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Preparation and thermal insulation performance of PET composite fibers
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Abstract: In order to improve the thermal insulation performance of PET fibers, the melt spinning process is used to prepare

PET/SA/FS composite fibers with thermal insulation performance. Then, the fibers are treated with NaOH solu-
tion to form pores on the fiber surface. The composite fibers are characterized using characterization techniques
such as SEM, XRD, TG, DSC, and thermal conductivity analyzer, and the effect of alkali treatment time on the
physical and chemical properties of fibers such as surface morphology, tensile strength, and thermal conductivity
is explored. The results show that after alkali treatment, pores appeare on the surface of PET/SA/FS composite
fibers, and the fracture strength decreases by 24.5%. The thermal conductivity decreases from 0.089 4 W/(m-K)
of pure PET fiber to 0.040 0 W/(m-K) of PET/SA/FS composite fiber, which decreases by 55.3%, thereby im-

proving the insulation performance of the fiber.
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Fig.1 Alkali treatment process of PET/SA/FS composite fiber



~10-

X B T Ik XK % % #®

R

4 NaOH : H,0 4% B e oRy 10 19 B b 9 il &
FTi o348 5% NaOH W, $&REFTRELE 129 A LB
il 5 4L 10% 9 NaOH %7 #F PET/SA/FS B &
YR A 80 “CHY NaOH ¥y H A THsiAh 38, Lb3H s} [i]
4354 30.60.90.120 min, FArf3E]H) £ £L PET/SA/FS
52 A 485y B v 4 N PET/SA/FS-30 . PET/SA/FS—60.,
PET/SA/FS-90 . PET/SA/FS-120.,

1.4 EEENK 5RAE
1.4.1 R8T 128 BHAEL(SEM )l X,

K H SU-3500 %47 & S 44 o 0 s WA &2
BEFYERSF JESILA I Si0, KBRS Si0, 722 A
L HEN I EOIRAS
142 ZF7#2#F#(DSC)n K

K H 204 F1 BRI s A Y, SRR A 27 4
5~10 mg EE I RE G Al 25 SRR SEA T T 00K
JRFE I 25 CCLL 10 °C/min B HCRIE NE] 285 °C, 1R
2 min PAVHEEFT S B BHRAE LA 10 C/min AYRREIR
HORIE N, TR BN E iR B A2 425 i o 5
(I

X(I) AHm ( 1 )

AH® -

K Xop B AH,, 530 AR I G 2 G- 0 235 o B R
ARG 5 AHC, AT 100%%45 f PET A EEAR A Bl KS
R 140 J/g; o R PET FEIFFE T G T i 7040
143 X HLEAT4(XRD )M X

%1 D8 DISCOVER # X S fii S S AH Sio,
YK E G A YEIEAT XRD MK AE . M3 41 : Cu
Kol FESHE(A = 0.154 06 nm) , fii 51 £ (20)H 5°~45°,
FHEFE AN 8 °/min, HUE A 40 kV, BN 150 mA, %
b AL N WY VA AN I 7 W D) 21 D R/ s e =
kA (2)

Wewmicos 6
it':':' :L(Wﬂ?ﬁﬁﬂ:%ﬁ(hk”ﬁfﬂiﬂ’ﬂ HEEI*jRTJ‘ sk y‘:’
TSR 25 (0.89) 54 AT s W FAT
SR R B 0 AT AR
144 #HEFHH(TCGA )M K

K IR 43 BT A A0 K 5265 2 4 ) B2 T 2
Arialsrr, MATE R E R 2 800 °C, FHEHIHE K
10 °C/min, &5
145  F A4 3R MK

i FH LLY -06AD %I H1 - B 5T 5 2 4 5 5 I AY
XK A A AR Y3y 2= e Re AT 1T A A
Ay BLRIEE A 10 mm, FEAHEZR A 10 mm/min, IR
B8RRIV 23931 Ry (2543 ) C R (60+10)%. =&

L(/,u) =

it 10 A, BCFAE.
1.4.6 B &4 Yz er SR X

fdi FL 2140 & S, 2 18 GB/T 30127-2013(%541
i ALZLAMAERE BRI AT PEAN )X PET/SA/FS & & £F 4
BT A REREA T T A 5% A B 430 A
(20£2) CL(65+4)%.

1.4.7 B 4ot 43 Hor Ak 3K

ol FH AT RAUT 2 B T 4 10 S PR RE R A7 T
i, MR il e B 5 2 4 [ 0 A3, F4R Sk ek
ALY AN 10 BB,

1.5 SFAERLGBEREHRKZEHNE

¥ PET/SA/FS B & £ 4E7E BT it 734X 10% 1) NaOH
B, 80 CHUTEIR KIS T A TR AL R . Ab3HUAS [ s
] J5 FHZE MK o , LBV EAL TR as . 4R 4R
b R (R ) TR QTR 24,

Ry =[(Wo—W)IW] x 100% (3)
K Wo F W A3 RIR K Z BRI HEm
1.6 EFAERRAL TR ST IR R AU E

WA RLEA — i BFLBR Rl 2 i ik A
g ami . AR R PR U R R R AR
BRPR. WIMATR(Re) TR LEERRP, TR AN

R&z=(m2—m1)/m1 (4)
KR AABHAMRAE R (g g™) smy AR AT
BT (g ) s mo SAIRFENIHS P BT E (g) o

2 SLIGZERMTTE

2.1 PET/SA/FS EE4 41 SEM R A

25 N [ B 7 T Ak B AN ) 1sF (] ) PET/SA/FS & A
214k SEM QNI 2 Fiis o

TESEAT AL BEET , ¥ th—OH Zii PET/SA/FS
BEAgEMFRN, 2FBREGDEKZ, I ARE S
PET/SA/FS B &£ 4 (19 SAH SiO, N, X241 4E 3R T
1 R 7EE 2 TRl DI Y BB BT PET £F4E %L
AR IE A TR0, 5% NaOH i WAL PH 120 min, £F
Y e B m RN LI . 76 10%9 NaOH
AEBE 60 min, BRI 133] 5 5% NaOH JF AL 120 min
B2 A 41 B0 AR AT A FLIR Bt 25 Ak B S (1] £ S
K PET/SA/FS B &4 R LIS £ . 7F 10%H)
NaOH JE W AL F 120 min I, PET/SA/FS A5 4F 43
1 A FLIA B 22 , I HLAEBRAL BT X PET AOZ5 I 0EFT T
ZI0h, SR R K ALAE A, BT RE R 10%
i) NaOH X PET/SA/FSE A LT 42 LI i %2
P HEAT T SR SR A0E .



%55 ]

B, 5 PET A T4y i 2 SR PERE

-11 -

Vi

(a) 5%,30 min (b) 5%,60 min

7

20 pm
(¢) 5%,90 min

VA

(e) 10%,30 min

(d) 5%, 120 min

(f) 10%,60 min

(g) 10%,90 min (h) 10%, 120 min
B2 ARERE NaOH F ik EARF R EH PET/SA/FS
S & 41% SEM
SEM images of PET/SA/FS composite fibers treated

with different concentrations of NaOH solutions for

Fig.2

different times

P 3 s PRI RN 2 A LA AR IR SEMIA

20 pm

(b) PET/SA/FS-30 (c) PET/SA/FS-60

20 pm

(d) PET/SA/FS-90 (e) PET/SA/FS-120

(a) PET/SA/FS

B3 RESHA 10%H NaOH & 4L IE A [ it 8] A £ 4
#HE SEM
Fig.3 SEM images of fiber cross—sections treated with 10%

NaOH solution for different times
H & 3 AT DU, Z LA R I %A KZ W
fL, 1 B A A T 41 4 19 3R A B ], I R X
EF AR Y AR RL) 3 S

2.2 PET/SA/FS E G HHK NFEBED T

& 4 Fir7R ok PET/SA/FS A LF4ER Ji4MRE. A
B 4 FaT LA Bl AL B S (] A ZE 4, PET/SA/FS
AL YR )2 PR AR W T R, B 22 1 I 245 14 I
3.18 cN/dtex P F] 2.40 cN/dtex, 455K 2 FIE 3 7]
DIASAT, B R B I o X 2T 4 () P 38 465 4 3 i
M, fHXF PET/SA/FS 5 & 4F 43R 1H A 2 sz i 1 214k
() J1 2P RE (68 2T 4 (X T 24500 B AT

35F 3‘118
2.83

o or I 2‘160 252,40
,;JB 251 | pi 2
zZ 20f
= 1St
= L
?KA 1.0
= 05F

0

0 30 60 90 120
ﬁﬂ@ﬁd‘lm/min
B4 FRESHEH 10%H NaOH Ak ALIE PET/SA/FS £4

£F 4 7[5 B E) B BT LSRR

Fig.4 Breaking strength of PET/SA/FS composite fibers
treated with 10% NaOH solution for different times

2.3 PET/SA/FS E 5 A4 EAAIBRER KT
&l 5 Sk PET/SA/FS &2 4 £F AEmsi i B 41 % .

10
8.36
8r 7.09
&
o |
E
= 2
= 1‘77/H
0 30 60 90 120

B A BRHSF (] /min
B 5 FREHEA 10%K NaOH A% AL I PET/SA/FS 84
ALERER EHMRERKE
Fig.5 Weight loss of PET/SA/FS composite fibers treated
with 10% NaOH solution for different times

& 5 ] 0 Bt 2 e Ak B a] %) ZE K, PET/SA/FS
A YRR T W K, 30 ~60 min (1] 5 4
KNS, PET/SA/FS AR R H R 1.77%4H2
B E] 2.74% ., TERRALFE 60~90 min B 451 2 R 5
K PET/SA/FS 58 4547 4 1 o 0 2 R I 2.74% 45 75 ]
7.09%, ULHIILBTBEA RS Si0, BEHOK i, B X)
PET [Z5483E B% 7 2050 . AR FE 120 min J5 #5158
FH 8.36%;

2.4 PET/SA/FS & & T 4K WM EBE DT
PAIE A DU g, P 6 s b o i 450 10% )



- 12 -

X B T Ik XK % % #®

R

NaOH YA ALTE PET/SA/FS & 4 21 4k A [R) i [8] A W 7k
iR,

1.8
21.72

. 16r /\

1Y)

B o1ab g 2143

= 1.36

tt 1.17

£ 12 .

= b

B ok \\0494

=]
0.8 1 1 1 1 1
0 30 60 90 120

WA FR AT [E] /min

Bl6 FREHEA 10%K NaOH A4 IE PET/SA/FS £4&
A B A 1) B IR A 2
Fig.6 Oil absorption rate of PET/SA/FS composite fibers
treated with 10% NaOH solution for different times

M 6 Rl LIE ), 2t ifibH# 30 min J5, PET/
SA/FS B AL AEMWaM A SRk Bl i, BER XTI T
R, Zead AL B 120 min J5 , W45 R M 2 5 A1, DA
LT YR LB R 2 FEOMBOE AR LT 4R 1477
2.5 PET/SA/FS E &4 DSC 43#h

] 7 [t PET/SA/FS 524 21 AE AR AN [ ik 38 s
[T AR ANZS S 2. Kl 7 AT 0L, PET/SA/FS A&
LT YR A SiO, BEBRAL PR S5, J7 ml e VL B RN 4
R BEHRIS A T . % 1 AL 4ERY DSC B .

A%

PET/SA/FS-120

PET/SA/FS-90

: | PET/SA/FS-60
PET/SA/FS-30 AN
1 1 1 1 1

50 100 150 200 250
THEEIC
(a) FEfhhZ

e

PET/SA/FS

PET/SA/FS-120

PET/SA/FS-90

PET/SA/FS-60

e

PET/SA/FS-30

o

PET/SA/FS
slo 1(|)0 1|50 200 2;0
HEIC
(b) Z5dhillizk
B7 REHEA 10%H NaOH & %412 PET/SA/FS 84
FYERE B B AR RS A 45 & i 2%
Fig.7 Melting and cooling crystallization curves of
PET/SA/FS composite fibers treated with 10%
NaOH solution for different times

R1 RESE 10%H NaOH A% ALIE PET/SA/FS £6 4
AERFEIH DSC #14E
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FE AH,J(J-g) T,/C T/C Xeo/%
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K (hkl) 26/(°) W/ (°)  Liyp/nm
PET/SA/FS (010) 17.8 3.9 2.0
(-110) 22.6 5.1 1.6
(100) 26.2 48 1.7
PET/SA/FS-30 (010) 17.8 3.6 22
(-110) 22.7 4.4 1.8
(100) 26.2 42 2.0
PET/SA/FS-60 (010) 17.5 3.5 2.3
(-110) 22.5 4.0 2.0
(100) 25.9 3.9 2.1
PET/SA/FS-90 (010) 17.6 32 25
(-110) 224 4.6 1.8
(100) 25.8 4.5 1.8
PET/SA/FS-120  (010) 17.6 33 2.4
(-110) 22.4 4.7 1.7
(100) 25.8 4.5 1.8
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Fig.9 TGA and DTG curves of PET/SA/FS composite fibers
treated with 10% NaOH solution for different times
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