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Abstract

Abstract

With the progress of technology, single materials with oneness capability can hardly
meet the demand of practical applications. Organic/inorganic hybrid materials have
attracted much attention due to the ability to combine the excellent performance of both
organic and inorganic materials. Under mild conditions, perhydropolysilazane (PHPS)
can be converted into inorganic silica coatings which exhibit high transparency, great
hardness, good adhesion, abrasion resistance, anti-corrosion and excellent barrier
properties et al. Thus, a large number of related studies have emerged about
hybridization of PHPS with organic polymers and preparation of corresponding hybrid
coatings. However, these studies mainly chose organic polymers with carbon chain, and
is mainly focused on improving the hardness and barrier properties of the coatings, and
there are few researches on the wettability and adhesion resistance of the coatings.
Organic silicon polymers with Si-O chain play an important role in the regulation of
surface properties, but the relevant studies on the polysiloxane modified PHPS have not
been reported because of the poor chemical compatibility between polysiloxane and
PHPS. In this work, perhydropolysilazane/dihydroxyalkyl-terminated
polydimethylsiloxane (PHPS/HOC-PDMS) hybrid polymers were successfully
synthesized by introduction of low surface energy dihydroxyalkyl-terminated
polydimethylsiloxane (HOC-PDMS) into the PHPS. Then the silica/dihydroxyalkyl-
terminated polydimethylsiloxane (silica/HOC-PDMS) hybrid coatings were prepared
by casting the hybrid polymers onto substrates and exposing them to vacuum ultraviolet
(VUV) irradiation subsequently. The properties of the obtained coatings were
investigated in general. The main work and results are summarized as follows:

(1) Design and synthesis of PHPS/HOC-PDMS hybrid polymers. HOC-PDMS was
synthesized by introduction of hydroxyalkyl group into hydride-terminated
polydimethylsiloxane (H-PDMS). By controlling the molecular weight of HOC-PDMS,
stable PHPS/HOC-PDMS hybrid polymers were obtained finally.
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(2) Study of basic properties of silicayHOC-PDMS hybrid coatings. PHPS/HOC-
PDMS hybrid polymers can be converted into silica/HOC-PDMS hybrid coatings after
depositing and curing. The obtained coatings are dense, transparent and hydrophobic,
showing good abrasion resistance with pencil hardness over 9 H. Besides, the coatings
possess low Oz permeability coefficients and excellent anti-open fire ability.

(3) Study of high-temperature hydrophobicity of silica/HOC-PDMS hybrid coatings.
The hybrid coatings show excellent high temperature hydrophobicity with the
maximum heat resistance temperature of 450 °C. When the thicknesses of the hybrid
coatings increase to 930 nm, the water contact angle are still as high as 104° even
after annealed at 400 °C for 175 h. Through the study on the chemical composition, the
amount of HOC-PDMS and the thickness of coatings after heat treatment, a possible
mechanism is proposed as follows: at high temperature, the organic PDMS moieties of
the surface are oxidized, while the inner organic PDMS moieties aggregate on the
surface. The high compactness of coatings and the covalent bonds formed between
PDMS and silica alleviate the oxidation and aggregating rate. All the factors allow for
the long-term hydrophobicity of the hybrid coatings.

(4) Study of anti-adhesion property of silica/HOC-PDMS hybrid coatings. The
possible interfacial slippage layer, good hydrophobicity and low surface roughness
endow the coatings low ice adhesion, antibacterial property and anti-liquid adhesion et
al. The results indicate that the ice adhesion strength is as low as 20.9 kPa, the anti-
bacterial ability is comparable to those of PDMS films, all the contact angle hysteresis

values of water, ethylene glycol, glycerol and acid base are low.

Key  Words: Organic/inorganic  hybrid  coating,  Perhydropolysilazane,
Dihydroxyalkyl-terminated polydimethylsiloxane, High-temperature hydrophobicity,

Anti-adhesion
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HRERER &=, MERAEK G ST
11 (a) EEFEAR; (b BEIRHU.

Figure 1.1 (a) Intercalated hybrids; (b) Delaminated hybrids.
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1.2 PHPS [&itR K.
Figure 1.2 Possible chemical structure of PHPS.
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OH
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Bl 1.3 PHPS ALl & AL riR 2 ML
Figure 1.3 Conversion mechanism of PHPS into silica coatings.
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M*SA/%\O
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(%F

containing hydroxyl group

& :Hydroxyl group /

Polymer PHPS Silica
282 e BT
0  —

Polymer/PHPS composite  (Lower than Tg) Polymer/silica composite
B 1.4 AR HIREMAAIRZER] % T 5 R 2.
Figure 1.4 Schematic illustration of preparation of the silica/polymer hybrid coatings.
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N, 7B PC _FAEE AT REH BT N BE, (B 53 200 PC ) 180 N/mm? Al LL,
K H] PHPS/OPSZ I JZ Ja i L A AR R B3R i

1.3.2.4 PHPS #{LFI& R/ REHIER (silica/PB) LR E

Lee S5DARFIRIKIENERE (PB) fiTAMIEE PHPS il 4 S b ik SR 2K R
CsilicalPB) ZMbiRk)2, FHAE EX AR A0 R BAEHAT T 7L 1E# %
H 6, 67 - (L-FASEIEFEE) X (3, 4-WE-3-2 A-1, 3-C A IFIE) (B-hda)
PN LB ERERNE (6, 67 - (L-FRELHFIHE) X (3, 4-WAH-3-2 A-1
3- LA IFIERR ) ) (PB-hda) , i} HH PB-hda 5 PHPS J N 15 FI| 444k 3£ 4 PHPS/PB-
hda, 3 i) 4% H B A i A BE AR S i A ERUE I silica/PB R fbiR)z . LS
Wil 1.5 TR

RZ(CHZC);/\N,R;L: R.o '\N’R/ OR}'A O/\N,R:LLA

gty

| wwnane

B-hda

PB-hda/silica nanocomposite

B 1.5 PHPS/PB-hda Z<1b 5 & W04

Figure 1.5 Preparation of PHPS/PB-hda hybrid polymer.



FlE iR

1.3.2.5 PHPS B K& EHMIULIARE
Mohd Sokri 2S-SR B /N FRECEPE PHPS il % 1 — R FNHK Kbt S 3
REAL I A IEZR AL IR )2 . Mouline ZEBTR B b 3 it e 7 AE M0 itk PHPS i 4% 1
AL R PR MEE T CO2 M MREAALIRZ . Saito R PHPS
RGBT g (P(BA)) « IREIRAUT Bis- FH 2 UG IR L L BB IL IR Y (P(TBAH))
TER LM (PVA) JEJR_F il 48 7 7K Z8 UH BR L RE A 7 1) S8 A ek SR DU IR AL T i
(silica/P(tBA) ) A EE/ NIRRT FE-H E NG IR CMIL R Y
(silica/P(TBAH)) Z:1biR)Z-

14 KRBHREREX

WIHTHTA , PHPS # AL 4 I HUTCHL A iR 2 B 38 B L 550% | S
2547 i 00 i il UA S R, SRR T ERBE RN HE .
SR, H AW 2 HEE TR H PHPS $i i ik 208 i 5l AR FHLRG 14 RE 7 1T, 4T
BT PHPS 2RISR TRE PE R 3 (i 7 L2

H5RZHANVIMEL, R HEEESELE (PDMS) H ALK AEFIHURG PR
fiE, #7Z HFER AR . (H T UL Si-0 AF4E) PDMS 5L Si-N A
FHEH) PHPS Z [ LA PEZE, H AT AR W PDMS 5 PHPS Z& Ak JfHil £ Th g
WREIARIE . BRI, SR AR & M ) B o A A, A B %
HAf A PDMS £MHFHES PHPS AL EACEER ZRHE DB R ThBe A b k). Jik
T, SRR, VR S 1) R

(1) P AHZE LT PHPS/IPDMS 0SR-S0 % & . i PDMS
ZERIRETE, B3 PDMS 5 PHPS Z (Bl AL AR, Hil 15 24k R —1IH L
TSP A 78 TAE IRl

(OFAHEN FARRIE HUTHLAAL IR Z B 8 R ZRAE . LL PDMS Hift: PHPS
PACRE DN T B R, B ERRE . BERIRMGRE . IR RE L
FU Y. PDMS EIREHIFAETE R, FF2ETES PDMS B5I A IREBIK . 18
FE BUEE. T iR S PR RE A RE I

(3) PDMS 7EZ A i 2 2 14 o 145 77 ThI /R F S WLER R 72 . PDMS £
TP R VR 4 5 THI A B A P, (H LA S SR A R = Ak 2 w4 FH LR A
HLEE, WA MG B, HEE PDMS HI5I AGHRZE B FUkS M 2522 i ik
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J5R RIS B S ML 2 A AR F) g — Nk T
AR AR XS 40 B L AT HLIE LA A B S P LR R ARG R AR RO AT WL
PLZALERIZ RIS, HES) PHPS fETREERJZ J5 i (1 ML A HAT SR e
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52 & PHPS #1LH#14% silica/HOC-PDMS 28104 )2 Sy e A RE a2

$F2EF PHPS #E{LEIFE silica’/HOC-PDMS L2 EREE A&

xR

21 35lF

LR, BUKREBTREGHK. Bi%. SEnSmREeE, 28 7
FFATI 12 Rk B0 DGR Fa 38 ) i ) % T B8 B v B B B ) i
KR JZOZS, st AT, 1R/ R e B DL B AR S R R R K IR 2 R RE
AL, BKIRZAESEPR N IR EE R T2 AR JEM RIS . BT, BA
O AR DBUKIRERIRE, (HRZHTEEL. AR FEMEA S %5
RRTME ASE IR L IE RN o COR R BB K U 2 ) 32 S £ D7 R FE AR . ST
RO TN R R L, o, 3@ ok e 3 1) R BT 2 T A I IR A
KABARERE . BARER TS, TERSE, AR B4
R Z S 46, AE T A8 SR HY BRI S R 5

WM — TR, SEREERE (PHPS) BALIEVE MM P —Fh, 7EH%
AHUEHRNWIRZETTH B T N H TS . B PHPS #Abfil & Ayl
TIHAAGIRZRAEY . SR, . mESEI Rk, BT PHPS A
AR, Bk 2. R R AR ST (PDMS) F4Eh Si-O Sk, Ml
FEARARIE IR A UL o B S RER 7%, ASEIE MU, fE45 PDMS Xk
BRI L PR ZHER, Ikl PDMS #4102 R G R HIBUK M. (H2E%
4iL PDMS il & IR RS 5 Z 2N, HIRE M S %, 55
i . Rk, ¥ PHPS 5 PDMS gi &k, HUKAME, &R W i 7 A & By
B 1R BUKPELF A UL IR 0T S Y R RS 2 H
HEER L.

PHPS 5 PDMS W3 HIAH PR 4 5 -G Wk i s Ak ik 2 O 1 e A7 B 225y
M, PRI PRE BLA5 K PDMS S il 45 AR Z A G8EE . JRATIZERS LUt 7E A3
I 5 AR (H-PDMS) FIAN[A] 79 1B WU R Je ik 58 — AR i e (HOC-
PDMS) 5 PHPS Z [AIFHZAPEREEAL b, &S PHPS M2 1471 HOC-PDMS,

FIHH MR IE S PHPS # Si-N 1 Si-H Z [8][f = B, &% T PHPS/HOC-
11
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PDMS HHUTLHIRMWEREY), BESHAHRE . B RMER (VUV) BT
) A AL R U R L TR — R Rk e Csilica/HOC-PDMS) Z:4kik )2 . it i —
ST R R AP HOC-PDMS 4> T8, il R ¥ —. JoZ AR 25 (1
2=, HAHZRGRZERIEN . B B W BUKMESEAT T PR
fE5 7M.

N

2.2 SKIERSY
221 SRR

(D ZERERLE (PHPS) , L= HE], Mn £04 1170,

(2) Hi R HEEEL (H-PDMS) , T2 LS ARAF, 4
T 3N H-[Si(CH3)201nSi(CHa)-H, Mn 7354 2650, 11680, 22630,

(3) WERIETE — FHIERESE B (HOC-PDMS) R4 SCHRIO b4 1) 7 321
% 53 T 7N HO-11(CH2)-[Si(CH3)20]+Si(CH3)2-(CH2)11-H, Mn 43 51 A 2990, 12020
22970,

(4) BHUREERESE (OPSZ) , stz A, Tk, KifE 28cP, Mn %
4 650, HAityunEl 2.1 fror.

B 21 OPSZ 4ty K.

Figure 2.1 Chemical structure of OPSZ.

2.2.2 PHPS/HOC-PDMS Z: LB A¥IHE

B 10 wt% PHPS IE T BEABUMA S = DB h, A mla B8 ihs<3
s AR, W=0ORR P ZEREMA HOC-PDMS, =& 1h, K
PHPS/HOC-PDMS 244k 5 AW -
223 HZRUBEEWBRAEH]

¥ 10 wt% PHPS 1E T BEABUMA R = DB, 1A =10 20 Bl H-

12
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PDMS (H-PDMS [£] Mn Z3°4 2650) F1 OPSZ (5 PHPS E&LLHI W% 2.1) , =
EHHE 1 h, 3 B315 PHPS/H-PDMS. PHPS/OPSZ 244k S & Wi -

224 FEMFIE

# PHPS 7% (10 wt%) F1_Fik PHPS/H-PDMS. PHPS/OPSZ FIA[H 43 F &
[¥) PHPS/HOC-PDMS Ak ZEEG Wi iy (BUIEMR Bk iR BIEM b, =
IR 10 min J5, B AR AME R D7 R (BZZ250G-T AL UV KIS 36 &,
FW KN 172 nm, KT S5FES BRI 2 om) [E4E 30 min, &5 2 BIAS 2 AR |
silica/H-PDMS. silica/OPSZ FI A< [7] HOC-PDMS 43F &1 silica/ HOC-PDMS Z&1L
W2, Hr, silica’ HOC-PDMS Z: LIk E Il &t 2.2 B $2IRER E AR
AP =

PHPS —»

Synthesis Spray-coating Curing Coating

H oK CH; GCH; CH;
: R HOC-PDMS : HO—(CHZ)nii—O—%i—O-In—ii—(-CthTOH
H

Hj H3 H;

& 2.2 SilicalHOC-PDMS Z=1big 24 5~ i K.

Figure 2.2 Schematic illustration of preparation of silica/HOC-PDMS hybrid coatings from HOC-

PDMS modified PHPS.

K21 BEWML.

Table 2.1 Nomenclature of the coatings.

Mass ratio:
Coating Sample Material
HOC-PDMS/PHPS
silica PHPS 0/100

13
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&FR21 WREMMA.

Continued table 2.1 Nomenclature of the coatings.

Mass ratio:
Coating Sample Material
HOC-PDMS/PHPS
C1 PHPS/HOC-PDMS? 1/100
C5 PHPS/HOC-PDMS? 5/100
silica/HOC-PDMS C10 PHPS/HOC-PDMS? 10/100
C20 PHPS/HOC-PDMS? 20/100
C30 PHPS/HOC-PDMS? 30/100
silica/lH-PDMS PHPS, H-PDMSP 5/100
silica/OPSZ PHPS, OPSZ° 5/100

aPHPS/HOC-PDMS: HOC-PDMS & PHPS J& il 224k 58-&4). PH-PDMS:  H-PDMS [

Mn Z°4 2650, H-PDMS/PHPS Jii & Lt 5%.°OPSZ: OPSZ/PHPS Jii & Lt N 5%.

225 MIX R IRAE

A (*H-NMR) 1, f#[H Bruker /A Avance 400 A% FLHR I HEAL
MR ATy 400 MHz, #5774 CDCls.

HE 2 AR OE RS (FT-IR) 2. f#[E Bruker /A &) TENSOR-27 %Y {i B
ZLAMEIEAL, FEATE KBr 267 RIRIEHI4&, LA ER) KBr 2 A%y,
I G FLA 4000-400 cm, R ECH 32 K.

R I0 R R B A 2 25 #42K F] Thermo Scientific ESCALAB 250Xi X #f 2k
FEHTFREENAC (XPS) M5E, BRI EMLN Al Ko X H128, ThZ4) 200
W, TR 500 um, 43T R SR L 250 310720 mbarl™l,

BIE MRS R H A Hitachi S-4800 %437k B34l 1 3B (SEMD
BEAT WSS, Iy 15 KV, IR B R B R (EDS) Xt
WZWIE C T 3R A A DL AT 43 A4l

14



52 & PHPS #1LH#14% silica/HOC-PDMS 28104 )2 Sy e A RE a2

2 (PRLRE P R ] Bruker Multimode 8 74 J51 1 B35 (AFMD g, 3
AR RERE N (ScanAsyst Mode) , F#11# %4 1 Hz, HH5EH Y 5 pm > 5 pm.

WRE TRV RER R E Kriss A &) DSA 100 4 H 28l f il & 00 2, K
HEgiK, K 2 pl K TIRZERT, 10 s FMHKEmMmME, FMFEmED
Vel 3 M B AT, HCFIME.

TR JZ TR B A RER FH 5 [H Taber 5900 1L & A B AL E, Bk CS-10, J&
SR 3A7TE-E mm?, EE KA 5em, M N 60 K/reh (B 2.3) .

Sample .. )

v"
- -

Motion stage

& 2.3 Taber fif BN = .

Figure 2.3 lllustration of Taber test.

R4 GB/T6739-2006 Frifk, it 1 {51465 TCHT 2B Al P Ml AS ) 5 v S22 O 2, A
PRI KR R i BT E B T A K S T, 5 11 £ o PR 1
BN FARILA, H SRR SR, e R IRET LN
W MEBBEMEE T R, HBHREER 5K, 5 IKPEH 2 KRR Z N
AT — OB AT I, BRI H 5 IR 2/ADFH 4 IARRALIR Z Y EN
1F, RS RO B R A R R A B

WA GBIT 9286-199 Art-Rilkgi%, R ALHI A ILIERA TR A ® QFH H#
TR TI R, WE R ER M MG Re, JII MR 30 £1<

TR JE BVE D SEBR 1) BARTT Vs ¥ — 8 S T ZebriERD CRLE Y 0.5-1 mm)
IR SF A 50 em = VR BMAL AN 45T E b, BB T S R E K
Bl iR R R AT RAE (B 2.4)
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~Sand T
I
|

i ]0.5m
Tlltqd at 45°I

4 1
& 24 RPN = A

Figure 2.4 lllustration of sand drop test.

2 1935 W% Perkin Elmer lambda 35 45 #h-1] WG TESGINE, R IR
NI, BRI NS HEY), WERKER 7y 300-800 nm.

WE AR BIE RECKH Labthink 2 7] VAC-V2 BY | Z 35 SREE AN E
O 4[5/ 99.995%, WiAfs B TIEHKBH, B EEESIA 1 atm, JE i

Z X

T.o
TRJZ B KRR RE RN T % KR 2 B IR AT BT ekt K B
A I 5 BT J R 2 K A A AR A RAE B 2 B A KRR i

23 #HR51HE
2.3.1 PDMS HiE#F

PHPS 554 Si-N ‘22, 1 PDMS E#4 Si-O B4, W#H Z i EAHZ
B, Bl 25Xt I H-PDMS AR 737 & ] HOC-PDMS 5t PHPS il 2% 1 2%
WEREWMEBR . vJLLEW, AR T2E# HOC-PDMS 1% PHPS i & )
PHPS/HOC-PDMS Z& A0 S E Wi il 478 153&E W, 11 PHPS/H-PDMS RGBS
WEINA AT,

%}t PHPS/H-PDMS 5 PHPS/HOC-PDMS &b B&Mis, T H-PDMS
A5 PHPS K AEMHILE, 1 HOC-PDMS A A MER, feis S
PHPS 1 Si-N. Si-H E:P R4 RN, A © PDMS 5 PHPS [AIFIAHZ
M. EHZ EIRATRA PHPS/HOC-PDMS 24k B-AW T 244015 2 (1 4% 5 1T
o
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2% PHPS #1414 silica’HOC-PDMS Z44kik 2 J He B A M BERIF 9T

B 25 ZBAEWHETIE:  (a) PHPS/H-PDMS; (b) - (d) A[F HOC-PDMS 4> ¥ &

PHPS/HOC-PDMS. H:H1, HOC-PDMS [ Mn 43524 2990, 12020, 22970.

Figure 2.5 Photographs of hybrid polymer solutions of (a) PHPS/H-PDMS and and PHPS/HOC-

PDMS with HOC-PDMS number-average molecular weight of (b) 2990, (c) 12020 and (d) 22970.

2.3.2 PHPS/HOC-PDMS Z:{t B & 4IHI4EH

2.6 (a) A PHPS, HOC-PDMS. PHPS/HOC-PDMS ] H-NMR %[, %f
LE R, PHPS/HOC-PDMS il 1 J4J& T HOC-PDMS ff] Si-CHs (0.10-0.22
ppm) . Si-CHz (0.51-0.55ppm) . C-H (1.17-1.64 ppm) . CH>-O (3.63-3.78 ppm)
FRAE S . T VE & T PHPS ) Si-H (4.37-5.07 ppm) 435 AE W fig i B k55 . G
SE— TR, Rekio 5505455 57LR Y PHPS il 4 T — RIIG N AR S,
Bt PHPS W5 &RALMA MR LR, ik, FAEN PHPS 5 HOC-
PDMS &4 1 Si-N H1 Si-H 7K R o

(a) (b)
— PHPS ——PHPS
— HOC-PDMS —— HOC-PDMS
— PHPS/HOC-PDMS —— PHPS/HOC-PDMS
C-HN-
%
A_f v V]
V(
CH>-0
2\‘ 7\,"!7 M _?{‘\
= Si-CHz; G ' I
I- M~
A N-H 3 c.uM M Si-CH3
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 4000 3500 3000 2500 2000 1500 1000 500
Chemical Shift (ppm) Wavenumber (cm™)

K26 (a) PHPS/HOC-PDMS Z<{b5E&W) tH-NMR &;  (b) PHPS/HOC-PDMS %44k,

EEYH FT-IR A,

Figure 2.6 (a) H-NMR spectra and (b) FT-IR spectra of PHPS/HOC-PDMS hybrid polymer.
17
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N T BB HOC-PDMS L2445, AT TR F FT-IR X HL AT T 3RAE,
i 2.6 (b) . XFEL&ABL, PHPS/HOC-PDMS # Hi# 1 J4J& T HOC-PDMS [¥] Si-
CHs Z 4Rz (1260 cm™) F1 C-H ffiZi#kaIg (2962 cm™. 2926 cm™ . 2856
cm™) . TMiHET PHPS [ Si-H 4Rz (2160 cm™) | N-H {h4idka)is

(3375cm™) A HhHRSNIE (1179em™) G FREUTEL, 454 TH-NMR B, BAl
AT LAIN PHPS 5 HOC-PDMS Z [A) F:E K4 | #2455 Si-H M1 Si-N e (]
2.7) .

H H H H
| | | r—oH _
R—O—=Sivwvt + N—FSjimnn —— 3 R—O—Sivwn + NHj
H IL IL H H
| PHPS/HOC-PDMS
AnSi—Nan + R—OH
| ] HOC-PDMS O0—R TH3 CH,
H H
PHPS mS||—rTm + Hz( R= _('CHZHSF_O%TT_(CHQW )
H H CH3 CHs

PHPS/HOC-PDMS

& 2.7 PHPS/HOC-PDMS Z&4t 24 [ NALH.

Figure 2.7 Reaction mechanism of PHPS/HOC-PDMS hybrid polymer.

2.3.3 REHIMMHSR
1E VUV T, PHPS BEIS IR 2 5 M A NS08 1 AR =104, I IE] 2.8(a)
ALLEE], PHPS FAufil & MR 2R IBUEIE), TIL. MO, HiE,
H-PDMS Bt PHPS il % 1] silica/H-PDMS 14 2 3¢ 1 H ILBUREIR 4, 28 B O
A BEBEK B (B 2.8 (b) ) « HOC-PDMS Kifii & A fE-5 PHPS J b fl #2 3k
LA, T A ik R AN, BATTH HOC-PDMS 2ttt PHPS i) 4 (1) silica/HOC-
PDMS Z:fbiR ZHEAT T 171082, st st LRI, RS R G WITE I 51 W,
{H4 HOC-PDMS ] Mn 43514 12020, 22970 i, 4% J2 2% THI L AT <l HUIR ik
(K28 (o) - (d) ), REBUWAAHD EIHNRAITIRLAE . 2 HOC-PDMS ) Mn
/NE] 2990 B, REIRESERS, THAENGKE, WK 2.8 (e) fix.
sk, i 2.8 (F) FIAN, ZiREEEA AR RTHREE, {0y 0.94nm. X—
g5 1R W], it e PDMS Hb 5] AEAe 5L IFi4% HOC-PDMS 431 & AJ D3RG 3%
B5 . MBS RE. T2, JATRHA Mn 2y 2990 /) HOC-PDMS i
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22 PHPS AL % silica/ HOC-PDMS Z44b.i4: 2 fo LA RERFF 5T

PHPS %% 11 silicasy/HOC-PDMS 24415 Z/E i — (I 5% .

10 nm

10 nm

B 28 SEMK: (a) #iEEERZEREES: (b) silicaH-PDMS iREREES: (o) -
(e) C5 ki ERmES; Hrp, HOC-PDMS [ Mn 4351125 22970, 12020, 2990; AFM
K. () C5kigEZFRmESH, HOC-PDMS ) Mn A 2990.

Figure 2.8 SEM images of (a) silica coating, (b) silica/lH-PDMS hybrid coating, inset is the higher
magnification image, and C5 hybrid coating prepared from PHPS/HOC-PDMS hybrid polymer
with HOC-PDMS Mn of (¢) 22970, inset is the higher magnification image, (d) 12020, inset is the
higher magnification image, and (e) 2990. (f) AFM images of C5 hybrid coating prepared from

PHPS/HOC-PDMS hybrid polymer with HOC-PDMS Mn of 2990.

2.3.4 Silica/HOC-PDMS Z:4ki& BB FH K
L C5 ¥5: 2 Nl, %} silicalHOC-PDMS Z&4ki4 )2 1Ak 2 45 0y 5 20 Bt AT 9 M
2.9 4 C5 ZAbinZRIM AT XPS 4, Hrp{7 T+ 532.22 eV K& A O1ls,
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AT 398.25 eV ik I& A N1s, £ 284.38 eV (11§ A Cls, 17T 153.04 eV [
WK Si2s, 7T 102.14 eV KGN Sizp. HHLATAN, C5 A2fbiRk)=F EH Si.
O. N. C WUR It EM . H4h, Si. O. N. C JLERMIEER S &S AN 31.09%.
32.59%. 2.84%. 33.48%.

O1s

Cis

‘ Si2s Si2p
N1s

600 500 400 300 200 100
Binding Energy (eV)

B 2.9 C5MLiRERMEN XPS 21K
Figure 2.9 The full scan XPS spectra of C5 hybrid coating surface.

N T —BHiE silica HOC-PDMS ZEALIR = AL 2 4R, AT C5 iRER
Tl XPS i B+ (1) Cls F1 Si2p #EAT 43I Ab 3 (] 2.10) o 7E Cls /i rh, 7
T 285.01eV HIIERIET C-C, 17T 284.41 eV HIREIERIE T C-Si, 17T 286.16
eV i IgE ks T C-0. 7£ Si2p /il |, 77 103.42 . 102.27. 101.78¢eV (1]
UG 73 R T SiO2. SiOx /¢ Si-C. M\ HOC-PDMS #i#4gr] %1, Si-C 5 C-Si
FORIE T Si-CHso HETLAESHT, £ silica HOC-PDMS Z41ki%: 2 i EHLEA L
Tk EAR AL 53 A AL PDMS 2520 o

X C5 IR EANFIEREE R Si2p AT /-0 Ab 3, RIS IR = IR FE 85
Si-C & EIEHIL, SiOx T RBWTIIN, RIRELMH PDMS 45 FRET IR
JEH FER. SR EDS Xf C5 ik =4 C om0t (& 2.1, ATLLEH
C LR FENMICREN EH, #— P PDMS A REARMMIME . 1t
A, AT T e L B ik R BUEE 45
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C1s-0 nm —Raw Si2p-0 nm —Raw
- - Fitting - - Fitting

C-Si Sioo

—gg Si0y

B —S8i-C

287 286 285 284 283 282 106 104 102 100 98
Binding Energy (eV) Binding Energy (eV)
Si2p-10 nm —Raw Si2p-50 nm —Raw
- - Fitting - - Fitting
Si02 Si02
Si0, Sio,
—Si-C —Si-C

108 106 104 102 100 98 108 106 104 102 100 98
Binding Energy (eV) Binding Energy (eV)

B 210 C5 ZfLik/Z3 K1 Cls. Si2p iR ZARIFIRE Si2p il XPS fl4 #h2k.

Figure 2.10 High-resolution XPS spectra of Cls peaks at the surface and Si2p peaks at the

surface, 50 nm and 100 nm depths respectively of C5 hybrid coating.

#22 C5RMLIRE AR Sizp ¥ XPS L5 HchE.

Table 2.2 XPS fitting data of Si2p peaks at the surface, 50 nm and 100 nm depths of C5 hybrid

coating.
Depth Intensity (a.u.) Peak Area Ratio (%)
(nm) . . . . . .
SiO; SiOy Si-C SiO; SiOy Si-C
surface  12876.88  17877.37  13478.55 29 40 31
10 40359.18 2728149  14561.70 49 33 18
50 57200.48  17699.94 8498.55 69 21 10
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(aYsy

B 2.11 EDS M4 #t C5 244k /28 C e R o Am KA.

Figure 2.11 C element mapping analysis of the cross section of C5 hybrid coating.

2.3.5 SilicaHOC-PDMS Z:{ti& B HIIREME

N5 2.3 fion, PHPS B Ak il 25 AR Z R /KAl /o 43.15 BN
FKPE. 8t PHPS 5] X\ HOC-PDMS J&, I AT 2L BA WIS & 1R )2,
b HOC-PDMS &= MM, 2T HR/K 5K ¥ 42 . 24 HOC-PDMS/PHPS
ECAISE N 2] 5 wielt, KEflf Sy 98.15 RERINEIKYE:; HOC-PDMS & &
GREEIEIN, KA B AR AR

R 23 REERERR ERKEMA.

Table 2.3 WCAs of coatings on the Si substrates.

Mass Ratio:
Sample WCA (°)
HOC-PDMS/PHPS
silica 0 43.1
C1 1% 86.6
C5 5% 98.1
C10 10% 96.8
C20 20% 97.2
C30 30% 990.8

2.3.6 Silicas/HOC-PDMS Z:4ti& BB HEF M BE
R HRE RS | it 7 Tt BB R 45y 2k R H Ay 2 B Sz B S B A B (R A
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K212 (2) NRHAAFE ) HOC-PDMS/PHPS il £ I3 2 R T . 7 LA
i, AAEERE. CLA Ch RMLIREHY M Z S Eik OH, it m I il — MR
A HUAE S WU R 4 1R Z R . FRATTEL CB IREABI, AR 210 2
PEREBEATRE— BT TT . 18] 2.12 (b) 9 C5 iR Z 4 R vE Gt (18 Fr ) 3661
PET Wi, MWEITHRIE H, SRS, 22 SGRALIRZ A% . 4%
GB/T 9286-199 #rdt, IR/EHIMIE J1iE 3] 0 2%,

(b)

Co silica C5 C10 C20 C30
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Figure 2.12 (a) Pencil hardness of silica coating and C1-C30 hybrid coatings; (b) Photograph of
the C5 coated PET films after the cross-cut tape test, inset is the optical pictures; (c) WCAs of C5
hybrid coating after Taber test with different wear cycles; (d) WCAs of C5 hybrid coating after

sand drop test with different sand amount.

¥ F Taber 5900 115 BE3E1X . CS-10 BESXF C5 1432 F TR 5 4 B 34T Ik,
giRE 2.12 (o) Fiom. WTUEH, WRES 31.5kPa 7% 1000 kK EE )G,
KA AN 96.95 RUHIRZE EA L A BEVE . VERbs2IgHh, C5 Z+LiR)Z L 45°
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R T E 252 500 g TOFRAERS CRIFEA 0.5-1.0 mm) M 50 cm & B F & ohf
Ja, KN 90.9S HEAGUKME (B 212 (d) ) . & AR, silica/HOC-
PDMS Z:4bix 2 B RIFr /1 vERe, B 1 SEBrB A ME

2.3.7 Silica’yHOC-PDMS Z:1ti& BRI H bt 5E

TRATTR FH 2 A0 1] WG SO S A RE LR JZ AN silicad HOC-PDMS 44 )2 135
BIPEREAT I, DA AR B R AES %, JELL C5 RALIRJZE BT T %
b K 2.13 () FILLE M, ERTWOGIEEA, SR ZM Co rEN AR S
B AUIEL R (90%) , RFEILEEREM C5 IREEAGEIEHME, N
EEDGEI AT DU 1 C5 iR 2 B mn@ e

K VAC-V2 B 7SR B B O IR R O2 B IE AT I, PAR e
WIZMESBERR YR B 213 (b) ATRAEH, 55 PET BAHE, s b fE
FMARMIRZEI) PET BERASSE RB L P, Kb mERERAEE
AREAUN PET G 1/5. £54m0TH SEM B (B 2.8) w41, PHPS il % [11iRk)2 &=
OB FE IR m AR S SRR M D7 TR I AR R AR 24

U EA BT mR e, TR B KR TR IR . K
213 (o) ATAE H, SR B IG, ARHINIRE AT & m H T
Bt IRIE, TN C5 IR IIANE I v R FE AT A, HAZIR =R R EF
RAFIIBK I, KAl 94.09 RAH T Fitt (1100-1300°C) B HHSAT AT
WIS, BARMEEIRE RS THKEE, EAMNIEARTAENL. FFH, 2 AA5H
AR I 1 E AR (213 (d) )
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WRSAT (=500 °C) n#A 1 73 Bl 5 HOBCRD AL Fr s (dD S EAEIIA C5 LIRZE A
PRTEL T it (1100~1300 °C) Jn#k 15 F2Ja (D ARHLER .

Figure 2.13 (a) UV-vis transmission spectra of bare glass, silica coating and C5 hybrid coating on
glasses, inset is the photographs of C5 hybrid coating; (b) O, permeability coefficients of silica
coating and C1-C30 hybrid coatings on PET films; (c) Photographs of bare stainless steel and C5
coated stainless steel after heated by alcohol lamp for 1 min; (d) Photographs of bare stainless

steel and C5 coated stainless steel after heated by butane gun for 15 s.
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24 KEINE
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(3) 1l X%} HOC-PDMS 73758 S FI B 4], hi & 7 80% . W, &
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P 3E ETF PHPS B4 silicayHOC-PDMS Z:4t 2 BB Bk 73T

31 5I§

EIRLTIE . VA UERS . v B B RS . MDA L A TR s T RE
KIRZEHEH T V)RR RO, Hr, & iR KR 2 R R MM R T2
AT MBI, AP VLR SRR, B S BRI R,
i il A A A BIARBR ,  f s AN i 300 °ClB7#9l,

AR, W7t 2R A 4 B B LA e fil & iR KR E , R A
TE G 7K B EE AR o (EBE 5 (I 0 R B S b AR B AN B K i, R Sl i
B A0 SRS o (1 B AL S P RIE BB K AR, BRI B AT A B4 i Tsi K PR R
B0, T3, B gk SR (nano-texture) 7E 367K 1R A A0S
R TH AL 538 AR 2 W BRI A S B T /K SR T 1 1) %, 8 43 2R T 1) s iims /K L
ZRELRFFF] 1000 °C. (HIX L 7K F T (11| & L 2R H E 092, 8 SR s v
FEERR IR . PRI, AR A 3@ A BRI BT 458 1 75 V2 ) 4% i il S BH )
i T S LR M R UL (B /KR 255 T ST AR 87 L B

FATAAT XS PHPS Akl & SRt KR Z AT T, T s ik iRz
B BeE, BAARERE . MBS, BB ISR IR . XIRIEE 200 °C b2
JEATBEARRR R AT AIB K PEVSY (H B P B P 4k 24 i, Si-N IZHT A Si-O #%
W, WRVEZH A3 BTN, BROKIEIZWT FRE. 22 400 °C BLBL G, HAAR RSRIKIR
JREOL, ey gt — B4 =y PHPS B A0 2 I sl s /K R, — B FRAT TR AR A

R = TAE, AR HOC-PDMS %t PHPS #E47 ek, mahitia i 1
PHPS/HOC-PDMS Z: AL &4, 1445 i silica’ HOC-PDMS ZR1LiR 2 . %784k
WEEW. 8%, BA60UK. @R, WE. mHESRT0sEattat. e
silica/HOC-PDMS 24145 J2 AT SEALTE A LA . PDMS 550k dL 40 5 4 1 45
KR R, FEMN = IR R 5 T VT ReAEE AR By, FRATTDOZ IR AL IR 2 1 iR B K PR AT
THEFT
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3.2 SKIES
321 =imFikMsELE

KREREME T S, WEITHREZY 5°C/min, THEHRRE, LU
5 °C/min 3 #5285l o I P PG BT S TR = I K B A A R AR IR JE 1 e T
BRI, KA AN T AR 2 R B 3 A L BOT I E

322 MR RAE

ke e MERE R A HAKS T4 5] SI EXSTAR 6300 U Hk E 04 (TGA)
MR FONES, AR ESY 100 mU/min, SRR 4 30-1000°C, FHE# %
o4 10 °C/min, Ff 5 ERTE 5 mg A4,

T RE K % ] Kriss /A 7] DSA 100 4= [ 3l #Efh £ I & A €

JERERH J. A. Woollam M-2000V & {41 I & .

FHAE K ] Bruker Multimode 8 AU J57 75 R4 (AFMD e, H#iEACh
BHEEN (ScanAsyst Mode) , #H#HZEN 1 Hz, HITEHEA 5 pm x5 pm.

TR AL 2 45K F] Thermo Scientific ESCALAB 250Xi X 514kt H 1
RETE M (XPS) W5E, WORIEABEAME AlKa X 2k, ThEL) 200W, 7
HIETAL A 500 um, 407 I AR RE 202y 3540720 mbarl™,

OISR F H A Hitachi S-4800 437 & S fa 7 245t (SEM) #EH4T W
8, IEEERN 15k, FHHARME TR B RIRERE (EDS) XREN
8 C JuE A 1 SLEEAT A Bt

3.3 ZR5iTe
3.3.1 Silica/HOC-PDMS L% B HUFEE M

K 3.1 /& HOC-PDMS. SAfbHELRZ 1 C5-C30 A4k ik 2 1E 2R3 Rl AR
FH) TGA HiZk. DL C5 Z:4biR/Z %, iREE2y 1000 °C B, HKRHEZEN 4.1%
JeAi. MEEZF, HOC-PDMS 7£ 550 °C i 24k B3R Uik 70.9%. i1k ik 2
MRA B BA R T R EERe . 514h, GIRIETE 170-410 °C HBUEEI L,
XF R T M PRI Si-H K Si-N FAbid k. SR BT 410 °C i,
PDMS 55 B #44 fifAE FH 3, R EEAT NP IR IR, th 26T iR bt .
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Figure 3.1 TG curves of HOC-PDMS,; silica coating and C5-C30 hybrid coatings under air

atmosphere.

3.3.2 SilicaHOC-PDMS ZAi& BHIREIRER K 14

Kl 3.2 /& C5 AR ZTEA R T B K PERERS R i 26 Bl v LR
M, T, C5 WRJZE KISl A RIS kN A o X LEAS RIS T R B
IKPE, C5 Z44biR /24 400 °C FAKLHE 45 h JE /K42l 100.9S 450 °C #AbEE 20
h JE/KHEEfl S g 104.1S REARET A RIFHIEKYE. (2 iR %3] 500
°C I, HALFRAN 2 h JaKafm A RN 98.1 F4ARE] 82.8<

120
110 ﬂ“&n* **
o
1004 .. %
>
< 90 o
S
g 80 %
704
% 400 C
60 o 450 C
500 C
50 1 — . . . . -
0 10 20 30 40 50 60
Time (h)

Bl 3.2 C5 2 MLIRZAEAFITRIE T AYBRKEBE I 8] A2 4 ith 2k .

Figure 3.2 WCAs of C5 hybrid coating as a function of heat-treatment time at different

temperatures.
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NIERE LIRS, FRATRA AFM X 400 °C FAKCHER A C5 iRk)/2 R TH
(ROREDRE BEEAT S0 AT o H ] 3.3 WA, Bl FAARFRINS (] (R34 0, % 2 SR T R 3 1%
HRHE N . AR SRR, TE— e G A, BEERDRE RN, RE RS R
B4, g b—w & 2.8 FIFK 2.2 AN, £ 0-30 h A I (] Y, 7K Al f M\ 98.1°
WINE) 113.4 FRUREAE AACFER R 3G 0, KRB, W2 BiK
BN AH A AKEER AR 30 h S5, B FAARER IR (R0, 23 TR 4k 4t
BN, KB A R T, S AR EER 55 h 5 KBl A PR F) 86,69 A2
326K, SEE 31 ATH, FRWIREAE 170-410°C I EALIG EIL R . FRATHEDN
TR Z R N IE I A2 AT fE A 52 iR 2 R AL 5 S5 M AR AL I RE I

-10 nm

2.29 nm 2.34 nm 2.49 nm 3.59 nm

& 3.3 C5 Z:1kis )2 400 °C FHhbFRAS A ] J5 1 AFM .

Figure 3.3 AFM images of C5 hybrid coating after annealed at 400 <C for10 h, 30 h, 35 h and 55

h respectively, inset on the bottom left is the optical image of the water droplet on each coating.

BRI —HEM, FRATRH XPS XF 400 °C FAKLER[FI A C5 Z44bik 2
R TR S BT o0 (B34 ME 3D . g4 L —%K 2.9 Wk, 7 0-
55 h HAbFRIF A Y, B FAAL N (A5G 0, C & &M\ 33.48%F# (K F] 15.56%, 11
O Er &M 32.59%3 i 31| 53.45%, Si2p 45AAEM 102.14eV 9 n%] 103.26eV, &
IR Z K1 PDMS 450 K4 T AR .
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(a) (b)
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Ci1s Si2s

N1s Si2p

i N\

—— L
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B 3.4 400 °C #AbBEAFIS (] f5 C5 AR-IR/Z3RIM (a) XPS & EA (b) Sizp Z5&hedh
2K

Figure 3.4 (a) The full scan XPS spectra and (b) Si2p binding energies curve of C5 hybrid coating

surface after annealed at 400 <C for10 h, 30 h, 35 h and 55 h respectively.

£ 3.1 C5 241k 2 400 °C b3 A [ a] J5 i) XPS % ¥ .

Table 3.1 XPS data of C5 hybrid coating after annealed at 400 <C for different time.

Time Atomic Composition (%) Binding Energy (eV)

(h) Si2p Ols N1s Cils Si2p Ols N1s Cls

10 30.08 38.30 0.55 31.07 102.67 532.27 398.59 284.45

30 31.88 44.76 0.59 22.78 103.06 532.41 398.58 284.40

35 31.28 49.51 0.33 18.87 103.19 532.47 398.64 284.48

55 30.41 53.45 0.57 15.56 103.26 532.42 399.71 284.43

RT B SUER DL HEWT, FRATTN 400 °C #ARFEAS A [A] ) C5 LR E R
[ Si2p AT AT, G 3.5 F13R 3.2 . 4ia E—& &K 2.10 fIE 2.2 7]
51, TE 0-55h AAKCERRT (R Py, BEE AL BRES [B] 3G 00, Si-C W5 IR ui gy,
B 31%FERE] 20%. 1M SiO UEsR BB WE og, Sl 29%H % 54%.
S5 R AR WG A ERIN [B] (RGN, iR R 2 TH PDMS A1 Si-CHa 2 4] 4
R
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Figure 3.5 High-resolution XPS spectra of Si2p peak of C5 hybrid coating after annealed at

400 <C for 10 h, 30 h, 35 h and 55 h respectively.

3.2 C5 Z4kif )2 400 °C Hhkb AN [F] I 1] J5 1) Si2p HI4-& $iike.

Table 3.2 XPS fitting data of Si2p peak of C5 hybrid coating after annealed at 400 <C for different

time.
Time Intensity (a.u.) Peak Area Ratio (%)
") SiO, SiOx Si-C SiO; SiOy Si-C
10  30551.32 22576.49  17549.59 43 32 25
30 3701557 28343.63  20688.77 43 33 24
35 30519.02 18111.88  12526.10 50 30 20
55  46848.82  22705.19 17885.87 54 26 20
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A AR A EDS X} 400 °C A EEAN RN 8] 5 C5 IR EZ AU R C iR
B S AT T, SR 3.8 fin. 4h A b 211 T LLEH, 7E 0-55
h AACERIN (] P, BEAE AR R 30, C ouR & EIRWTFAIC. thoh, MK 3.8
WA, @R C R NEEAZAMNIRZE L, K] PDMS 45 RELE 1%
FAGIRIZ )

3.6 EDS 437> # 400 °C S AbBEAN[H] 8] J5 C5 i C Juak & & LAl

Figure 3.6 C element mapping analysis of C5 cross section by EDS after annealed at 400 <C for

different time.

DL &5 5K, 400°C F, silica/HOC-PDMS Z4k. 14 2 B 7K 1 [ Bt 1) A8 4k, 5%
FIAHLRE Z A1 PDMS 2H 20 H /K Si-CHs 2E B8 52 . — 3 i B [FIAE F A%
AR JE B 7K P B R A 3L s () 48 0 SR B S S R R

110 4

105 - /.\.

Time (h)

&] 3.7 SilicasH-PDMS Z&4tix)Z 400 °C T i 7K 14 Bl s 1] R A 44 il 2 4.

Figure 3.7 WCA:s of silica/lH-PDMS hybrid coatings as a function of heat-treatment time at

400 <C.

YEFxtt, AR H-PDMS 5 PHPS iR #4 1 silica/H-PDMS Z44bi4:
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JZ, BT AR 400 °C FIBKFEAME . 45K W, silica/H-PDMS 244t
WEMEH 6 h JFRIR L TEHKNME (B 3.7) , 1 C5 4k Z# Ak 45 h 517
RELRFFFKYE . BATIAH, XZ&HTF silica’H-PDMS &Lk ZH, PDMS 44 K
VBB EAEES R T, 5 TR, 2R E M ERIR ZEKNE, i
silical HOC-PDMS Z:4bik/ZH, PDMS H o S8 MrE F ARG, MR m#R
[ ZRAEZ ZIPHAS, FTLARRME PDMS [4AGIEZ, MR BA 4T 1 e i
Kerf ik PE. thah, B E— K 2.8 (e) FIE 2.11 7] %1, C5 &MLk E T8,
APRIEESB AN (E 214 (b)), BFMFRAC T BisK Si-CHs BB 1A bk 2, ff
AR Z R IR 5 1 i TR B B K 8

H 2435 FE 4N %) 500 °C B, C5IR/ZEMUEEE 2 h fFaek Tk Mk
SCTG 4k (K13.0) el UER], 4l 410 °C B, WRZEFMHHILRE,
ROAEAAEFIRGS, 2 E(EFHRE5R, PDMS 41 I RE H S 802 240 ik 2 5
IR PR T B

120 3w
1m0] % s I *
100 {g A
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- ]
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Figure 3.8 WCAs of C5-C30 hybrid coatings as a function of heat-treatment time at 400 <C.

PR A, 2 B iR AU B SR KR EAE 350°C PR HAREAE. B,
AT 400 °C F§4M silica/ HOC-PDMS 44X 2 B K R AV B R R 34T TS
B T HOC-PDMS ¥R} silica/ HOC-PDMS 244k i )2 i /K B A5
i, 45 FAnPE 3.8 A . A%, C5-C30 BEH AR IFIKEE AN, HiE
# HOC-PDMS & & RN, 4k iz ik AvEsg . {H2k% HOC-PDMS

SrE e N, C10-C30 244k iR /24 400 °C kb3 2 h Sl 45 T (niE 3.9).
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B 3.9 Silica. C5-C30 Z+1Li& )2 400 °C #AbHE 2 h J5 /K 2l £ 5 22 T i i

Figure 3.9 WCAs and pencil hardness of silica and C5-C30 hybrid coatings after annealed at

400 <C for 2 h.

F & 3| silicasHOC-PDMS AR ZHIZiaPERe, RATLL C5 ZALiRE il
WHFL T IR BER AR R B KR AL, AN[R]JR B[ C5 AR AR = i) 5% 5%
Nz 3.3 firos. MK 3.10 ATLAE H, FEA C5 MLIRZIE BRI, HEi/KR:
ANESEIN, RINRZEP AN PDMS A ERETIRERTIR . HiRZEEE
79930 nm i, HEiKERER fRAF 175 h P E

3.3 AFEFER) C5 Ak iz il &

Table 3.3 Preparation of C5 hybrid coatings with different thicknesses.

PHPS Concentration (wt%)  Spinning Condition  Thickness (nm)

4 500 rpm, 30 s 50
10 2000 rpm, 60 s 240
20 2000 rpm, 60 s 500
20 1000 rpm, 30 s 710
20 500 rpm, 30 s 930
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Figure 3.10 WCAs of C5 hybrid coatings with different thicknesses as a function of heat-

treatment time at 400 °C.

N1 3E—EW] silica/ HOC-PDMS ZRALIRJE I A7AE PDMS H 73 JRE TR E
RIMIG, AR OPSZ it PHPS #il % silica/OPSZ 4Lz, X 400°C T
silica/ OPSZ J4 4tk Z I B K FE A MEHEAT A 7L . OPSZ &5 PHPS # R AE A St
SR B R, AAEAEREINSR. MWK 311 () AJLLEH,
silica/ OPSZ ¥R JZ AN A Si-C & BEREARFEAZL, K silicalOPSZ i /= B
ERRKE. HE 311 (b) WLEH, silica/lOPSZ iRZAH Xk C & &0l
&), BE—BUEM] T silica/OPSZ IR JZ P BRI R K . Bk, ZARMILIRE 4 400
°C FALLIE 2 h JE/KEAb A ED AN 100.2° PR3] 28.9° o X —45 SR IAIESCHF 134
TN PDMS 2043 75 B 7K % J2 i P e S B ATL A R0
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Figure 3.11 (a) High-resolution XPS spectra of Si2p peaks of silica/OPSZ coatings at the surface
and different depths; (b) SEM images of cross-section morphology of silicayOPSZ hybrid coatings

(left) and corresponding C element mapping analysis by EDS (right).
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Figure 3.12 The possible schematic illustration of hydrophobic durability at high temperature
mechanism.
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R A AR AOR B 77, HUKRE RS8R A 15 kPa. Hi2, T Z LA Mmmqy
£, IV LE B IR E) T 5L B3R , 15 Sl 1 il AR FE, 2k 2 URE P RE
I LT T 90 2R 0 4 3 RO 8595 G o

DA_F T 5 FP ARG B 2R T 40 A 5 2 00 R 48 e S S P R £ 11 s
PL, Bl R EAEAEN USRI, PERE S RS . fERT =B IR, &
IR RIS PHPS Z58H Si-N F1 Si-H {8, K 3448 Si-0 #75ff) HOC-
PDMS 5 PHPS &4, #t— Dilid 5 oM I [ AL 45 B L8 AL iy 4k, PDMS
NI A HULHARIRZ . (R SR e K PR 5T, AT IR )E
PDMS Hp fFERE T REMAII R, HEW AT GEAFAE A HIEEE Cinterfacial
slippage) , Pl % MiR)Z T RE L& PRk BEH . 5 Li& SLIPS #F R L,
silica HOC-PDMS  Z44LiREHIEATET, PHPS. PDMS WiFhZH 7id i Je i i %
%, PDMS Ak, RIETIREMREAN: 5 SCIIGE T s K B L,
silica/HOC-PDMS ZAL IR 2 il 4 i oy i, AN BRGNS, 1& & KT AR B
Hio B, 252 2 52 silica HOC-PDMS 444 AL B T 7 RIF 9T, LA
TRAR AT RENLEL, A — D RBP4 5%
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42 EWERS
421 KGR
(1) MG 1655 KJiz#T B (Escherichiacoli) , Hirf ERFEBAL F 0 78 A HL
[# 4 S 56 = E I 7 DR AR A AR AL
(2) PDMS (Sylgard 184) JFL[E L7, MFiERET (L) HRAA.
(3) CEE. W=EE KRR S, T bt 5ulm), adrat.

4.2.2 PDMS fRaYHI&

¥ PDMS SEMEAI LU R 10: 1 TReph b AIA 5, FHE N B Ry 97
me, BHARET R 1.0mm JERE . 5K A PDMS WK 115 77 I KA
H1, 7£ 120 °C [k 2 ho ISR FRIL 45 [ 46 5K PDMS. &

423 MK R SRAE

VIR P 5 2 SR 10070: SR A e R 22 B8 A4 7 T 7 e 46 6 B0l 52 56 =5 19 DORS B
JIRRABCI5E o VKRGS B HE & GRIEVEEA-70~80 °C, Hl¥A3E N
Julabo FP89-ME fill#% ) ] X F1'Y J7 [ 7KFF#% (1) . sh i 7% & Al /)% B (Imada,
ZP ZHVECEHER J1it) R

Ice
cer . : 5
Force transdy I i : 2\
N I NG N N Shear force Substrate
N I S Sl ~ <t = === ==—==—==c-o=oo '

B 4.1 VoK B B = .
Figure 4.1 lllustration of measuring ice adhesion strength in a shear mode.

ikl 4.1, HRUARARR I O ANFES I EEW & b, AS K LA I (PYEE 10 mm
x10 mm %25 mm) HTHEG b, 5 REHET, EER. FHRERKE 0°C
I, 1 9 AN E LA 7N LmL fE KK GKKIBEPDD o DA RN
-15°C, I IAIEHILE 5 ho YIRS B 7R, 0 0 F v P R AT R a0 i Je 2 T ke
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TS 1)) SRR, (I K REIBRIRS (0050102 90k
B3, DICE 5L RGHO BEATITAUR 1 om < 1 om, JELA TR 75 DLl
FIEIARHERIE G kP) o O MG INBHURA T, BD b th R THTH
VORI

PUTA S0 K BB 7% (1 K AT B FE 600 nm I8 K AR WO B C B ODgoo)
P4 1.0, HL 500 pL @ T 24 fLkc . 24 FLBRP RGeS lTBCE A PET iR
PDMS Jii. S ALEEIREA C5 R ILER)Z, T 37°C B orAEhaf Bl IR 6 he HUAE
ity AR B ERTK R = ABR 2500 B IO ORI 1 o FH B T G €k 7 e B £ 24
WEAT I, G EEOL R A BAEE (CLSM; FVS&LAMAR) ML Z4HH i)
i B L

PUBRRG B SE86: 3 BB 20l 8. A =BE. AN pH MK BH L2
I, 10 s JGRH] DSA 100 4 H 34 ik A ] A X - VR0 P fnk A R A £
W AE, (EIRERE A 3 A AT, BCFIIME.

1 HKEURE R K2 BE 422 /7% ) Bruker Dimension Icon B[] 77 54442 (Lateral
Force Microscopy, LFM) %€, %8N 90° , FAIEZN 1 Hz, %86 H]
N5 um x 5 pmo

4.3 ZR5i1TL
4.3.1 Silica’HOC-PDMS Zk{t.i% 2 AR 7k fl B 14

N S5 VKB BT UK ARAE AT RA LA =k 2R 2 84T« i e F T
i 2 R A0 i 7 00 56 75 THT L L S B . H AT, R B UKBER It 7 2
FEAE L5 UK Z HT AN UK B2 R IE IR G5 0K | A ¥ /K H 2 R Tk B9 10 SE LG UK AT 45
FIEVRZ JEARREBHE T B vk = Fp008l, Horh, o TR CA KGR, 25
JEEE A R ORRER) SLIPS AERL, 45 AR HIRUICRS B 2 B L 7 i B e, (H@ it
VEACR T REVRAAR SR SE I SLIPS [ 5E0E, fFAE— BRI Rk, RE8AH
AICKEIYE, IREFFANEE, SRS 45 . 1 3RA T8t 1) silicaHOC-
PDMS Z&A4kiR )=, PDMS A5 REZIRZRME, ATREEIIEE R, FIIKRE
VKL 3R ;. PDMS DUISEANEE & I 7 R A 4k b, A idE R %
Ko ARTFIRFRRZEREANE.
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WL 4.2 7T LLE B, SKH HOC-PDMS i PHPS il % () silica’ HOC-PDMS
ZLIRIE (CL1-C10) HIUKHKEFH RS (20.9-82.7 kPa) AL ) PHPS il % 1)
FALEER EMUCR IR (212.7 kPa) 23 T . XA H HOC-PDMS & & (1)
silica/HOC-PDMS ZEALIR Z HIVKKG B 5 22, 7T LA FfE%E HOC-PDMS & & K4
I, C1-C5 2 AL IR JZ B VKRS By 52 B2 B FEAIK, {H 25 HOC-PDMS/PHPS i 5 wit%
I, C5-C10 A= AL UR S A UICRG B 5 B2 A OR A7 AN AR o 3X 2 B2 1 T HOC-PDMS
MG, C1-C5 AR ZEMB/KIEZ#H M (WHE TR 2.2) , KMk
B REAS, PRI L DICK B i BE B PRI . 2% HOC-PDMS/PHPS ji#id 5 wt%lhf, C5-
C10 ZRALIRZ M BRK P B AR FEAAR, SR REIEALRFFAAL, PR b FC UAORS B 5 P
WEARRFEAE . 58 WAMKRHAEN PDMS FEMVCRE B 5RE (146.1 kPa) #H
e, PHPS il & A AR IR 2 2ok, RMAE S, Db FLuloR: B o B s v
ER T2 A Al R VKK ISR (361.6 kPa) , X g RN A AL iER
JZ 5 ) AL Bk 210 58 e

Ice adhesion strength (kPa)

N D@ XN DD
Qvo\\\é\\\ooc,c,d\

B 4.2 AFEREFRVICRS B 5 L.

Figure 4.2 Ice adhesion strength of different samples.

PLE DR 45 BB 7E-15°C F Silica/HOC-PDMS Z= 4L i )2 ELAG MR IO B4

b HIBBRIEIA 3 iy DUR AT S E il Tl N TR, FRAT AR A
A AL RFEAT T HESE . BA C5 2RI E N0, MW 43 ATLLE . #iREE 30 K
Ji C5 2L Z VKRG SR EE A 27.7 kPa, SIRIAFESAALL, LA K. %444k
IRIEFER A 200 °C #Ab3E 2 h J5, HUKRE B SR BEA B, UG 44.6 kPa,
RIZAER 2 B T T e AR
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100
90 -
80+
70+

60
50
40
30
20
10
0

untreated RT, 30d 200°C,2h
Conditions

Ice adhesion strength (kPa)

Bl 4.3 C5 ZMbiRZ AN [FI 26 AR AR BRI R UICKS PR 95 2.

Figure 4.3 Ice adhesion strength of C5 hybrid coatings after treated under different conditions.

HTLLEAMT, silica’ HOC-PDMS 284k ik 2 A AL 5 (IR UKCRS YRR 1 . X 32
BRIETPAERE: —J7H, HOC-PDMS ()5 NIRRT silica/ HOC-PDMS 444k i
JZ REFE KM, 2 A HAERIRENT, VK5 B IRER IR TR /N, B LUK B
J&: F—7J7TH, silica/ HOC-PDMS 244 )= o PDMS 2H 43 SR AETE 3R 1M 1 R TE Bk
FUEEE, UK SR B SR AR AR N, B RRAK T UK B 76

4.3.2 Silica/HOC-PDMS ZAti& EHIInE 14

VAR, I FARER T READRR D AR RS B, O RO PLR ARIIT 7T 1) B 2
FaZ—o LRI RAE N BER B, X silica/HOC-PDMS F:4b i 2 AT Hi i
BEMR e — 7T, WRZ BT A OB iR < IS IRTEIRE R =%, HEmiR
MDINEAERZ R A B —J7T, PDMS 45 BA R HIPURF T, HRE
TEZRA IR 2 R W] Be B s S I 2, A7 540 o) 4 2 RGP

IS FH AT T e Gk A, 3 B A A Rt e, SR AT . IR
A DL B, S5 SRS KA, 206058 R BB T I R AT e (L 4.4).
PDMS EA M HIPTE T, RILR A PDMS B4R AR . MR LLE H 25 [ PET
i K T KIBAT B, T C5 AR BRI KT B HUE >, 5 PDMS JEERTH K
JoAT GO 2, W] C5 4 ALiR 2 REAIHI R B AR, BRI B RE T .
SiAh, BRALE A E PET 5 PHPS il % B ERZE, SRR ZHPIE K
BARF25 [ PET B, IX A] G4 1T PHPS 1] 4% F b ik v J2 2R TH) 56 I 1 3%
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AHIF KRG o

bare PET film

”,

Bl 4.4 KIGHFEEAFRE EREos L R E RAE
Figure 4.4 CLSM images of escherichia coli incubated on different surfaces.

4.3.3 Silica’HOC-PDMS Zk{Li% = HOFL R AR M 1%

YRS PR ol P T DA T o R A A A FS R R S B R 2 22 ) s R AE
HE 45 ATLEH, /R PDMS XK. 2 B KR = EEEA L C5 J:ibik)/Z
e AR E, {H C5 Z AL IRE N IX AR MR R B SEAR I i i JS 8, R
silica/ HOC-PDMS Z& ¥ 2 W P A L 4% SEAR ARG B

120 120
-—a « PDMS
1004 ~— & s C5 100
: 1
80 # 80
— o
9__ S—
< 60 -602
o %)
40 40
2
20 » 20
&
0 : - = lo
H,0 glycol glycerol
Liquid

B 45 C5 ZAbiR/ZE PDMS NS & Fl bR Ak 13 i 1.
Figure 4.5 CAs and CAHSs between various polar liquids and C5 hybrid coatings or PDMS films.

TR R AR TR I 7K AT LR REGURS B R 5 (EZ SERRAE I AR 2 KF ARk
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Mo — MO, WAKSRIMH Y, pH (EAE 6-7 47, MR pH {HZ/
T 5.60 Blith, ¥R SRS o 250 R AT RR BIOR, BT RE .
Xf C5 AR ZRIEAVER R . FTLAE H, C5 RLIRIZLE 1-10 1) pH JEEIA L
PDMS JIEE A SR R /K Bz i g 5 5 4, R B silica/HOC-PDMS 244k i 2 B A R 5

AR BB P 12 FE

1204
100 -

ESO-

< 60_
40

20 -

B 4.6 C5Z:1bikES PDMS BEXTANE pH KSR E M.

Figure 4.6 Effects of pH on the WCAs and WCAHSs of C5 hybrid coatings or PDMS films.

FY Y §
n - .

= PDMS

a C5
i
i : i
1 2 4 5 6 8 9 10

pH

F120

100

2 =
WCAH (°)

1Y
=

Kl 4.6 2 /K1 pH 1E

Nt — BT silica HOC-PDMS AL 2 T AR, BT PR RE , FATIRA S e
AL Ch Ui Z RIMBAT LR PERENA. I 4.7 RTLAE Y, By 2B 4E N
C5 WRIZME A LIRS IR, T F iR s, SRR REwAR b
o SR DGR I BEE Fr R AR Z AT IR B i, R I Se B AR AEAE
i C5 ¥RJZ M B IR, tEEl 20 M. W rEs, Ry

silica/ HOC-PDMS AL ik = HAT 57 B BUAAR R B PR BE -

Wiping

B 4.7 C5 ZALIRZ PRSI R 2.

Figure 4.7 lllustration of Anti-graffiti test for C5 hybrid coating.
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4.3.4 IrMIMEAIEYI SR

PDMS Jii & silica/ HOC-PDMS Z L3 2 B /K P AH 24 (14 4.5) , {H /2 silica/HOC-
PDMS Z44ki4 2 HIVKCKE I SR (KT PDMS JR VRS BRI, BB fAoks I
BETUF. AT R ERILR, BATRA LFM X} C5 Z:4kik)Z . PDMS JEAI A (b fiE
TR JZ R BEE F1 FORURE FE oy A AT, 45 0P 4.8 fiok. K 4.8 () LA
i, C5 iR ZREMERAL, HLUCHEMNIERZ, T PDMS JE) i S E A
HUREIELCT BB IME, L C5 JAbiR)Z M EEHE ) <SFALKEIR IZE B ) <
PDMS JEREESE T, B 4.8 (b) ATLLEH, AAEERE IR <C5 AAbik
JZHAREFE <PDMS BEFHTREEE . % LR RELR E R CB AbiR )2, J5 & R 1H B
I H /N SEE TIPS X C5 A0 2 h PDMS A7 SATEIRZR M, KW
REEFRZR M PDMS A5 vl el 3] 7 AR IEM, T 7 C5 MUk Z
RS IBURGERE. 5 PDMS BEAREL, C5 Ak is JEHURE B A BRI /N, TR
ITHERT C5 A IR JZBUR ARG BE 5122 IR R IR a ) A5 S ARAE P o 3 )
fRAf C5 A Abin )= HA IR S I H RS B PE fE o

()

(b) =%

5nm

S -5 nm

B 48 SFEALEERIE. PDMS AT C5 244k EHR MM LFM B (a) EE#EJ):  (b) kS
JE.

Figure 4.8 LFM images of silica coating, PDMS film and C5 hybrid coating surfaces: () friction;

(b) average roughness.
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4.4 KEING

FEAEH, AT silica/HOC-PDMS ZAb ik = (I HURE B YEREAT T HF 5T . 510
LU

(1) Silica/HOC-PDMS Z:4b i = BA MUKk, 5 PDMS JEAH B E
BEST, XK. Ll VA =BRSS5 1S E A A e o k£ 3 S 4L

(2) PDMS ZAFRZRM TR AT =, BRAK T IR JZ IR 77
BRI PR 7K A R AR ) 2 TRRELRGS P AR A 2 A Uk S L I S BT R B i
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il
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g5 ZEip

g

KRIRSCRHEEARERSE (PHPS) Ak, fE4 i PHPS/HOC-PDMS Z& 4,
BEWIIERE, #14 7 silica/ HOC-PDMS ZALiR 2 . 5 BT Z 240G 2 R FE A
VEBE. EHRETKYE . PUREMEHPEREEAT I . ISR I E LS R AE T

(L) @i ) 5 = IR (PDMS) Hrg| NI I R, D& i
1 HOC-PDMS. HOC-PDMS Hitfed A EXE | PHPS 5 PDMS HIAHZAE,
T 1) 4% 75 21 75 28 79 M1 28 PE 47 i) PHPS/HOC-PDMS 4L B &M, LZL RS
Pkt I R . G T2 LR A k. PDMS 5 E
A1 silica/ HOC-PDMS 2416382

(2) @4 HOC-PDMS 418 K& = fdzl, sehil TiEM . 8%,
MO BEIRNRE, ZRERAGUK. . WM. M54 A, ik
PRGN LR A TERE . WRE miR K YRR IR 5, i il Ik F) 450 °C, 930 nm
R 24405 2 4 400 °C AL FE 175 h JE K f Uik 104.4°

(3) FRIHE W JZ R AT REARLE . BUAR 1 2 THREURE P2 AN R (R B 7K R A A A ik
JEAEARVICRE BT« HUBE PR B 4577 TR DAL 7 « VIR B 55 B2 AT IRIE 20.9 kPa,
HA 5 PDMS M4 BTERE 1, WK, 4B A = BESMEBAR AR ] pH
TR AT B R H i £ s S £
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