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Development and application of waterproof and moisture permeable

functional fabrics
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Abstract: Waterproof and moisture permeable fabric can prevent the penetration of liquid water,
while allowing water vapor to pass through, ensuring good moisture permeability. This type of fabric
can be classified into high-density fabric, coated fabric and laminated composite fabric according to
different production processes. High-density fabrics achieve waterproof and moisture permeable
functions through tight weaving. Coated fabrics feature a hydrophobic microporous coatings applied
to their surface. Laminated composite fabrics achieve waterproof and moisture permeable effects by
combining waterproof and moisture permeable membranes with fabrics. Due to the excellent
performance of waterproof and moisture permeable fabrics, they are widely used in many fields.
Fabrics with high waterproof and moisture permeable properties are often used in outdoor sportswear,
protective clothing and wound dressings. Different application fields have different requirements for
the waterproof and moisture permeable properties of fabrics. Therefore, how to maintain the moisture

permeability of fabrics while meeting the waterproof property requirements is a current hot topic of
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Fig. 1 Preparation schematic for waterproof and moisture permeable fiber membranes

BB KB DI RER K o 757 Az 2l il 19 52 B g
I TR G5 MR B KM GBS ET IS
DI ASE 25 o P BT S 2R B4 977 K8 T e
AT I, &5 5 e B, Ab B S 218 1 K S
102.9 kPa, /KZE B % 12 300 ¢/(m* 24 h),
TCA FEE A ZUH) 0 PO R AR B 1% B 7K 32 1 7k
RE , (1 H B P oMz sl ile i BAR BERE
3.2 BAtPRR

B 4P IR P2 B 22 ) A4l AN ] 14 10 FH 3% 5 R B 4
R Ao R R4 e ARV FE B 4 B B P B R
AR BF B0 R R 2 Y o e Bl AT ok S B 4 R
LA Bl KB T BRI, DL DR TEAR S PR T, PR
PN B T BE B L R A TAE N RN %
S5 EHEREEY

B 4P IR 32 PR R R B AT AT,
SR B R, KA G 2R NI R Y

SRR Ty i A TG Gy, R RTAE A 04 7 4 i
AT LA 08/ BT 2 53 ) 10 7 A el R B B B
Li 2550 7 S IV e 8 Pl 217 24 909 K 7 A J 3 v Uk 7
— J2 T IR T B A, T A D — R B K
BEMEL, 2B AL OBRE AR RS S
SAHTEA RS TR R AP s K v SRR A
B, HEA P EEEFTE, Ge 5wl /b BF IRTR 7%,
S Tl B 7K 75 1 B 4 IR A BEARL e A L (181 3)

Bl b R LA Bl K GBI AT D A 2 R AR,
SR, X6 Ty B AE 7 LA A A W) 1 22 Bk AR
B FH B 47 B , 76 28 05 Z2 R B0 K BRI, L7 7K R s Wi
PEREDS TG HRAR . BT EEE B IR TAEA B
o ZEN B AT KR FE 3 3l , P AN 300 3 B 4 D fig
FIRTEE T, 35 28 0 RGP ATl vk S E &2
JE IR i TR 14 1)

3.3 O
3 151 OB BH B A1 SR AR 5 07 150 52 fioh 14 [R] B



FEu4E FUHAAR =sn g
2026 F£ 5 8 H Technical Textiles [ Ml
L ’Q-(‘)LE%?‘J i’y(\ 'G‘%- \ | ":)t{e
82 EES'Z%%A%““ e omm——
e e
D . g
L
S0 ©6
R K T
@ o & . A
b) KEBERTS PERERS H
B2 TCAREA5HY
Fig.2 TCA membrane composite fabric*’
a) Btk
120
| BuRi3ES A& M
100
1‘;?: SoF SR 12810
& 60f '
j?} 40F
30 ¢ g 1347°
ok UL
THH 4l é\?\m@i £/
b) THEEACER G B IR A Y AR ALE ©) VHBEAL TR B4 AR 10 K S i
B3 B Ry kg
Fig.3 Waterproof and moisture permeability of protective clothing!™
WA B B e, AR G DA ok 38 380 4 1 ok £ B AR SR T L 27 2 BRI A R LR BN
FoBAL, BiKERAWI D P BSURBA F R ORER4E I BB T S AR sl 2SI e 1
IV TF ot —Fh e B B K MR RN R4 2 PR i 5



EUA

A Vol. 44
Technical Textiles Aug. 2026

WoRL, QR 4 PR, Yue %500 R FH L 25 22 B0 R
¥ EPU FPU FlEF & H 1 ( Thymol ) ULFRZELU ) K1

FERAOREF YR, 2T eI B A R A Bl KB
REAMVEE i DRI 1, S 0 10 S0k By iz FH S 43 15

AIRTRENE . YRATHTSE IE R BH M EHIIRAREK B
TETT Je—Fh R BCET 1, R B KB BB b aT
e g R P ) 0 0 BORE | LA 7 418 T 18 2 fo P 6 32
(R TRY IS, 3 5ik O A i PRS2 F 1 o

s EPU/FPU/Thymol 40K £F 4 @Thymol €59 7EiG4T 1 e JUT 4N

B 4 EPU/FPU/Thymol 2k £F 4 1>
Fig. 4 EPU/FPU/Thymol nanofiber membrane!*”’

4 Hb

B K IR (4 i 75 5 5 2 BRI A
FOMFRA LSS SR R e B U A B K PR fE
T IO 5 , (5L R U1 AL BRI e LA SHE o3t s
AE. )= S0 0 aed A 2 it g K P Bl L 2k J= 5 B
BiioK , SRR = AT RESE ZEALER, SO MBI E, SRR
AW G B K BRI, I e PR 2 B
PAF RAFAER A, X AR R G YET Y L
o M AT AR A [R] B4 0 FH 5 SRR Bl Kk
FEAERE A BARZOR & B PE ] %8 07 i

B15 7K 325 10 2 D RE RHLIR 7K 2 A TR R/ K 2%
SHCR BRI, 78 24 SUAS 232 R . AR
FANE Bl I U, ek LR AN 5 R, AT RGN 2
RATHRAFIEIRNERE, P ANGE ShIRk b v] RAE %5 &F
W, TERTA IR U, X A U Y By K i S
R TAE N SR 2 SRR R BRI T % 2 B G
B AN, BAE T 1 oRt, BETESR HER K A
RN PR IR BRI . B /K& IR ik fT T R 2
U (AR ERRLE) 7 oM s (ks Bl
L) , ASHER G720t (AR LR AN ) | J

FHRTS R, T B R, ARk A B K5 IR
WF9E 5 R A B TS B R RO R 3 3 A L K
ZIIReR I HAR, B e 2 H 4558 KA Z B0
MR,

B 4 M T #,

MARBE &
S 3Lk

[ 1] R, iscq, XLk, 4. a2 s K
FETZ(T]. ERYemhs), 2024, 41(1); 7-11.

[ 2] Chang Y W, Liu F J. Review of waterproof breathable
membranes: preparation, performance and applications
in the textile field [ J ]. Materials, 2023, 16
(15): 5339.

[ 3] Tehrani-Bagha A R. Waterproof breathable layers — a
review| J]. Advances in Colloid and Interface Science,
2019, 268. 114-135.

[4] 2, EEH BiKETNRED LU HOR XHAERE
BORBY AT [T]. AR 95 2w 55 L B R AR,
2015, 32(4) . 102-105.

[ 5] Meena M, Kerketta A, Tripathi M, et al. Thermally stable



F44%
2026 F£ 5 8 #i

= RA

Technical Textiles

A5

8%

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

poly ( urethane-imide)s with enhanced hydrophilicity for
waterproof-breathable textile coatings [ J ]. Journal of
Applied Polymer Science, 2022, 139(28) . e52508.
R, HIE, 2Kk, 4. WP e-PTFE
RREEEGHY MR ELZ[T]. BARYGHEKR,
2025, 33(4) . 33-42.

SRR, BRBE, TR, 55 R Apoe 25 o
PE IR 2 R B 7K 35 2 S8 0 41 4 I 17 okl & B FE g
WFE[d]. BYRHE, 2022, 50(12) : 1-10.

Sheng J L, Li Y, Wang X F, et al. Thermal inter-fiber
adhesion of the polyacrylonitrile/fluorinated polyurethane
membranes  with

nanofibrous enhanced waterproof-

breathable performance[ J]. Separation and Purification
Technology, 2016, 158 53-61.

PN, e, i, & PiKEREAEYT 4 LR
AR MRGEHE AR, 2023, 31(2).
244-255.

Mukhopadhyay A, Midha V K. A review on designing the
waterproof breathable fabrics part I; fundamental principles
and designing aspects of breathable fabrics[ J]. Journal of
Industrial Textiles, 2008, 37(3) . 225-262.

Wang S'Y, Huang H Z, Liu C, et al. Waterproof and
breathable graphene-based electronic fabric for wearable
sensors[ J|. Advanced Materials Technologies, 2022, 7
(11): 2200149.

BETKHE. AR I I 3Ty 1 B R o PR 3R R )
[J]. Zi8Uail S5tRmE, 2023, 9(1) : 4-8.

Jiang Q, Wang Y X, Xie Y L, et al. Silicon carbide
microfiltration membranes for oil-water separation; pore
structure-dependent wettability matters [ J ].  Water
Research, 2022, 216 118270.

SiY, Fu Q X, Wang X Q, et al. Superelastic and
superhydrophobic nanofiber-assembled cellular aerogels
for effective separation of oil/water emulsions[ J]. ACS
Nano, 2015, 9(4) : 3791-3799.

WARIE, &%, AHEg, 4. K DPF BAIHL 6 £F
Ayl g MOIVEREL ], Zi2UR, 2022(6) : 24-26.
TR, WAL, EER, % BTSN ER
BEAVEREWI S UERE (1], L 258U, 2024, 42
(10) . 18-26.

TG, H, INEEE, GE BiKERAW RISt
E[T]. FgigidiAR, 2025, 53(3) . 82-87.

LR, I, &R, P AMNER TR KSR
RERIPEM[T]. 2294, 2020, 57(7) : 66-71.

Meng Q B, Lee S I, Nah C, et al. Preparation of
waterborne polyurethanes using an amphiphilic diol for

breathable waterproof textile coatings [ J]. Progress in

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Organic Coatings, 2009, 66(4) : 382-386.

Bramhecha 1, Sheikh J. Development of sustainable
citric acid-based polyol to synthesize waterborne
polyurethane for antibacterial and breathable waterproof
coating of cotton fabric [ J]. Industrial & Engineering
Chemistry Research, 2019, 58(47) ; 21252-21261.
Zhao J, Wang X F, Xu Y Q, et al. Multifunctional ,
waterproof, and breathable nanofibrous textiles based on
fluorine-free, all-water-based coatings[ J]. ACS Applied
Materials & Interfaces, 2020, 12(13) . 15911-15918.
Ghezal 1, Moussa A, Ben Marzoug I, et al.
Investigating waterproofness and breathability of a coated
double-sided knitted fabric [ J]. Coatings, 2022, 12
(10): 1572.

Chang M J, Chai X J, Cui W N, et al. Facile fabrication
of electrospun silica nanofibrous membrane with
hydrophobic, oleophilic and breathable performances[ J].
Fibers and Polymers, 2018, 19(4) : 760-766.

Anatoly C, Pavel Z, Tatiana C, et al. Water vapor
permeability through porous polymeric membranes with
various hydrophilicity as synthetic and natural barriers
[J]. Polymers, 2020, 12(2); 282.

i, sk, RBE, 55 BT L8
s R K B R (0] 7l 95 SUA
2023, 41(3): 1-7.

Kurumada K 1,

Kitamura T, Fukumoto N, et al.
Structure generation in PTFE porous membranes induced
by the uniaxial and biaxial stretching operations [ J ].
Journal of Membrane Science, 1998, 149(1) . 51-57.

Kim S Y, Kanamori T, Shinbo T. Preparation of
thermal-responsive poly ( propylene) membranes grafted
with

N-isopropylacrylamide ~ by  plasma-induced

polymerization and their water permeation[ J]. Journal

of Applied Polymer Science, 2002, 84(6) . 1168-1177.
Wk, ToRE. TEEER 4 K £F 4 B 7K 35 18 4 )Y
il LR T]. TR 840, 2023, 41(1) .
30-37.

Gong X B, Yin X, Wang F,

nanofibrous

et al. Electrospun

membranes: a versatile medium for
waterproof and breathable application[ J]. Small, 2023,
19(2) ; 2205067.

KRG, AN, kakE. SET R g 2 BRI B K
B LT YENLR TR [T ] Mo, 2023, 8
(2) . 95-101.

YuY G, Liu Y, Zhang F L, et al. Preparation of

waterproof and breathable polyurethane fiber membrane

modified by fluorosilane-modified silica[ J]. Fibers and



&

iz "1

= RS

Technical Textiles

N5

Vol. 44

Aug. 2026

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Polymers, 2020, 21(5) : 954-964.
Ren G H, Li Z Z, Tian L L, et al. Environmentally
friendly waterproof and breathable electrospun nanofiber
membranes via post-heat treatment [ J]. Colloids and
Surfaces A: Physicochemical and Engineering Aspects,
2023, 658 130643.

Xing X W, Zhang X Y, Fang J, et al

fabrication  of

One-step
strengthened  breathable  composite
nanofiber membranes by electrospinning/electrospraying
for highly waterproof application[J]. Polymer, 2023,
289. 126481.

WITER. EVA JRBZE A2 5 2100 4 i 4 S HA AL
PERERTFE[ D). HUM : #THIT R, 2023.

SR, BRI, BT, % TRUKBRERRAE SH
PIRPERERESEL T]. BT Rk SEOR, 2023, 42(5) -
694-698.

INILER. 2R G BV 1R e b LA 55 5
PEWFSE[ D], bifE: KRR, 2021.

SRR, RN BV SRR R A S S R
FHHPERENTFE (D], L. RERE:, 2020,

Liu Y B, Wang Q, Zhang T Y, et al. Fabrication of
breathable fabric

moisture permeability and weak-electric-field bactericidal

superhydrophobic  composite with
ability designed for protective clothing applications [ J ].
Materials & Design, 2024, 237. 112612.

Li P P, Zhang Q, Chadyagondo T T, et al. Designing
waterproof and breathable fabric based on polyurethane/
silica dioxide web fabricated by electrospinning [ J].
Fibers and Polymers, 2020, 21(7) . 1444-1452.

Zhou W, Yu X, Cao L T, et al. Green and ethanol-
resistant polyurethane nanofibrous membranes based on
an ethanol solvent for waterproof and breathable textiles
[J1. 2020, 4
(9) : 2000105.

Li P H, Feng Q, Chen L X, et al. Environmentally
and highly breathable

one-step fluorine-free

Advanced  Sustainable = Systems,

friendly, durably waterproof,

fibrous fabrics prepared by
waterborne coating [ J J. ACS Applied Materials &
Interfaces, 2022, 14(6) . 8613-8622.

PR FKVEAL Y Bl 7K 3 1 F) O S e P B8R
RPN ). 9541541, 2023(2) : 30-33.
AT, R, sk, BKIE R A & ORI
BEFE R A BT ()], G580 I S5 ARk, 2022, 8(6):
36-39.

Liu Q X, Huang J, Zhang J] M, et al. Thermal,

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

waterproof, breathable, and antibacterial cloth with a
nanoporous structure [ J ]. ACS Applied Materials &
Interfaces, 2018, 10(2) : 2026-2032.

Zhao J, Zhu W X, Wang X F, et al. Fluorine-free
waterborne coating for environmentally friendly, robustly
water-resistant, and highly breathable fibrous textiles
[J]. ACS Nano, 2020, 14(1) : 1045-1054.

M, A, TN, 5. B 5K B kSh
R HOKBGES FE AL IR ZRTSE D], 7Y
2, 2025, 43(6) ; 43-52.

Jal g, BRI 25 2L A By 4 1k 5 AR o M 2
AVENT]. MRZE2EdR, 2021, 6(2) ; 102-107.

Chen X X, Li M, Yu M, et al.

performance study of waterproof and breathable layer of

Preparation and

alginate/aramid-based  fabrics and flame-retardant

multilayer combination [ J ]. Designed Monomers and
Polymers, 2024, 27(1) . 1-14.

SR, BEE, PR, 4. INZREIRSUGE I
R K R[], 7k 95 418, 2025, 43(8):
11-16.

Li Y, Zhong L. B, Zhang Q J, et al. Highly breathable
and  durable

nanofibrous membrane for potential reusable protective

waterproof  polyimide  electrospun
clothing application: preparation, characterization and
performance[ J]. Journal of Membrane Science, 2024,
693 122354.

Bramhecha 1, Sheikh J. Antibacterial and waterproof
breathable waterborne polyurethane functionalised by
graphene to develop UV and NIR-protective cotton fabric
[J]. Carbon Trends, 2021, 4. 100067.

Gao H C, Chen Y, Wei M C, et al. Autoclavable
nanofiber laminated fabrics with waterproof and
breathability for reusable medical protective textiles[ J].
ACS Applied Nano Materials, 2023, 6(24) . 23496-
23505.

PR, WHCAR, IR, Sk e ORI I &
KHEREDFSE [ 1], 4i 8 BHE R, 2020, 42(3):
12-15.

TAERE. DIREME B 2K 3 R OB A BF 5T B il £
[D]. Fi. FRAR¥, 2022,

Yue Y P, Gong X B, Jiao W L, et al. In-situ
electrospinning of thymol-loaded polyurethane fibrous
membranes for waterproof, breathable, and antibacterial

wound dressing application[ J]. Journal of Colloid and
Interface Science, 2021, 592. 310-318.



