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Preparation and Performance of Medical Multifunctional Hydrogel Fiber
Based Nonwoven Fabrics

DONG Jinhua, HU Huijing, DENG Bingyao, LI Dawei”

(College of Textile Science and Engineering, Jiangnan University, Wuxi 214122, China)

Abstract ; Utilizing natural polysaccharides carboxymethyl chitosan and sodium carboxymethyl cellulose as spinning raw
materials, and quercetin as the functional factor, multifunctional hydrogel fiber — based nonwoven fabric (HFN) with soft-
ness, hydrophilicity, antioxidant activity, and rapid hemostatic performance was fabricated by combining hydrodynamic
drafting spinning platform with wet — laid web formation. The study investigated the microscopic morphology, water vapor
transmission rate, antioxidant activity, and in vitro hemostatic performance of HFN. The results showed that the water
vapor transmission rate of HFN was 2 975.91 ¢/(m” + d), and it exhibited excellent superhydrophilicity, capable of
completely absorbing a 10 L water droplet within 0. 05 s. The scavenging rate of HFN against 1,1 — diphenyl —2 — picryl-
hydrazyl free radicals reached 82. 63% , demonstrating outstanding antioxidant activity. The material also displayed good
blood compatibility, with an in vitro blood clotting index of 30.07% and a blood coagulation time of 7.92 s, which were
significantly superior to those of the cotton gauze control group. The results indicate that HFN possesses excellent antioxi-
dant activity and rapid hemostatic performance. This study provides new research insights for the development of medical
clothing fabrics.

Key words : hydrogel fiber, antioxidant, rapid hemostasis, multifunctional dressings, medical clothing fabrics

BRI BB R RN AR, SR L KRB D) 3 BUE B SRR 0 I A%, T 51 AT R
Rz AR S M E AR EERE B ARIBEEEL G R I R G R, R R R

r#s HHA:2024 -01 -29;  f&iT HH§:2025 - 07 - 10,

EEME : HEARRFELEHF LT H (51908246)

EHE B A (1998—) , 5 05k

« BIEIEE R (1989—) , B RIS 5L, A 00, B9 T ) 2B W s 2 4L (DB £ 4k FnE 4L #4 %L

Email ; 1dw@ jiangnan. edu. cn



%5 H

FToM . E . BERSHRAKBIRA SRR ERGE L LR . 385 -

SO AR . 50 A e — AN Ak 3h
R4S R, AFE 1k i B B (iR SR A I AR
TERL) ARAERTBL (PR IEIE BR B ) K5 B
Be( bR th) BB BE () L 4 AN B
AT RUE 105 TSR @A o SR, 7 SE B B
PSR R RREE A ] BE 2 S B0 S, U5
MM T S H AR, B D G R, HAh,
70 R A RS I RE A R 4N 1 5 5 A A, 2
A AR E AN L i, BB 5 ROk
PLEAT Z2 R A= )6 2, 72405 1 G AN ) B Be 3 [+)
YER At A o

H AT, © A Z AR D188 A R IR i SOk
AT FIGE RS, B an2h A R oK B8 G SBEILE
ERA NGRS/ 3 S S SR e D B 7
FME RN PRI A RE , 328 ¥ AR i DA B 43 11 Okt
(B o KU Bl W M 5 1 2 T AR
I g5 DR HER S PR 5 A0 T RE B 2 0 L4
H RN A Y AR o BEAE, K BE R 45 1) 2
LA B REM B S ey AR K I T R4 i
BT, 0 O A 4 A e 0 . SR, H
TFR K BE I 22 L) RS0 B8 1) T8 X7 I R il
BB B , AR T AURR I Sh 5 e, Tk
MRS R R A ERE YA E
AR FLB AR BE S 45 1 AT AN S 2 R AU
PRI M A S A DRI, B /K BE IR
ToREF YRR, AR R A E A R 23 A 1Y SR
WHEIE Iy | KB AF e B 41
AR L 3k A 7 B2 97 IR TT & vb B R Ry B ]
AT

SCHRLRR B B 50 JOBE L PR Y B 2T 4 3K 4k O I
BE RIS IR B2 22 W 245 W0 B 3R A D it 484k
FILE G5B K Bl B A G5 22 AR A KB IR A
Tl 1) 7K R R 2T 24 30 3 9 12 o IR B AR e fin I Bk
BEt e 4 FeAE 25 AR (hydrogel fiber-based nonwoven
fabric, HFN) FI 7075 11 50k} #E— B R5E HEN B3
WLZERY B IR AE R K TR AT P AR SR Ik 1
PERE
1 HESEE
11
L1.1 R# RWESTEM, BRI
ABRAF P4l R BL LT e R oK S I —
W, 2oy b [ 2 A AT A R A PR m S At e R

1 SR A AR B A R m] SR s iR h 92
M W ( phosphate buffer saline, PBS ). & 1k 45

(CaCly) , ¥ gL IR I A DI RHI A BR A Fl e it
1.1.2 AL SUBL00 Bk 471 4 L ¥ A it
H A H 3723 W] il 1 5 Nicolet is 10 i HLIH A2 21 7l
TEAS, 2 [ B8 B G 2R BB A BRZA W] i 36t ; DSA2S
e fih fr 0 A, I v B 2 D A 3 5 FM200 5 5
DIy BFLACHIL, L3 95 & se i AR DL AR 3 AT BR 2% W
il 32t s HWS-80L 8 it 1 1 15 TR 4 , 47 2% BRAN AR Al
1 A PR 7 il i 5 Multiskan Go BiEARAX, € R FEEK
A FRZ w3 5 TC16-WS i 38 15 30RO AL, W 19 i
AR50 A AT A PR W i3k o
1.2 7k
1.2.1 HFN a9 614 SRAISEE S A Hi K3 )4
{275 2223 ] 55 K BEIRCET 4, BT FH RSk A2 0. 26
mm , HfEPEH O 0. 6 mL/min, 1 77 58 £ & 55 8
1000 v/min, 2722 b & AR EON 2% KR T
ST SR P R L e R (i Ly 7:3) i B
RIUEHSE N 0.5 mg/mL, B [E N ABU 5 3%
() CaCl, ¥ 8 ST U0 0 P LAR MRS 75 21 i K
BT HETT U)o R £ 4 38 2 1 B B AR 15 214
SIBIK BT 4EM v R ( =20 CYRIK 12 h) T
(20 PaBLZS N4 24 h) 753 HEN,
1.2.2 @k fe SRR T R0
FOKBERETHE S5 HEN ARO0IE R , I i BT 20 A
HERMOCER A DL , R A8 L AR 21 A
I3 HEN 946272544
1.2.3 k#EAFZEFR HFN SRR TE
RS YY/T 0471, 2—2004 (42 fiuh 1 A i Ok
W 5 2 Wy U OR K 28 i ) T
FE LIRS VE TR, H5 HEN 548 20 A 85 R B AR N
11 mm Y, B T34 2 mL LB 7K 1
RN G PR RN E TR D 37 °C R 75%
EREE R BERRRE S IK 3 Wk, O, KR
PO RN W)
24 x (wy —w,)

WzTo (1)
A WORE R KB R g/ (m* - d) ] 5w,
D IMHIE A K BT BURE (g) 5w, K5 247
IR F R (g) A ST AR (m?) 50 it
[l Ch) .
1.2.4 AAEE 1, 1- TR -2 -5 S
(1,1-diphenyl -2 —picrylhydrazine , DPPH ) ¥ T JG 7K
B VRS 100 wmol/L ) DPPH ¥, 4
BIFRECS mg 1 HEN SR8 T 208, Il
/b PBS SE R, B JG E B O A AT mL
DPPH ¥, 7 MEE S IS P E T 12 he (TG



- 386 - MR R

£ %10 &

PRI ERAE 517 o AR ™ . AR
BESIUIA 3 U, BOFH9 (i, DPPH. £ i JE3 5
AR

p DD

D, (2)

AP D IAAER) DPPH [ H BT BR 35 Dy AR
FEih DPPH WO IE s D AR & DPPH %5
WAL o
1.2.5 RsbigmF Gl b RO i 5 50 EAf R R
MBI ZME ' o 8] PBS X bt & I i 4T &
B UER AR BITTIE M LL A0 . FRIC2 mg 1A
TELOE T, BEE A 4 mL PBS (1 mL & & 2140 i
TR (TR ECR 5% ) o IR G IAE 37 C T
B 1 hJ5,765 000 r/min 454 T .0 5 min, 18 171 fiff
BRI & BV IRTE 540 nm AERIOGRE . BERIEE S
M 3 Y, O IR A N
Hg - Hy,
Hyp = Hye © (3)
2 H AR IR SRS L% 5 H il RE v TR
WAIWOCEE s Ho 4 mL LB FOK5 1 mlL & & 2040
T S R OLRE s Hy 9 4 mL PBS 51 mL &
LM IR B OB
1.2.6 sfig#t EarE OB HEN 5432075 80 4
Lemx1 em WTEIFE T 5 mL B0 1, B0
BRAE 37 CHy/KIEfh I, .08 PmA
1 mLL % % 4 LA 0. 1 mL CaCl, %3 (% K
0.2 mol/L) o B.OAE R — & AL, 38 3k AN [R] ik (]
O TR RIS IR AN Wl 87 R A i 2] s L e
3 K B HME
1.2.7 thshg g5 4 WO AR AN EE I 5250 A
HEN fyfRSh ki RE. 6 & 2, ¥ HEN S5AZb A
B 1 em x 1 em 58 & T SRt b, I 7E
37 CHEFAAP IS min, $ 100 pl A& 4 1M
TR R R Rl N 10 WL CaCl, ¥ (WRIE N
0.2 mol/L) , 34 37 C FIEH 10 min, ZZEHIA
10 mL 2B F/K, 34E 50 /min 254 F P 5 min,
AHE 2R 8 1 A I Y o 38 5 ol s (S0 b 3 A
540 nm Lb IR OGRE . AERRAE S IR 3 W, P2
{Bo MIREE R HE BT A

Bo )

By

P B O LR BE [ 45 50 Bs M RE dh L38O
BE s By AAINAE G2 EIE R AROGRE
1.2.8  fesmigfs i ff HEN S50 20 A0 £ 57
Lemx 1 em W75, BJE TR N 100 WL HisE S 4,

H=

A B I 10 L CaCl, W (HEEEN 0.2 mol/L) ,
137 CTEE 10 min, i ] PBS Z U kkR £k
RHFFT A AR TR BT R A3 E0h 2. 5% B IE T W
[ 3 % i, AR R AR B 4 B0k 30% , 50%
70% ,90% ,100% (1) £ BERE W AT K b 3, 3 5
Y e SFHE A L 30 A O % 4 3 T 28 ) ot 240
MBS

2 GHRTTHR
2.1 HFN %4

SCRBRFESKIA A K, Bl 7oK Bl 1 A2 i 24
P T A BAR T AR B LT S o v RS
YB3 2 (o2 O [0 e RO SR 9 A . 4 5
22 005 RE [ T VA A F R DR SR I K R A
[FJ 308 378 1 A B VDL A g kg A i 27 A B I 5
A, TXRR A A5 A S B K BRI £ 2 1Y P
Sy SR EIEAL, REE S % FLAR nl i K B 2T
Abo 2 iIH R B UETE 1 h JHFE 36 mL Z522
W, BE A 2 2 110 mo ) K BE I 27 4 ( B AR 2
50 wm) o SCHBFTTE IS AR TE A L O LA
il 46 e 2 295 B K R R 2T AE SRS T RT AT Y gk
YES

SCHRES K B 90 A G 2228 B 5 10 M 4
A A HEN A2 05 FORE . R L2 4 3 B
FIER R0 SR 2 5405 B 74 8 UK B, I
S AN K2 (AL (S| 7 B AN e L ES 4 N
BEMCETHE PO IE B S L1 AN G 1 B . %
L YE FARZ 36 pm| WLE 1 (a) |, i 5 BA B HE
FIRIAERIR [ LB 1 (b) ], 1K I A T 25 2230 e v sy
L THE R 1 J5E 146 8 9 00 £ B 1) DY U B A Ty oK e
LT HE RO B LTI 1 () BiR R H
RN LR T 3L SCEEAE S/ PN
HAHE, 2T 4k h—OH A LAk 28 5 ELIS A7 it
o HFN BRORIE S B A0 & oA an e 2 s
T A U (AT A 22 (A TG4 , AT Y S 1
PR E A AR SLE AT [ WL 2 Ca) ], 1050 B 41 D 58
WORAEAR U A 2 20 oAl [ LB 2(b) T K sk
WK Bl 1A i 25 222 B SR UM SR S5 5, R
SBT3 /K BE R LT EREAR SR Y

50 pm

(a) TRATEL (b) PR AL



%5 H

FToM . E . BERSHRAKBIRA SRR ERGE L LR . 387 -

— SRS U 4y
— R AT
—HFN

-\ [ \W\
UJ\JXL

W

4000 3500 3000 2500 2000 1500 1000 500
PE/em™!

(c) £L4MEE

Bl 1 KB AT 4RI R IR R H AL S e i

Fig.1 Micromorphology and infrared spectra of

[

B %

hydrogel fiber

4

|

S l:mm

(b) FEILR A

(a) BB
E 2 HFN{RMEREESETESS

Fig.2 Micromorphology and calcium element distribu-
tion of HFN

2.2 KERETERSFKM
HHAR A7 11 RORE R B R 1A A B fE

405 H TR, AR T DS, Wi o T
WA, 25 5 A A BLER O AT e
IKFER BRI P HEN (IR BAE /7, 45 1
WNE 3 s, BE 3 Af 0L, HEN 17K 78 SO o8
2975.91 g/(m® - d), ik TH Y M [2 842. 55
g/ (m’ - d) ] LT [41[7 376.61 ¢/(m” - d) ],
HFN {5 197K 28 AL Fr e 1 03 T L 42 5 1 25K
SEP . BeAh HEN B fLB R R 28 U b it 1
ARCETE . HFN fE7E 0.050 s P5E 4RI 10 L 7K
T, M 2 SRR D AT 22 0. 300 s A ETE &I 10 pL
K (LB 4) o R HEN GE PRI AL H
VR, LA R T A3 B 4 FRE ), A Dy s 11 0K
AR B IS

8000

S o)
(=3 (=3
S S
(=} [=}

B /[g/(m? + d)]
g

2 FRLb A HFN
R
3 iRebf 5 HFN fkESEE R
Fig.3 Water vapor permeability of cotton gauze and
HFN

0s 0.025 s 0.050 s 0.200 s 0.300 s

HFN

RS
Kb A . . .

B4 #zb#5 HFN posEkiE

Fig.4 Hydrophilicity of cotton gauze and HFN
2.3 mEMLENE

e D RS R, Ay o i i 2k T i o
S ALFT DNA SR B0 D G DI, BEAR 4
HBCRH B AT R4 B i SR BRAE 1o M B 3R A%
NRIRE IR Z W 25, J B 2R E A 4R R ik
W, A BREL C 30 E AT B SE RE A 30 Bk A i 2k,
HAES @A™ S sd DPPH [ i 3%
PRECEG R VP HEN A BTG 1L, S5 R A& S By
No HIELS Al L, HFN ) [ i ER Ry 82.63% ,
i TR ) 40. 64% o S5 REH], HEN B A I
SERHTEALIEE IR UE T HEN A 4% 67 2 5 B
R AE 5 1 AT R R R i A
PristE .

100
. 80
N
g 60
#z
g 40
=
20

0

WA HFN
Kk

5 H2b# 5 HFN iy DPPH B lEFRKRE
Fig. 5 DPPH radical scavenging rate of cotton gauze
and HFN

2.4 fkShibInEEE

HAEAY £ 10 ORI B AT R A B LA A
— B Y I AR PPN HEN (8 LR 25 , 125 1l %
18T 5% FWIBHREEA 05 0 1 BAR 2540 o
204 5 HEN [ A S 1L 38 5 160 95 58 1] IF 1] 4 121 6
JI7R o PRGN LR B o5 - o 240 28 MR T S A ] 7
iR HIE 6(a) 7 L, HEN M9 LR 4 0. 47% , 4%
UTHRLS A I LR 0. 43% , W] HEN HA {519
IR EE A7 0 22 Dy RE O 1 BORHEAT B K A 18 H
Bt BeAh, BRAEAY 475 11 S0k B R AT B 1k i
REST ARRE VA G o L IRCAE I ik ) P02 1], HFN
4 100 3 58 [ IETE) Ol 7. 92 s, AR T AR E 4
13.92 s FEUIRAR T Z 2 ML A9 8. 83 s[ WLIK 6
(b) 1o 345 AR BE it 5 %00 i 19 45 2R — B, HEN
FARAINEE ML HE BN 30. 07% , AR T £ JZ M 2 i iy



- 388 - MR R

%&

£ %10 &

56.29% [ ULIEI 7(a) ] o MRAMEEIL A BOBAR, ALK
R P D 2 T U5 I T 5 A 05 o A
BRI Bk T HEN BT PO 1k 1 19 9
HEN {0509 1k 1M fE ) 2 T A 35 05+ /5%
KEE 5 W MR T 0 IR OKRE ) 45
HEN 5 1 3042 i st E DR IR A I 375, R 48 1 40 i 5
MR 7 Ce) 1, i BEfL A 5 BeAh, 5581
VEOREEILA 7 IV RE [F] i+ 2 5 P PR PR BE il 42 5 5k
DRMEBE I AR , AT S B PR 1 1 o

100 15
T
= 20 » 10
¥ 8 =
£ 6 El
oy
2
M T TN S WA HEN
R R
(a) PRANA I (b) 1MLV T i i)
6 FRZb?n 5 HFN Ry5MA I 2% 5 M ik % B B iE
Fig.6 In vitro hemolysis rate and blood coagulation
time of cotton gauze and HFN
- 60
ﬁ 40
52 20
=
£
(b) #Lb A (c) HEN
BE7 #ebfn5 HFN R4 sh i ik 5 B 45 3 5 fn 40 Fa %
UigiE

Fig.7 In vitro blood coagulation index and blood cell

adhesion morphology of cotton gauze and HFN
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