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Preparation of superhydrophobic fabric by silicone graft polymerization
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Abstract: Hydrophobic cotton fabric was prepared by grafting polymerization using vinyl-containing
polydimethylsiloxane (VPDMS) and octavinyloctasilasesquioxane (VPOSS) as raw materials, and cerium
ammonium nitrate (CAN) as initiator. Then, thiol/ene click reaction was adopted to introduce long chain
alkyl monomers and fluorine-containing monomer onto the fabric that had vinyl remained. The chemical
structure and morphology of the modified fabric were characterized by FTIR, XPS and SEM. The results
showed that VPDMS and VPOSS were grafted onto fibers successfully. Besides, the secondary modification
was realized by thiol/ene click reaction. The hydrophobic properties of the modified cotton fabric were
characterized by contact angle measuring instrument. It was found that the contact angle reached 153° when
the cotton fibric was modified by graft coopolymerization of polyvinyl polydimethylsiloxane (MVPDMS; .,
in which, 10% means the percentage of molar ratio of the vinyl group attached to a silicon atom to the total
silicon) and VPOSS. While the contact angle reached 164° after the secondary modification by PFDCMC.
The results of abrasion test, laundering test and acid resistant test revealed that PFDCMC secondary
modification fabric had the best hydrophobic performance, and exhibited self-healing property.
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Fig. 1 FTIR spectra of pristine fabric and modified fabric
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Fig. 2 XPS spectra of pristine fabric and modified fabric
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WAk r= . %% VPDMS 401 N O 56 3 i Hos
M . % 1 4 CAN fi#dit 0.53%. VPDMS
faRE 8.4% ., 25 °CIi 48 h &1F T, ANFEFZEHY
VPDMS S0P Ji A S I i 3 o

MF 1 SEE 1~3 ATLLE 1, MVPDMS 2l PEA
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£ TVPDMS HPESEger, Bi#E TVPDMS AHXT 4+
JE A, L AR A B T A R R

FEN, BOME G R A N AR AR /N X
VPDMS ZHIE# &, s FekizshWxE, Mot
HARE), —Jr L4 B AR A IS R B
BEAG, B — s & SR G R T T8z 5
WIXE, ARG RELREG, Wmu 7 E a5,
S RNERWOEHRESE, AXSIAT
VPOSS, %4 &L s K e A U7k, 7F
BAREEAZHENT, B MVPDMS, w5
VPOSS it [t 6 = 4 B LLBImEL (5855 7), m4d
FEEIAFT 3.03%, X5 XPS %K Si 658 B
MEEIUE . MW R E5 R LR, %k & VPDMS
O3 S HE 5 6 I N I 3 R AR, Ak
T CAREE oy A B T A e i
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Table 1 Effect of VPDMS types on the weight gain fabric
S8 VPDMS N(ZHEE)/N(Si)x100 1 & & /%
1 MVPDMS;, 3.0 1.60
2 MVPDMSgq, 6.0 1.69
3 MVPDMS, s, 10.0 1.79
4 TVPDMS, 30, 1.3 1.60
5 TVPDMS, s0, 0.5 1.30
6 TVPDMS, 0, 0.2 1.00
7 MVPDMS, %/ VPOSS 16.6 3.03

232 F1AG CAN R B EM R LG E T 70
MVPDMS g, 61 1t [ 7 4y 8.4%, AN[F] CAN i
XA (25 °C, [N 48 h) [N i i3 B i
), AR AR 2,
F 2 CAN BB A 1 A0 520
Table 2 Effect of CAN loading on the weight gain of fabric

CAN %k &2/% W /%
0.47 1.28
0.53 1.79
0.83 0.77
1.15 0.30

h#E 2 nTLLEH, BESI LR CAN fidkaEh
0.47%H % 1.15%, MVPDMS, g, i 8 7 518 K5 I8
/N, 24 CAN Azl 0.53%M, M8 F & KM
1.79%. XAl GE& T CAN ffi B Kt , 51k
UL AR L I, BECRAE R MikE CAN ffi
s ks K, CAN KEWETa%Em,
MVPDMS, o, 5 £F Y F2 fil 157 15 A5 /0, SEOR A AL
AL, WEEW,

233 REBEMRERNGEESTH M

CAN 3R 0.53%, MVPDMS, o, 1 2k 12 8.4%,
ANTR) L RE XS S 0L 48 h 5 JRAR Y 3G R A RE I, 4
W 3, mE 3 ATLUEN, MERENTE, RfA
R RAL, X T CAN Nk L], 765 iR ek
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SRR T RO AT 5 R 2R 4Ry B b A AR i, TR il
JET, CAN GBIk, SEGIABCREMR,

F 3 Bt B X T 1 A5
Table 3 Effect of reaction temperature on the weight gain of fabric

T E/°C B4 /%
25 1.79
30 1.47
40 1.30
50 1.28
2.4 SEM &#fF

JE AR KBt A i) SEM R BnIE 3 fiin . MK 3a

ATLAVE Y, I SR GH , T &Y . 7EEl 3b
il MVPDMS, o X JR A AT M2 5, 4 43R H
W RiEE T — RS BT, A 2T 4 3 T ) RS i 4
K. [ 3¢ J& MVPDMS, ,,/VPOSS R EA s MY
FREFYEIEAN, A 2T 4 3R T8 B 5 J2 722 ) H ARG .
3d~f J&£7E MVPDMS,,/VPOSS 5 e ik i) R it
P o R M R R SO R AT R e PR R Y
TESE, e — R U J5 1 2T 2 2% 1 LA

M\ SEM JES 5B il 1, He SR EEAS 5 4F 4k 3R 1H A
MR, Nz VPDMS SE42R ) i e sk, i
AT DAARAR 7K S50 R4 A PR A o

a—J5 4 ; b—MVPDMS g0, X 14l ; c—MVPDMS00,/VPOSS P 7 ; d—MVPDMS00,/VPOSS/OTMC K ¥4l ; e—MVPDMS, g,/

VPOSS/DDMC gt 4i ; f—MVPDMS,q,,/VPOSS/PFDCMC B Pk A

B3 st Kk A Y9 SEM K]
Fig. 3 SEM images of pristine fabric and modified fabric
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2.6 BiEFESH

DLOMEAS VR SRSl Ye 05 G I A A Y
H e AR ELE 1A 4580 b, Bk
WAEMA R, KEALRT, WE S PR, K Sa
R JEAR KR SR R R TECRAS e BRI AR IR AR -
b N A N B <01 1 VAN & W 3 B DT S 1
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W E RIDIRAS , HZR TS e vk 8 0 i AR H
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TR G R EARAS, R PUKIG IR i By B R 1 V5
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b
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a~f [d] & 3

P4 DA Rk A (9 7K 22 o A

Fig. 4 Contact angle images of pristine fabric and modified
fabric
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B 5 JFEAi(a). MVPDMS,q,/VPOSS(b)5 MVPDMS g,/

VPOSS/PFDCMC (c) Bt H: A1 11 1 TR 4 L
Self-cleaning effect comparison between pristine
fabric (a), MVPDMS; ,,/VPOSS modified fabric (b) and
MVPDMS,,,/VPOSS/PFDCMC(c)

Fig. 5
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it APEARPRAR . AR SCH G BEE SR . KR SCE: | it
i S 50 2 5% JT o B 6 7K D) RE AR 1A TR AP
2.7.1  WHEHE

FHI TABER i 5 FE 1= 3 56 BL X A A 28 1 7 1 s 52
¥, Bl E 60 r/min, B 6 H a-e 435N
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50, 100 USRI B0 e I ARAL B ) i 2 fi A 1L
FEAR 50 YRB, Bir A R A AR FRBL K 5 B4 100 YA,
MVPDMS, 0,/ VPOSS B PE A 2 fil f B g 12905 4
OTMC H1 DDMC ¥R AP F A5 W A8 Ry 357K, i 4
PFDCMC YR AL B R A 28 100 YRS 45 5 2 il 1 4K
SRATIRH] 136°, K4 BB MR AR A BEAR H 100 °C
A 60 min, HUHJE W R B kA, KB
MVPDMS, .,/ VPOSS P 1 71 F fish /5 VK &2 5] 1400, 22
PFDCMC RALER AR A PR 3] 160°, RILH T H
B2 FeE

. an000
06
ﬂﬂﬂm-n.m_n

a—MVPDMS 40, B P 4ii ; b—MVPDMS(,/VPOSS 1M ; c—
MVPDMS 40/ VPOSS/OTMC K #:4fi ; d—MVPDMS, 5/ VPOSS/
DDMC A ; e—MVPDMS, 4,/ VPOSS/PFDCMC 2 4 7

Pl 6 BB BAAD 3 ot AR 7K 3 fi £

Fig. 6 Contact angles of modified fabric after wearing and
heating treatment

2.7.2 @K EM

PR AT A R B0 1% SR K K B ( pH=
12), DA 200 r/min A4 PR R — B I], B
LB FKIEVER T, 0BT 5 B A B 7K 22 fi

fo BT URAK MRTE, b, ZER R EET
O AT AT A P R AP . KYE 1.0 h IS, T
PEAG Bl fA ¥4 R e A= W B AR AL 4kSEPk Y% 2.5 h
K BRI R AR A8 N SR K o B E VRIS AR A A
120 °CHLEE 60 min, I AARAE 5K Ml f
LA 7 FiR

a b c d [

a~e [[A& 6
B 7 K- Pk B e AR 2K i A

Fig. 7 Contact angles of modified fabric after washing and
heating treatment
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52 OTMC 1 DDMC Y Ab BB A 122 fih £ 0% 5
F| 150°; 25 PFDCMC YR Ab B A R A 22 fioh £ 0% 55
FT 155°,
2.7.3 wERME
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YA F1Z OTMC . DDMC ., PFDCMC YK AbH i
AR IAE pH=2 R 16 h, B, %
BFOKIEvEE P, BT S D L SR il A
5K 8 s . 453 BN, MVPDMS g, 201 Y
LM IR FAE 147°, MVPDMS 40,/ VPOSS (P
T fl fA 4 154°, 22 OTMC. DDMC. PFDCMC
TRAL B AR A EE Al A 43 )R 1550, 153°, 160°, 3

TR A 2 fok £ 5 R VA AL BRI A L LT A8 fb, W]
DR PR M RAF o
a b c d e
a~e [[& 6

Pl 8 T S A A K i A

Fig. 8 Contact angles of acid-resistant fabric
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AERBRA R, B3 T ABENEN.

3 it

i CAN 51K R S LI il X
LB T35 EE o6 T A SR ERIAR A, A3 2 LL R 458 .
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