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Preparation of PDMS Surface Modifier Using
Alkoxysilane—Functionalized Polymer Precursor

Manufacture and Their Properties
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1. PRIMA surface modifcation
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Fig. 1 Physical method for surface treatment
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Fig. 2 Chemical surface treatment method using coupling agent
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2.1. Aok 4 A5

A=A AP 753t dFA A Al Methyl Methacrylate (MMA,
Mw=100.121 g/mol, Sigma Aldrich Co., Ltd, USA),
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g/mol, Sigma Aldrich Co,. Ltd, USA)E& AH&-g o, szt 7iAAlE=
Benzoyl peroxide (BPO, Mw=242.23 g/mol, Sigma Aldrich Co,.
Ltd, USA)E A&, ¥§ &2 Toluene (Mw=92.14g/mol,
Signa Aldrich Co,. Ltd, USA)S A}&-3it},

THMEA AFA AR Hydroxyl—terminated polydimethyl—
siloxane (PDMS)+= Dow corning?] XIAMETER® OHX-4010
polymer (Hydroxyfunctional polydimethylsiloxane, Viscosity=4000

mPa.s, Volatile content=2.0%) 5 A}-&3}%th.
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th °o]& MMASH MPTMS®] & Hlof weba MPxxet R atitt o &
Eo] MMASH MPTMS® & H|7} 1:29 #-9 MP12= wWwsatgich 18
of ¥ AFAL w7t EH o4 724 Figure 4] Yebdla, &
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Fig. 4 Expected structure and mechanism of alkoxysilane—functionalized

precursor

Table 1. Recipe for synthesis of various alkoxysilane—functionalized

precursors
(Molar ratio)
MP13 | MP12 | MP11 | MP21 | MP31 | MP51 MP71
MMA 1 1 1 2 3 5) 7
MPTMS 3 2 1 1 1 1 1
MMA MPTMS
MP13 0.8g
MP12 1.3g
MP11 2.5g
MP21 5.0g 6.2¢g
MP31 7.5g
MP51 12.5¢
MP71 17.5¢g




2.2.2. ANAA Az

PDMS ¥l otad u#AE E4datr] 98 &34 A« 7lsst A
TAeE  OHX-4010 PDMSE  o]g&3te]  &d& Azt
Hydroxyl—terminated PDMS (¢]s} HO-PDMS) o] A %7} 7] wol
Azt 7)est R AFAe} Z AolA s ThsAel sornE SHE
A7rete]l AEE WHE ¥ 95 dYtel 2 wzkA & AolFa, A
TAE HAre FH vAl 7d o] & wkA] EFAAFH o) T

wl H7F sl Ad2olA A=Al A™ 7]sd dgAle HO-PDMSE 1:2,
1:1, 2:19] FANZ Azskglon, ol mE #AI¥E Table 2¢ e}
WY oA x2S Figure 50 YeR ST

1o



Table 2. Recipe for preparation of surface modifiers

(Weight ratio)

MPxx:PDMS 1:2 1:1 2:1
Precursor 2.5g 5.0g 10.0g
PDMS 5.0g 5.0g 5.0g
ch CHa CHa
C CHa—C CHa—C CHaz- N
£= (I: 0 c 0
0
\ OCH DCH
(CH): ’ ’
(}Ha
H3CD—SIi—0CH3
O
|
HaC—SIi—CHa
0O

%

Fig. 5 Expected structure of surface modifier
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2.3.2. 'TH-NMR ¥4

Azxg A Ad 7lsst AFAY A 7x2E gerstr] Sl
600MHz Nuclear magnetic resonance spectroscopy (Avance—600,
Bruker Biospin instrument, German) & AF&39ith. 'H-NMR =74 A
Sl = FAaAATE EASE ) H7] wiEel] & A FTFAE A
g¥l FFAS AFRste] S
2.2.3. GPC &4

THARbE 2Este] Az d5A A V1eE A T AL
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K—Alpha+, USA)E =A39tt. Survey scane Spot size 400um,
Standard Lens Mode, Energy step size 1,000eV, Pass Energy
150eVZ 3}% 3, Narrow scan< Spot size 400pm, Standard Lens

Mode, Energy step size 0.leV, Pass Energy 50eVZ % &3} T},
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2.2.7. Cross cut test
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meaan = Acryl polymer layer
= HO-PDMS layer

Fig. 6 Surface of PDMS film modified with acrylic group by micro—phase

separation
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Fig. 7 Alkoxysilane—functionalized polymer precursor synthesized by air

cooling
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Fig. 8 Alkoxysilane—functionalized precursor synthesized by water

cooling
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3.2. A=A A 7]ss AFAY] T2 " EAE
MMASE MPTMS7F #stvz2s s & A 7les oA A7)
FAEHA=A AFE oty 98] FT-IRe S dehd 54329
FAS Fa FAsa, o= Figure 90 YeElHAT} Figure 95 w9
2850 — 2990 cm™ 9o A —CH; peak’} #&E 31, 3080 — 3095
cm™ go)A MMASF MPTMS7F 7FA 1L Q= EA peak?l —C=CH,

peak7} YELFA] & AL mol MMASF MPTMS7} oz =3s =
LA A 753 AFAV dAAES FJT S+ AT gAd" &

A AR Tles AFAS FxRE 0 Teksy] 98l 'H-NMR
spectroscopy@® TZE Q3¢ , Figure 10 YERHJUT. Figure
10 (@& (b)ellA —CHz—9 54 93¢ b peaks: &3l =z T8 0]
dolyttts A & + 9lom, MMAZE 7kA= —COOCH; 739 54
339l d peak®?t MPTMS7F 7FA]+= Si—CH,; EA 339l a peak,
—OCH3 54 3419 ¢ peakE® &3 MMAS MPTMS7F ¢tvjZd S3=
3l ARt Ves AFAV dAEE & 7 AT

Ad 753t A AFAISE HO-PDMS7F £ 6tA 285+ Awr
53t ATAY BRI AEsH7] sl GPCREA S Fsto] dAA &
Alghel] whE 2AbRE SA8laL, T A ¥k Figure 117 Table 3¢
Bttt 578 A MP11 A5-Ale] A wheobA] 3AIHRE] Akl
AA F7rek o, MP21 AT-A e A9 5413t o] FFH =

st & BRItk MP113 MP21 A7 EF F Fit 2A4ZFH FF
Bt Aol S48l F7bsty] Al&eks A4 %-E HO-PDMS9 =
g Al =FEEA WehaA AR e v dojwton, o= EAERe] AA

WA Zzte] nRAEC] BAEo] WA A2 ol 1ol
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A 71538 nEA AEAL HO-PDMSY & @utso] olste] )

AA 7} AlzH=A o= FT-IRS 3 &92359 1, ©]= Figure 129

e SlTh Figure 1282 W 1078—1090 cm™ oA Si—-0-Si &
A =337 JeEhE Amro g = HO-PDMSY F2 9 os 2AE

<2
o

[z
ftlo

+ Y39, HO-PDMS$} A& 7|53t ada A9 53
el AGE FA3AA g AW, 2850-2990 cm ol A
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Fig. 9 FT—IR spectra of alkoxysilane—functionalized precursor
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Fig. 10 'H-NMR spectrum of (a) MP11, (b) MP21
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Fig. 11 GPC analysis of (a) MP11,
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Table 3. Molecular weight of MP copolymer at various time

Unit : g/mol Mn Mw
1MP11 1,487 1,593
3MP11 21,468 41,691
SMP11 32,229 84,952
1MP21 1,362 1,543
3MP21 1,464 1,588
oMPZ21 17,432 34,365
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Fig. 13 ATR spectra of (a) unmodified PDMS film, (b) modified PDMS film

by surface modifier prepared using MP11
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Fig. 14 ATR spectra of (a) unmodified PDMS film, (b) modified PDMS film
by surface modifier prepared using MP21
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Fig. 17 Cross cut test results of surface modified PDMS film by surface
modifier prepared using (a) MP11, (b) MP21

Table 4. Classification criteria according to ASTM D 3359

Classification Contents
5B 0% None
4B Less than 5%
3B 5~15 % Elimination
2B 15~35 % Elimination
1B 35~65 % Elimination
OB Greater than 65 %
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Preparation of Surface Modifier for PDMS Films
Using Alkoxysilane—functionalized Polymer

Precursors and Their Properties

Shin Jae — Hyeon

Department of Advanced Materials Engineering
Graduate School, Kangwon National University

For surface modification of polydimethylsiloxane (PDMS), in general,
plasma treatment or corona treatment was carried out to generate OH
groups on the surface. These OH groups were reacted with various
functional groups to impart hydrophilicity and other properties on the
surface of PDMS. However, generated OH groups easily disappear and it
shows rapid hydrophobic recovery.

In this study, a new type of alkoxysilane—functionalized precursor was
synthesized to be used as surface modifier for PDMS films. Synthesized
precursors were reacted hydroxyl—terminated PDMS through a
hydrolysis—condensation reaction, and then coated onto the PDMS film to
form acrylic polymer layer onto PDMS surface. In order to confirm the
chemical structure and molecular weight of the prepared surface modifier,
'H-NMR and GPC were used. Change in surface properties of PDMS after
apply surface modifier were investigated by using XPS, ATR and WCA,
cross cutting test. As a result, it was confirmed that the surface of the
PDMS film was modified with an acrylic polymer, and the adhesion

between the PDMS film and the surface modifier was also excellent.

Keywords - surface modification, PDMS, alkoxysilane, acrylic copolymer,

surface modifier.
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