=J.Lmiﬁiuﬂﬂ Vol. 43
Technical Textiles Dec. 2025

k wRRE "N

BT & IB%E ,,\#*@H’J*?EE%QPEI%QHEH%H’J
& R EMBETHR

E B XIiLi%E BBFiE et & JHE
KBREIKF a. B IRFR,b. HIHHREHFE IEHXFTHRELEZET, LE KR 030024

S

B E. AT RBREBEARS Y S B, SR M A ARG B2, A R # b 25 22 07 X 2 ) & A T AR R
B BT IR 69 B8 AR R A R, SRt A AR GX, A R B3R AL (SEM) | £ T R E A
(DSC) A EHHT(TCA) FHAF B, AT MR ATAT T, B REAY RBL-FH LBEAT 2054, 2
BRET LA 22KV WIS LYE 16%69 55 LRAFTHH, ﬁmfiLcT&%fL&m&%ﬁ FoEAL, A AR
A E] 4.7 N, BT BLMh K Rk ) 210% , I ARIR A 0, SRR =W 8L C =B85 L (PET B , &
HAAFH R LR R KA B ERNRE TR EHERDT 4.8%, 0 B B EAGH KRG EELA LT
2R AR MR

KA fﬂ?;la/?#%m% s RS ) R

FESHES TS 106.5 XEARER . A XEHS: 1004-7093(2025) 12-0040-10

Preparation of electrospun nanofiber films based on waste

polyester/ cotton fabric and study on their properties

Cui Zhan, Liu Jiangtao, Shao Ziyang, Lu Yuanzheng, Niu Mei
a. College of Textile Engineering, b. Key Laboratory of Interface Science and Engineering in Advanced Materials, Ministry of Education,

Taiyuan University of Technology, Taiyuan 030024, Shanxi, China

Abstract: To address the issues of difficult separation and low recycling value of waste polyester/
cotton fabric, waste polyester/cotton nanofiber films with excellent thermal stability, high toughness
and good environmental protection were prepared by electrostatic spinning. And the performance of
the films were investigated by mechanical property tests, and scanning electron microscopy (SEM) ,
differential scanning calorimetry ( DSC), thermogravimetric analysis ( TGA) and other technical
means. The results showed that the optimal process was determined by the analysis of the average
diameter and variance to be a spinning voltage of 22 kV and a spinning solution mass fraction of
16%. It also showed the best mechanical properties under the optimal process, with a tensile

strength of 4. 7 N and an elongation at break of 210% , reflecting strong toughness. Compared with
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the polyethylene terephthalate film (PET film), the maximum pyrolysis rate of waste polyester/

cotton nanofiber film decreased significantly, and the crystallinity increased by 4. 8% , which proved

that the waste polyester/cotton nanofiber film had more excellent crystalline properties and thermal

stability.

Keywords: waste polyester/cotton fabric; electrostatic spinning; nanofiber film; mechanical

property

BE 78T R & R, A R T B5 5
HL R AR A ) TR RS , AT TR 2 2L R T SR AN
TR P | 0 2 o (R PR R 36 BB R, X A S
g2 R R R K 4, BRI 2 4 2 AR L
HXELL SRR IHZ U TR EAE R 2Bk
—ZGAUR B, BHAEE IR 25 Bt =ik 2 000 J7 ¢,
SER RS 50% LB B3] 2050 4, o E 4540
e R 1.3 42 v, TR IH 25 23 Y [l
400 J3 t, [AHSCRAY 209% ) ARG A IR LR 28
(UNEP) Giit, B IH ARSI o5 B A R IHIR 95 241
() 70% Ze A7) 3B R TH AR 210 v 1 T 28 X LA
SRR , JCI8 g A M 2 A Be I 2 s Al 9% U
ERAENEZS R

H AT, f5e UL i Tl O 3 32 43 ok gt Il
PO ALY AR R (A
Wk [T A B AIELAEG , 75 5 A 5 Oy BRI o R B
SR, AR PRI AL B R A LR £ &2, [l T
AN B AR A Ok T2 S B 4, HAG 2Ry
BT HRAEA R, A=,

BE T BB B X 5 1H 25 20 [ml i A0 R
(ELARG 149 ) B, A S LR TH AR L0 ok JEORLE, 1)
i FE 2 22 B RN L & AL B R L S e RE
SRR, b B g 2 HE R R R
JE HL 3 i 3R A W 9 WLE VL 3 0 i A T A A
SeBF W SEA R LR ST B T Ot
HE— 25 WL A N K LT | S 2% [ AL I AR TE B
WO b SRR AR T2, AR
TN S5 AP AT B 9 v AL, DA B R R RN AT g
PR

PRI, A SCOFI) i R 97 22 3 R AR TH & AR 41
Wy SR il 2% 1 TH VA i A DK &1 2 5 O 4 5% B AE
bR E T, U REERET 4T
I EAE PR BE

I #MEEF &

L1 EMRE5NEE

IRI AR R THEAR S, W [ R T R H 254
ST s ST TS B, o3 ATl , SCREAE A BRA
Al T e R R R A, 43 Al Kk KAk
FIFF & vt 5 B o — W iR £ — P i (T AR
PET fii%) , Se55% H i,

IR AR : DA2004N L F KF-, b 3 i (4%
AR E]; YXQM-2L 2947 B BREEHL, K U KA 2
WA FR N 7] s DHG-9075AD 7 Hy, HfE iR 35 KU+ 44
i, LIRS A R B s SHZ-D (111 B 75 3
VEHL, 108 1 RIF VISR A BR A | 5 [ 35 dE
i AL, KT K 2F ; JSM-IT700HR 37 % 5t 14
HLF BT (SEM) , i B B AR BB A PR A F
DSC-6000 7 2= 7 39 4 2 #44%, & E PerkinElmer 2
F] 3 TGA-4000 BYFAEE 7347, 52 PerkinElmer 23],
1.2 EIHEBNKFEBENTIE
2.1 JRH AT R4 0 A2

Ve 3 AT I e WL AR TH VAR 24 (A
IRY7 291K 50750 .65/35 F190/10) y J5UkE K [m]
WY PR TH AR 20 I BT D B RE S, R T 5 435
}10% (1) NaOH % H,60 °C FHEPE 2 h, AL E
TRV Z U8 TR P M S A AP I S T AR A
WL e W — o f AL BRAT (0 R TH AR 2L ik
AT EEBREEHLH BE R, 8 a FLAE N 0. 35 mm (AR HE
i, A5 3 R TH AR A
1.2.2  JKH AR 49 K &F 2 Fi oy ) %

W5 TR 5 A5 2] () 1 TH AR A K B TS ST
e AR 0. 6% i+ ke FEAERERR A
FEHEE 30 min, PR S Y7 AR S TN HEAT
ST $i B W] 5T B 53 B (10% \12% (14% 16% |
18%) BLi 5 Fhaj 220, M YT 2 W'E T 8 S5k



" EURMAR Vol. 43
L ﬁﬁﬁ*ﬁ% 1 Technical Textiles Dec. 2025
PITEST SN IFEHEAEAE I T VSR Gg Be il LV 2tk ae AT,

T M 1 4 8 VR R A S e Whcke B SR 2 i P A oK &F
Y B BNVR A R A B FE B 12 em, N
16,18,20,22.24 kV Ay JE, #E ik 3 i B A
5 mm/h, Zi2AER G IIVERTR 2 82 IR
YRR e AARR R Y BUE TH AR (WPC) 4K
g2 o i L B S8 - B B S B S o 1 N = ey
THRAE T 7E 60 CF AT T b B, 75 21 252 1H VAR
YKL AL

2 MR 5 EFAE

2.1 HFEBTFRHYE(SEM) MK

K JSM-IT700HR #8437 & 3 451 4 v F 8 e
XTI TH AR A K AT R R EE S TSR . IFR
FH Image] #PFHL 50 AR 4k B AR HHE B AR
BRI T 2%,
2.2 AR

PEH] CMT2404G RIHL - J7 BRI e AL, R4 GB/T
1040. 3—2006 2R R Ak GE M2 55 3 #4.
FEERISE 7 e 25 12 ) o) 2 TH A A 4 DK £ 4R B )

100m ENT= 200KV Signal A= 862 Date: 15.4an 2025 ]
o= 73 mm ag= 100KX Time. 154050 [

a) SEMER(WPC 50/50)

201 20

2.3 BMEHW(TGA) Mk

iH 1 TGA-4000 RYH 43 A A E A A0 T X
JE 1EL A 20 A 2T 248 S 1) AR e M E AT 40 BT, T3k T
J# 4 30~600 °C
2.4 EREARFEEMR(DSC) MK

K H] DSC #4534 5317 2 TH B Al 44 K 21 4 Jos
e AR 2, i A . MR AR (R A=
2510 mL/min) , M TR AR 5 mg, WHXIRE N
30~300 °C, FHEEZE K 20 C/min, Z5@E( X, )

AH
X, = e AH (1)

K, AH, NEEBRE 5 w R TH AR 9K 45 4 i
VAR BT A180; AHY R 100% ShRZE R IE mhkes

3 AR5
3.1 EIHRBK TR IR EZ 0
311 SR

Kl 1a) ~c) s T 3 IR R AR YT LAY K IH

¢) SEME/R(WPC 90/10)

’/ﬁ SEHIA: 0.852 S 0.486 SFHIE: 0.619
/ J772:0.263 75% 0.144 77% 0.111
/ \ Hl: 50 15 H: 50 15 ¥ 50

\

\ i} p g

\ # 10 / ey
L\
\ 5 \
\ y
- ‘ D — 0 —
03 06 09 12 15 1.8 0.2 0.4 0.6 0.8 04 05 06 07 08 09
HAR/um HAR/um HAE/um

d) ELAEM(WPC 50/50)

e) P/ Ai(WPC 65/35)

f) ELA4Hi(WPC 90/10)

H1 FRREGHESZTRBEGARS %0 SEM B S A2 5H

Fig. 1

SEM images and diameter distribution of waste polyester/cotton nanofiber films under different polyester/cotton contents



%43 %
2025 £E 12 88

EURAAERE

Technical Textiles

k wRRE "N

BARGOKR YRR R DB 18] 1d) ~ ) SR T XY
RILFYE AR, Hoh, WPC 50750 1036 i AR R
256N 50750 H KR IHEAR Wl 5 09 P2 TH U AR 40 0K
LYERE, WPC 65/35 fRFRHIRAIRYT L 65/35 1Y
TR I AR 204 1) 45 10 TR TH 6 W 40 K 2T 4 i, WPC
90/10 3= H AR IR S5 LR 90/10 B 1% TH AR EY
Tl R IH AR AR 2T 4, 25 SRR, B & A 2
RS LR e RS R AR I B ks . A WPC 50750
I WPC 65/35 1] SEM EZ[ &l 1a) Fil b) ] HhEEULES
SR 5 ) JURE AL SR B 42, 9 HL /D i X3 B T £ 4
Wrd A 24 RS B 4, B 1e) B
7N, 2 ER AR AL 4 5 R 109% I A UL B . §5UR
ARG G AR YR R S 0 T 2 T 1Y I 2%
SEK RN R AT R R g5 2] ik L Y JRURE A
(L o Hed g B, 2 1 A 27 24 W 2T 2 s 20 3oL
FRIBE S AR, DT 7= A ks A 5, 1 R R 4R 4 R
T K R IR S T R B, TR 4]
A3 ELA R RSP RN AT 4 | DR I TR A 2 R A R
BP0 25T, T 8 25 4 v R TH A AR 4 K &
YT SR 50 S 4 e
3.1.2 R RELSH

FERRHL T 223t B v, 95 22 W 1 43 U 5 T £
Y R N RS — NIRRT Y LT 5y
B I T H A 409 A 7 2 RS 465 g 1) 52 ), A S AT A
TRY7 A 90/10 11 TH AR 2U0) o Ikt ZEAS [m] 1
Y2 TS ECT 8 3 L 7 22 T R R TR
FROKEF AR, % B IE U B 12 om ), e 8
5 mm/h, AN R 18 &V, P45 25 22 0 T i 4y
BT AR 10% 12% 14% 16% Fl 18% , Fr 45 B 1H %
FRGA K LT 4 B SEM MG K £F 4t B 4% 43 A i 7] 2
JiR, M 2a) Hn] LB, 24 95 22 1005 53 B0k
10%HF , J55 v 3 30K FUR R 5 SR 25 4, AR % &2
HY)— BRI S5, iR i a1
VS VREL BRI E NI L S s e 2
RNFERATST , R WHESIES AN L | E 10 S B0 5
TR AR S, 77 A T R BOIR G A,
IR ARG K T AR P Y 2 4 1542 R 0. 461 pm,
PRiE2E R 0.342, ARG 43 1L, MY 2 Wi i 51
BT E 12%, Wi F 2b) firas, $ BRGS0 A s
> B FTA N5, AR B Sh K, R H
BABD K LT YE ) P45 B 42 H 0. 719 wm , bRifE

2274 0. 338, Ul 25 22 W Jot 1 53 B v, 95 22 W ) B
YRR PTCE A M AR RS . BE 27 W0 5 5L
URSETH R 2 14% WK 2¢) iR | B3R 2 1T B 5032 7
FATRUE , S5 I8 )M 10 3 v, LRI TH AR A oK
YL LT 4E B4R 0. 682 pum bRl TR
0.265, TE 16% T & 43 BT, i 2g) Jis,
J IH AT 400 K £ 4 i 3 B0 R - ) 328 S8 M 2 —
PE Y HR gt CF¥ ER N 0. 724 pm, bRifE
224 0172, WARHFE S PIE S L i — 4, R
T BT IR ) g SRR RN B AL T
B, T Ak B R e MR B S £ 4, 4Tk
R E 18% , K 2h) Bt B i £ 4k
ELAR A DU R H U AR 90 K £F 2 5 )~ 35 £F
A BN 1. 008 pm , AnifE2E R 0. 332, [l B WL EE 215
OYETYE BRI SR G X T RE SR Tt Y
g €1l i W R A UIBU N 2 i oy 2 R 7 el ]
YAk AE 1T R 8 T AR T AT A M 45 R 2 — 1k, F
GGG | 97 2210 T 8 53 O I TH U 40 K 21 4
A TE i A ELA 2 R 2 22 T A B AR
I 2 JE I SR AR GG 4 3 v DU B2 4 AR 1 EL
TESIATLE ™, 16% N 9j 22001 B P Jo 2 43 4, 1%
Fa i ECR B TR S5 i 4L | HARTRE R IH
LR SAR T
3.1.3 HewE

& 3 JEB/R T AEH A2 47 22 T 50 (16% ) 2544
T, LASHIR YT LR 90/10 B9 IH AR ZU g 5k,
AEYi22H R (16,18 .20 .22 24 kV) X B H AR 44
K EF A RRAIOW TR 550 104 52 W) % 2 4% T 4% 4 A7 )15 O
F I 3a) ATHL,7E 16 kV B9 A 4 i &L 1
AR ARG IS AEAET o AR o 40 sl M 1 £F
Y HOE HAR N 0. 708 wm, BRifE2E R 0.243,iX 3
BILF 2 ) AR A i, B Y2 R T &
18 kV, 4nf&l 3b) FirR , S 4E TR A Fir e |, BLAR )
mE— LT FWEA N 0.724 wm, bR UEEH
0.172, #—F Y22 K2 20 kV, WK 3c) fr
TN, YE R SR G, KRR, P EHRBE R
0. 683 wm, bRiE2E K 0. 146, X Ui 14 1125 22 v, %
TEYEm A Ve B AR T4 AL RO
MiFE 22 kV B4, WK 3g) , £F 473 B4R I
/N, 00619 wm, HARHEZEFEAR 2 0. 111, FR W] it
1370 115 25 22 Rk U A 1 Sk ARG P IR



k wRRE "N

N5

EUA

Technical Textiles

Vol. 43
Dec. 2025

EMT = 200kV
W= 7.3mm Mag =

EHT= 200KV Signai A= SE2 Date: 15 Jan 2025 _—
Wo= 7.4mm Mags 100K Time: 16:23:52 |
|

Signai A= SE2
100K X

Stgnai A= SE2 Oute: s e

EHT= 200k i 202
Mag= 100KX Time: 16:14:59 |

wo= 7.3mm

Date: 15 Jan 2025 —_—
Time: 16:20-19

a) SEMPE{%(10%)

b) SEME{%(12%)

c)ﬁ SEMPQ@R( 14;%)

20 ¢ o 20 201
A 0.461 S TE: 0.682
Py J77::0.342 %0, Fi % 0.265
15 K 50 15 K 50 15 / \ & 50
il / \ i \ i \
10 | \\ ;15 10 \\ jg ]0 \\\\
5 ‘ ‘ \ 5 ’ \ st/ \
\ \\
\ \J
N mm omm 0 | ]\‘G 0 ]|
0 05 10 15 20 25 03 06 09 12 15 18 03 06 09 12 15
HEA%F/um EA%F/um E1%/um

d) FARIM 1 (10%)

EMT= 200KV
WD= 7.9 mm

Signai A= SE2
Mag= 100KX

g) SEME4(16%)

Date: 15 Jan 2025
Time: 16:01:38

2ETss| J

20r
T 0.724

TN %0172

15 N KRS0

g@ 10 / \
5 // F

04 06 08 10 12 1.4
H1%/um
) EAS(16%)

B 2

e) AL A(12%)

) FLAR(14%)

Signai A= SE2
Mags 100KX

h) SEMFH%(18%)

20 - )
T H4)fE: 1.008
J775:0.332
15 / i $i: 50
/ \
iz \
= 10 \
5 \\
0 \S | I

15 20 25
Hf#/um
J) EALIA(18%)

TR &5 R 2 - HOT B EAR S R AT 4Bt ey SEM B AR 5 B2 A

Fig.2 SEM images and diameter distribution of waste polyester/ cotton nanofiber films under different spinning solution mass fractions
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Fig.3 SEM images and diameter distribution of waste polyester/cotton nanofiber films under different spinning voltages
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Fig.5 Thermal stability analysis of PET film and waste polyester/cotton nanofiber film under nitrogen atmosphere
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Fig. 6 Melting and crystallization curves of PET film and waste polyester/cotton nanofiber film
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Tab.2 Crystallization and melting parameters of PET film and waste polyester/cotton nanofiber film

Re T./C T./C AH /(J-g™") X /%
PET Ji 260. 45 209. 95 44.24 31.6
R TH AR 2 K £ HE A 256. 57 212.91 50. 95 36. 4
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