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Preparation of MXene Functionalized Polycaprolactone Hybrid Fiber
by Electrospinning Technology and Study on Its Properties

HE Chunxia, ZHANG Yang
(Huanghe S & T University, Zhengzhou 450063, China)

Abstract: Functionalized polycaprolactone (PCL)/transition metal carbide nitride two-dimensional nanomaterial
(MXene) hybrid ultrafine fibers were prepared by electrospinning technology. The effects of spinning solution
concentration, electrical conductivity, surface tension, and spinning voltage on fiber morphology, diameter distribution,
thermal properties, and mechanical properties were systematically investigated. By functionalizing the MXene surface,
uniform dispersion and interface enhancement were achieved in the PCL matrix. The results demonstrated that an
appropriate PCL (mass fraction of 15.0%) and spinning voltage (26 kV) produced fibers with uniform diameter and stable
structure. The introduction of MXene significantly increased the electrical conductivity of the spinning solution and
reduced its surface tension, promoting fiber refinement and homogenization, while simultaneously enhancing the thermal
stability, crystallinity, and mechanical properties of the fibers. The study results provides references for the design and
preparation of high-performance biodegradable functional fibers, and expands the application potential of MXene in the
fields of biomedicine and flexible electronics.
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Tab.1 Formula of electrospinning solution

Wecr /%0 Moct/8 Viue/mL Myxene/8 Whixend/ /0
5.0 1.0 20 0 0

7.5 1.5 20 0 0
10.0 2.0 20 0 0
12.5 25 20 0 0
15.0 3.0 20 0 0
18.0 3.6 20 0 0
15.0 3.0 20 0.2 1.0
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Fig.1 5, and average fiber diameter of electrospinning solutions

MR LI, Y PCL /ORI 7.5% B, 1, (R
4152.48 .61.49 mPa's, 73 T-HESE4E RS , 7 S ok 4Rt
WL . I, 27 223 BRI RIS b 3 L i
SReFYE, Y PCL 204504 10.0% B, 7,54 290.20 mPa-s;
M PCL e 20 80h 15.0% 15, 5,04 1 484.32 mPa's, y &
PCL R BTSN HEN. , o TR 2h R B G o,
FEHRIRBE TSR N FT. 2 PCL s 04k 15.0% 1, 43
T-HE 2 5 55 RS R T I8 BT, R 4R T3 BLAR R/
(261.4 nm) , B Skl , WPk . 24 PCL BB & 734K
M 18.0% 5,493 183.64 cP. B EHE LS L PIA T : —
RGN D B 2 s IR & S B OR SAE
WS 22 |14, | R I 22 T s T i R R R S e b
i1, SF 4 B AR ML 2 360.5 nm, W ZiPE W2 R %, fEPCL
JFE SN 15.0% R N T 25380k 1.0% ) MXene
VU, o G B4 DI % 2 445.20 mPa's, X & T MXene {E
R T HEGOR 2R, AR R B RERIRERS 5 PCL 41
Fot 2 BT S s At AR ELAVE D7, T N 14512

BT, S EUE R R T BT BRI INRE N Y
oA AR E P H I A S S SR e, R
(A ﬁﬁﬁ*ﬁéﬂhﬂjﬁzmﬁ; D) B T = Ve ST R VA 1 s e
212 HE

RSl %E%%ﬁi%%iﬁ%@ HLff RE T S 4
H 5 iy s B R S T SRR R, ey
TR, 2 2 W S B nT L S A e R R
M, R, B SR B8 IR 2 ATy A A RE
Waow  FE I E AT 3 S AR e R, i A R S
TREPL AL, , T 2P . 2 IEF i 2 B S
Ko WE2H T LIE W, #E PCL B (= 53 5M 5.0%~
18.0%) 4, T A HL- S R L PR AE , 3474 0.01 pS/em,
X RIHFE PCLAR R H, PCL K EE AL S ) S e P RE
WA, X PTRER: T PCLAR B — P gk, H
Vot ki ok 7 SR WE WY 52 [ LR i A NS (TP 42y e w4
4 15.0% B PCL ¥ 38 N 5T & 90 50K 1.0% ) MXene
Ja W S R R A B AR, AL 0.01 uS/em HY &
0.22 pS/em, X —45 3543 158 MXene B I\ REMS B 2
PR PCLY i i 3R . HRRAET MXene fE0—F
HA WSS RN —4e gk e, HAR G S A FE 1
r R, 43 HE PCL ARG , RERE AR (LA AN 5 v
WIE , A R THE R 5 U RE

k2 HwyamiheFE

Tab.2 Conductivityof electrospinning solutions

Weer/% Watxene/ 70 SR /(uS-ecm™)
5.0 0 0.01
7.5 0 0.01
10.0 0 0.01
12.5 0 0.01
15.0 0 0.01
18.0 0 0.01
15.0 1.0 0.22
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Fig.2 SEM images of PCL fiber and PCL/MXene fiber (10 000x)
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Tab.3 Surface tension test results

Wpc/% Whtxend /0 FIH5k J3/(mN-m™)
15.0 0 30.54
15.0 1.0 27.21
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