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Abstract — In order to improve the hydrophilic property of polymer films, coating solutions which showed a good
hydrophilic property, were prepared by the sol-gel method. The coating solutions were prepared by adding different
types of silane coupling agents (aminosilane, epoxysilane and acrylsilane) to a colloidal silica (15 nm diameter). The
solutions prepared by adding aminosilane resulted in gels which could not be used as coating solutions. On the other
hand, the coating solutions prepared by the addition of epoxysilane showed contact angles of 10~15° and good hydrophilic
property at R=0.10~0.15 (R=silane coupling agent/colloidal silica weight ratio). In addition, the coating solutions pre-
pared by the addition of acrylsilane at R=0.03~0.07, exhibited contact angles of 5~10°, which means better hydrophilic
property than aminosilane or epoxysilane.
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Fig. 1. The chemical structures of silane coupling agents used in this
experiment.
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Fig. 2. The process for preparing the hydrophilic coating films.

1

\__

o] = ATAZHAR] ol - AT} o FA TS AMESE G
7}#]Q] ethylene diamine (EDA, 98.0%, Samshun Chemical)S 3
7Velo] HF2| IH §8E AxsI) AxE I §4S A3
100 mm=100 mm =17]2] PET Film(3M) ¢] o]l A3t F7| = ul=
) (bar-coating, 32 pm) A7) 80 °CE 4 ¥&= 7157 &= UVA

3}7](Rx-C25, Raynics) UlolA] A3AA 78 55 AzskiTh

oldel Ax $78= Fig. 27 HERASIT.

22. 3 EEC| S &t

2-2-1. 79 AF] A52 H7h

sk BEY) BdS Frkhs T2 24 T sh S
Ztg7lolek, Wig 2grdo] il H Slvkar ahd, 52to] 20° o3k
574 4 vje 23t 718 0] 254 s 47] 918l Contact

&3k
fhe elof gkt Hgke Al

angle goniometer (Phoenix150, Surface Electro Optics)E ©|
M52k =935k 108] o)<

elshaL FAE Fskltt

2-2-2. 514 —E—A T 7L
7B delelM e I8 59 FaIEE S35 flstke] uv-
Visible spectrometer (T60 U, PG Instrument) S AF2-5}01 300 nmol| 4]

=
=

1,100 nm2] FeellA] 79 T2 TS S

2-2-3. % I AFAHE F7}

ALREE A% S47)(CT- PC CORE TECH.)°| 914 % &
g ARG 450 7 71931, A3 (1 keyS 7FsHAA 0171
o] Z4selct. A2 Mltsublshl A8 285191, H-9H, F,
HB, B-6B 59| =& UEhlE 25 ARESISITH



2-2-4. 319 B2 ¥
ASTM D 3359[7

37}

3o 3

1]
7

13
Tell <

kel & F 1 3ol SM Ho| =& é‘ YA|A st oz
53] wlojule] I8 S} 71Aleke] Wit J=g st 29
A A FHo| 1 mm AL E 11x112 AP o &2 24 S Yo
10071¢] 8- whEa1, 71 $lof] HIo]Z (3M Tape)E F-&3F 5
73] FpotdA TAS ket F2 = 2 Z57F 100704

165

5B, 9571 0142 4B, 857)] o] 3B, 657 ©1AF2 2B, 357l o)A
1B, 71 ©|sh= 0B= YERASITE

225 79 BE2 W4d F7t

T8 A WS gRlsh] flsto] APEE 40 °CE ¥ &
Zoll 7 day &<?F B $ 7] ZAFA1A Contact angle goniometer

(Phoen1x150, Surface Electro

Optics)E °]-8-ato] H=52h& 43t

(a)

Contact Angle(Av 17.46117
Left Angle[degre¢ 18.17779
Right Angle{degre 16.74455
Height from Top t 0.43832
Base Line Length 5.90399
Base Area[mm*2] 27.37666

—_—

(b)

Contact Angle(Av 11.50399
Left Angle{degret 12.44037
Right Angle[degre 10.56761
Height from Top tr 0.32861
Base Line Length 6.81874
Base Area[mm"2] 36.51724

e

Contact Angle(As 12.91344
Left Angle[degre¢ 13.77537
Right Angle[{degre 12.05151
Height from Top t 0.35649
Base Line Length 6.54669
Base Area[mm"2] 33.66148

L TR

(d)

Contact Angle(Av 18.14813
Left Angle{degre« 18.98008
Right Angle[degre 17.31618
Height from Top t+ 0.45159
Base Line Length 5.81662
Base Area[mm*2] 26.57238

e

(e)

Contact Angle(Av 29.33425
Left Angle{degre¢ 31.85473
Right Angle[degre 26.81376
Height from Top t 0.63201
Base Line Length 4.91677
Base Area[mm"2] 18.98669

———————...

(f)

Contact Angle(Av 36.21577
Left Angle[degre« 34.77354
Right Angle[degre 37.65801
Height from Top t: 0.73680
Base Line Length 4.55370
Base Area[mm*2] 16.28617

——

Fig. 3. Change of contact angles of the coating films prepared with different amounts of GPTMS at pH 4. (a) R=0.05, (b) R=0.10, (c) R=0.15, (d)
R=0.20, (e) R=0.25, (f) R=0.30 (R=GPTMS/colloidal silica weight ratio).
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Fig. 4. Contact angles of the coating films from GPTMS after water soaking (40 °C, 7day). (a) R=0.05, (b) R=0.10, (¢) R=0.15, (d) R=0.20, (e)

R=0.25, (f) R=0.30 (R=GPTMS /colloidal silica weight ratio).
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Table 1. Properties of coating films obtained from coating solutions with
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R .(GPTM.S/collo.idal State of . Pencil Adhesion
silica weight ratio) Coating Solution Hardness
0.05 Transparent solution H 0B
0.10 Transparent solution H 0B
0.15 Transparent solution H 0B
0.20 Transparent solution H B
0.25 Transparent solution 2H 2B
0.30 Transparent solution 3H 5B

R7k0] 0.05~0.2081 73-$-<]l
2 (0B %= ByS UeRiT) 18U Rgko] SRS i
9} F-zh o] F7tsto] R=0.300041= 3HS} SBE &= 31S
g At ol et dg2 AAAZH A GPTMSS)
& = 7107 {4 o] GPTMS7} 71 ™ Z80]= Alg

9} 712191 PET Filmz}e] 318t AgS Ans] a5 1z 2 7
s} o] AE E 0] FAESS WA Ha, I HH
Aol A S FAIITH9). Wb GPTMS7H ol 7k
s}sta Agto] A1 shA =o] GPTMSZt A A H71d 7
Ptk dakg

T A R A 29 A )t

pal

o0t

3-3. O|TZAEE AR Al Y 9lo] =4

ZFZo|= At S50t ollvbgo] T3 & 899 pHE 4%
273 3 o} 5. A Q) methacryloxypropyl trimethoxysilane (MPTMS)
< 7181538 v o] ZA] AR GPTMSE 718K wie) v
5+ FA-S ®. T} Fig. 6 MPTMS/colloidal silica 2 #2-£-¢1 REES
0.011~0.25= W3IAA Az 78 BE A& 5% dyjolu)
R=0.011, 0.033, 0.066, 0.10, 0.20, 025¢! A 78] BE ] HE2e
Z}7} 12.9°, 5.8°, 9.2°, 12.2°, 23.1°, 333°2 HYS & =
MPTMS7} 27| 7F8 REke] 0.011~0.1021 710l 413= 20° o] 3}2]
AEF7FE Bof A4S vehle 53] REkol 0.033~0.06621 271
of| M 5~1009] HEHZS HAFH 235AE e S & 5 9lth.
T2Evk REke] 0.20 oo ® i 7k Aol BEe A5
o] 20° oo Fpdo] EA) FEE o 7 vk

Fig. 7% T8 HE2 &l st U538 F7het Taglolvh. I8
FEE 40°Ce] 230l 7 day 5% B F AU AXRAA TH
HE AE5ZS 57 319S W MPTMS ] 37180 R=0.011,
0.033, 0.066, 0.10, 0.20, 0.25%1 ¢ ¥ 52 HH7+2 717}
21.5% 17.4° 20.5% 26.7°, 32.4°, 36.5°2 LERASILE o= 78 239
Z2o] =7 A7 Fig. 63} vlwate] & o) Rgke) 0.011, 0.033,
0.066, 0.10, 0.20, 0.25%1 7 -9-oll HF7Fo] 7H7} 8.6° 11.6° 11.3°
14.5°, 9.3°, 3.2°4 S718ISle& omlgtt). o] A¥E RELo]
0.033~0.102] Z3-F-olli= E710] 10° o[ S7hate] x197do] wo|
A&kE] o] Ao Ex] F3lt, REke] 0.011, 0.20, 02520 73-5-0ll=
AEZ S7P) 100 o812 4 W) 34 a8 2|t

il

38

I

=

ox MM

<)

Fig. 8& pH 4] Z38loA Rk W3 RS v 78 D59
AlgA FAeM 2] Fakg Wsks A Tfo)th 1|
o] RZt0] 0.011~0.0662) 7-F-oll= HE2] £
252 ¢k 7149} vl seet FohaS
0.10 o] o2 SV E T8 3
U} who Fukg-S WS Q)

Table 2= pH 4 2710l MPTMSS] 37} w3lo] wh
5o AFA =9} F-2ES e 3otk MPTMS?] 37 1o]
R7}] 0.011 ~0.06621 73-9-ol= 718 uhe x| 235 AGA %
229l HS} 0B %S YERASITE. T12iu) REko] S718t 52 9194
Lo} F&g o] Flel] R=0.25%1 7ol 3HS] AH =9} 5B
93 F2ES e A 1 5= 99l

Fig. 9= o %A AZHGPTMS)¥} o} A &H(MPTMS)?] 4712
tt2A 3t Az 78 IS 78 230 day)2} 40 °C2] &2

ro

o T
2 7 day A% T 19 BEE) W52 wlwdt Tol 4
WA o= ARAEYAS) 713 HEQ Rgte] BT A

Korean Chem. Eng. Res., Vol. 54, No. 2, April, 2016



168 o3} - A27] - o] & - PFE - olIE
(a) (b)
ContactAngle(As 12.87657 Contact Angle(As 5.76378
Left Angle[degre¢ 6.92561
Left Angle[degre 13.55009 - okl dg o orse
ight Angle{degre 4.60195
Right Angle{degre 12.20306 H’ o ’ 021085
eight from Top & 65
5
Height from Top t 0.35545 Base Line Length 3.51639
Base Line Length 6.55621 Base Arealmr'2] 56.96411
Base Area[mm*2] 33.75952
(c) (d)
Contact Angle(Av 9.21469
Left Anglefdegret 865956 Contact Angle(Ayv 12.19024
Right Angle{degre 976983 Left Angle[degre¢ 13.28730
i [ 769
Height from Top t 0.28174 Right Angle[degre 11.09318
. Height from Top t 0.34284
Base Line Length 7.36411
Base Area[mm'2] 42.59219 Base Line Length 6.67573
Base Area[mm’2] 35.00159
(e) (f)
Contact Angle(Av 33.32692
Contact Angle(Av 23.08012 Left Angle[degre¢ 35.21112
Left Angle[degret 2262370 Right Angle[degre 31.44272
Right Angle{degre 23.53655 Height from Top t 0.69272
Height from Top b 0.53322 Base Line Length 4.69639
Base Line Length 5.35288 Base Area[mm’2] 17.32277
Base Arealmm'2] 22.50428

Fig. 6. Change of contact angles of the coating films prepared with different amounts of MPTMS at pH 4. (a) R=0.011, (b) R=0.033, (c¢) R=0.066,
(d) R=0.10, (e) R=0.20, (f) R=0.25 (R=MPTMS/colloidal silica weight ratio).
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Fig. 7. Contact angles of the coating films from MPTMS after water soaking (40 °C, 7 day). (a) R=0.011, (b) R=0.033, (c) R=0.066, (d) R=0.10, (¢)

R=0.20, (f) R=0.25 (R=MPTMS/colloidal silica weight ratio).
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Fig. 8. Transmittance of coating films prepared from different amounts
of MPTMS at pH 4 in the UV-Visible range.

Table 2. Properties of coating films obtained from coating solutions
with different amounts of MPTMS at pH 4

R(MPTMS/colloidal State of Pencil

silica weight ratio) Coating Solution Hardness Adhesion

0.01 Transparent solution H 0B
0.033 Transparent solution H 0B
0.066 Transparent solution H 0B
0.10 Transparent solution 2H 2B
0.20 Transparent solution 2H 3B
0.25 Transparent solution 3H 5B

50
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Contact angle (° )

—e— GPTMS (0 day)
—O— GPTMS (7 day)
—A— MPTMS (0 day)
—A— MPTMS (7 day)
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0.35
R (silane coupling agent / colloidal silica )

Fig. 9. Comparison of contact angles of the coating films prepared
with several amounts of GPTMS and MPTES at different
times of water soaking (40 °C).
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