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Preparation and interfacial adhesion properties of electrospun PCL-CS fiber membrane/PAA hydrogel composite
GAO Yang',MIN Haonan', LA Huanjun', HOU Zhenzhong’
(1. College of Mechanical Engineering, Xi'an University of Science and Technology, Xi'an 710054, China;
2. College of Materials Science and Engineering, Xi'an University of Science and Technology,Xi'an 710054, China)

Abstract : Electrospun fiber membranes and hydrogels, leveraging their respective merits, are widely used to fabricate compos-
ites for wound dressings. To improve the interfacial adhesion properties of fiber membranes and hydrogels, based on the self-
adhesive property of polyacrylic acid (PAA) hydrogel, combining with polycaprolactone (PCL)-chitosan (CS) fiber membrane, the
PCL-CS fiber membrane/PAA hydrogel composites were prepared. The PCL-CS fiber membrane was prepared by using electrospin-
ning method, and the effects of CS mass fraction on the microscopic morphology and water absorption of the PCL-CS fiber
membrane were studied for obtaining the best mass fraction of CS. Meanwhile, the PAA hydrogel was synthesized by free radical
polymerization, and the adhesion energy of the PAA hydrogel with different swelling ratios combined with the fiber membrane was
measured through peeling experiments to analyze the effect of the swelling ratio on the adhesion energy. The results demonstrate that
when the CS mass fraction is 15%, the PCL-CS fiber membrane exhibits a relatively fine and uniform fiber diameter, with an
average of 517.45 nm. The tensile strength is 1.77 MPa, meeting the strength requirements of wound dressings in practical applica-
tions. Its water absorption reaches 1 933.1%, which enables a relatively high adhesion energy between the PAA hydrogel and the
PCL-CS fiber membrane. When the swelling ratio of the PAA hydrogel is 250%, the adhesion energy between PAA hydrogel and
PCL-CS fiber membrane with 15% CS mass fraction is the largest, which is 7.12 J/m?. The above results provide a certain reference
for the study of improving the interfacial adhesion properties of composite wound dressings.

Keywords : wound dressing ; fiber membrane ; hydrogel ; microscopic morphology ; water absorption ; swelling ratio ;
adhesion energy
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Tab.1 Ratios of PCL-CS electrospinning solution

CS mass fraction/%

Items

5 10 15 20
PCL solution volume/mL 3.8 3.00 1.89 2
CS solution volume/mL 4.0 6.67 6.67 10
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Fig. 4 Tensile stress-strain curves of PCL-CS fiber membranes with
three groups of parallel tests (mass fraction of CS is 15%)
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CS mass fractions
F i, CS TR 50N 5%, 10%, 15% F120% A9 2T 4
JIEE (R W K 53 31 SR 435.9%, 1 650.7%, 1 933.1% 11
2 710.8%. PfiE CS o & 43 B I i, PCL-CS 21 4
B ) R 7K 238 28 0 AR A, 3k S R Ry CS B A R Y
FIKREL, Lk & CS Jit = 43 5 i, PCL-CS £F
AEEAY T KRG K, 7 PCL-CS 214k 5 PAA /K BEEIR
Z 18] B G B, PCL-CS 21 4 i 43 T I PAA 7K
RS T A 7K, DA ol 2 Ak RS A 5, e i i 2 R s 5
TRBEE (NG TR AR . PRI 24 PCL-CS £F- 24 i
TR = B, PCL-CS 21 48 i 5 PAA 7K BE I 1 7 Bt
PERERR AT .
2.4 REVEMKFARE IS 4 448 M A 49
ol
i T PAA K BEIEFI PCL-CS 214 15 22 [] fi4 286 B
T T A, 2K BB AE R 40 1 SOk
B, B2t A2 R, X — G TR S K BE A
AV I R AR o AH K B I 1) 268 B e I I B o i Tk
PRI SRR AR R, BT T PAA K EEIR

TERKRARE X K B I 5 £F AR T RE 2 . [l 6
i PAA K EERC A IR Rl R A2 fk it 2. B 6 F
tH PAA JKEE I 1) 55 KV ik 3] 1K 480.23%. 1E 1~
20 h B[] BE N, PAA ZKEE R 0 7 I R S B R )
K UK IMTE 36 h 2 J5 , VA IR KOs R T
2%, HL2 50 hB K BRIk B9 IOF- SRR A

500 . .
I
/i/

400}
S
£ 300}
g
on
£
= 200
=
wn

100}

0 20 40 60 30
Time/h

P16 PAA KU MR B} 1A 25 1k 2
Fig. 6 Change curve of PAA hydrogel swelling ratio with time

Bifi 5 PAA ZKBE IS KSR I3 K, KBRS 1) 712
PERBAE 55 , A K R LK, 255 0 PAA 7K BE I E #K
BRI o RE, H 2 R K A 300% LA
() PAA 7K 58I 55 2T 4 1S 1) 285 B R I s B SR 348 K i
LR RS T, 73 PR IR R 100%,200%,
250% F1300% 1) PAA /K EEE 5 CS i 0 50h 15%
() PCL-CS £F 4E A TG A, 38 2 180° 31 25 i 45
X AR B I -5 2T 2 i =2 Ta] 1) 285 B BB 2R A 000, AL )
FIES S-S L an e 7 Fis .

0.6 -

—100%
—200%
05 ——250%
—300%

Peeling force/N
[=]
W

0 50 100 150
Displacement/mm

K7 AR BE T A 34 18 3-8 it 26
Fig. 7 Peeling force-displacement curves with different hydrogel

swelling ratios

W &1 7 rh 3 B 050 B8 it 2 2 4R B T R G
BHEE, I 8 s . MK 8 & Y, 24 PAA K BRI A K
F R 100%,200% , 250% F11 300% -, X5 17 1) % B BE
4% 5k 0.84, 5.14, 7.12, 5.06 J/m’, PAA /K Bt I 5
PCL-CS £ 24 B 14 26 B F1E Bl 25 1 i 3 (g 348 o S K



5%, 55 W LY PCL-CS SR ARG /PAA KBTS G b i) 45 K S T b B A 29

Adhesion energy/(J-m)
N

0 L L L L
100 200 250 300
Swelling ratio/%

8 ANIFli Mk Ak BEAE S5 AT ARSI R B A
Fig. 8 Adhesion energy between hydrogels with different swelling

ratios and fiber membrane
JE BN, X2 R O 25 BRI T R i K, K B 1Y
W 25 B 2 I K, 0 25 L AR PR RE T B 22 (4%
IKBERE S £F HE R B B4 I 2 A 2 Y SR A,
PET RGP REAT AR o SR, 2R IR AR B —
i SRR, 2o 3 PRI KR S B A A 0 245 e 2
T , 3K bk 88 MR 2 R 7 R M ) 248 5 E) 254
NI iAo RE I F VB B0 s D, B2 B T

e N
3 #ig

(1)4 CS A 4300 15% ik, PCL-CS £F 4 fist
JRE R 55 R 34 5T B RO 5, HOF 38 47 4 B A N
517.45 nm, FAHEEE A 1.77 MPa, #5552 HAT M1
IR ZEK . Rl , 2R AERREI K 323551 1 933.1%,
W 7K e 2 £ 2 ST M B i (930 20 F5 . 765 PAA K
SIS BAIN | 27 4k IESRE S 7= A B 22 1 S0 A A7 4 T
PERRMRE

(2) PAA 7K BE e 55 2 248 55 1) 268 B i 2 Bl 2 5 ik
SRR BEINT KA AR . 24 PAA ZKBE I 19 1 ik R 7
0%~250% 710 FBl N AE AR, B RFFRE 2 Bl 25 1 A 2 1 3
T K 5 Y9 R KT 250% I, BB AE ) 23 Bt %5
VA TSR B A I TR/

(3) 4 CS Jiz 2 535 15% 1) PCL-CS 41 4
I 5975 ik % Sk 250% 1Y PAA 7K B I 1 45 52 6 b R
B, P 2 22 (8] R A% 7= A 458 i 110 2 B BB BB RE R
7.12 J/m’,

& % 3
[1] SU W Y,PANG Y,CHANG Z Y, et al. A “nanofiber membrane-
microarray hydrogel” dual-module structure for thermal-solar-
electric energy conversion[J]. Nano Energy, 2024, 123. DOI:
10.1016/j.nanoen.2024.109408.
[2] YUJ,CHEN M M, HU N, et al. Long-lasting hydrogen evolution

and efficient dew harvest realized via electrospinning polyvinyli-

dene fluoride membrane on hybrid hydrogels[J]. Small Science,
2024,4(7). DOI:10.1002/smsc.202400046.

[3] GHOMI E R, NIAZI M, RAMAKRISHNA S. The evolution of
wound dressings: From traditional to smart dressings[J]. Polymers
for Advanced Technologies,2023,34(2):520-530.

[4] 2R, SRENFN, FRLLAR , A5 B A0 m Bork iy ;S 5E 3k JE ],
LR, 2023, 51(9):13-18.

NIU Ge, ZHANG Jinsong, PAN Hongfu, et al. Application and
research progress of new wound dressings[J]. Shanghai Textile
Science & Technology,2023,51(9):13-18.

[5] JIAB,LI G W, CAO E T, et al. Recent progress of antibacterial
hydrogels in wound dressings[J]. Materials Today Bio, 2023, 19.
DOI:10.1016/j.mtbi0.2023.100582.

[6] XIONGY H,ZHANG L J,XIU Z P, et al. Derma-like antibacterial
polysaccharide gel dressings for wound care[J]. Acta Biomaterialia,
2022,148:119-132.

[71 YANG J H, XU L. Electrospun nanofiber membranes with various
structures for wound dressing[J]. Materials, 2023, 16(17). DOL:
10.3390/mal6176021.

[8] JIAJJ,LINZH,ZHU J L,et al. Anti-adhesive and antibac-
terial chitosan/PEO nanofiber dressings with high breath-
ability for promoting wound healing[J]. International
Journal of Biological Macromolecules,2024,261(1). DOI:
10.1016/j.ijbiomac.2024.129668.

[9] ZRWELH . A=Wy LT 4k 5 K B e 5245 D e v 0 1 OBk il 26 K 1k
REBTSE[D]. & 1 K%, 2019.

LI Xiaoru. Preparation and properties of bio-based hydrogel
composite functional wound dressing[D]. Qingdao: Qingdao
University,2019.

[10] WANG M S, GU J T, HAO Y N, et al. Adhesive, sustained-
release, antibacterial, cytocompatible hydrogel-based nanofiber
membrane assembled from polysaccharide hydrogels and function-
alized nanofibers[J]. Cellulose,2023,30(1):323-337.

[11] LAID X,LIEL,YAN Y J,et al. Gelatin-hydrogel based organic
synaptic transistor[J]. Organic Electronics,2019,75. DOI:10.1016/
j.orgel.2019.105409.

[12] WANG X Y, SONG R J, JOHNSON M, et al. Chitosan-based
hydrogels for infected wound treatment[J]. Macromolecular
Bioscience,2023,23(9). DOI:10.1002/mabi.202300094.

[13] WANG Z M, WANG J H,LIUY C,et al. A low cost, acrylic acid
based low swelling hydrogel[J]. Materials Letters,2024,366. DOI:
10.1016/j.matlet.2024.136538.

[14] GAOY,LAHIJ,MIN H N, et al. Study on the mechanical proper-
ties of Polyacrylic Acid/Chitosan double network hydrogels in
dynamic water content[J]. Materials Research Express, 2024, 11
(11). DOI:10.1088/2053-1591/ad913c.

[15] MAO C, LIANG S,HU Y C, et al. The antibacterial and drug-

loaded bilayer poly(e -caprolactone) fibrous membrane with a



30

AR

2025 4E, %5 53 4,45 3 1

[16]

[17]

[18]

[19]

shish-kebab structure[J]. Frontiers of Materials Science, 2024, 18
(4). DOI:10.1007/s11706-024-0703-y.

ZHOU S D,LIU Z X,JINY J, et al. Poly (lactic acid) electrospun
nanofiber membranes: Advanced characterization for biomedical
applications with drug loading performance studies[J]. Interna-
tional Journal of Biological Macromolecules, 2024, 281. DOI:
10.1016/j.ijbiomac.2024.136188.

Wz, o, R, % B Bkl 4 1 CS/PCL HRiR LT
AN £ 5 FALLT]. ARBE 224 (A SR RR) , 2023, 49(3):
1-8.

CHI Xiuyun, HUANG Chao, FU Sijia, et al. Preparation and char-
acterization of CS/PCL blended fiber membranes for anti-
adhesion after laparoscopic surgery[J]. Journal of Donghua
University (Natural Science),2023,49(3):1-8.

LIMY,DONGY P,WANG M D, et al. Hydrogel/nanofibrous
membrane composites with enhanced water retention,
stretchability and self-healing capability for wound
healing[J]. Composites Part B: Engineering, 2023, 257. DOI:
10.1016/j.compositesb.2023.110672.

SHARMA S, CHHETRY A, ZHANG S P, et al. Hydrogen-bond-

triggered hybrid nanofibrous membrane-based wearable pressure

[20]

[21]

[22]

[23]

sensor with ultrahigh sensitivity over a broad pressure range[J].
ACS Nano, 2021, 15(3):4 3804 393.

RASHEDI S, AFSHAR S, ROSTAMI A, et al. Co-electrospun
poly(lactic acid)/gelatin nanofibrous scaffold prepared by a new
solvent system:Morphological ,mechanical and in vitro degradabil-
ity properties[J]. International Journal of Polymeric Materials and
Polymeric Biomaterials, 2021, 70(8):545-553.

LIN C M, CHANG Y C, CHENG L C, et al. Preparation of
graphene-embedded hydroxypropyl cellulose/chitosan/polyethyl-
ene oxide nanofiber membranes as wound dressings with
enhanced antibacterial properties[J]. Cellulose,2020,27(5):2 651—
2 667.

ETEMADI N, MEHDIKHANI M, HURI P Y, et al. Novel electro-
spun  polyvinyl  alcohol/chitosan/polycaprolactone-diltiazem
hydrochloride nanocomposite membranes for wound dressing
applications[J]. Emergent Materials,2024,7(3):1 103—1 113.
GRF- RV DU T 2 11000 25 2 P ORS R 7 B SR 1 570 B P AT
FE[D]. AR AR R, 2023.

LIANG Ziyi. Study on the construction and performance of wet
tissue adhesive hydrogel inspired by mussel adhesive protein[D].

Fuzhou:Fujian Normal University,2023.



