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Preparation and properties of polyvinyl alcohol/sodium alginate

composite nanofiber membranes
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Abstract: Polyvinyl alcohol ( PVA)/sodium alginate (SA) composite nanofiber membranes were
prepared by electrospinning method, and then calcium chloride was used as crosslinking agent to
cross-link PVA/SA  composite nanofiber membranes. The effects of electrospinning process
parameters, including the mass ratio of PVA solution to SA solution, spinning voltage, receiving
distance, on the structure and properties of PVA/SA composite nanofiber membranes were studied ,
and the fiber diameter and its distribution were analyzed. The optimal electrospinning process
parameters for the PVA/SA composite nanofiber membrane were found to be the mass ratio of PVA

solution with mass fraction of 8% to SA solution with mass fraction of 2% was 9 :1, the spinning
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voltage was 22 kV, and the receiving distance was 10 cm. Under this process condition, PVA/SA

composite nanofibers with good morphology and uniform diameter distribution could be obtained,

with an average diameter of 60.42 nm. The results of Fourier transform infrared spectrum analysis,

X-ray diffraction analysis and dynamic contact angle test results showed that, the addition of SA

reduced the crystallinity of PVA.

PVA/SA composite nanofiber membranes showed stronger

hydrophilicity, while the crosslinked nanofiber membranes showed stronger hydrophobicity.

Keywords: polyvinyl alcohol; sodium alginate; electrospinning; mass ratio of solutions; spinning

voltage ; receiving distance; nanofiber membrane; cross-link; hydrophilicity ; hydrophobicity
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SEM images and diameter distribution of PVA nanofibers with different mass fractions
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Fig.2 SEM images and diameter distribution of PVA/SA composite nanofibers prepared from PVA/SA mixed spinning

solutions with different mass ratios
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Fig.3 SEM images and diameter distribution of PVA/SA composite nanofibers prepared at different spinning voltages
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Fig. 4 SEM images and diameter distribution of PVA/SA composite nanofibers prepared at different receiving distances

HEEE KRG T PVA KA Ta5Hh R nz ),
YE—2520 T PVA/SA BB R 2B K e

3 ik

SA JKIE W AMELA SR EA TS i 2522, ¥ SA 5
PVA MR, 2 2l 36 2 7 (B 0 A BAE T, $2 5 0 T
BEBLR R L5 R, S SA IR R g 22, M
SEM NREL A BHL, 45 24 W F A2 MG 8 3k R s /N4
AFIT PVA/SA BEAKGLEIE L., PVA/SA &

60
551

FLALS A1/ %

0
40 50 60 70 80 90 100 110 120 130
214k FL A /mm
d) B CEIREE 510 cm)

A2 53 A /%

B

0
40 50 60 70 80 90 100 110 120 130 140
L1 4 4% /nm
f) FAASM (BRIEE 1S5 cm)

B AR R Y 22 T 2 B BN R B0 8% 1
PVA 5 T80 2% 09 SA SRR 901,
iR 22 kV YRS 10 em, EMAH T Y
PUN EpUB Y P & YN EA R Y| 72 TR o E I | O 4
RMDEIE, HARSME T, TRZRMERFL, XRD
RER R R REFHRY 2 T 22800 &1
PVA/SA B & HRAE 19. 204077465 PVA [R5 1 45 5y
W, HL AR Bt ) At 0 | SRR I SA A T K
B AR SE R | TRIA PVA/SA A PVA 25 Fhid
AH Ik 55, 100 B R &5 o A T R AIG K $2% ek A DU



FUBEAAERE Vol. 43

413 A )
k Qi Technical Textiles Jan. 2025
VAR —— PVAZJR AT 4
—sX}%}Ej K —— PVA/SAK A fi

——PVA/SAK £ )i /."/\\

4000 3500 3000 2500 2000 1500 1000 600 |5 10 15 20 05
P K /em!

20/(°)

B 5 SABK.PVA SR HIER PVA/SA AR

sk B 6 PVA 4K 4IEA PVA/SA A4 XRD B
Fig.5 Infrared spectra of SA power, the PVA nanofiber membrane Fig. 6 XRD spectra of the PVA nanofiber membrane and
and PVA/SA composite nanofiber membrane PVA/SA composite nanofiber membrane

9302

c) 6s

'

a) 0s b) 3s

d) 9s

B 7 PVA/SA B A&WAKERA
Fig.7 Water contact angles of the PVA/SA composite nanofiber membrane

GG BIR , PVA/SA B4 I3 B T 58 1Y) 35 7Kk [2] ¥, 3, 2RME, & HHgigEmRmE Sk
i PVA/SA 3B /K M3 4 LR A S HERE D], 981, 2024, 45(8)

18-25.
[ 3] ANGEL N, GUO L P, YAN F, et al. Effect of
processing parameters on the electrospinning of cellulose

acetate studied by response surface methodology [ J .

Journal of Agriculture and Food Research, 2020,
2. 100015.

5% [4] HRUUR, W, BCH, 45 KBB4 Ot
PURPERERTIE[T]. M54, 2021, 39(3) .

(1] 4, i, 283, B OIGE/ 3R R IR 24-30.
ML 22 [J]. L2 4R, 2018, 46(2) . [ 5] FUS, THACKER A, SPERGER D M, et al. Relevance of
22-24. rtheological properties of sodium alginate in solution to



S 43 %
2025 FFE 18

= RA

Technical Textiles

A5

I, FRIEHH 1

[10]

[11]

[12]

[13]

93.4°

a) 0s

c) 653

93.0°

b) 3s

d) 9s

B 8 PVA/SA ZBEJE K I fk A

Fig. 8 Water contact angles of the PVA/SA cross-linked composite nanofiber membrane

calcium alginate gel properties[ J]. AAPS PharmSciTech,
2011, 12(2) . 453-460.

PARSIMEHR H, EHSANI A. Algae-based electrochemical
energy storage devices [ J]. Green Chemistry, 2020, 22
(23) . 8062-8096.

ZHANG W, ZHAO Z D, LEI Y. Flame retardant and
smoke-suppressant rigid polyurethane foam based on
sodium alginate and aluminum diethylphosphite [ J ].
Designed Monomers and Polymers, 2021, 24(1) ; 46-52.
ZHAO SZ, XUESM, LILT, et al. A comprehensive
evaluation of PVA enhanced polyamide nanofiltration
membranes ; additive versus interlayer[ J]. Colloids and
Surfaces A Physicochemical and Engineering Aspects,
2023, 660. 130870.

PRERS . Up IR S 2T 4 WORE S L AR A s HoR [J].
PGSR, 2022, 40(4) : 1-6.

KAMACI U D, PEKSEL A. Enhanced catalytic activity
of immobilized phytase into polyvinyl alcohol-sodium
alginate based electrospun nanofibers [ J ]. Catalysis
Letters, 2021, 151(3) . 821-831.

XTI, GhMe2s, T, 45 REELNEK LT e &
RS2 A U B 5 MOHLPERE )] Gi8Um MR L
2272022, 35(4) : 29-37.

TOPUZ F, UYAR T. Electrospinning of cyclodexirin
nanofibers; the effect of process parameters[ J]. Journal
of Nanomaterials, 2020, 2020(3) : 7529306.
MOOKALA P, REDDYS R B, LEE Y ], et al. Using
neural networks to model and

artificial interpret

[14]

[15]

[16]

[17]

[18]

[19]

electrospun polysaccharide ( Hylon VII starch) nanofiber
diameter [ J ]. Journal of Applied Polymer Science,
2021, 138(11); 50014.

CHEN Y B, WANG Y X, LI Z, et al. A flame retarded
polymer-based composite solid electrolyte improved by
natural polysaccharides[J]. Composites Communications,
2021, 26. 100774.

ABDELGHANY A M, AYAAD D M, MAHMOUD S M.
Antibacterial and energy gap correlation of PVA/SA
doped with selenium nanoparticles [ J ].
Biointerface Research in Applied Chemistry, 2020, 10
(5): 6236-6244.

WREl, 250, BRI, PVA/IEBERREN/ TiO, ZhK LT 4k
Bl f MO BT ERE [ J]. L g 2R, 2023,
51(2): 57-61.

RFEH, B2, T 80 o RBEMR A AR S5
il # SOHLBURPEREPEO [T ]. REERF2 R (A A
Bl22iR) , 2021, 47(6) ; 22-28.
ISLAM M S, KARIM M R.
characterization of poly ( vinyl alcohol )/alginate blend

Colloids and

biofilms

Fabrication and

nanofibers by electrospinning method [ J ].
Surfaces A: Physicochemical and Engineering Aspects,
2010, 366(1/2/3) ; 135-140.

WANG C H, ZUO Q, WANG L J, et al. Diameter
optimization of polyvinyl alcohol/sodium alginate fiber
membranes using response surface methodology [ J .

Materials Chemistry and Physics, 2021, 271 124969.
— 15 —





