance and wave transmission capability,
which is an ideal reinforcement using for high-temperature wave-transparent composites. In this paper, prepara-
tion and test methods for the dielectric properties of ceramic fibers tested by high-Q cavity method were studied
and optimized for continuous ceramic fibers. The study shows that the fiber content in the dielectric test sample
should be no less than 20wt%, and less fiber content tended to result in a relatively smaller value of the fiber dielec-
tric constant. Meanwhile, the length of chopped fiber has effect on the repeatability of the fiber dielectric properties.
The samples made by the chopped fiber with the length no more than 1.0 mm are of high quality and the
resulted fiber dielectric data are more reliable. In terms of data processing, the applicability of three dielectric mix-
ing models of Lichtenecker, Bruggeman and Looyenga was discussed in comparison. Finally, the permittivity of
quartz fibers was calculated based on Lichtenecker dielectric constant logarithmic mixing rule, which was consis-
tent with the reported data. It has been found that the silicon nitride fiber has a permittivity of 4.4 and a loss tangent
0f 0.0005 at 10 GHz, demonstrating excellent low dielectric. Furthermore, it shows that the surface sizing agent has a
significant effect on the dielectric properties particularly the loss tangent of the silicon nitride fiber, which is associ-
ated with its surface polarity characteristics of the silicon nitride fiber.

Keywords: ceramic fiber; dielectric properties; high wave-transmissivity materials; high-Q cavity method; sur-

face polarity
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Table1 Parameters of surface energy test reagent

Surface energy/(m]J-m™)

Reagent

" 7 %
H,0 72.8 21.8 51.0
Formamide 58.2 39.5 18.7
Methylene iodide 50.8 48.5 2.3

Notes: y;,7!, ¥} —Solid-liquid surface tension, dispersion and
polarity property, respectively.
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SIN-B—Bare fibers; SIN-S—As-received fibers; SIN-A—Fibers removed sizing agent with acetone; SIN-H—Fibers removed sizing agent with water
1 ARy LS ZRELF 4R ) SEM &R
Fig.1 SEM images of surface of silicon nitride fibers before and after sizing removal in different ways
(((a), (b)) SIN-B; ((c), (d)) SIN-S; ((e), (£)) SIN-A; ((g), (h)) SIN-H)
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(a) UB sample (sample prepared (b) FMB sample (sample prepared
by ultrasonic blending pump) by filtration fiber mat blending)

Pl 2 ORIy il s i AU RE T 4/ 41 B 25 B R v IR
Fig.2 Dielectric test samples of silicon nitride fiber/paraffin wax

composites prepared by different methods
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Table 2 Dielectric properties of silicon nitride fiber/paraffin wax composites and
silicon nitride fiber prepared by different methods

Type Frequency/ Permittivity by test Permittivity of fiber calculated by Lichtenecker formula
MHz & & Average &1 & Difference Average
7382 2.33 2.34 2.34 2.33 3.23 0.90 2.74
8173 2.33 2.35 2.34 2.33 4.47 2.14 3.23
9335 2.33 2.35 2.34 2.33 4.47 2.14 3.23
10736 2.33 2.35 2.34 2.33 4.47 2.14 3.23

UB 12283 2.33 2.35 2.34 2.33 4.47 2.14 3.23
13914 2.34 2.35 2.35 3.23 4.47 1.24 3.80
15607 2.33 2.35 2.34 2.33 4.47 2.14 3.23
17 348 2.33 2.34 2.34 2.33 3.23 0.90 2.74
7382 2.49 2.49 2.49 4.75 4.75 0 4.75
8173 2.49 2.50 2.50 4.75 4.95 0.20 4.85
9334 2.49 2.50 2.50 4.75 4.95 0.20 4.85

FMB 10733 2.49 2.49 2.49 4.75 4.75 0 4.75
12277 2.47 2.49 2.48 4.38 4.75 0.37 4.56
13 905 2.47 2.49 2.48 4.38 4.75 0.37 4.56
15592 2.47 2.48 2.48 4.38 4.56 0.18 4.47
17331 2.46 2.48 2.47 4.20 4.56 0.36 4.38

Notes: &;, &,—Permittivity of the front and back of the samples or fibers; Difference and average are the differences and averages of ¢, and &,.
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Fig.3 Permittivities of silicon nitride fiber evaluated by three dielectric
mixture models according to silicon nitride fiber/paraffin wax composites

with different fiber contents

NGRS RS

BE LA RE LT 2t /41 WS 525 MR T 27 2 5 3
Lichtenecker XJ #5511 5445 21 (1) S Ak Ak 41 4 19 A1
P HLE R 2 2.68 HIIN = 414 24 . RALREST
Akl 11.28wt% HE N 17.11wt% B, S A 3]
() £F YA HL B0 A 3 R AL REST 2
i 17.11wt% 54 3] 21.97wt% B, SIS 3 1 41
YA L H BCTE AR B B S AR — B0, BRI 3G K
WA RN, BARZER AR, mBAT A, EFREQ
i vk AR A A RE LT 4 1 A R R, T I
RACHE LT 4 /41 885 52 G bR b A0 ek 21 4 5 4 AN
&T 20wt%.,

WA E AR o — A EE AR R R AR,
PRI L AT b B2 i — 20 0T A Rk £ 4 /0 5 52 G M R
R AR R 27 4 K R X LA B A R s, PR
Fr R AR 47 4 5 = AR T 20wt% A4, 4350 il
B Y E K A 1.0 mm. 1.5 mm Fl 2.0 mm (¥
RACHEA g/ A E S ME . PR b, 2 FMB .
B S AR £ 2t /4 0 5 A bR A KR 2 IR
TR DIE K B, F Bl — @K 0
o RN AR B R AL RE LT 4k [ B 25 MR AR, D))
KEAHEMT 1.0mm,

Pl 4 Ay AN [) 170 1K B A Ak ek £ 4 i 4 1) A
RELT 4 /0 W5 2 A AR AR A L B, T o, R
IFi] U] I 3 21 4k 1) 2 10 Sk ek £ 4 /4 S 52 6 b
TR 235 T A 5 IR AR I 22 B A K, I 0T R 384 o 43¢
W25 SN, AT 1.0 mm,  EAL RS 41 E K
9 1.5 mm 9 A AR B R E0m s 50k B

BRI D DR R A Ak 2 A A A S T R Y
SRRCAIVER G, YER BRI, B P A R
HiE i, BRI RES 4/ A 2 ARy«
B Fax i SR 1 = S T N SR S (1O = W A = 4 e R
KRR 2.0mm W SHEM UEBC S L AEDIRICE
1.0 mm Y 52 & AR o BO g R B A —F
Kl 5 A R AR AE VI EI B i A AL RE L 4/ A I 2 6
MEHAR R . ATLUEH, LR8I S0 1.5 mm
M 2.0mm BE S MBS A — S BREE, 2
e D) FIK Ry 2.0 mm (195 A R RN G BN B
M T2 S HURBUIG 2 BB B (A7 A s X0 &
G MR A s R s B, M2, £
eI FE E R 1.0 mm () F AL GELF 4 /6 52 A M
RS -3, A4S AR S, Bk,
LR 75 JBAT F DN A4S S RS Ik RS i BRI A
HEFE = Q M i A w3k BT P Ak ek 2 4 1) D 4 )
FHK B 1.0 mm,

3.0
# 1.0 mm
= 1.5 mm
28 2.0 mm
> 261
= .
2 et o o s 2 4 o3 2
5 24}
22+
2.0

6 8 10 12 14 16 18 20
Frequency f/GHz
4 AFEIEHEE R RACRELT4E /41 85 2 S APRHAR A A H B 4T
Fig.4 Relative permittivity of silicon nitride fiber/paraffin wax

composites with different chopped lengths of silicon nitride fiber
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Fig.5 Photographs of silicon nitride fiber/paraffin wax composites with different chopped lengths of silicon nitride fiber
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Table 3 Surface energy and ratio of polarity to dispersion of
silicon nitride fibers’ sizing film before
and after treated by acetone

Surface energy

Sample

d
¥s/ v/ Y/ Ryl
(m].mfZ) (m].m_z)(m].m—Z) s'7s

Sizing film 63.6 22.3 41.4 0.54

Acetone treated sizing film  67.2 34.1 33.1 1.03

Notes:ys,yg, yg—Solid surface energy, dispersion and polarity

property, respectively.
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