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STUDY ON THE PREPARATION AND PROPERTIES OF
HIGH-DURABILITY AND MULTI-FUNCTIONAL COTTON
FABRIC BASED ON "MIST
POLYMERIZATION"TECHNOLOGY

ABSTRACT

Cotton fiber is one of the most important natural fibers with the
characteristics of wide sources, rich chemical reaction sites, softness, and
comfort. To meet the needs of complex scenarios, multifunctional cotton
fiber fabrics have emerged. However, based on the traditional
multifunctional cotton fabric shows many problems such as poor function
durability, complex processing technology high water consumption, and
high energy consumption, so it is of great significance to develop a new
process with high durability multi-functional cotton fabric." Mist
polymerization" as a new modification method, concrete by air
compression atomizer will functional solution spray to the surface of
cotton fabric, and reaction, to achieve the modification of cotton fabric,
with simple equipment, precursor applicable range, small matrix damage
degree, short surface treatment time, less raw material consumption.
Various multifunctional cotton fabrics with high durability are prepared

by mist polymerization. The specific research contents and results are as

v
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follows:

(1)Prepare high-durable superhydrophobic cotton fabric based
on "mist polymerization" technology to explore the influence of grafting
polymerization on durability performance. The fluorine-free double-block
copolymer [(methyl methylacrylate) -b- (2- (dimethylamino) ethyl)]
(PMMA-b-PDMAEMA) was synthesized by reversible addition-break
strand  transfer (RAFT) polymerization process, and then
PMMA-b-PDMAEMA was grafted to the surface of the cotton fabric by
transesterification reaction, and the superhydrophobic and durability
properties of the modified cotton fabric were systematically studied. The
results show that PMMA-b-PDMAEMA and the hydroxyl group of
cotton fiber are ester to form a bond, the static contact angle of the
modified cotton fabric can reach 159.9°, and ensure that the contact angle
is still greater than 155.0° after 1600 mechanical wear or 50 washes,
proving the excellent durability of superhydrophobic cotton fabric. In
addition, the superhydrophobic cotton fabric also showed good stability
to solvents such as ethanol, DMF, THF, chloroform, and n-hexane, even
after 72 h of immersion, the hydrophobic performance did not be
significantly reduced. At the same time, the cotton fabric has the function
of self-cleaning and efficient oil-water separation. The oil-water
separation efficiency of the chloroform/water mixture is as high as

99.4 %, and the separation efficiency is still 96.6 % after 50 cycles. While
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maintaining the high performance, its taking performance, such as
softness, air permeability, and mechanical strength, were also not
affected.

(2)Based on the "mist polymerization" technology, the
single-sided antibacterial cotton fabric was prepared by acryloyl chloride
(AC) pretreatment and antibacterial monomer grafting polymerization,
and the antibacterial and durability of the antibacterial cotton fabric were
systematically investigated. The results show that: [2- (methacryloyl)
ethyl] dimethyl- (3-propyl sulfonate) ammonium hydroxide (DMES)
antibacterial monomer polymerized with the carbon-carbon double bond
on the cotton surface through the covalent bond, and the high-durable
single-sided antibacterial cotton fabric was successfully prepared. The
antibacterial rate of finished cotton fabric to E. coli and S. aureus reached
99.2 %; after 50 washes, the antibacterial rate of cotton fabric to E. coli
and S. aureus reached 97.5 % and 96.7 % respectively, with high
antibacterial durability.

(3)Based on the "mist polymerization" technology,
multi-functional polymer grafting, and polymerization of cotton fabric,
the antibacterial waterproof and intelligent temperature control
performance of Janus cotton fabric were systematically explored. The
results show that the radical copolymerization with the carbon-carbon

double bond forms the hydrophobic layer; on the other side of the [2-

VI
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(methacrylate oxygen) ethyl] dimethyl- (3-sulfonic acid) ammonium
hydroxide and N-isopropyl acrylamide on the other side of the cotton
fabric to form a heat-shrink antibacterial gel layer, obtaining the Janus
cotton fabric with antibacterial waterproof and intelligent temperature
control. The antibacterial rate of finished cotton fabric to E. coli and S.
aureus 1s higher than 99.3 %, and the static contact Angle of the inner
surface exceeds 144.0°, with excellent antibacterial and waterproof
performance. In addition, the modified cotton fabric has intelligent
temperature control performance, can quickly sweat at high ambient
temperature and reduce the skin surface temperature , and can increase
the skin surface temperature when the ambient temperature is low, to
achieve the effect of warmth.
WANG Xinyu(Textile Science and Engineering)
Supervised by WANG Zonggian, XU Qingbo
KEY WORDS: mist polymerization, durability performance,
superhydrophobic cotton fabric, antibacterial cotton fabric, double-sided

specificity
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B 1-8 RHBHRIEH &AW 1 () BIAFIAT (b) KRR Iy kM
Fig.1-8 Preparation method of (a) fire retardant and (b) hydrophobic coating on cotton fabric via

spray coating methods[*%]
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Fig. 1-9 The reaction progress of the mist polymerization method
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Fig.1-10 Preparation of superhydrophobic cotton fabric by alkali or plasma pretreatment(5¢!
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11


https://www.x-mol.com/paperRedirect/1730291484232273920

8 W YN T e VAT

SR T DA SRR i T R R UM BEATR AN SOV 2R A B I Ak ]
LS5 PUA [WIRRIR SN, 3TN A 2540 58 BAE AN E, (645 3 iR )2 2 [H)
WIS AR B R . BEHRA, SRFUAN TR T

+NaBH4 2h
— i =

fﬂi‘?{ f”ﬁﬁ?; jféﬁ“i R serco

ik
~ GO sheet
) Silver catio

] Silver nanoparticle

>

Bl 1-11 & A Ag@rGO iR )= F AR Z ) ] £ L F2 7]

Fig. 1-11 Preparation process of high durability Ag @ rGO coated conductive cotton fabric!%"]
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F2E “BRE” BAHESHABH/KIGLEY
REERESTH

2.1 5|8

B K AR GAITE BIG G2, K B0, By 4 DK OS5 S 4R B T Iz IR
F, SR H AT KRR U BAT X LR R A 36—, KRR i A
VEAN T B, oM R RS SV R I PERESE R OR,  E0H 4% H BER AKR
GUNEA IR bRE; 3=, Hl&d PRI A, Rk . N T K@ E
KRB ZAW 0 L B, S SO T 55 B8 (R DR 5 4 RT3 o le — DB 25 476 7% (RAF T
RELZEM T ERAIRBILEWE] (REFNBRTIE -0-2- (ZHEEEL
i) 1 (PMMA-b-PDMAEMA) . K5, fEHLAF4ERXIHREWEAThZ], Bk
THOHELRE BE PR B BN, L2 5, 6 FH 55 SR G R G I i 5 #8441 2% e 1)
PMMA-b-PDMAEMA 4545 B HZINE A I AT 4R T, BRIT S BT e AR 21
PR K S FCT AR RE RIS, VAL K AR 2K BBV S K 2 B P RE LA
Bt JE R IR IR KARRE IV WROKPE . AU 2 55 iR FH 1 e
2.2 SLEERSY
2.2.1 LR RLFIL I

SEICMEL: MW (B HEE 60 H/em, LY E 30 H/em, JEE 0.42 mm,
% E 120 g/m?) W H A% B ARG ZVE R A 7

R 2-1 LB ¥ BRI R

Table 2-1 Main chemical reagents in the experiment

K P G

N, N- I3k F iz AR EiR L T AR A
ISR AR Fi R T AR A
1ECkE AR Fig T AR A
] AR EHERTR T AR A
A B AR EiR T AR A
oIE AR Fig L T AR A
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& 2-1 LR EERL A

Table 2-1 Main chemical reagents in the experiment ZERTER
2K s CVRI I
HA S A e HH AR TR T AR A
14- 50N AR R R T AR A ]
LY TR — R AR bR R T AR A ]
B AR I AR 2 R AR BT R T AR A ]
2,2 T AR R R T AT IR A
KETK — =Ll
222 XWFERE
AT SIS BT F ) 32 SR A& AR 2-2 P
®2-2 LR
Table 2-2 Experimental equipment
o E S WS VR
ARG S A — I ]
JEF 1 B Bruker Dimension ICON A ]
P98 ML R S-4800 H A H ST A ]
X AT AR D8 %7 78[5 Bruker /A ]
LRGSR TEAX BrukerAvance 400 {8 Bruker /A ]
H LI AR B LT A6 TR A Nicolet Avatar 370 J[E Perkin-Elmer /A 7]
SR AR 5 AR 0OSA 60 f#[F LAUDA Scientific /A ]
X-5H 4 T RE S K-Alpha J[E Thermo Scientific 2 ]
B AR N AL T e 2% DF-1018 L RRAVE R AR IR A ]
W R Re s I ek A SZCL-2 PR A AR A PR A 7
HL - 2 i A YG(B)026G T PN R ZR G LU R 2 7]
IR SOPTOP y AR R B IR A 7

2.2.3 REAYIRIFIALIE
PR (3.0 cm X 3.0cm) 215 T E A 7.34 mmol/L. 4AF{24 100 mL 1)
+ TR IEER AN AR, BB 2 h JE, B R EON 100 mL WK EE A 80%
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I SR, AT 2 h SRS Ve RS, CRIRRAWIERE 2 100 mL ZK1R/K
BEAT =00, OB TR 30 min. SERMGBEARSE, FARZITBON 100°C ML
TR 2 he RUEACEEIRRE, 4408 CF, JFER— e Hid 5 82T hr
i, AR RS

224 WHEXREYINE K

~n

| |
0.0 o 0._0
s g s 050
Jﬁfo\ TA, AIBN ©)Ls - DMAEMA Q)% I T

0 1,4-dioxane, 90 °C AIBN, 1,4-dioxane
MMA 90 °C

B 2-1 Wk B LY PMMA-b-PDMAEMA ()& &% 25
Fig. 2-1 The synthetic route of the double-block copolymer PMMA-b-PDMAEMA

2 2 M R SR SO K B 508 i RAFT R & il % Wik Bk B )
PMMA-b-PDMAEMA W4 an& 2-1 fios. B9, # 0.17 g AR FHHAR L
BER . 0.13 g 2,2-fB% 7 T M. 8.02 ¢ FENMEIR FERIE & 7E 11.90 mL 1,4- "%
AN =AM, B FHA 30 min, T 90°C RNk 6h. BE)E, HREGM
ZIGAH B, HFRIIIANFAMIR G YRR XS EHE 0.13 g 2,2-A%
ST, 12.59 ¢ HEENIAIE — W& OB 15.8 mL 1,4- "5 bt AERAAHHET
HEAT 30 min MBLAEALHE, BEJSTE 90°C TR 6 he RIISERUE, It ZEEUTET
BN 5 AL IR IR T R-b- K AR — WA £ 4 (PMMA-b-PDMAEMA) 7
Y. Ja, FrefE 8O CIE S A N T4 48 h & .

2.2.5 BEKIBLEYIHE &

BB R RIERE LW (PF, 3 cmx3 cm) BIEAE 10 /L (L4 E/ET, 18
50°CIZK 4k 30 min, AR5 ZE1M/K (30 mins 3x50 mL) P, FH7E 80°C
T2 he TSR bRICA EF.

H%, ¥ PMMA-b-PDMAEMA &5 B (1 wt.%) £ EF [—MZ 4t 5
min. (5 180°CZ&AF T [E 14 3 min. #4753 2 (FF 5 FH I B BRS¢ 30 min (3x50 mL),
JFAE 80°C N1 2 h, 153 SF-1. RHZEMARA BRI #% SF-2 A1 SF-3 #Efh . FHK
WA HEWE 2-3 s
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£ 2-3 il AL FE AR &=

Table 2-3 The amount of each reagent used during the preparation of the samples

e PMMA-b-PDMAEMA 75 1

SF-1 1 wt.% 1 wt.%
SF-2 2 wt.% 2 wt.%
SF-3 3 wt.% 3 wt.%

22.6 MK SFRIE
22.6.1 [FFAOEMBEMR

R 71 REE (AFM) RAE SR BEIL SR 5 F BE DA TR F -2 H 4
AR — S ik SRR SATE 2= BE v 3R T L TESR
2.2.6.2 LIHMKTEMIR

FE 4% B -5 45 27 40 14X Niicolet Avatar 370 FAE H XUtk BL R AR 414
R PIEELE R . 222 A O B E (ATR), R348 B2 700-4000 em™,
FHE A 64 o MK APRER LR, =i, TRUBEA 60%.
2.2.6.3 ZREIIRIBIE IR

PR ESE AR A BrukerAvance 400, JF DP9 7718 AE H XU B LR
B A 5450
2.2.6.4 X-Gt4ti FRETE

K K-Aipha 2 X-5F 28 Y67 B S OUIF 72 T A2 R TH 1)t AL R R T R
R
2.2.6.5 X-GHE&ATEHMIR

K D8 F1 X-5H £ A7 5 A5 SR MR E 55 S5O S M I &5 o 45 R A
R, BASE T : Cukafl (A=0.154 nm), 3= AL AT EL IR 2051 45 kV AT 30
mA, ATHREARTEE (200 v 5-90°, FAREEK 0.027 °/sec, AL 5 °/min.
2.2.6.6 FRE MR

KF S-4800 i LT R4S (SEM) WA BV BT 5 A 21 4E M T A 25 /8 1k,
e S E TRl REN S b, MBS, ENEBER 15kV TR
ANEE S TSRS o
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2.2.6.7 FREEHRAMNK

K OSA60 FLATOE 2 #efuk A 5 J  BEAXAE 25°CHI 60 Y%A EE (RHD T
TR TP R JE AR SRR S K i (WCA) |, DAEE TR, s i
AR5 uL, @I 2 R A H P68 0,
2.2.6.8 MHHEEMIR

K M IIRE SR AR T e SRR B K AR (0.2 %, 100 mL) i, fEFEHE
N 50 rpm IR A HE AN 2R B0 2 N ARDL SRR AR P, b — AN 0y
10 mino FZHETHRIKE SR AF PR ZARE i Bl P B, FH R B I 28 TRk e 25
REUWIRER _ ERBRES, T 100CHAE R T 2h, &M
22.6.9 BIEFEMR

SRV 75, BRI S5—Fh, B AFIAE AR e b 6

SR GO MZR KT, 30 s JFICH, WEIFRI, 55 = F, AR E
R R OR, SR E AR AR HE T rhise, ST

2.2.6.10 FH7K 4 B

B 100 mL A1 100 mL 5 &S FKETIRG, KRG ERHKIEEY
CASCPERS 2R A A B T K ik . AR (-1 tH SR 2
it FR T 7K 3 B8 R R 1621,

n ="M %100% (2-D
m,
Horr, mo 2 MBATKI PR, mi2aE KPR, @Ky BacE, &
ZHRE it 38 L R A = I3

2.2.6.11 IKFESIEI MREMIR

EIORTEHE AN 15 mm FHRE 3 A 0K, AEKEERE 4 3 mm,
FFF M E RS O, AR e s, 03¢ 24 h il 5 8 kR 2 AR
AR (2-2) THEEWNKFE BT

T(g~m'2-d'1)=m°_m

2
T-r

¢ (2-2)
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Forr, mo AT E /KB BTE, ma2illil s 8 KRR, r 2l
MIAEERAR, T REBIFRNEERET IR AYIREE N XK E, B4
gm>dl, BRI EE M =B AE.
2.2.6.12 MRk g

K R IR 3V SRR AE Z 1K R 10 min, J5 BUH I BT AR 234
EZREIKT, A0 RAFAR S VIRE S ROBOKHTE B AL, 1A (2-3) it
B LA fh R IR K A -

W%:MxlOO% (2-3)

Horfr, WotBKETRZAMEI B, W, Z2BUKEMAYIKIE, W%
PO 3, AR a3 BRI =BT

2.2.6.13 R MEREMIR

A BI3RE (IS 7016 Part 11D PEAGKEZAFE S SR . MHT, R
# RSN 4.0 emx16.0 e K/NEIRRZRYINE i, Z 5 ReA AR ZRADHE it i AR I TE
oo 1712 2 i R v N 1T =< 17 B2 N ) - N BN T P o ARy
Ry RPN
2.2.6.14 F1FMEREMIK

R4 GB/T 3923.1—2013 (F7LAmAWFi i PERES 1 5570 WiaRsm Ty
i R 52 (F6FE7%)), SR YG (B) 026G B HL ¥ 24 58 1 3 43 1 5% B i )
TR 2458 7 R I 2K R HEAT IR, B E KN 300 mm x50 mm (1)
FAR, FFREEESH 200 mm, HHIHEE N 50 mm/min.

23 BRE5HR
2.3.1 MR HEBYIRIEL T

Kt 2.2.4 T7 %, SERE S B T BURBULERY) PMMA-b-PMMA . 1 T 1%
JLRYIE) FTIR J6il, Wil 2-2 Fros. £ 2948 cm! A1 2821 cm! AL H B | —CH3 Al
—CHo- M E AR R BN 6 . 78 2773 em! Kb HU T 7 —N(CHa)a % N7 (48 4 45 511
1E 1456 cm™ AbHY L T -CHo- 1 4R BNIE, C=0 MIRHIERL IR I HHILTE 1729
e 4b, 7E 1150 emt AbSH R (I C-O [ MR ShIETL 72, Ak, 75561 K
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A NN C=C BEIHRFEI%, i8] MMA 1 DMAEMA #BiAC 2R E.

2773
5045 2821 -N(CHy),
-CH, 1457
-CHZ-
1729 1150
co
)

4000 35|00 30I00 25|00 2()'0() 15|00 lOI()O 500
Wavenumber (cm™)
B 2-2 Wk BLIL Y PMMA-b-PDMAEMA ({4141 i
Fig. 2-2 The FTIR spectra of the diblockcopolymer PMMA-b-PDMAEMA.
Nit— 73 i PMMA-b-PDMAEMA [ 4549, SEa il 73R8 1TH NMR
i, 4E WA 2-3 s, 78 3.61 ppm (a, CH:—O-)f){5 5 HET PMMA, 4.07 ppm
(b, (CH3)2NCH2CHz-)+ 2.59 ppm (¢, (CH3)2NCH2-), #112.05 ppm (d, (CH3)2N-)[f]
=5 HHT PDMAEMA. 7£ 3.12 ppm (e, RCH>-)#1 1.88 ppm (f, RCH-) AL K115 5
Wl 2R G LU, X R EY, MMA 1 DMAEMA [#) 54K 78
PMMA-b-DMAEMA ()& BUd P2 FH A D b SR Gk 1.

Hap | ' \ acetone
—{-C —CHC —c
™ "

@ PMMA block

b
Hs 1 @ PDMAEMA block
C
N /d d (=] Polymer chain
®

¢
b. [
e
-
T ) L] 1
5 4 3 2 1

Chemical Shift (ppm)

B 2-3 XUk B LR Y PMMA-b-PDMAEMA A% i 35 4R &1
Fig. 2-3 The '"HNMR spectra of the diblock copolymer PMMA-b-PDMAEMA.

22



8 W YN T e VAT

8 B X 0k B L 28 ) PMMA-b-PDMAEMA ] GPC BHZRHEAT 04T, 4554
2-4 Fion o {E GPC i 42 b WL 8¢ 3] — 4> B, [6] 15 6 B2 PMMA
PMMA-b-PDMAEMA, GPC &5 R 7)1 3 W XUk B 3L 5% PMMA-b-PDMAEMA
T . Xtk B L2 Y1) Mn {E A1 PDI E 7354 1.8347 X 10* g/mol 1 1.29174,
AN TFESMIEH, FIH RAFT BAH AR LLRIhH G4

Mn=1.8347x10" g/mol
PDI=1.29
I T T
25 30 35 40

Elution time (min)

B 2-4 XU SL I Y PMMA-b-PDMAEMA #1535 (i ]

Fig. 2-4 GPC cure of the diblock copolymer PMMA-b-PDMAEMA.
2.3.2 BUMERREYIR MR K R E LD

K 2-5 (a) R JBE/KZWIRITE AL . &5, 18 50°C H i 445

SARZAHEAT 30 min MIZI0h, IR . ME, R “ZRE”
BORAER LW — M BAL R B TR Y PMMA-b-PDMAEMA . ‘B SR £1 4 (1%
BRSSPI, SR B SRR F SN B B R AR A — A, 3@
XK BT Y) PMMA-b-PDMAEMA FHEE RS 7 R TH RS, BUDIA9E T
KL . A LES P ER s AnvEge, DL T gl &L . B 2-5 (b-g)
8 Y PF. EF M1 SF-1 #£4() AFM . PF B HOR DG,  (IT7HR1ED
RMS %4 18.6 nm (& 2-5 (b) #12-5 (e) ) . EF ¥ES AR H BAREAT,
RMS H 4 53.2 nm (& 2-5 (¢) I 2-5 (f) ) o iXLLE SRR L7 4k 5 il %) pd fi
BAUFREHIRE 2 2580 B4k, SF-1 FES IR HTRE, (HHUREZ T EF K
iR B KRR (RMS: 4147.5nm) (] 2-5 () FIE2-5 (g) ) . 4%
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RO, Bk XUk BE LB Y PMMA-H-PDMAEMA S {5 25 BEAR 2 DU 2R 1) 26 Thl

SF
Enzyme / \\\ PMMA-5-PDMAEMA
—_— / _ g “‘-‘k\
Elching ,'/ ., Mist pnlymerimli(mflb - ;
/ ey ]
7 N 7o %

* PMMA-b-PDMAEMA . !
G A A

Cellulose | Cellulose

Solulion alomizalion Adhesion and welling

2-5 (a) BEAKMAMEREL. PF (by ) « EF (c. ) AISF-1 (d. g) FEAH)
AFM El%:  (h) ZREHARMELFREERE; (D) SF-1 BE&E6FEIE

Fig. 2-2 (a) Synthetic route for the preparation of superhydrophobic cotton fabric. AFM images
of PF (b, e) , EF (¢, ), and SF-1 (d, g) samples; (h) Atomization and adhesion processes
following the mist polymerization technique; (i) Optical images of the SF-1 samples

FRELHEWE 25 C(h) froc. HZAHEIIRERILRD
PMMA-b-PDMAEMA [ EE R 5510 . 13 PMMA-b-PDMAEMA ¥ 1 1) 55 i
KBt 2 EF B—f. fH “Z G SRl EmKRmam M ia. 5%, “%
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RE 7 HOR A 1) — JZ UK B Y) PMMA-b-PDMAEMA 44 2| EF M,
I B T XU B IR YI I EF R i 22 AR FE 350 S35 PRAIR . Lk, ] 2-5
(D FioR, MR8 SR G HAM &N SF-1 £f 5 A U TR . Sk SF-1
IR I AL BB KA, TR SO R T SRR AR B 5 PF HISR/K VERE BEAH ] 6
IXUegE RR B, BT DL T A S 3 A PO AS RV R Y R R

B 2-6 LIRS A IKG (a-c) PFFESY,  (d-f) EF FEfh,  (g-i) SF-1 BEdh, SF-1
FEAMIC (), O (k) , AIN (1) JGEK EDS K%
Fig. 2-6 SEM images of cotton fabric samples (a-c) PF, (d-f) EF, (g-i) SF-1, C (j), O (k), and N (1)
elements of SF-1

MELYIRE R 5L (SEMD W 2-6 fis, fEARATBCRMEECT, PF.
EF. SF-1. SF-2 J SF-3 #fff SEM EIG IR R ES . X — a4,
R, REZI M B o R A B R, BB TR AR 212 [a] £ 1] i 3 7 2.
ERW . AN, X R XUR B ALY PMMA-b-PDMAEMA W5 R Th B 1) £F
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YERTH, AP ZEMPLT4E (R 1) 25 Bl 7 RO A5 50 SEM. MG Rl 42 ) PR
FER IR TIE DG, EF. SF-1 PR IR MRS X—45 8K, ZIE
EF #f 5 R THORAE FE A5 21 1 BB HI5ETT, il sl sk R QG 1w 2.
peoh, KX —RERY, BEIUREILEEY) PMMA-b-PDMAEMA %4 5| EF
dn LI, e ad ) S AR A 3R EDRLRE B2 R RIIRFEAR. C. O AT N JTER I
EDS B&ER, XURBILEY) PMMA-b-PDMAEMA #5193 A 7E SF-1 414k 3=
[flo XEFF AR IR, UMSMA L A KBRS, R SA
B EJte SR, SRS B G HOREERUR LR Y) PMMA-b-PDMAEMA J&, 1
2 B THREDRES 52 0 R L L 25 T B

3343 1724 1429 1157

W_ i :1.366:
: PF ) ;s o

T 77

T T T T T
3500 3000 2500 2000 1500 1000

Wavenumber (cm’™)

B 2-7 HRGUIIRE L LT ANt
Fig 2-7. ATR-FTIR spectral profiles of the fabrics
1 ATR-FTIR WA AR MAAE AL R A an ] 2-7 B AR 4E R e
IRy HILAE 3343 em™ (~OH f%i#k3)) , 1429 em™ (C-H #Z#ZEIRS) , 1366
em™ (C-H B iR , 1108 em™ (C-O-C, AXFMLEHRS) , 1157 em™!,
1056 cm™ #1 1031 em™ (C-O iRzl 77577, XLz £ PE Mk M1
ST TE IR WL, X R YER I AR . SR, 7R = Ak
SUFEMINLADEE T, 1724 o 7B ML T —ASEIE, AT C=0 HEHfi
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YEPRENIE . %45 RAFR, XU ER LB Y PMMA-b-PDMAEMA A] DLk Bh HhdE s 2)
EF FE R . thAh, XUEERR, XUREEAY) PMMA-b-PDMAEMA 1]
DU IO Bz IR 2 b, HASS S R AL 2A 5540 38 1 B 2 P 5 .

d
o b 01s
E Cls E
| ®) ]
800 700 600 500 400 300 200 800 600 400 200
Binding Energy (eV) Binding Energy (eV)
c C-OH d C-OH
( S
# -t F. e
. L J e
L ] ]
® [ ]
9, [ ]
L L]
%
5 & -
C-0-C/C=0 )
260 2{38 Zéﬁ 2é4 2§2 290 288 286 284 282
Binding Energy (¢V) Binding Energy (eV)

B 2-8 HEZ4UW XPS & (a) PFFEML (b) SF-1 BEM A XPS mr#HE K (¢) PF LS Al
(d) SF-1 Fffi C s 1 XPS =4 HEi
Fig 2-8. The wide-range XPS spectral profiles of the PF (a) and SF-1 (b) fabrics. The C 1s XPS
spectral profiles of the PF (¢) and SF-1 (d) samples.

2-8 (a) M1 (b) Wr7x T PF M SF-1 i () v [ XPS Jtilk. il 2-8 (a)
Fii7m, PFFESCSEHDGIEAE 531.8 eV F1 285.9 eV HIZE & REAL BoRmiANIE, 235
HET O 1s f1 C 1s {5508 ™, SF-1 HEm LB 75— g, HEa8N
400.1 eV, ZHKETF N1sE5 (K 2-8 (b) ) BOsI, jx—LEBL, UREBIL
) PMMA-b-PDMAEMA f74£ T 235 1H - PF A1 SF-1 £ (] C 1s XPS Jti% &
mE 2-8 (¢) A (d) 7w, PF HOLHEE S R 284.2 eV(C-C). 286.2 eV(C-OH)
A1 288.5 eV(C—O-C) AL A AEIEE2 831, 55 PE Syt &R [&], 78 SF-1 fG ik & i
% F 1E 285.6 eV(C-N)BI AL — DN BUAM )0 . b 4h, SF-1 FF i /£ 288.7
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eV(C-O-C/C=0)4bI&{E 5 PF £ i M 2| FIIE(E A ILHAC . X —&5 KR, MR
YIS T R EIE R Y, IR T HiH C=0 4., XUt BRI, TRk
Y PMMA-b-PDMAEMA H] DL i 8 A2 #6034 IR 2R K 1 .

Cellulose
.y
/Cellulose
= \\*hﬁﬁ3
S Petegryd
%‘ SF-2
5
E e ]
EF
< = [
10 15 20 25 30 35 40
20 (deg.)

B 2-9 FRZMIFEM ) XRD St
Fig. 2-9 XRD spectral profiles of the samples.

81 XRD #R F0H M R AR 4 di A G5 R (R, 4 RN 1 2-9 B
PF. EF. SF-1. SF-2 #l SF-3 (GG &, 7E 26=15.1°, 16.6°, 23.0°, F34.6°
AEHEL T RABM I, X BRI T AR R (D o X4 RRI, ZI0hE R4
¥ S PR S AR 52 B I S A RS9, I AR e FE b, R AT 4RI SRS R AR R
A REE
2.3.3 BUMERRERIRNEBER K M R S A

50 e 2 THRED IS 2 AN ARR FAD 2 T e A 12 /K 3R T 19 5 R R 3 o TR0 4
PERR S R K M REEAT T — R E MR E R 0T, DA 78 AR SU R R K
PERE.

& 2-10 (a-d) REWIFES B IDCEIR, AKMTE PFFE 5 0 2R T b
{1 RS SRR it B B =K R ERIIRES . SR B WCA BRI 2-10
(e-h) Fi7n. PF FESLIT WCA fE N 0.0°, T =AM AbEE I I SU0AE S () WCA 1
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JRF 150.0°, Ak, UEH 7SRRI B A B K MERE. B 2-10 G) A1 ()
W7 T PF A1 SF-1 FE 5 H % AR TS A Wis i B vE R BE o dnmbnE . 4 g Fna]

SR IRITBCRG » HEAE SF-1 (R T S ILERIE , 10 £E A I 18] AEIRAE 1 PF AR 1R TH L.

A

"
Juice Dy! water Salt water

Cola Milk Coffee

Juice Salt water

B 2-10 /Ki7E (a) PFFESL (b) SF-1££dh (¢) SF2 FEf AT (d) SF-3 Rl Ik s
(e) PF#fdh () SF-1 £ (g) SF-2 FEfA (h) SF-3 #£ih ) WCA B AR BCE
£ (i) SF-1 FEEHFIZE PR () RO EE
Fig. 2-10 Optical images of water droplets on (a) PF samples (b) SF-1 (c) SF-2 and (d) SF-3; (e)
WCA images of PF samples (f) SF-1 and SF-2 (g) and (h) SF-3; optical images of different
droplets placed on (i) SF-1 and on the surface of PF (j)

2-11 (a) M (b) B7R JJCE ALK LR PF AT SF-1 K67 KR . PF ¢
i R BAE K T, T SE-1 A% & BIVEAE T L B s T3 A2 7K T Lo R SF-1 2370
JRIRRE AP 73 R IAE K 3, AT DAEER 2 SF-1 3ot b 52 30 L IS O
(K 2-11 () ), MRIEREZI R T N A XA R & Dtz (B 2-11 (o) ).
X 72 B0 7 A DR O A N A S M AR 2T R SR T R RS AT B 4540 v, TEik A B
FEICHE I R AG MR AT 4R T - 24— WS A /KA W 2 e J5 1) SF-1 4% 3R T
BRI IE HAE SF-1 B R IR AR BRI (B 2-11 (e) ) o IXUELR
R, RS R T AR T HS TR ) R K RE86- 871
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B 2-11 FUCEEKIE _ER (a) PFFESA (b) SF-1 BES A6 4EIME, () PFEERA (d)
SF-1 FE R TEK R RIEF M EEUR, (o) —HILBNII/KHE A SF-1 # 5 2 1 e 38 (1)
K&
Fig 2-11. Image of the PF sample immersed in distilled water (a) and SF-1 sample floating on the
water surface (b). Surface of the unaltered PF sample (c) and the shiny layer present on the surface
of the SF-1 sample (d). Flowing water bouncing off the surface of the SF-1 sample (¢).
2.3.4 BEIKFRERT A D4

TR KR S RS A A S o B FH 2 A T e 505 SR I B R R 2 — .
K 2-12 Ca) Fow, XSRS BE v Re kAT 1 70 #r. SF-1 MRS WCA fH
Bt AR P VR 388 0 i BAAIGAEL SF-1 B R 7E 1600 RAEHF 5, H WCA 5K
T 155.0°AFFEREER /K R PERE . SF-1 B 5 1) WCA {H il 25 SR8 0 B E ) 18 i
BRAG (B 2-12 (b) ) o SF-1 FERARIES T T 50 URGEIE G PR AL B 5 4392 TH 1)
WCA 15 155.7°, HAMHKIERE. XL R, SF-1 £ 5 R I H 5 1
BUBKI A ] 2-12 () FrsBMfEfE Z/E. DMF. THF. &OjHIE i
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#9 72 h, SF-1 FER A PRI L mi Kt WCA {5 KT 152.2°,

a 170 Q b 170 n
2900000 220900
—E
_ 1504 = 150 4
S S 40
140 140
= =
1304 130
120- 120 T T T T T T
0 200 400 600 800 1200 1600 0 10 20 30 40 50
Abrasion cycles Laundering cycles
i Do d 170
160-Q n n Q Q léo-n n n n n
. 150 1 . 150 4
S 140 S
140 4 140
= =
1304 130
120- 1204
Ethanol DMF THF  Acetone N-hexane 2 4 6 8 12
Heating time (h)
B 2-12 SF-1 B A (a) BHIER. (b)) WKMEH. (o) FHEFLILTZM (D A&
Al In# kA Ja B K B A A

Fig. 2-12 WCA of the SF-1 sample subjected to abrasion cycles (a), laundering cycles (b), various
solvent treatment processes, (c) and different heating conditions (d).

X—Z IR, SF-1 FE i e R T B A R A A A, B 2-12 (D)
AN T SF-1 BEREINFAE (FEASRIN () 264 ) BE/K R RE AL . RIAE N #
IS TE) 3 I, SE-1 237000 WCA fH L FORFEAA . X — 45 R, SRR B KR
JERMETEMAJG MR AR E N . LA R IRIR I, ML 4ER MK Z R
5 AR E T
235 BUEREAYIN BEEERE ST

H& B B KRR 1 2, [FRE N R I SR F B R T . W] 2-13
Fius, RMETELIE K E/KBRE G, PF AR SR I ORS B (¥ FR LR (MOD R oK Fi
T5 g%, SR, FE SF-1 FF it T b 28 1K el 2R T T DUR 25 5 b 25 B Al B
) LR R o X — W 5245 SR Wi e B 17 et SO ERR A 3R T BT ) B
ETERE, RS ROMIE B E AR .
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2-13 FIEMHIRLE (a) PF FEMAT (b) SF-1 B3R TH H /K e il e 6 B 4%
Fig. 2-13 Self-cleaning properties in the presence of MO of the PF (a) and SF-1 (b) samples.

B 2-14 7x T AR SUIAERUATS BEYIAEAE N B B S RCR  F PE FEAIR TS
KG, R ReBIs 4. /1, BIERE SF-1 Af Bt ER R A T5K, H
RIEPRRFRIE R o X — 45 R KW, SF-1 FE& e tE 2 1 HAT 057 10 B 5 1
Re. LIRZEIREE, BARR BIEREERER s ] T HE R A g 200 .

B 2-14 (a) PF FESLAN SF-1 BESLAETS K A AL )5 1)) 22 %

Fig. 2-14 Self-cleaning properties of the PF (a) and SF-1 (b) samples treated with polluted water.
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2.3.6 BUMERRAIRY MK S B RE ST AR

a = oo = 0 5
= o
904 904
= =
804 804
T T T y T 70 T T T T T
0 10 20 30 50 0 10 20 30 50
Recycles numbers Recycles numbers
e 170
Qag0gg -2209g
. 150
<
S o
14
=
130
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B 2-15 (a) KWEAISRIE PF FEG AT SF-1 FE 5 ORISR T SO0 1 k2= K
%, (b)) SF-1 FEEAF RN /KRG IEM BH 2 B2, () SF-1 FFdh X S /7K IR
G AR ARSI SR, WEOVRERIES S A I, (D) SF-1 FERm{FAIE
CbE/ KISV SEM B 23 B A%, () SF-1 B 6T IE Qe /7KIR &9 4 B AN IR & 3
Rl A, 0 O AQR MR A 2 A Ay T
Fig. 2-15 Optical images of the surface of water droplets and chloroform wet PF samples and
SF-1 samples (whether moistened by chloroform) (a). Separation efficiency (1 ) of the SF-1
sample as filter material (subjected to varying conditions of separation cycles) for the
chloroform/water mixture (b) and the WCA value of the SF-1 sample that could withstand varying
conditions of separation cycles (c). The separation efficiency ( 1 ) of the SF-1 sample as filter
material (subjected to different conditions of separation cycles) for the n-hexane/water system (d),
and the WCA value of the SF-1 sample that could withstand varying conditions of separation
cycles ().

G KRR EA IR 0 B G TERE B, BeAt, Btk B RO ZAAE I K 2
QU A TEAE RTINS RS ZAIBEAT 1 20 Mr, BABIE T B AR 2347
B BHK T BERCR . W 2-15 () B, &5 JHIMAL O Jett) Fki (H
SKG) £ PF AR AR ITHAEIR. SR, T & &5 bR, 8K
QLK AE SF-1 AR R LI B 2-15 (b) SR TAERAT KRG
FERAE 7 8 FA RO 26 AE R SE-1 AR I JEAT RN AOIIK 70 B 23 (n ) 0 99.4 %,
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BHTE 50 IRy B PRI G, EUi/KIBEY GLIEM Rl SF-1D 15 B AR A
# 96.6 %. Kl 2-15 () /mif TEAFRP BT, SF-1#£MK WCAE. &
B AE RIS BT 50 UK SR, WCAEIRT 153.5°. 7E4H
FIZAET, Feah vl T IE ke KRS MINA R0k & . ikl 2-15 (b fios, 1IEC
Bt/ KRG 53 BN 99.2 %o 1E 50 IR5 BN G 40 BS RN 96.1 %o K 2-15
(e) iR T IECKE/KIRE VAR5 85 A WCA {8, RIELE S B IEF 50
JE SF-1 F£ Y WCA EAB T KT 153.0°, IXEgE JRE, Bk MW af
IR B . Rk, X SehpRE AT DATE 7K il 23 18 AU A 85 1 8 FE A4

3.7 BUMEARIAR AT RE A

S HT T RETE S 00 B M B Al i S 000 UM SUIMROK RE T KFERGE
SEPE S SRR LI R B R G R 15 7E Tl RN 5K RE A R DG B R 3%

= a e o
2 - i
E 10004 3 240
3 5
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2
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E 5004 £
g z
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E 5 80
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B 2-16 (a) PFFEdh (b) SF-1 FEdh (c) SF-2 #Efh (d) SF-3 BRI (1) RRZIMIRE K
PERDEER . (2 KZESFES M. (3D WKk, (4) RifsREE (5) WrRfpkE
Fig 2-16. The flexibility (1), water vapor permeability (2), water absorption (3), tensile strength

(4), and elongation at break (5) of the PF (a), SF-1 (b), SF-2 (c), and SF-3 (d) samples.

K 2-16 7R T PF ARSI IR RR I . PF 23R i 9.6 mm, 1]
SF-1. SF-2 fl SF-3 ¥ @43 314 9.9 mm. 11.0 mm Al 12.1 mm (& 2-16 (1) ).
Wi, SWIRIZEPIERRLT. 5 PF RERARLL, SO SU I 3A g i (E7E v 32
ZITERE N . B 2-16 (2) SR T PF. SF-1. SF-2 il SF-3 FEfh KK RSB R,
SF-1 A1 SF-2 HI/KZ8iELH 5 PF MRS H/KZ B R A0, 1M SF-3 HIZKZ8S
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B RACT PF BES QR E 4 E: <12.0 %) . SF-1. SF-2 Al SF-3 WK fg
s KB AEDS FaAMLL (B 2-16 (3) ) o PF. SF-1. SF-2 1 SF-3 9
FoR U 2-16 (4) Fros. 5 PF FEMIBThisR BEAHEL, SF-1. SF-2 #1 SF-3 [
Pohi R R . WA EUNT 222 %, B 2-16 (5) IR T PF. SF-1. SF-2
H1SF-3 FEAH WK 2 . KT, SF-1. SF-2 Al SF-3 £ i (Y Wr 2 K R (Y
5 PF A% 5 (I 2L K SR AG AR . IR EELE R, 2R “F A HARM
SEEWR 10 SR B K 237 1 R R PE R
24 KEING

(1) AR Hp R PR B DG IR PP G R PR 6 PR 5 19— PR S B I e e T 3 o
W R L RS (RAFT) RN SRIhHA B 1 LY (R B IA R F R )-b-(2-
( HIEI)23E)] (PMMA-b-PDMAEMA) . Bl F R A& A A
JSLHE 1) 25 4F (1) PMMA-b-PDMAEMA 455 B T 2R S M 4R A 0T, e iy b] 46t
KRG, 13RS S T 1 WCA 9 159.9°.

(2) SePEZIY 0 2 1 2 3 O S O L FT Ak 2 A e . BIAEZR 5 1600 (AL
Bl BB A AL BB 50 SRR, WCA B ATIE T 155.0°. BIMEAE & AE AR (na
BEFI DMF) Ab3E 720 J5, U AR R K VE Be R AE AR KA RE 453 T IR EA
DA A SR B HE R S 1) 9 9 DA B il 7K 0 B g i e A5 /7KORTIE E e/ 7K
i 7K 43 B R 4 N 99.4 % 99.2 %. RIAEZEE 50 YRIM/K oy BEAE3R, 4
Y%t IX LR AR 5 B R AT T 96.0 %, WCA fHE T 153.00, &id 4B )5 )
TR, FRPERIN U o B 25 I F PR RE 1 DG SRAR AR 2 DR FFRRUE , R34
.
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B T 0B R U K SEBR IS o 0t — 1AL, BT I BAAR R T — 5 ) A
J7 %, WU @B R E SRR S R, LU SR LB B M R
S BRI, TESEMEIX — BRI, FoATT 06 2500 (R4 1 5 3 A A& A2 S0 B
oL R AEAR 91 P BORERE IS, 5 T 4300 b (50 B R AT R0 5245 B e = A W 1
W, UL, FER R LS, (SRS R R T AE T I, S
BT HE A R AR R, BAS I A B

ABRTEREGHARY LRATBBE (AC) TR, 5
FRME SRS R RO .« RJ5, R “BR 7%, ERgW Ll
S TRTR WU A A3 [2- P B A A I A ) ) PRS- (-MRTA ) AU
(DMES) KT I A o AT A IS0 K T [2- (FIEPIIRIEIL L) 238
T G SUSEAEE (PDMES) R SRS E. AN, R
FI“EH1” BRAEBR G TS, Bl iR Ui IR TR 7E H & 52 Rk
JE AR T AR KFEBE IR -
3.2 LIGERSY
3.2.1 SERRMPRER LR

SEIRIRE: BRI ] 2.2.1 FTik.

# 31 5K R EOL A

Table 3-1 Main chemical reagents in the experiment

R FiA% HEFETR
N, N- 2B AR R T AR AT
PR & AR R TR A
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& 3-1 L EEAL AR

Table 3-1 Main chemical reagents in the experiment ZERTER
AR B C
=M% AR TR T AR AT
[2-( P R A it A ) £ ) — PR (3-

BT 2 AR ¥R T AR A
TR AR TR T AR A ]
AR B AR R R T AR A
kAL AR bR AT IR A 7]
AL AR TR T AR AT
GHE]S AR BT T AR A
HbifE AR LR T AR A
A FE K AR MR R T AR A

ZETIK — =Ll

322 LBRFERE
AN T S T AR 3 2% LR 3-2 I
32 WREF
Table 3-2 Experimental equipment
P& EA N BRMS PR R
VAR R — 5 ]
J57 ) AR Bruker Dimension ICON /2 ]
EE L AR (i S-4800 HAH SZA ]

X SR ERATHMAY D8 74| 1 [ Bruker /A ]
(AL AR 2T AP Nicolet Avatar 370 F[H Perkin-Elmer 2 7]
SR A A 5K 7 IR OSA60 f# ¥ LAUDA Scientific /A 7]

XS 8Ot T REE K-Alpha J[E Thermo Scientific /A H]
G SW-CJ-1D UM R SRS AL A PR

fE R 74 DNP-9052 R RS IR A PR ]

Tt K T YX280/20 b= HEE T A PR ]
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K32 LR

Table 3-2 Experimental equipment LR
& EN & SIthes G
S PAUEIR AR 1t 2 DF-101S AR A A PR 7]
B B T ERS SZCL-2 FHR A IS A PR 7]
FL 2R RENI XA YG(B)026G RN ERGTGUL AT PR =)
DRI SOPTOP VTR R A IR A T

3.2.3 MRAMIRITRALIE

FRAUWIEET N 5 emx5 cm FIR/N, MSWIH AR 7L 5 58 %k 2.2.3 44
[, FCSZEAn e R4 (Pristine fabric) —T1H, %M.
3.2.4 AR E R NEIDIE

KRG (5 cmx5 em) RA N, N-HIEZFE (DMAC) #%5 (100
mL) . RJEK =28 (TEA) (45mL) JIANRFFEVKIBH R+ . A,
7F 30 min P IREER (AC) (4.5 mL) B IMANRAEY . HESIRGY,
HAE 40C NAbEE She o, AIEBT/K (3x50 mL) FHEE (3x50 mL) Pk
Z3d M FARE), FHTE S0°C N EAE T 12 he FifF4dr 44 Poly-F.
325 RHEMERAMNEIE

K 3-3 il R b R B &

Table 3-3. The information of the fabric samples

e DMES (mmol/L) TR (mmol/L)  WAREESN (mmol/L)

Pristine fabric

PDMES-F-1 35.80 0.72 0.72
PDMES-F-2 178.99 3.58 3.58
PDMES-F-3 357.97 7.16 7.16

SRJE ¥ Poly-F FE S SHIENHAL . I “BH” ZREREWSH2-(FH
TR M T A ) £ R ) — R - (3- R TR T ik ) L S A 8% (35.80 mmol/L) i AR R
(0.72 mmol/L) FNARERHN (0.72 mmol/L) FIRAEWIFEAL. Zid FEAER LW
—M LA T 5 min. BEJE, KRS IISME 4J0CHIKM TR 6h, H %
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Bk (3x50 mL) Pedk AR ERPTE iF A ) DMES 701, J#4E 100C T4 1 h
LA3K7F PDMES-F-1 £ . PDMES-F-2 1 PDMES-F-3 [{Jfi| % il £ 5 PDMES-F-1
Tt ) ) % I R AE AL o 1) i P A P P A AR R VR B A 36 3-3 s
3.2.6 MIXNS5FRIE
3.2.6.1 WMESHRSHFELMR

ZEAMERE (FTIRD. X HHERATH B (XRD). X e HTRERE (XPS)
HfHET R (SEMD SR E 588 5 2.2.6 FAE A7 iEAH ] .
3.2.6.2 THAMRES AR A4 REMIA

PRSI S IR DR 7 25 WUBRPE RE AT vk L 38 ST VR A K
YRR 51048 5 55 — % 2.2.6 FRI SRR 5 32 ]
3.2.6.3 fEEREMIR

2 MR [E ZX bR iE AATCC100-1999 J7 320} H T i i /K A 20 R 0 08 128 e gk 470
W, ISR RS T XL, SRR N K AT B ATCC 25922 Fi4:
PO H ] BRI ATCC 6538, RARHAEM N A E T 4 mL AF KT, WRjE
10 s VR &3 5), BUEAL S KBRS AIFRE 40, 407, 403, 404 f5HREMBE)G, &
U@ BRI, TS 2 3 0.02 mL e 3 JEE 1A BT A T T80 R 3y I,
Bifih 60 min J5, BUHFESET 5 mL AFEKP, WRIE 10 s 5B RI4TE,
Bt 5 23 S B 0.1 mL 40 B R IF B0 SR A T ARG 7756 B, T 37CH9R 240 )5,
55 RV A0 A 4R R R 3 W B B S A IR SR S 4 R 2R (BRD

AN (3-1) 5
B-4

BR = x100% (3-D

Forfr, A B 43 52 155 DU W0 A £34 [i] A 55 7 5 v 400 1 1 9 1)
TR 3 RN = P (E
3.3 ER51TR
3.3.1 BREMEINEEMERLARH IS

BAVER “ A" ZRARE RG] IR EMRSY . i 3-1 for, A%
REEEEMPE — M NGRS T, S ER LW 10— MY b b X B
(C=C) P81, JERBLIPII—MI 5] N C=C X4 )5, DMES Huik 5244 i) C=C XL
BERE Bk TiER A . 4559, PDMES @it 2 AN R Th R B S L
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—

;ggg

B 3-1 Ui R AR il ) A L ER

//JL\“/,O\\J//\\N+/~\\/,/\\“ o
[

(o)

>
>

Mist Polymerization

Fig. 3-1 Synthesis mechanism of finished fabric samples.

3.3.2 MR AYIRBI SR KRS

1716 1479

2905 2860

3300

Pristine fabric

PDMES-F-1

PDMES-F-2

PDMES-F-3

3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

B 3-2 KR SURE L I 2050 i
Fig. 3-2 ATR-FTIR spectra of fabric samples
AL Poly-F # i A1 =Fh BT 3 1 21 70 i I an | 3-2 R, 7E 3300
cm ™!, 2905 cm™! 1 2860 cm ! ALAFAE WIS 7)) A K] T-—OH, —CH3 A1-CHo—%£ [4]
AR BN IET0, JX — S5 SRR, LMY R S MTE M 5 A KAE R
o JEERZIIAN Poly-F A I ZLAMG % K 5 =M i 2 (PDMES-F-1.
PDMES-F-2 1 PDMES-F-3) HJZLAMGHE EIXFLE, ££ 1716 cm™ AT 1479 cm! 4b A7
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s
SEE
H
i
>+
4
=
H_
g

(DA7S'E

FERAMAIUE, 73 % BT C=0 A1 N*—J& F]100-1021, X —Z5 3L B, PDMES it
A BRI E BIR S £

Ols a Ols b
Cls Cls
7] 78]
=™ =W
@] Q
—/—-"\ ___,/-’V\‘ Nls S2p

N
800 600 400 200 800 600 400 200
Binding Energy (eV) Binding Energy (eV)
wl [7¢]
[~} Ay
] (6]
200 288 286 284 282 200 288 286 284 282
Binding Energy (eV) Binding Energy (eV)
w [72]
(=9 (=M
@] @]
406 404 402 400 398 306 394 174 172 170 168 166 164 162 160 158
Binding Energy (eV) Binding Energy (eV)

B 3-3 MRZUWIrE A ) XPS I (a) JURZIIAT (b) PDMES-F-3 Ff i 1) XPS 38 (o)
JFUEZWIA (d) PDMES-F-3 £ [¥] C 1sXPS #&; PDMES-F-3 F£iiXI R (e) N 1s
(f) S 2p XPS i
Fig. 3-3 XPS profiles of the cotton fabric samples (a) XPS profiles of the original fabric and (b)
PDMES-F-3 samples; (c) C 1sXPS profiles of the original fabric and (d) PDMES-F-3 samples; (¢)
N Is and (f) S 2p XPS profiles corresponding to the PDMES-F-3 samples
XFRRZAYIRE S XPS AT 704, DAWFFLGAWRE R AL oo s AT i . anf&] 3-3
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(a) F1 (b) 7R, JRIAHRZUWITE 531.6 eV F1 285. 3eV AbE WM, 43 Xt
F O 1s 1 C 1s (550101, #F PDMES-F-3 £ i 1% P 00 8% 21 75 J5 46 234 1)1 1
HORAELE I, 43 AR T N 1s ATS 2p 1551 400.0 eV F1 167.4 eV AL N
X~ 1K, PDMES I AEMAY) £, 5EGZY)H PDMES-F-3 ¥
AR BRI C 1s XPS 23 Al 3-3 (o) Al (d) o TESRGRZ g 8] =4
I, 53 ST 284.7 €V 286.6 eV 1 288.4 eV, 4374 A F C-C, C-OH F1 C-O-C.
FE PDMES-F-3 1 ity tOUL % 1) [X 1) - JR AR K 2P0 14 1) 7 70l 32T 285.6 eV 112872
eV IPIANE, HRIERF C-N M C=0. X—45 KW, H PDMES AR MHIE
MR s S B R E R W) . B 3-3 () A1 (D) ni T PDMES-F-3 #
i I N 1s f1 S 2pXPS iG], N 1sXPS 25 47 F 401.7 eV B F C-N+2
o S 2pXPS A B AT 167.0 eV IR H R F C-S 2. X — g5 FH IKAE
| PDMES I#EERAERRZW) L.

Cellulose

- Cellulose
= ‘ l //
5
> PDMES-F-3
=
m -
5 PDMES-F-2
E N NS
PDMES-F-1
N

Pristine fabric
ntet PP g

10 15 20 25 30 33
20 (degress)

B 3-4 HEZVWIFE S ) XRD i K
Fig. 3-4 XRD profiles corresponding to the fabric samples
K& 3-4 Bon T JRAEZ%). PDMES-F-1. PDMES-F-2 1 PDMES-F-3 [£] XRD
HER, JRIBY = AR SRR E 20=14.8°, 16.6°, 22.7°F1 34.2°4b IR H
TRARE , XEIE AL YER (D Byl 10, GX—25 R, U S iR
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A PR S 1 52 B RN o

B 3-5 MM R NP EERE:  (a-o FEBREAYHES;: (4D Poly-F Fif: (gD
PDMES-F-3 ##; PDMES-F-3 F£5i1 C (O N (k) JFIS (D Ju& [ EDS Elg
Fig.3-5 SEM images of cotton fabric samples; (a-c) original cotton fabric samples; (d-f) Poly-F
samples; (g-i) PDMES-F-3 samples; C (j), N (k), and S (1) elements of PDMES-F-3 samples

AR T B (SEMD BRI AR AVIRE b B OW S 2EA4T T E T X
Poly-F #1 PDMES-F-3 #F il (ILfiF SEM BT /04T, 25 RE WX L8 R 5 546
ZEI Gl (K 3-5 (@) (D) (g) ) o X—E5REW, FLRRENPEEH
BB, T A2 B FE VAT 4 2 18] 1) 23 8] o XL ORAIE 100 5 (R 7K 28 R I 1k
=it SEM BRI MR, JRAR SR HDGIE 40, 1 Poly-F A% bl AR 1 b J
GERE RN IR TIRLRE, 458 LRSS A IR FZUE R 1 Poly-F #£ it vl SR & B I M
MR Tu . PDMES-F-3 IR H—E R AWM, SRRV Poly-F £
WA E, 2B PDMES iR )2 C DR B £ AT, %} PDMES-F-3
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TCER AT EBREAT 704, DA AT DU R 2 A ik SR B3 Ai. Cy NOAT
S LRI EIR KW, PDMES ¥R/Z212)/3 4 £ PDMES-F-3 # i .

0.4 ym

-0.9 um

Height Sensor 1.0 ym

0.14 pm

-0.21 pm

Height Sensr 1.0 um

B 3-6 MRZUIFEM AFM BE (2) JRIRREZW;  (b) PDMES-F-3 #
Fig. 3-6 AFM image of cotton fabric samples (a) original cotton fabric; (b) PDMES-F-3 sample

K 3-6 Y JF IR YA PDMES-F-3 F£ i ) AFM B, JEUUG 234 1 3% 1T EEAE
ZUMERTH I AFIE . R (RMS) HZ08 15.8 nm. 5 RGP L,
PDMES-F-3 ()i FEALME, B AT4H, RMS{EH N 452 nm. X—4REKE, K
G st 23 ) 2 THDREDRS P2 68 35 4 v, X — IR T e 5 W3R T T R A MG R 1Y)
ZE R F1 PDMES )2 3R A 5%
3.3.3 MR AIRIME T Be R E T A M4

S JS IR Z3%) PDMES iR 78 A R I AR Pt B vERe . BRIk, 20
G0 K IR 1 R0 < B i ) BRI P IR 22, DL Hir O AR DRI L 1 12k B -
K 3-7 (a) Fias, SIEGSUWMLEL, PDMES-F-3 #5268 H 5 8 P B AR
XF K A el A0 <5 3 E 38 ) BRI A 2 (BRO {E 25109 99.5 %A1 99.2 %,
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T T T T T
0 10 20 30 50
Laundering cycles

E =

0 10 20 30 50
Laundering cycles

Bl 3-7 (a) JEERZIYH PDMES-F-3 Ff i 73 il 0 R AT 1 FH <5 s €0 %) 3K B8 PO 0 B8 PR R 1
J6# %, PDMES-F-3 #£ai0 (b) RGBT (o) <5 (03 %) Bk T IR0 8T T A 12k e
Fig. 3-7 Optical image presenting the antibacterial properties of the fabric sample against E. coli
and S. aureus (a). Antibacterial durability of the PDMES-F-3 sample against E. coli (b) and S.
aureus (c)

GNP A RAR , DASEIBT B R S bR L , SR SAE A 5 .
Ik, AW R R A e, Wl 3-7 (b) A (o) fos, BMEfE
50 {RBEEAEIF S5, PDMES-F-3 3 il % oK J A T R <6 35 €401 48 BR B8 O3 B % (BRO
AR 97.5 %M 96.7 Yoo IX—LERAEM, I “URIR7 JNEERMAY) b5z
PDMES &2, AJ LA 35 52 & i U KB i A .

3.3.4 IR YIBR R RE TR

B 1 BT B BOR I AESL, JE R4 i SV B iR e (k78 =i 1t
FEKPESE) |, DU E AR SV 5 35 B I@ PED 01081, ] 3-8 (1) JRHE T IR AR 4
A=A Boi 3V RE i 2 . R 23R &8 9.4 mm, 177 PDMES-F-1 .
PDMES-F-2 Al PDMES-F-3 {35543 7128 10.0 nm. 10.5 nm A1 11.0 nm. Z¥)#F
R, R . SRS R IERR AL, AR SRR S R R
BAK. Bl 3-8 (2) F (3) Fiow, =AM IERERMBOK R A BE AL
t, SEMESIIVEREA Y. =Rl AR R R T (& 3-8 (4) ) b
PR (E3-8 (5) ) SEMAMERA BEER, KRR, SmZAmm
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AR FHPEREBCAH B E AR, ZARR IR SV & 5 B b

(0]

—
o
—
o
—_
w
=

9.4mm 2 -
3 1000 5\;240
g =
a |:= 2
- a g 160
E o E
10.0mm ) Z
E S 80
b . a b d ! a b c d
4) 5)
10.5mm - ®
%’ 5
= 16 4 "
% &
e | 5 - £
E
11.0mm - g
2 o
z
- 5 ol
e — d. =5 P a b c d i a b c d

K 3-8 (a) JIAHHZY) (b) PDMES-F-1 #£ih (¢) PDMES-F-2 #£4h (d) PDMES-F-3 ¥
(D FRZIFE M FRPIERD S . () AKZEREEE. (3 Boukte.  (4) Rifdssps
A (5) W
Fig.3-8 Flexibility (1), water vapor permeability (2), water absorption (3), tensile strength (4), and
elongation at break (5) of the pristine fabric (a), PDMES-F-1 (b), PDMES-F-2 (c), and
PDMES-F-3 (d) samples

3.4 REING

(D @EfEH “BH” BEREHAK PDMES iR EREBIAY L, M)
% I T B AR 23, R K T T R <5 T R 4 3R T ) BR R0 0N
99.5 %M 99.2 %o £& 50 IRBEHR, MLV K AT R A1 <5 5 07 & BR A 9 BR 2
DT 96.0 %, FI AL BT B AN

(2) ZRAETAM &R IR RATERE (K& E AL 5
JE) AR, W2 A EK.
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F4E “BERE” BAFIENEFEZINREMRAI L ERE
VARl

BDEZIRARLMTE G FUREE T 5 P 3 2kl 2 oG . 54 DhRetE
TRVIAIE, B0 2 DIRe M2 Fa 48 H 8 A8 S & NATMER &K, il 2
FEA R 26 F N HA B B Th RE M (AR 20 01 SRR, B 2 ThRek
GV ORIRHIE T R IR J&E A BT A AR T K — N AERRZ) B
EEFE T LR T W30 2 Dhae ke, S8, B T4 B rFLBREUR,
TR AR AE AR AU A [F R D REVR /2 R TR i Janus 2546 2 R AER), A
BRALIRNFF R Janus ), W FLLIH) Janus 25K R AL 5 B B 703 LI
RHFFIEET “FRE” BRI IR AR i I SR AR A I, A
T {6 AR S AT 4 1 BAT TR R AR U o I8 i K ik DA IR D G Ak s 25 )
R —, 7251 RFMPERTT, S52UW4RTH B iR & AR H LR =
B2, TERBZRII— MR R B2 o Bl SR 55 S A BB AR AR B
AR N-J7 P 2 A TG % 2 R 70 v B A [2-( TP R U A I ik S ) £ 3 ) — P - (3-
il R TA) 8 ) S S A B PRV B e i 5 R AR BIRB A 0 53—, AN ZE 2R b
R FERIAGAORBHUR B Z, ISR BA SR BT 7K DL B IR B9 Janus
TR o 2% I U R 2 PT LASEIRAE AN [RIIR BE T, SRR 20 1) 28 2R A 4 I I
A, ATV S SR FE B2, AW AN SIS Zh S AT Fe i — A
WER, DUAOREEARIREE T, 58 s RKETIERE .
4.2 SLEERSY
4.2.1 LR RLFIL I

SEIGAT L MRV TR 2.2.1 ik
R 41 P25 LA

4.1 5|

gll

Table 4-1 Main chemical reagents in the experiment

K RS G
N- 57 A2 AU A B AR TR T AT IR A
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& 4-1 LR ERL A

Table 4-1 Main chemical reagents in the experiment ZERTER
B B E I
P IR AR LR R T AR A
FABE PR AR H e AR i A IR A ]
[2-( PP L P o A ) £ K — FRE- (3-
N AR iR T AR A
T AU R AR b IR A
N,N- - F3E AR EAERTRET AR A F
SN AR L IR AT
AN AR TR T AR AT
4=l AR TR T AR AT
B g AR TR T AR AT
PR K AR TR T AR A
BRI # AR AR T AR AT
NIRTHiE AR LR T AR AT
EKETK — =Ll
422 XWFTERE
A SIS BT I T R AR 4-2 TR
42 LREF
Table 4-2 Experimental equipment
W 44 PR & Ziths] G
TEREMF A — I 1
EE ki AT G S-4800 H 2 H 3723
X S R ATHHX D8 %74 f# % Bruker 2]
{8 ST AR LL AP Nicolet Avatar 370 [ Perkin-Elmer 2 7]
TR A 7K A OSA 60 f#[E LAUDA Scientific /A ]
X-5F Bt HL - RE S K-Alpha 2 [# Thermo Scientific /A 7]
EREas) SW-CIJ-1D oM b R 4 A AT PR A 7]
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K42 LR

Table 4-2 Experimental equipment LR
& E i & Eithe) G

TR IR B 7R A DNP-9052 R IR A A PR A F
T s KT YX280/20 =R A TR AT

e R UIE IR N FAME T 1P 2% DF-101S KR A A PR A 7]
KO RE IR R AR SZCL-2 ARG IR A F
FLT- SR P 1A YG(B)026G TR H R RGT LU AT PR A 7]
LLAM AR UTi260A PAVER L ARG IR A =
(EREER S it DNP-9052 R R SR A A R A

423 BEMRITRALER
MEWIE BN 5 emxS em IR/, MW bV E 55 % 223 M
A, HiCSZrRCEF IR 2% (Pristine fabric) —Ii, id AN PC, %M.
4.2.4 FREMFRE bRiENEAIDIE
K2 SRR S R MG BRI RUIEAT AL 3 . 1 5, ZESS AR BN S mL
WKEEDY 1.31 mol/L M IGIRVE W, 18I FZ WAL LW L i 4L PE 3 min, BE
HIK b B AR ZAITBON 140°C BYMERE H 20 min, FFFH 50 mL 28 F /K Pedie =X (
K 10min) , HJEFARZWIIN 100°C FIHLFE T4 2 ho K Ab A 2 BRE S bR
10N PC-AA.
4.2.5 WEFMHIREBRKELERSIE
(1) RF “48: 7 154E PC-AA i) A A /K 4k
B4, K LMA (31.0 mmoL) A1 BPO (0.6 mmoL) ¥A#{E N,N-— I3 i
(91.0 mL)H, 13 BVR GV . B8 I KR 5 I TRAE PC-AA FE i A K TH 554K 5 min,
HUHIE 80°C T[4k 6 h, FHZEMH/KVEVE (50 mLX3 Kk, BIRYESE 10 min) J57E
100C N+ 2 h, PC-AA B HIALFE R T # R 1C 4 Inside-F .
(2) @i “BA” ILTE PC-AA UM AME B R BETARE Y
R SRS B A S 360.0 mmol/L I [2-(FF 4 A M ik JL 1 3 ) 4
o) LA R A 2R ) AR AL B . 720.0 mmol/L () N-SR R A BEE . 21.6
mmol/L(NH4)>S>0s F1 21.6 mmol/L NaxSOs [ & R AL, 115 25 i 7E 5 5 XU
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LR — W% 5 min. FRRACIEIIHEZN) T 80°C NI E 6 h, 50 mL ZTH/KH
ek =k (K 10 min), FFBR 2R NI Ak . 45 2 MRE S I GURE i i
i1 3 1 iy 4% N Outside-F-3 . 41 #B Outside-F-1 1 Outside-F-2 [ il % J5 7% 5
Outside-F-3 AHML,  SEB8 F% o AR50 f) FH B LA 4-3.

R 4-3 IR IR A SR &

Table 4-3 The amount of each reagent used during the preparation of the samples

. MDAH NIPA AR IR A R A
i (mmol/L) (mmol/L) (mmol/L) (mmol/L)
PC - - - -
Outside-F-1 360.0 180.0 10.8 10.8
Outside-F-2 360.0 180.0 14.4 14.4
Outside-F-3 360.0 180.0 21.6 21.6

R 4-4 NAFR IR EFROH R3S 1 BT SRR i 44 R
R 4-4 WU LS 1 SR i 24 R

Table 4-4 Name of the double-sided finishing fabric sample

B i Hh T PR T
Janus-CF-1 Outside-1 Inside-F
Janus-CF-2 Outside-2 Inside-F
Janus-CF-3 Outside-3 Inside-F

4.2.6 MK S5FRIE
4.2.6.1 WMESHESUFEEENIA

ZLAMERE (FTIR). X HHERATH B (XRD). X HH£EJe HTRERE (XPS)
i 7R (SEM) FMAEY 55 =% 2.2.6 FAHKRNR A VEMH A .
4.2.6.2 T AMEBES AR A MEEEMIR

FRZUYIRE T TN B IR . K28 A I 2R IR K PRI DA A AU A R
WAL S % 2.2.6 AN 7 VA48 A o
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4.2.6.3 $ETERENK

TREIRE S P IR 5 725 58 = 5 3.2.6.3 FFAHSC IR T VEAH )
4.2.6.4 FREFEHRANK

FRZVVIRE S R T Ak A1y R 7 VE 5 58 — 5 2.2.6.7 HAE DGR 7 VA AR [
4.2.6.5 EaeIER RN

K H UTi260A 72T 40 s AG A e I 11 J5 A S8 R [R1I6LRE N 1) 28 T I 55
AT, A3 SRS AR EE B8 20 em, R3S S oo o ot A R %

4.3 HR5TR

4.3.1 Bh7S Janus B8 BiE N HI 44T

Pore opening

4

Moisture 0 _Heat

Bl 4-1 375 Janus ZYAEA R EERE T HE M TAR B R 218

Fig. 4-1 Schematic diagram of the adaptive working principle of the dynamic Janus fabric at
different temperature and humidity
Nl 4-1 Flros, R 55 58 Eridihs 3R A 5k P 04 R ) AR R R 2 AR S T eI
JZ 5 G BIRRAMNKI N AR 3R BIR TR, 3BT WA i i) T4
RRBITRE B2 2 R AW R . X GBIV TBAL T BIT, 15 NAR B I)
WA RE W6 DROE N ZAYI N R A% 23 2R AN 3R T, AT 38 B iR AR o i =4 A 8 TR
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Fig. 4-2 (a) Preparation of PC-AA fabric; (b) optical image of the sample immersed in acidic
potassium permanganate and (c) infrared spectrum of the cotton fabric sample
ikl 4-2 (@) fios, FIH “FRE” BRI IR R ISR S AR 2w,
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Fig. 4-3 Preparation mechanism of the modified cotton fabrics
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Shtr . TMAEZAANR It AR b, RS 22 T P B e OUBEE DU R Y« ol 42
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Fig. 4-4. ATR-FTIR spectra of fabric samples.
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\ ~ Outside-F-3
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B 4-5 HRZFE S XRD B &
Fig. 4-5 XRD profiles corresponding to the fabric samples.
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W SUYIRE OGS R 7E 282.7 Fi1 532.5 eV ARG AIHAIF C1s MO 1s 55
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Bl 4-6 HRZUFE M) XPS iG] (a) JRIGZWI:  (b) Inside-F £ (¢) Outside-F-3 F il )
XPS ;s (D) JRIEZW); (o) Inside-F i (f) Outside-F-3 £ 1) C 1sXPS i%&; ()
Outside-F-3 F£ 0 B 1) N 1s XPS % & (h) JRIGZWIH (i) Outside-F-3 #£ih O 1s XPS i &,
Fig. 4-6. The XPS profiles of the cotton fabric samples, Wide-range XPS profiles recorded for the
(a) pristine fabric (b) Inside-F sample and (c) the Outside-F-3 sample; C 1s XPS profile recorded

for the (d) pristine fabric (e)Inside-F sample and (f) Janus-CF-3 sample; (g) N 1s XPS map of the

Outside-F-3 sample; O 1s XPS spectrum of the(h) PC and (i) Outside-F-3 sample.
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Fig. 4-7 SEM images of a cotton fabric sample,(a-d) PC sample; (e-h) Inside-F sample; (j-1)
Outsid-F-3 sample;
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Bl 4-8  Ca) SUMREHORE Kl FF B A 4 2 €60 4 BR B O 00 B 1 AR 622 % Janus-CF-3 X
(b) KIGHFBIR (o) 4t M4 BRI HO T B A
Fig. 4-8 (a) Antibacterial effects of the fabric samples against E. coli and S. aureusAntibacterial
durability of Outside-F-3 against (b) E. coli and (c) S. aureus

MR S22 T 5 P BUR B B R 2 e, W A B kg . Wl
4-8 (a) Fzw, XTZRPIFE MR KGR (E. colid M4 AR & IKE (S.aurus)
FHE = (BR) BEAT T RCUAN 8. B PCARM RIS, W TRAK, (TR
Mg R KERE. 5 PC MBI, 4] OutsideF-1. OutsideF-2
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P s R T R A RAF P TERE . X T SEBRRH, X S BT s i AP EAT
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Bl 4-9 il BRIR TR0 (SpLOTE R4 234 LA Janus-CF-3 #¥ i 1) Inside-F T Al Outside-3
P8
Fig. 4-9 Water droplets (dyed with ink) placed on PC, Inside-F, and Outside-F-3 at high and low
temperatures.
N TR IR B R, FRATHET T — RAI 02, Gl 4-9 A1 4-10
(a) FR, MIBLREN 4.3°CH, Inside-F 7K A SKGE) T
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Fig. 4-10 (a) Plot of the diameter of the water droplet (dyed with ink) placed on the fabric surface
versus time.(b) Temperature-sensitive optical images of the Outside-F-3 and PC samples.
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B 4-11 () B SRR T VAT i ) REAR A LA 5 (0) VA b AR R PR B 0 T PR B AR IR 5
()P i AT DAFE B R PS5 B2 T 2 v B JPR R 22
Fig. 4-11 (a) Intelligent temperature-control mechanism of the fabric sample on the skin surface .
(b) Fabric samples reduce the skin temperature at high ambient temperatures. (c) Fabric samples
increase the skin temperature at low ambient temperatures.
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Fig. 4-12 (a) Waterproofing mechanism of the Janus fabric. (b) WCA on the Inside-F surface of

the finished fabric samples
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Fig.4-13 (a) Optical picture of air permeability of Janus-CF-3 samples; (b) Flexibility (1) PC (2)
Janus-CF-1 sample (3) Janus-CF-2 sample (4) Janus-CF-3 sample (c) water vapor permeability,
(d) water absorption (d), tensile strength (e), and elongation at break (f) of the pristine fabric

Kl 4-13 (a) 7t 1 Janus-CF-3 BUERR SRR A EREH T 3R 5
KRR, B AR SRR AL MR A B w5 IR B B %, 45 R R et

63



8 W YN T e VAT

JG IR BA BN R KRBT RS B 4-13 (b) JEIRZWIAN =/ i
LIIRE S . JRIGPIRIA SN 9.1 mm, 1] Janus-CF-1 F£ i Janus-CF-2
BEFL AN Janus-CF-3 A5 (3R 543 514 9.5 nm. 10.0nm A1 10.2 nm. ZI03E sl ,
T, S5EMHSWIR R AL, = A0 SRR i 0 SR B PR AR
nkEl 4-13 (o) M (e iR, ZANSUHERESMITEAR FIREE N 17K 28 B 1 e i
JRIEM SR T — 2, WK BEAR, S5RGSNMEGEAE Y. =Fh
RO SR AR T ER R (B 4-13 (D) ) AR (E4-13 () ) 5J5A
GUNEAA REES . XK, RS IR R BE AR, dRR
W 35 it 2 T LIS 6385 1) 2 At
4.4 REING

(1) RH “FERE” BRI & T —FAER S0 N AR T 73 R 5
7K SRR R BT B BRI S 1 Janus MEZAY, 6 DR W 581 FH <6 B €0 1 ) BR BT 1)
BR & T 99.3 %, HMELIT 70 RBESIEIN G, O KW AT 18 A 4 2 €038 4 3K
F ¥ BRAEA @ T 93.0 %, R F: AIHTEE DL A

(2) BUERRAIAE 40.0°CHIMEIRE T, 5 PC ML, BUm AT LA
7£ 5 min Y0 B 9% RS FRRL) 3.0°C. £ 43 CHIRERE T, BhmEWAE S
min Y8 i P R RIR B B 1 T 20 3.0°C, S A SR AR BB TELRE 4 i R

(3) Janus FRZAW) B A RAFHIBT K MERUK Z& 0@ in T R %
REHATLIERKFEE LR BRI PERE, ki@t P,
NGV IR G

64



8 W YN T e VAT

EBS5E FGRERE

5.1 £5i¢

R TENGEET 5 REHAR, IRNIRTCHXS 2 T ReRs AW At e s . 38
116 RGBT 2RI A AR A AT RE R OC R, #7R 55 R A HOR W12
T2 IR A, PRI T T 2 AR 4 DU VR FE . RIS AR 2
KM Janus Z5HG MM, AU B THEBNZNZS 2 DIREM I R R, A B A
FEHAIENS B Janus 2544 R T ) A D REVE SR AL PR AK S .

(1) “FERE” ARG S A G KR i f ]300 - W R s 4 7
(RAFT) R& L 2GR T TCHE IR B I R R [(F 2 AR lig)-b-(2-( — F &
BHE) )] (PMMA-b-PDMAEMA) . )5, 3 F 25 4k 25 M8 SU k47 i %)
B R R ) 2 0N, AR S, A8 55 SR G RO G i R AT 6 s R o
U7 ) PMMA-b-PDMAEMA #:A B ZI R S £F 43 T, Behiil % T i i 08
BUKKRAW) . IRJZT B 2 et R AL A K VERE . SRR T WCA
B4 159.9°. etk 2V 2 i 2R 0 U0 S M LA AL s s . ENIE 23 1600
BT AL P B SO RBEIRTEIR, WCA {EATIm T 155.0°0 BIETEH &F0EH (ns
BRI DMF) A0 72 /NS, SRR A B /K 1 e 7R AR KRR E R A9 3 T 1R
B o FUA R SR B 7K P R 1Dt S AE o] A AR AR5 e A AE R R I H R
T BB VERE . COMERR SR G /K R IE B /7K R K 23 BS RR 4y Bl A
99.4 %A1 99.2 %, HMEZIE 50 UMK EAEH, B LR X LIRS VI 7 &
BRI T 96.0 %, 223 50 KT //KMIE Tk /K 5 G870 B AR I i i 239
(] WCA B & T 153.0°, SUVERT SV SR BRI AR Lo 55 52 45 B AR RIS AT W) AR
BRI, FRATTIAA il 2 iR R /K AR 23 mT AR Tl CMV A A

(2) “FRE” HORGI& S ABHHERSW: EEHAEBE (AC)
G FACEERREY), AR E ST R A RIT RIRAIE) o 25, RAH “&
17 W7, FERRSUY) LI I B U G A3 [2- (P S TR I T R AR 3 ) £ k) — R
-(3-T R I B A A E: (DMES) FUREAT G . XA LM sl 2R [2- (F
B TR gt i A ) £ i — R - (3-BHRR TN 2 E ALK (PDMES) A b4 4%
g & o & T I PTE MRS . Bk PDMES IR)2 10 S AR 4 = 1

65



8 W YN T e VAT

AR BT RBOR o i A 2P0 R FF TR RN < 28 € 8 6 BR T 1K) BR 2253701
99.5 %A1 99.2 %o BIMELEBESE 50 UG, b AR S3P0 K 11 A0 < €00 1 467 35K
1 BR 4755 T 96.0 %, R AT TR AME o 2R B T8 08 B
LU IR VEREAS 2 B2 FEAIK . FRATUN, A SCHE I e ZANURT DA et
TR SV A 22 1) 8L, 17 L ) AR DRt A 2V B IR PR e ok 28 < i
EFIHUB A B D i A2 77 5 25K o FRATTHI 45 P B AR VW BT ERIRTEAE S A
“CHM B IS BRIy A H Al D) e BUR BERR WS TR AT

(3) RH “FERE” HARWKIGIR A SN R AN, A
T 455 75 K63 AT 44 A R B B e o S 55 SR AR Mg P 25 D 97 i D e s o
PRI Z BRI — M, ESURFIER T, 525K KBB4 B
FALR I N, FENRZAD I — O i B RERL K )= o BE S 15K H 55 38 & BOR K 3445
AR N-J P B UM 20 S0 T AR [2- (PP B P A T S A ) £ 8K ]
T - (3T R N R U SR R A a5 R R R BURS S s — 0, AT
TEGIMANR IR FAGT RS E SR E, M3 2 B A ST BK ] Janus ARZH
Yo FERAFRE 2000 K B A e 3 A 67 3R T 1) BR 21 T 99.3 %, R I HAR
SRPIE MRS M4, BMERR A 70 IREEEIEIR S, HX KA A 4
T (0] 4 BRI BRABAT 1T 93.0 Y%, I HH AR 53 BT A B PERR A 7E 40.0°C
MR T, 5 PCRERAMIEL, OSSR LLTE 5 min T 18 AR R2 IR TR AR
£)3.0C. 743 CHIMBRIE T, MBS ZPITE S min 0 Bl K R RE SRR T 24
3.0C, oL RHR REIREEEHIMERE . Tanus FRZU) A R I BB K HERIK 7%
A s I I R AR 0 55 SR R AT AFEAR DR AR L b OR B it 2V 1) i
VERE, WAKIREBENE. ZWME. BOKRES . WIMRREESE . MO0 S P B B 7 vk
A AT BASRAG H B B B 7K AR RE VR I T e PER THT, RIS 24 Janus 4544
Ry AR A — o T PR SR A AR
52 RREE

(1) AWHFAH “FREG” BORMIIH 8 1 AMEE w5 T BT K AR 24
YIRS BB AR R R X TR, 3 AT LAAE FoAth 27 2 Rk s B0 o4 T vt i 2K
VB B K BT R ROR -

(2) MRAEASC IR ST, AR LSRR “ZRE” HAR,

66



8 W YN T e VAT

&0 F AR . N ARE BN E Z T REMEAR 2 .

(3) RIEACPA M EICHESE, BIIEH “FRE” R, TR E
Y Janus S5H IS RE A, SCLEAT H AT E K0 AR o X Q8T
A AL T NTEA RIS 2 P TR, 1 oA BRS04 (1
I LB AN T 15

67



8 W YN T e VAT

S22 3Rk

[1] Mondal M I H, Haque M I, Ahmed F. Durable biobased hybrid compounds:
Potential modifying agents for the development of functional cotton fabrics [J].
Arabian Journal Of Chemistry, 2023, 16(9):

2] WHMK. “FREEH KRS [D]. #Wiil. Wil TR
2020.

[3] Fang Y, Chen L, Liu J, et al. Multi-functionalization of cotton fabrics with
excellent flame retardant, antibacterial and superhydrophobic properties [J].
International Journal Of Biological Macromolecules, 2024, 254

[4] Makowski T, Svyntkivska M, Piorkowska E, et al. Antibacterial
Electroconductive Composite Coating of Cotton Fabric [J]. Materials, 2022,
15(3):

[5] Wu Z, Yu W, Peng Y, et al. Facile fabrication of superhydrophobic and
antibacterial dual-functional cotton fabrics for oil-water separation [J]. Journal
Of Materials Science, 2024,

[6] Zhang S, Fang K, Liu X, et al. Enhancement UV-resistance and hydrophobic of
cotton fabrics through membrane formation by cationic colored nanospheres [J].
Surfaces And Interfaces, 2023, 37

[7] Jia M, He X, Wang J, et al. Effects of durable antibacterial, UV-resistant cotton
fabrics with differentiated polydopamine metal complexes [J]. Materials Letters,
2024, 355

[8] Ling C, Guo L, Wang Z. A review on the state of flame-retardant cotton fabric:
Mechanisms and applications [J]. Industrial Crops And Products, 2023, 194

[9] Song W-M, Zhang L-Y, Li P, et al. High-Efficient Flame-Retardant Finishing of
Cotton Fabrics Based on Phytic Acid [J]. International Journal Of Molecular
Sciences, 2023, 24(2)

[10] Shi W, Pei L, Gu X, et al. Stain removal performance of moisture-wicking fabric
during home laundry [J]. Tenside Surfactants Detergents, 2023, 60(3): 203-213.

[11] Deng P, Li X, Wang Y, et al. Highly Stretchable lonic and Electronic Conductive
Fabric [J]. Advanced Fiber Materials, 2023, 5(1): 198-208.

[12] Huang J, Li M, Ren C, et al. Preparation of High-Efficiency Flame-Retardant
and Superhydrophobic Cotton Fabric by a Multi-Step Dipping [J]. Coatings,
2021, 11(10)

[13] Liu G, Wang W, Yu D. Robust and self-healing superhydrophobic cotton fabric
via UV induced click chemistry for oil/water separation [J]. Cellulose, 2019,
26(5): 3529-3541.

[14] B, A KL, XK. 5558 E R b g oy ik LR B R [1]. i
VLB TR 2R (H AR RR), 2016, 35(05): 679-684.

[15] Wang P, Wang Y, Xu Q, et al. Fabrication of durable and conductive cotton fabric
using silver nanoparticles and PEDOT:PSS through mist polymerization [J].
Applied Surface Science, 2022, 592

68



8 W YN T e VAT

[16] Xu Q, Ying L, Wang X, et al. Durable Antibacterial and Antifouling Cotton
Fabric Fabricated Using a Combination of Grafting Through Method and Mist
Polymerization Technology [J]. Fibers And Polymers, 2022, 23(4): 944-953.

[17] Liu X, Li L. “Mist Polymerization” Method for Fabricating Superhydrophobic
Cotton Fabrics [J]. IOP Conference Series: Materials Science and Engineering,
2020, 774(1): 012007.

[18] Zhao X, Wang L-Y, Tang C-Y, et al. Smart Ti3CoTx MXene Fabric with Fast
Humidity Response and Joule Heating for Healthcare and Medical Therapy
Applications [J]. Acs Nano, 2020, 14(7): 8793-8805.

[19] Wang J, He J, Ma L, et al. Multifunctional conductive cellulose fabric with
flexibility, superamphiphobicity and flame-retardancy for all-weather wearable
smart electronic textiles and high-temperature warning device [J]. Chemical
Engineering Journal, 2020, 390

[20] Wang D-C, Yang X, Yu H-Y, et al. Smart nonwoven fabric with reversibly
dual-stimuli responsive wettability for intelligent oil-water separation and
pollutants removal [J]. Journal Of Hazardous Materials, 2020, 383

[21] Sharif R, Qutab H G, Mahmood K, et al. One pot application of a green
chemistry-based finish for cotton fabric, providing hydrophobic, flame retardant,
and antimicrobial properties [J]. Rsc Advances, 2024, 14(9): 6146-6155.

[22] Wu R, Jia P, Song L, et al. Construction of MXene-mediated inorganic-organic
quaternary ammonium salt-hybrid coating for fire safety and multi-mode
synergistic antibacterial of cotton fabric [J]. International journal of biological
macromolecules, 2024, 264(Pt 1): 130157-130157.

[23] Dai L, Fan X. Fabrication of reversible bacteria-killing and bacteria-releasing
cotton fabrics with anti-bacteria adhesion capacity for potential application in
reusable medical materials [J]. International Journal Of Biological
Macromolecules, 2024, 260

[24] Wang L, Xi G H, Wan S J, et al. Asymmetrically superhydrophobic cotton
fabrics fabricated by mist polymerization of lauryl methacrylate [J]. Cellulose,
2014, 21(4): 2983-2994.

[25] Xi G, Fan W, Wang L, et al. Fabrication of asymmetrically superhydrophobic
cotton fabrics via mist copolymerization of 2,2,2-trifluoroethyl methacrylate [J].
Journal Of Polymer Science Part a-Polymer Chemistry, 2015, 53(16):
1862-1871.

[26] Xu Q, Wang L, Fu F, et al. Fabrication of fluorine-free superhydrophobic cotton
fabric using fumed silica and diblock copolymer via mist modification [J].
Progress In Organic Coatings, 2020, 148

[27] Hrihdk. T Jo 8 RAFT 4050 I05R S ) 45 28 PO 4 I i 525 LR S LR i P
BEHLHIAF ST [D]. WilL: WiLE T K% 2023.

[28] Tang D, Liu E. Facile Fabrication of Robust and Fluorine-Free
Superhydrophobic PDMS/STA-Coated Cotton Fabric for Highly Efficient
Oil-Water Separation [J]. Coatings, 2023, 13(5):

69



8 W YN T e VAT

[29] Wang Y, Li H, Xu L, et al. Preparation and properties of nano-MgO/HDTMS
super hydrophobic multifunctional cotton [J]. Journal Of the Textile Institute,
2023,

[30] Xu T, Qian D, Hu Y, et al. Assembled hybrid films based on sepiolite, phytic acid,
polyaspartic acid and Fe* for flame-retardant cotton fabric [J]. Journal Of
Polymer Engineering, 2022, 42(8): 744-754.

[31] Chen K, Wang L, Xu L, et al. Preparation of peanut shell cellulose nanofibrils
and their superhydrophobic aerogels and their application on cotton fabrics [J].
Journal Of Porous Materials, 2023, 30(2): 471-483.

[32] Xu Q, Yang J, Zhang X, et al. A "grafting through" strategy for constructing
Janus cotton fabric by mist polymerization [J]. Journal Of Materials Chemistry A,
2020, 8(46): 24553-24562.

[33] Xu Q, Wang X, Yin L, et al. Fabrication of Durably Superhydrophobic Cotton
Fabrics by Polystyrene Latex Particles and Polydimethylsiloxane via Mist
Polymerization Technology [J]. Fibers And Polymers, 2022, 23(6): 1548-1559.

[34] Ipek Y, Ertekin O. Developing Antibacterial Cotton Fabric with Zinc Borate
Impregnation Process [J]. Fibers And Polymers, 2021, 22(10): 2826-2833.

[35] Wang H, Yu H, Wang J, et al. Superhydrophobic and Photocatalytic
Self-Cleaning Cotton Fabrics Coated with SiO>-TiO> Janus Particles and PDMS
[J]. Fibers And Polymers, 2024, 25(3): 891-900.

[36] Attia N F, Oh H, Ashery S E a E. Design and fabrication of
metal-organic-framework based coatings for high fire safety and UV protection,
reinforcement and electrical conductivity properties of textile fabrics [J].
Progress In Organic Coatings, 2023, 179

[37] Ceron A, Costa S, Imbernon R, et al. Study of stability, kinetic parameters and
release of lysozyme immobilized on chitosan microspheres by crosslinking and
covalent attachment for cotton fabric functionalization [J]. Process Biochemistry,
2023, 128(116-125).

[38] Abouaitah K, Bil M, Pietrzykowska E, et al. Drug-Releasing Antibacterial
Coating Made from Nano-Hydroxyapatite Using the Sonocoating Method [J].
Nanomaterials, 2021, 11(7):

[39] 5KBAE, TKEIE. ThREVEGT R MOt KA BUIR S R iy (1], R 204,
2008, 01): 70-72.

[40] Wu H, Wang Y, Liu S, et al. Superhydrophobic Reflective Thermal Insulation
Coating Enabled by Spraying Method [J]. Journal Of Materials Engineering And
Performance, 2023,

[41] Ishak A, Sonnier R, Otazaghine B, et al. A One-Step Approach for a Durable and
Highly Hydrophobic Coating for Flax Fabrics for Self-Cleaning Application [J].
Molecules, 2024, 29(4)

[42] Xu L, Zhang Y, Guo Y, et al. The Effect of Hydroxyl on the Superhydrophobicity
of Dodecyl Methacrylate (LMA) Coated Fabrics through Simple Dipping-Plasma
Crosslinked Method [J]. Coatings, 2020, 10(12)

[43] Bk R, T R, &. AWEE-hRetEgi gl [1]. 9141 %4k, 2010, (10):
108-112.

70



8 W YN T e VAT

[44] =%, BE3%. ThRELTSUM Iz e, T APERE I ME [7]. EDL, 2011, 37(12):
39-45.

[45] Mohseni M, Far H S, Hasanzadeh M, et al. Non-fluorinated sprayable fabric
finish for durable and comfortable superhydrophobic textiles [J]. Progress In
Organic Coatings, 2021, 157

[46] Vishwakarma A, Singh M, Weclawski B, et al. Construction of hydrophobic fire
retardant coating on cotton fabric using a layer-by-layer spray coating method [J].
International Journal Of Biological Macromolecules, 2022, 223(1653-1666).

[47] Zhang X, Yang J, Zhang W, et al. Facile preparation of durable superhydrophobic
coating with microstructure self-repairing function by spraying method [J].
Progress In Organic Coatings, 2024, 187

[48] Xu Q, Wang X, Xu W, et al. Nanoparticle-free, Fluorine-free, and Robust
Superhydrophobic Cotton Fabric Fabricated Using a Combination of Etching
Method and Mist Polymerization Technology [J]. Fibers and Polymers, 2022,
23(6): 1582-1594.

[49] Xu Q, Wang X, Wang Y, et al. Smart Janus cotton fabrics prepared via mist
polymerization for moisture and thermal management [J]. International journal
of biological macromolecules, 2024, 130929-130929.

[50] JAl 20, RTE, BR¥%, 4. PR Ahgi 23 mi At R se i et 7o (0],
#1451, 2023, (07): 77-81.

[51] Textor T, Derksen L, Bahners T, et al. Abrasion resistance of textiles: Gaining
insight into the damaging mechanisms of different test procedures [J]. Journal Of
Engineered Fibers And Fabrics, 2019, 14

[52] Galante A J, Haghanifar S, Romanowski E G, et al. Superhemophobic and
Antivirofouling Coating for Mechanically Durable and Wash-Stable Medical
Textiles (vol 12, pg 22120, 2020) [J]. Acs Applied Materials & Interfaces, 2020,
12(26): 30016-30016.

[53] Ojstrsek A, Jug L, Plohl O. A Review of Electro Conductive Textiles Utilizing
the Dip-Coating Technique: Their Functionality, Durability and Sustainability [J].
Polymers, 2022, 14(21)

[54] Lu X, Huang H, Wang X, et al. Quasi-Ordered Nanosphere-Based Photonic
Crystals with High- Fastness Structural Colors via Screen Printing: Implications
for Textile Printing and Dyeing [J]. Acs Applied Nano Materials, 2022, 5(11):
16108-16115.

[55] Peng Y, Dong J, Sun J, et al. Multimodal health monitoring via a hierarchical and
ultrastretchable all-in-one electronic textile [J]. Nano Energy, 2023, 110

[56] Phuong N-T, Altiparmak F, Nam N, et al. Robust Superhydrophobic Cotton
Fibers Prepared by Simple Dip-Coating Approach Using Chemical and
Plasma-Etching Pretreatments [J]. Acs Omega, 2019, 4(4): 7829-7837.

[57] Guo X, Yao J, Wang R, et al. The Modification of Cotton Fabric by Silane
Coupling Agent for Improving the Durability of UV Curing Ag@rGO Coating
[J]. Fibers And Polymers, 2024, 25(1): 193-209.

71



8 W YN T e VAT

[58] LiY, Wang P, Chen M, et al. A facile and scalable strategy for constructing Janus
cotton fabric with persistent antibacterial activity [J]. International Journal Of
Biological Macromolecules, 2023, 236

[59] Pakdel E, Wang J, Kashi S, et al. Advances in photocatalytic self-cleaning,
superhydrophobic and electromagnetic interference shielding textile treatments
[J]. Advances In Colloid And Interface Science, 2020, 277

[60] Rao R R, Sathish M, Rao J R. Research advances in the fabrication of biosafety
and functional leather: A way-forward for effective management of COVID-19
outbreak [J]. Journal Of Cleaner Production, 2021, 310

[61] Ahmad W, Ahmad N, Rasheed S, et al. Silica-Based Superhydrophobic and
Superoleophilic Cotton Fabric with Enhanced Self-Cleaning Properties for
Oil-Water Separation and Methylene Blue Degradation [J]. Langmuir, 2024,
40(11): 5639-5650.

[62] Xu Q, Wang X, Zhang Y. Green and sustainable fabrication of a durable
superhydrophobic cotton fabric with self-cleaning properties [J]. International
Journal Of Biological Macromolecules, 2023, 242

[63] Xu J, Li H, Zheng L, et al. A facile approach to fabricating fluorine-free
superhydrophobic cotton fabric with excellent oil-water separation performance
[J]. Journal Of Applied Polymer Science, 2023, 140(35)

[64] Pakdel E, Sharp J, Kashi S, et al. Antibacterial Superhydrophobic Cotton Fabric
with Photothermal, Self-Cleaning, and Ultraviolet Protection Functionalities [J].
Acs Applied Materials & Interfaces, 2023, 15(28): 34031-34043.

[65] Xi G, Wang J, Luo G, et al. Healable superhydrophobicity of novel cotton fabrics
modified via one-pot mist copolymerization [J]. Cellulose, 2016, 23(1): 915-927.

[66] Xu Q, Xie L, Diao H, et al. Antibacterial cotton fabric with enhanced durability
prepared wusing silver nanoparticles and carboxymethyl chitosan [J].
Carbohydrate Polymers, 2017, 177(187-193).

[67] Xu Q, Ke X, Cai D, et al. Silver-based, single-sided antibacterial cotton fabrics
with improved durability via an l-cysteine binding effect [J]. Cellulose, 2018,
25(3): 2129-2141.

[68] Xu Q B, Wang X Y, Wang P, et al. Sustainable and superhydrophobic coating
from epoxidized soybean oil and stearic acid on cotton fabric etched by deep
eutectic solvent [J]. Materials Today Chemistry, 2022, 26

[69] SENNEN. AEHL i 704 H 58 FLIR 41 4L 1) 2 [ i 1k 5 Dh e AL B 1B 92 [D]. %2
B BT 2022,

[70] Xu Q, Wang X, Zhou J, et al. Durably Superhydrophobic Cotton Fabric
Constructed by Silica Particles and Polydimethylsiloxane via "Mosaic Mode" for
Self-Cleaning and Oil-Water Separation [J]. Fibers And Polymers, 2023, 24(1):
299-308.

[71] Yang M, Liu W, Jiang C, et al. Facile fabrication of robust fluorine-free
superhydrophobic cellulosic fabric for self-cleaning, photocatalysis and UV
shielding [J]. Cellulose, 2019, 26(13-14): 8153-8164.

[72] Guo F, Wen Q, Peng Y, et al. Simple one-pot approach toward robust and
boiling-water resistant superhydrophobic cotton fabric and the application in

72



8 W YN T e VAT

oil/water separation [J]. Journal Of Materials Chemistry A, 2017, 5(41):
21866-21874.

[73] Cao C, Ge M, Huang J, et al. Robust fluorine-free superhydrophobic
PDMS-ormosil@fabrics for highly effective self-cleaning and efficient oil-water
separation [J]. Journal Of Materials Chemistry A, 2016, 4(31): 12179-12187.

[74] Xu Q, Shen L, Duan P, et al. Superhydrophobic cotton fabric with excellent
healability fabricated by the "grafting to" method using a diblock copolymer mist
[J]. Chemical Engineering Journal, 2020, 379

[75] Cheng X-W, Tang R-C, Guan J-P, et al. An eco-friendly and effective flame
retardant coating for cotton fabric based on phytic acid doped silica sol approach
[J]. Progress In Organic Coatings, 2020, 141

[76] Wang L, Wen X, Zhang X, et al. Durable antimicrobial cotton fabric fabricated
by carboxymethyl chitosan and quaternary ammonium salts [J]. Cellulose, 2021,
28(9): 5867-5879.

[77] Wang Z, Yang A, Tan X, et al. A veil-over-sprout micro-nano PMMA/SiO;
superhydrophobic coating with impressive abrasion, icing, and corrosion
resistance [J]. Colloids And Surfaces a-Physicochemical And Engineering
Aspects, 2020, 601

[78] Wang W, Wang J, Wang X, et al. Improving flame retardancy and self-cleaning
performance of cotton fabric via a coating of in-situ growing layered double
hydroxides (LDHs) on polydopamine [J]. Progress In Organic Coatings, 2020,
149

[79] Zhong S, Yi L, Zhang J, et al. Self-cleaning and spectrally selective coating on
cotton fabric for passive daytime radiative cooling [J]. Chemical Engineering
Journal, 2021, 407

[80] Li P, Wang B, Liu Y-Y, et al. Fully bio-based coating from chitosan and phytate
for fire-safety and antibacterial cotton fabrics [J]. Carbohydrate Polymers, 2020,
237

[81] Rong L, Liu H, Wang B, et al. Durable antibacterial and hydrophobic cotton
fabrics utilizing enamine bonds [J]. Carbohydrate Polymers, 2019, 211(173-180.

[82] Zhou T, Xu H, Cai L, et al. Construction of anti-flame network structures in
cotton fabrics with pentaerythritol phosphate urea salt and nano SiO; [J]. Applied
Surface Science, 2020, 507

[83] Yang Y, Guo Z, Huang W, et al. Fabrication of multifunctional textiles with
durable antibacterial property and efficient oil-water separation via <i>in situ</i>
growth of zeolitic imidazolate framework-8 (ZIF-8) on cotton fabric [J]. Applied
Surface Science, 2020, 503

[84] Jiang Z, Li H, He Y, et al. Flame retardancy and thermal behavior of cotton
fabrics based on a novel phosphorus-containing siloxane [J]. Applied Surface
Science, 2019, 479(765-775).

[85] Ling C, Guo L. Preparation of a flame-retardant coating based on solvent-free
synthesis with high efficiency and durability on cotton fabric [J]. Carbohydrate
Polymers, 2020, 230

73



8 W YN T e VAT

[86] Zhu K, Zhang J, Zhang H, et al. Fabrication of durable superhydrophobic
coatings based on a novel branched fluorinated epoxy [J]. Chemical Engineering
Journal, 2018, 351(569-578).

[87] Hou K, Zeng Y, Zhou C, et al. Facile generation of robust POSS-based
superhydrophobic fabrics via thiol-ene click chemistry [J]. Chemical
Engineering Journal, 2018, 332(150-159).

[88] Tan X, Wang Y, Huang Z, et al. Facile Fabrication of a Mechanical, Chemical,
Thermal, and Long-Term Outdoor Durable Fluorine-Free Superhydrophobic
Coating [J]. Advanced Materials Interfaces, 2021, 8(11)

[89] Zhou J, Hu X, Zhu Y, et al. A hybrid binder of carboxymethyl chitosan and
l-methionine enables a slight amount of Ag NPs to be durably effective on
antibacterial cotton fabrics [J]. Cellulose, 2019, 26(17): 9323-9333.

[90] Cai D, Zhou J, Duan P, et al. A hierarchical structure of l-cysteine/Ag
NPs/hydrogel for conductive cotton fabrics with high stability against
mechanical deformation [J]. Cellulose, 2018, 25(12): 7355-7367.

[91] Xu Q, Zheng W, Duan P, et al. One-pot fabrication of durable antibacterial cotton
fabric coated with silver nanoparticles via carboxymethyl chitosan as a binder
and stabilizer [J]. Carbohydrate polymers, 2019, 204(42-49).

[92] Cheng W, Liu W, Wang Q, et al. Durable hydrophobic and antibacterial textile
coating via PDA/AgNPs/ODA in situ assembly [J]. Cellulose, 2022, 29(2):
1175-1187.

[93] Hamouda T, Kafafy H, Mashaly H, et al. Breathability performance of antiviral
cloth masks treated with silver nanoparticles for protection against COVID-19
[J]. Journal Of Industrial Textiles, 2022, 51(9): 1494-1523.

[94] SKHEHE. MR 21 43R 0 451 132 S L pT I R VeV BEGE I 7 [D]. WL
HHTEL TR 2020.

[95] Sk, FEBRRE, T, etal. JHICHLANAL T~ & M Ak H7T 1 M 234 BB 72
HERE [J]. FiZ2E4R, 2020, 41(11): 174-180.

[96] Bao X, Dong F, Yu Y, et al. Green modification of cellulose-based natural
materials by HRP-initiated controlled "graft from" polymerization [J].
International Journal Of Biological Macromolecules, 2020, 164(1237-1245).

[97] Xing L, Wang B, Zhang Y, et al. Universal fabrication of superhydrophobic and
UV resistant cotton fabric with polyphenols [J]. Cellulose, 2021, 28(18):
11645-11663.

[98] Yan X, Zhu X, Ruan Y, et al. Biomimetic, dopamine-modified superhydrophobic
cotton fabric for oil-water separation [J]. Cellulose, 2020, 27(13): 7873-7885.

[99] Kong D, Liu J, Zhang Z, et al. Preparation of synergistic silicon, phosphorus and
nitrogen flame retardant based on cyclosiloxane and its application to cotton
fabric [J]. Cellulose, 2021, 28(12): 8115-8128.

[100] Gou T, Wu X, Zhao Q, et al. Novel phosphorus/nitrogen-rich oligomer with
numerous reactive groups for durable flame-retardant cotton fabric [J]. Cellulose,
2021, 28(11): 7405-7419.

74



8 W YN T e VAT

[101] Xiao Y, Duan P, Shen G, et al. Durably Antibacterial Cotton Fabric Prepared
by a Combination of Betaine and Carboxymethyl Chitosan [J]. Fibers And
Polymers, 2022, 23(3): 617-625.

[102] Xu J, Li X, Yu W, et al. Durable anti-superbug adhesion cotton textiles
decorated with natural borneol-based finishing agent [J]. Cellulose, 2022, 29(3):
2077-2091.

[103] Xia L, Dai J, Wang X, et al. Facile fabrication of multifunctional cotton
fabric by AgNC@boronate polymer/crosslinked chitosan [J]. Carbohydrate
Polymers, 2022, 288

[104] LiaoY, ChenY, Wan C, et al. An eco-friendly N-P flame retardant for durable
flame-retardant treatment of cotton fabric [J]. International Journal Of Biological
Macromolecules, 2021, 187(251-261).

[105] Zhang F, Liao Y, Chen Y, et al. One-step green synthesis of eco-friendly
novel N-P synergistic flame retardant for cotton fabric [J]. Cellulose, 2021,
28(12): 8205-8219.

[106] Dhumal P S, Lokhande K D, Bondarde M P, et al. Aqua-mediated in situ
synthesis of highly potent phosphorous functionalized flame retardant for cotton
fabric [J]. Journal Of Applied Polymer Science, 2024, 141(4)

[107] Su C, Zhou L, Ju G, et al. Multifunctional design integrating the
flame-retardant and antifouling functionality into superhydrophobic cotton fabric
[J]. Progress In Organic Coatings, 2023, 185

[108] Deng S, Wang F, Wang M, et al. Integrating multifunctional highly efficient
flame-retardant coatings with superhydrophobicity, antibacterial property on
cotton fabric [J]. International Journal Of Biological Macromolecules, 2023, 253

[109] Zhang A-N, Liu B-W, Zhao H-B, et al. Eco-friendly and durable
flame-retardant coating for cotton fabrics based on dynamic coordination of
Ca**-tannin acid [J]. Progress In Organic Coatings, 2022, 170

[110] Zhou J, Liu G, Niu Z, et al. Hyperbranched Waterborne Polyurethane
Solid-Solid Phase Change Material for Thermal Energy Storage in Thermal
Management Fabric [J]. Fibers And Polymers, 2023, 24(2): 413-422.

[111] Pal A, Samanta A K, Kar T R. "Statistical Optimization of Capric Acid
Treatment on Cotton Fabric for Thermo-Regulating Finish to Produce
Thermo-Tropic Smart Furnishing Textiles" [J]. Journal Of Natural Fibers, 2022,
19(9): 3208-3232.

[112] Zhang S, Demir B, Ren X, et al. Synthesis of antibacterial N-halamine acryl
acid copolymers and their application onto cotton [J]. Journal Of Applied
Polymer Science, 2019, 136(16)

[113] Mi Y, Wu D, Li Y, et al. Moisture-Induced Reversible Softening of
Polyacrylates-Stiffened Cotton Fabrics [J]. Fibers And Polymers, 2022, 23(5):
1284-1292.

[114] Huang W, Li Y, Chen M, et al. Durable antibacterial cotton fiber surface
fabricated by the thiol-ene click reaction between eugenol and L-cysteine [J].
Applied Surface Science, 2024, 643

75



8 W YN T e VAT

[115] Shen L, Jiang J, Liu J, et al. Cotton fabrics with antibacterial and antiviral
properties produced by a simple pad-dry-cure process using diphenolic acid [J].
Applied Surface Science, 2022, 600

[116] Xiao Y, Shen G, Zheng W, et al. Remarkable durability of the antibacterial
function achieved via a coordination effect of Cu(Il) ion and chitosan grafted on
cotton fibers [J]. Cellulose, 2022, 29(2): 1003-1015.

[117] Duan P, Xu Q, Zhang X, et al. Naturally occurring betaine grafted on cotton
fabric for achieving antibacterial and anti-protein adsorption functions [J].
Cellulose, 2020, 27(11): 6603-6615.

[118] Manian A P, Braun D E, Siroka B, et al. Distinguishing liquid ammonia from
sodium hydroxide mercerization in cotton textiles [J]. Cellulose, 2022, 29(7):
4183-4202.

[119] Wang L, DuY, Zhu Q, et al. Regulating the alkyl Chain length of ouaternary
ammonium salt to enhance the inkjet printing performance on cationic cotton
fabric with reactive dye ink [J]. Acs Applied Materials & Interfaces, 2023,
15(15): 19750-19760.

[120] LiY, Zhao H, Li T, et al. Quaternary ammonium salts functionalized cotton
fibers with highly effective and durable antibacterial performances for daily
healthcare textile applications [J]. Industrial Crops And Products, 2023, 202

[121] Kumar A, Sharma M, Vaish R. Screen printed calcium fluoride nanoparticles
embedded antibacterial cotton fabric [J]. Materials Chemistry And Physics, 2022,
288

[122]  Akram S, Javid A, Ashraf M. Silver electroless plating on aminated graphene
oxide-based cotton fabric for electromagnetic interference shielding and
bioactivity [J]. Materials Science And Engineering B-Advanced Functional
Solid-State Materials, 2023, 288

[123] Liu Y, Ding D, Lu Y, et al. Efficient and durable cotton fabric surface
modification via flame retardant treatment [J]. Colloids And Surfaces
a-Physicochemical And Engineering Aspects, 2022, 648

[124] Gao Y-N, Wang Y, Yue T-N, et al. Multifunctional cotton non-woven fabrics
coated with silver nanoparticles and polymers for antibacterial,
superhydrophobic and high performance microwave shielding [J]. Journal Of
Colloid And Interface Science, 2021, 582(112-123).

[125] MaY, Wang Y, Ma L, et al. Fabrication of hydrophobic and flame-retardant
cotton fabric via sol-gel method [J]. Cellulose, 2023, 30(18): 11829-11843.

[126] Chen H, Zhang G, Zhang W, et al. Silver nanoparticles deposited on a cotton
fabric surface via an in situ method using reactive hyperbranched polymers and
their antibacterial properties [J]. Rsc Advances, 2023, 13(17): 11450-11456.

[127] Wang Y, Liang X, Zhu H, et al. Reversible Water Transportation Diode:
Temperature-Adaptive Smart Janus Textile for Moisture/Thermal Management
[J]. Advanced Functional Materials, 2020, 30(6)

[128] Chen M, Ayaz P, Xiao Y, et al. Hydrophobic, fireproof, UV-blocking and
antibacterial cotton fabric activated by bio-based PA/ODA/TiO; [J]. Cellulose,
2023, 30(7): 4713-4733.

76



8 W YN T e VAT

[129] Gao F, Mi Y, Wu X, et al. Preparation of quaternized chitosan/Ag composite
nanogels in inverse miniemulsions for durable and antimicrobial cotton fabrics
[J]. Carbohydrate Polymers, 2022, 278

[130] Wang P, Zhang M, Qu J, et al. Antibacterial cotton fabric prepared by a
"grafting to" strategy using a QAC copolymer [J]. Cellulose, 2022, 29(6):
3569-3581.

[131] Chen J, Wen X, Xu F, et al. High antibacterial durability of silver
nanoparticles anchored on cotton fiber surfaces by 4-vinylpyridine polymers
synthesized via a "grafting through " strategy [J]. Journal Of Applied Polymer
Science, 2023, 140(19)

[132] Chen M, Shangguan J, Jiang J, et al. Durably antibacterial cotton fabrics
coated by protamine via Schiff base linkages [J]. International Journal Of
Biological Macromolecules, 2023, 227(1078-1088).

77



8 W YN T e VAT

BUE i+ F AL RRIE] B A 5T B R

B

1. Wang XY, Xu Q B, Wang J C, et al. Conductive cotton fabric fabricated using

stable Ag/MXene colloidal solution and PDMS for heating and electromagnetic

shielding[J]. Materials Today Physics, 2023: 101295.

2. Wang XY, Xu Q B, Zhang J, et al. DNA used as a “double helix” template for

synthesis of flexible silver strings for conductive and electromagnetic shielding of

cotton fabrics[J]. Cellulose, 2024: 1-13.

3. FOR, FRUIHL, SRR RAE M ANEST R T K AR S % SRR BT[]
i1, DOI: 10.13475/j.£2xb.202311022 (E%H)

4. Xu Q B, Wang X Y, Wang Y,Zhang Y Y.Smart Janus cotton fabrics prepared via

mist polymerization for moisture and thermal management[J]. International Journal of

Biological Macromolecules, 2024, 265:130929 (JL[R—1F)

4. Xu Q B, Wang X Y, Zhang Y Y. Green and sustainable fabrication of a durable

superhydrophobic cotton fabric with self-cleaning properties[J]. International Journal

of Biological Macromolecules, 2023, 242: 124731. (F:[F—1F)

5. Xu Q B, Wang X Y, Zhang Y, et al. Temperature-controlled wearable heater of

durably conductive cotton fabric prepared by composite coatings of silver/MXene and

polydimethylsiloxane[J]. Applied Surface Science, 2023, 625: 157176. (FL[F—1F)

6. Xu Q B, Wang X Y, Zhou J, et al. durably superhydrophobic cotton fabric

constructed by silica particles and polydimethylsiloxane via “ mosaic mode” for

self-cleaning and oil - water separation[J]. Fibers and Polymers, 2023: 1-10. (FL[7]—

78

7+ Xu Q B, Wang X 'Y, Wang P, et al. Sustainable and superhydrophobic coating from

epoxidized soybean oil and stearic acid on cotton fabric etched by deep eutectic

solvent[J]. Materials Today Chemistry, 2022, 26: 101211. (H:[E—1F)

8. Xu Q B, Wang X Y, Wang P, et al. Durable antibacterial cotton fabric fabricated

using a  “ self-created ”  mist polymerization device[J]. International Journal of

78



8 W YN T e VAT

Biological Macromolecules, 2022, 216: 148-156. (JL[R—1F)

ZF

1. VP, B FRERAT, 3 B0, R A . — PP A A Y 5 S T 88 B /KA 23 Je
il & VR [P E A B EF]: CN202210167217.6 (%28

2. VFELE M FRERAT, /3 e, — Fhis A e M S H A L 14 57 iR 2R A0 1) ) 2%
J7E[P]. HEABHEF]: CN202211543656.9 (#ZHD

3%

v EEGIGE RS N RBR BIHT RFE = (55T A0
2. BREAE “HBBEEEID LIIFRH RS (AFTA
3. BRAAE “HEBIEED T LIBER TR ER (T
4. F\m 2 IR RS “CHHRM+” R RS 3 R
5. WIUERBIRERS “HIERM+” KRB AL R TR 3R 5K
6 KW TE A AT B RE R FRELL R IR S5 2

N~

79



8 W YN T e VAT

B

BRI, BB B C#L RS, X =40, BgK Y, Hin
RHRESFER, A SN, Aok 5. £t FERBLERT A&
JEE T B S B AN I 14 R A R A A3 52 1) ) AT D3RR iR R PR IR o IR 1A
IR, FA B s ik BB e, IERA TIRME LIRS, JA REEIR
AMER, A A R R T 5E A

B, BRI I R R, BB, £ A
ZUBUE IR O SR KB SE Ao S B AR RAFIGRIR 5 5, =K, £
ZIM A R b AE SR BATT, RN SCAETE RS 2 A4 T A5 AN il , A et Dy 3
IR AL AT B 58I, EZIMRIZ N LLRIR . 555l TAESE L& H
) 2 R ML FRIR AL o LR Ah, BRI LR Sl UV 7 T 2 DT R S B VR e S
B R A B TEALHE Bl o AR SRR 58 BB AT VR IM 2R VIRV S LR 3
M, THE. BRERER, YFZIMIGAN OES, JFa PR E ST, f£it
AR, WAL 7R B bR, F48 7O, BAUE T IF 2 NS, £
b, FAZE ) R R ARV 77 58 IR IA B 52 R ORI 5 D ) e |

FEIE, BE ) E WG E IR IR IR I, AT E-A NG T 1 A
SRR HE B, (RIS A HE AN S 08 = (MR e 1 Dot (RIS 3R 2L it
2. E5EIN. RFERELEIN. ORI 1E M BEA AR i o fhr e i 5 5t
W5 SCRF. MEAh, BELRT T S g8 == R SO MARATT, AR SCRe S B a3
JEA AR R AEIEEN T VF 2R 51 77 FRICE W — BRG FEAEIR Sl IR &A1&
RO, BRI RS, BRI EEE. . Bem. FBEE.
N TE WA IRTRIRE S SRR, RIERVS KX M4 SRR, BT
R T AN NERR SR %, f)a, BRI R EHRN], AEE. b,
SR REHNMERE T, BERFEDOAEEAAE, EHIATRAHIEA 6
—HMGIr, WEMSIRABLE MG, WAFRAAKRNG e IES T %,

e, IEZLOIRICEE, M2 HFRIGE 4TI E B AR 5 S0
SR 2N — BBl LR AN IR 5 o R, Pt B ) 22 TR K S Rk A
W, Rt 7B S ST TR, (R AE S O T T oAb

80



	摘 要
	STUDY ON THE PREPARATION AND PROPERTIES OF HIGH-DU
	ABSTRACT
	第1章 绪  论
	1.1 论文的研究背景及意义
	1.2 雾聚合”技术研究进展概述
	1.2.1 “雾聚合”技术原理
	1.2.2 “雾聚合”技术应用与研究进展

	1.3 棉织物的功能整理技术
	1.3.1 浸渍法制备功能棉织物
	1.3.2 涂层法制备功能棉织物
	1.3.3 喷涂法制备功能棉织物
	1.3.4 “雾聚合”技术制备功能棉织物

	1.4 高耐久功能纺织品及其制备技术
	1.4.1 高耐久功能纺织品概述
	1.4.2 高耐久功能纺织品的研究进展

	1.5 本论文的研究目的、研究内容及创新点
	1.5.1 本论文的研究目的
	1.5.2 本论文的研究内容
	1.5.3 本论文的创新点


	第2章“雾聚合”技术制备高耐久超疏水棉织物           及其性能分析
	2.1 引言
	2.2 实验部分
	2.2.1 实验材料和化学试剂
	2.2.2 实验主要设备
	2.2.3 棉织物的预处理
	2.2.4 双嵌段聚合物的合成
	2.2.5 超疏水棉织物的制备
	2.2.6 测试与表征
	2.2.6.1 原子力显微镜测试
	2.2.6.2 红外光谱测试
	2.2.6.3 核磁共振波谱测试
	2.2.6.4 X-射线光电子能谱
	2.2.6.5 X-射线衍射测试
	2.2.6.6 表面微观形貌测试
	2.2.6.7 表面接触角测试
	2.2.6.8 耐洗涤测试
	2.2.6.9 自清洁测试
	2.2.6.10 油水分离测试
	2.2.6.11 水蒸气透过性能测试
	2.2.6.12 吸水性能测试
	2.2.6.13 柔软性能测试
	2.2.6.14 力学性能测试


	2.3 结果与讨论
	2.3.1 双嵌段共聚物的结构分析
	2.3.2 改性棉织物的微观形貌及表面结构
	2.3.3 改性棉织物的超疏水性能分析
	2.3.4 超疏水表面的耐久性分析
	2.3.5 改性棉织物的自清洁性能分析
	2.3.6 改性棉织物的油水分离性能分析
	2.3.7 改性棉织物服用性能分析

	2.4 本章小结

	第3章“雾聚合”技术制备高耐久单面抗菌棉织物及其性能分析
	3.1 引言
	3.2 实验部分
	3.2.1 实验材料和化学试剂
	3.2.2 实验主要设备
	3.2.3 棉织物的预处理
	3.2.4 棉织物表面碳碳双键的构造
	3.2.5 单面抗菌棉织物的制备
	3.2.6 测试与表征
	3.2.6.1 微观形貌与化学结构测试
	3.2.6.2 耐久性能与服用性能测试
	3.2.6.3 抗菌性能测试


	3.3 结果与讨论
	3.3.1 单面抗菌功能性棉织物的制备机理
	3.3.2 改性棉织物的微观形貌及表面结构分析
	3.3.3 
	3.3.4 改性棉织物服用性能分析

	3.4 本章小结

	第4章“雾聚合”技术制备双面异性多功能棉织物及其性能分析
	4.1 引言
	4.2 实验部分
	4.2.1 实验材料和化学试剂
	4.2.2 实验主要设备
	4.2.3 棉织物的预处理
	4.2.4 棉织物表面碳碳双键的构造
	4.2.5 双面异性抗菌超疏水棉织物的制备
	4.2.6 测试与表征
	4.2.6.1 微观形貌与化学结构测试
	4.2.6.2 耐久性能与服用性能测试
	4.2.6.3 抗菌性能测试
	4.2.6.4 表面接触角测试
	4.2.6.5 智能调温性能测试


	4.3 结果与讨论
	4.3.1 动态Janus织物湿热自适应机制分析
	4.3.2 PC-AA织物的结构分析
	4.3.3 改性棉织物的制备机理
	4.3.4 改性棉织物的微观形貌及表面结构
	4.3.5 
	4.3.6 改性棉织物的温敏性能分析
	4.3.7 改性棉织物的智能调温性能分析
	4.3.8 织物样品的防水性能分析
	4.3.9 改性棉织物服用性能分析

	4.4 本章小结

	第5章 结论与展望
	5.1 结论
	5.2 展望

	参考文献
	攻读硕士学位期间的研究成果
	论文
	专利
	比赛

	致 谢

