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Abstract — Water-repellent coating solutions were prepared by sol-gel method using tetracthoxysilane (TEOS) and
methyltrimethoxysilane (MTMS) as precursors. The solutions were spin-coated on a cold-rolled steel sheet and ther-
mally cured to prepare a non-fluorine water-repellent coating films. The effects of molar ratios of MTMS/TEOS, water
concentration and ammonia concentration on the hydrophobic properties of the coating films were studied. The contact
angle of water on coating films prepared by varying the molar ratio of MTMS/TEOS to 1~20 showed a maximum value
of 108° when the MTMS/TEOS molar ratio was 10. With increasing water content, the coating films showed the larger
contact angles and the better the water repellency. As the amount of ammonia added was increased, the contact angles of
coating films were increased, showing the better the water repellency. It is considered that the larger the amount of
ammonia added, the larger the size of the silica particles generated, which increases the surface roughness of the silica
particles, thereby increasing the water repellency.

Key words: Sol-Gel Method, TEOS, MTMS, Non-fluorine, Water Contact Angle, Water-repellent Coating Solutions

LN E 3} ) Ewle] B AR/ S Fofalo] dAlst A bl 5

& Fol T2 il ArH2L A AW F bz e

1A BRI 30 A5 7de] 00 ol el WS Aol B B oA 2 Ba7] 24P}V Hol Abg L) 2ot
Aol AAE B M2 A7) SYEE A s A8 A i e

TTo whom correspondence should be addressed.

E-mail: songkc@konyang.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

327

=
7}A1 7Y M A (self-cleaning), 2 /4= 2], F-A A& 2F A (fluid
drag reduction) 5-2] 7]%5-& §-©

ATH2].

o
ﬂF
55
a:)
)
)
2
i
i
i)
o
oo
)
K



328 5T

o

Kim 531 E4:3}3F I3 toluene diisocyanate

[
=
Hre Foedd 79

=4
Yol 111°9) F5%4S

20
=
[

=
7}
£

B

rE g
o_lr; o
i)
it

4l polycarbonate diolZ}
LAS Azt & Z2)

2

oy
o tob

l)
i)
N

|
[4]2 polytetrafluoroethylene
IO P EEEREER
AzsFRTka Haskglo 1
7otk &4l H A e
I g o
A A 2 ARGl et 3t ‘EAE‘r[S whebA # 2
ol 7He] Ash] 87 1%01 Gl AelzA ZuEA
tetracthoxysilane (TEOS)S E4&E4 2 } sto] Z- A ef o5
w5 A Ak 77} g A g
S A A Al 2 T°rr11 AlES Azl lelA
]5‘—°ﬂ /\FE’LQE* TSl e 8- EH”°ﬂ AR e 25l
ol 2 WA S 2t w55 o }01‘: X*?Xﬂe 0130}01
ﬁo]c el £l A WA
8 2T ) HBHEE 2 “J‘?;IOIEH6 S e @é}@
TS s o], it s e %’JX} 5o SHEg g

A= Oé% - 9,1% %W = 7HaL

2
re
o
H
s
]
ol
252
e L
[
o
=
E
ol

r
o
Iy
o
©
o

iz}
o

)

mE
&
o,
)
it
:\S o
ox I
° o
03
i

v
T
e
Ex
oty
i
i
r
N
b
o
mlo =r
=
=
1

A FrEo] &3 Y

oy 12

gl stgﬂ‘?i/ﬂ A7t ?JX}E :rL*éEJ EO] 55’“5]3} olgA ¥
J%l A7} 1R}l methyltriethoxysilane (MTES), trimethylchlorosilane
(TMCS), hexamethyldisilazane (HMDZ)Z} 722 2 &3} A (silylating
agentyE HH&AI7|H W do] At ev AE7kR] 9] AT
ol|4] methyltrimethoxysilane (MTMS)= A &3}A| 2 0]-2-3F =12
7] Ha=A] okgkrt.

H ArellMs artelA 23 QJsiA SAE A
3l7] 13l 710 Aah 74 HOH“O] E )\E]E]E‘Zﬂ =49
TEOSS MTMSE ARg-sto] s IR AIE Alzstdth WA
TEOSE ©]&3lo] -4 vi-g-o = |7} A& AZ=313i 1, A7t
AR} o MTMSE AEAIA /o] F-ol k=S &}l o]
7 5 MTMS9 TEOSS] = H| WHslel &2 H7b=F wsle} 242
WS M7 38 Tuke) g, e ) W AdA s 22 &

ol PR FaE 2AA
2.4 H

2-1. X2

B AgolM= ATt £ ARE s AFAZEA BlE S
] Sk (tetraethoxysilane, TEOS, 98%, Sigma-Aldrich)s A5}
o S UERd= WEr]E 7= Ao 24 rEE] |
E-A] H(methyltrimethoxysilane, MTMS, 99%, Sigma-Aldrich)=
ARESFATE B3 Gl 24 WlEHE-(MeOH, 99%, Samchun Chemical)
7} Zvj 4] QFR U o}4=(NH,OH, 95%, Sigma-Aldrich)S AH4-3}
ATk ARG AlokE2 A Bl oA 2] 3 glo] TthE ARE-S
At

2-2. HEYY

WA TEOSSF MeOH 2] 1 Fvl|Ql NH,0HE &33t % 70 °C
4 30 mingt WRESFATE 1 ol YL &= H7FskL 1 hr
&<k 70 °CollA 7Hsl AT =3 MTMSE A 7F8HaL 24 hr

Korean Chem. Eng. Res., Vol. 56, No. 3, June, 2018

TEOS+MeOH+NH,OH

\4

Stirring for 30 min at 70C

< HZO

v

Stirring for 1 hr at 70C

< MTMS

v

Stirring for 24 hr at 70C
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Water repellent coating solutions

Fig. 1. Preparation process of water repellent coating solutions.
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Fig. 2. Photographs of water repellent coating solutions prepared
with different molar ratios of MTMS/TEOS. a) 1, b) 2, ¢) 5,
d) 10, e) 14, ) 20.

Fig. 3. Surface images of cold-rolled steel sheets prepared with dif-
ferent molar ratios of MTMS/TEOS. a) 1, b) 2, ¢) §, d) 10, e)
14, 1) 20.
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Table 1. The composition of water repellent coating solutions prepared with different molar ratios of MTMS/TEOS

Sample code MTMS/TEOS molar ratio MTMS (mole) TEOS (mole) MeOH (mole) H,0 (mole) NH,OH (mole)
MT1 1 0.050 0.050 0.45 0.08 0.009
MT2 2 0.067 0.033 0.45 0.08 0.009
MT5 5 0.083 0.017 0.45 0.08 0.009
MT10 10 0.091 0.009 0.45 0.08 0.009
MT14 14 0.093 0.007 0.45 0.08 0.009
MT20 20 0.095 0.005 0.45 0.08 0.009
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Fig. 4. Contact angles of surfaces of cold-rolled steel sheets prepared with different molar ratios of MTMS/TEOS. a) 1, b) 2, ¢) 5, d) 10, e) 14, f)

20.
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Fig. 5. FT-IR spectra of water-repellent coating solutions prepared
with different molar ratios of MTMS/TEOS. a) 1, b) 2, ¢) 5,
d) 10.
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Fig. 6. Photographs of water repellent coating solutions prepared
with different moles of H,O0. a) 0.02, b) 0.04, c) 0.06, d) 0.08,
e) 0.10, f) 0.20.

3-2. 29| F7IH Hapt 3 E9o| EM0 Dkl g
Fig. 6= MTMS/TEOS & H]7} 102 wj Table 29} 0] 52 3
7FFE 0.02~0.20 moleX W glato] A|lxH BT H N ] Aot
9] A7FFe] 0.02~0.08 mole™ A S & Fo| AA A7t S
7390l Sdo] Frgetn] 9 22> HEE vERo] Il A%
k3Tt whde] E2] 31710] 0.10~0.20 mole® ¥ = &2
=

O

A%l TEOSSF MTMSE] 7238l 9 &5§mRkgo] Fxlwjo] ¥}
27t irbEe] A EER 8 o] ATt uf§- =& Alo]

WA Elo] TRl E7s3Isitt
Fig. 7 Table 22] 4 5 E2] 37132 0.02 mole, 0.04 mole,
0.06 mole, 0.08 mole® W3 A Al x5 LrH o7 5 PA

7o) TR gElE bl Aol o] 9ol

1

A

J‘JE

follo] g3

I HHo] gl by E Aejo| =2 Wit we] I8 T i £
Wokal FA st el A FlE 4= QI3

Fig. 8 9] H7l-S WMSIA|A Axe oz FElsk |

A7Fae] HEZF 4 AR O Z Eo] 0.02 mole, 0.04 mole, 0.06



Z- Ao 93| Tetraethoxysilane¥} Methyltrimethoxysilane © 2 5F-E] W= A A% 331

Table 2. The Composition of water repellent coating solutions prepared with different water content when MTMS/TEOS molar ratio is 10

Sample code MTMS/TEOSmolar ratio MTMS (mole) TEOS (mole) MeOH (mole) H,0 (mole) NH,OH (mole)
H2 10 0.091 0.009 0.45 0.02 0.009
H4 10 0.091 0.009 0.45 0.04 0.009
H6 10 0.091 0.009 0.45 0.06 0.009
H8 10 0.091 0.009 0.45 0.08 0.009
H10 10 0.091 0.009 0.45 0.10 0.009
H20 10 0.091 0.009 0.45 0.20 0.009

mole, 0.08 mole 3712 7-F-olli= 22} 60°, 66°, 103°, 106°] H=
7 vehlo] £ oFo] Bolda& HEFzto] AR ddo] 5
33Tt ol & Arte] oS 919 (1)-3)8 RS =
FAA ¢ & 2719 Azt QA7 A=, o) 2 Qlsl Azt ¢
2] ¥ ARE77F SRR R BpAdo] e Ao R skEn)
59 7o) Aelg) Ak A7) nx]= Gk thsl Lim $10]
< TEOSe 71l &2 H7hgo] B35 At g 2 1
o} A} AL Ty wEn g o 2 7] A7} AR} EH4g
ok B skl
Table 42] H2, H4, H6, H8 A1 85+ =2 3713S delslo] A%

ooy IR YA AR A4S i
At E Az o] 2H] AT AL} 5B H-22 S Hol ¢

3-3.NH,OHO| &7& et 3 Eao] S0 n|Xl= &
Fig. 9% MTMS/TEOS % H]7} 10013_’ =] H7Fol 0.08
moled W] Table 33} 7o) &+E Yo} H71ES 0.003~0.015 mole®
WA A AlzE T aE Al /‘]'75_]0]5]'. R o} H7heFo]

Fig. 7. Surface images of cold-rolled steel sheets prepared with dif-
ferent moles of H,O. a) 0.02, b) 0.04, c) 0.06, d) 0.08.

a) 60o

c) 1030

Fig. 8. Contact angles of surfaces of cold-rolled steel sheets prepared with different moles of H,O. a) 0.02, b) 0.04, c) 0.06, d) 0.08.
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Fig. 9. Photographs of water repellent coating solutions prepared
with different moles of ammonia. a) 0.003, b) 0.006, c) 0.009,
d) 0.012, e) 0.015.

o))

Fig. 10. Surface images of cold-rolled steel sheets prepared with dif-
ferent moles of ammonia. a) 0.003, b) 0.006, c¢) 0.009, d)
0.012.
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g3 Jagde 4524 54 Aoz 9FR 1 o1r) 0.003 mole,
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78°, 106°, 121°9] &7 vERo] R oo ¢fo] Wolzlq=
HF7o] AR WA o] 95318l o= YR o) Hrleo] ol
Az o & 2719 Azt dapE A=, ol 2 <18l Aot §l
2] 3 AZZV} SV ER egrdo] e 20 E FkEr)
Sk SkEo} HrFo] Aul7h dAke] A7)el| vlA= kel sl
Ibrahim [11]:> SRl SR o} ¢Fo] F7}3te] we} TEOSS| &
o] 7l 9 FE NS0 ek 8 Aol A A F 1, §iAke]
PSS A R ko] 2717 AxIvkaL B skl

PEYole] H7FS delate] AlxE wroo® I5H WA
Aake] A 9} F-22 S Table 49] N3, N6, N9, N12 A5 2
YERQITE PR o} 7ol 0.003 mole, 0.006 mole, 0.009
mole?] 73-7-olli= 3Ho] s T8 ¥ O PR 2He| 1A=
5B H-24g Hol st E49-8 YERIGITE vhde)] R Yokt
0.012 mole® &k H7}E AHQo= Qx}5o] SH 5 FAsH=] &
3 B A E Qe dEATE 6B, F&2ES 0BE £4] 23 &

38 Lehigint.

Table 4. Pencil hardness and adhesion of coating films prepared with
different coating solutions

Sample code Pencil hardness Adhesion
MTI 2B 0B
MT2 2B 0B
MT5 2H 5B

MT10 2H 5B
MT14 2H 5B
MT20 2H 5B
H2 2H 5B
H4 2H 5B
H6 2H 5B
H8 2H 5B
N3 2H 5B
N6 2H 5B
N9 2H 5B
Ni2 6B 0B

Table 3. The Composition of water repellent coating solutions prepared with different ammonia content when MTMS/TEOS molar ratio is 10

Sample code MTMS/TEOSmolar ratio MTMS (mole) TEOS (mole) MeOH (mole) H,0 (mole) NH,OH (mole)
N3 10 0.091 0.009 0.45 0.08 0.003
N6 10 0.091 0.009 0.45 0.08 0.006
N9 10 0.091 0.009 0.45 0.08 0.009
Ni12 10 0.091 0.009 0.45 0.08 0.012
N15 10 0.091 0.009 0.45 0.08 0.015

Korean Chem. Eng. Res., Vol. 56, No. 3, June, 2018
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Fig. 11. Contact angles of surfaces of cold-rolled steel sheets prepared with different moles of ammonia. a) 0.003, b) 0.006, c) 0.009, d) 0.012.
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o A4S Uehlo] kYol ool Wold s 7o) A
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