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Study on terahertz spectral properties of pores in glass fiber composites
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Abstract: The interaction mechanism between terahertz waves and pore defect in glass fiber composites is explored,
and the interaction relationship between porosity and terahertz characteristic parameters (refractive index, extinction co-
efficient and transmission coefficient) is analyzed at 0. 075 and 0. 713 THz frequency points. The experimental results
show that the density and refractive index of glass fiber composites decrease with the increase in porosity. When the fre-
quency is 0. 075 THz, the extinction coefficient decreases and the transmission coefficient increases with the increase in
porosity based on Rayleigh scattering theory. At 0. 713 THz, based on Mie scattering theory, the extinction coefficient
increases and the transmission coefficient decreases with the increase in porosity. In addition, the complex and change-
able pore morphology results in a non-unique correspondence between porosity and terahertz characteristic parameters.
When the different samples have the same porosity, the terahertz characteristic parameters are not the same.
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Fig. 1 Samples of glass fiber composites

1.2 FLBERIRE R FLBEFSR4FME S it
1.2.1 FLEERRE

R FH 580 3 v 3 B B 48 4k 52 A R RHRE AR 1E AT AL
BRAHRAE o« B B IR AL G I B S 41 4 5 5 A RHAL
PR ARSI 5 1, B TR SRR L, T A
R 6 i FNZT 2 0 (R 0 b VEE A A EE DL RO
B, AR BSLIR A P .

Gy G

PV=1—(VR+V/)=1—(P—+F) , (1)
R f
Horp, Vi BV, 3 5 R BE FER 2 BT o5 AR E A3 L
G 1G53 3 R R FNEF 2 Jor o S i A A L, P AP,
A3 S AR iR R 2T 2 1 53
1.2.2 FLEFIREFEST
AR SR FH 4 A S AR RE T X B B A 4 A M
RAEARBEATFLBIE SRR EGE T o A0 R IR AH %
AT LR ER LB KN JEAR R 3 A1, 2 —Fh i IR



244 T 0 AF DR R S RHLB A KRB 2Z I R T 203

PERGIN L . 7F 4 A 0 S 0 R AT, 75 X AR AR
T UV RIS B B . A SR H KEYENCE 23 )
A= 1) VHX-6000 U S0IR 4 40 Wi . 2t bl
RN AL B AR A BT s A P
B TR S RABEC R 1004 , IR X fa 2k 7 vk
T IR T AL, B A R 45 5 08 B R =
WE E N, TR A PR

TE3J I 385 21 A 52 65 M REAR 04 4 48 i SR
J&i e B FLHEAT LB 43 5 LA 45 BCFL BRI S A5
Bo FET A A0 Ak G L B A IR B R AT, & B
FLBR RN SR 22 B 1) K BE 25 S ik, TR ok, o6 43 (L
A3 EVRE R AT AL A B S BB GE T
H AR 5o B 525 57 i RS 30 o e B3 1)
EHEATHE . & EGRFEAR R SR BEE K Tk
ST EE, WHE T Bhs; &0, 8 TH 5. 7545
LB B RIS, ] Ge it FLBR A BE I 30 1 40 A 55
FE .
1.3 KfkzzEHg i £

A A FH € [E Advanced Phonotix, Inc. (APT)
R A7 I R 2 B OGRS 22 48 T-Ray 5 000,
BT BRGNP 2 s o K A0t
A RO K PO K O 1064 nm, ik BE
4 80 fs, H A A% K 100 MHz, i HH 2% K 20 mW,
FIF G H S R Gk 7= A AR DN R Bk 22 Bk b o 1% &R
G WA RO R AT 56 4 0. 05~3. 5 THe, , Pl F1 570
[l ok 80 ps, B [E] 43 HER A 0. 1 pso N T kG as <
IR ZE VRS LB 45 S s ) K R bR 2% ke S e BRI
AP A T S T A AR E BN BN
BER 21 °CL S SRR 5% it s

woc BB »
----------- SO B
—e
LT
----------- Ok
" A A

' 3% 57, B
FEA THz#%%Z 4%

B2 B SR M2 i Ot s 2 40 P

Fig. 2 Schematic diagram of terahertz transmission time do-

THZR G ¥

main spectral system

A Dorney F1 Duvillaret 32 H i 3838 43 324
HREAS (933 ) R P R A R AT,
PR B AR 37 SR DUAR A REAS B Bl

FE,,,. (1) IS5 BHRAE S E,, (1) 70 590 545 B B

5T B (@) FLE,, (o), RS H 5 SRR
S BEAT A — AR AR B, A5 2 1 T 19 15 125 pR RR
(BIZEST REOT,,,,. (o), 1% KB LR 8 2 H0Y
L, WMAKQIPIR . ZHETARRSHA I
TEZS AP AR R I R 24 %

E. e 1
() ) i) 2

HARRIE D i p(0) WEEARE S NS E G5 M IRIE
Z M & (o) AREAE S NS %5 SR
2. R (QQ)RIHRIF T p(0) HIHIN /MR d(0) 5,
FEAR BT R n,,,. (o) LR KL L, (0) 1K
(3)FI(4)Fi7R o

T.mmpl(' ( w ) =

dlw)e
et P

b (@) = In |
! P(O))[nmmm w) + 1]

i e JEEHE LS W AL RE R d SEFEA R
2 #ERE5HE
2.1 HERFLEZE

) %5 5 3 W AR AR S A7 L BRI 3 S G 4
WM 1VR, AT LR FEAR R FLB R 2 BEHL A0,
FFICHH LA

nsample ((1)) = 1 +

)@

F1 BTEENRFLRERER
Table 1 The results of porosity measured by density

method

i fLEAR P fLERA Y fLER
P1 6.83% P10 8. 05% P19 7. 80%
P2 7.20% P11 6. 87% P20 8.39%
P3 6. 79% P12 8.51% P21 7.33%
P4 6. 89% P13 7.50% P22 7.29%
P5 7.41% P14 7.58% P23 7.99%
pP6 7. 46% P15 8.93% P24 6. 86%
P7 6. 96% P16 7.26% P25 7.35%
P8 7. 64% P17 8. 04% P26 8.52%
P9 8. 68% P18 7.96%
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Fig. 3 Pore morphology: (a) and (c) show the metallographic
micrographs, (b) and (d) show the binary images after pore seg-

mentation corresponding to (a) and (c¢)
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Table 2 The pore length

9 INEE PN EThe NS TN
Q1 1276 pm Q5 376 pm
Q2 720 pm Q6 924 pm
Q3 414 pm Q7 532 pm
Q4 964 pm Q8 792 pm
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Fig. 4 Histograms of pore length distribution (a) and (c) cor-
respond to (b) and (d) in Fig.3 respectively
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Fig. 5 The relationship between porosity and refractive index
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