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Abstract — Methyltrimethoxysilane (MTMS) and trimethylethoxysilane (TMES) as starting materials were dissolved
in various types of solvents, and hydrolysis with water and polycondensation reaction were carried out using various types
of catalysts to prepare non-fluorinated water-repellent coating solutions. The coating solutions were spin-coated on cold-rolled
steel sheets, and thermally cured to prepare water-repellent coating films. The effect of types of catalysts and solvents on the
water repellency of the resulting coating films was investigated during this process. When hydrochloric acid and nitric acid,
which are strong acids, were used as catalysts, the solutions showed a white opaque state due to the aggregation of siloxane
polymers. On the other hand, when acetic acid, phosphoric acid, and oxalic acid, which are weak acids, were used, they
were in a stable and transparent state without precipitation. As a result, the contact angles of the coated films, prepared from
hydrochloric acid and nitric acid, were 58° and 92°, respectively, showing low water repellency. On the other hand, when
acetic acid, phosphoric acid, and oxalic acid were used, the contact angles of the coated films were 101°, 103° and 116°, respectively,
showing high water repellency. In addition, when isopropanol and ethanol were used as solvents, phase separation occurred in the
solutions due to the aggregation of siloxane polymers. On the other hand, when methanol, ethyl acetate, and methyl
ethyl ketone were used as solvents, the solutions were transparent and showed a stable state without sedimentation.

Key words: Methyltrimethoxysilane, Trimethylethoxysilane, Non-florinated, Water repellency, Coating films, Catalysts,
Solvents, Cold-rolled steel sheets
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0] 232 27 257 8-(3-C;H,0H, 99%, Sigma-Aldrich), Sl € o}AE|o]
E(CH,;CO0C,Hs, 99%, Sigma-Aldrich) X = & #|=(C,H,COCH,,
99%, Sigma-AldrichyS AH&-3ISITH AR AloFE2 A W ok
A 7 §lo] & ARSIt

¥4 EUEE0l MTMSE thepet 7.9 ulel §31417)
e 3027 Ee] NS Az 1 F AWB B
3} S0l MTMS §2jo] 7Het 7] Lol 343k Fet kst

’ MTMS+Solvents ‘

l

‘ Stirring for 30 min at RT ‘

H,O+Catalysts

TMES

‘ Stirring for 3 hr at RT ‘

i

| Stirring for 24 hr at RT ‘

l

‘ Hydrophobic coating solutions ‘

|

‘ Spin-coating at 1,000 rpm ‘

l

‘ Thermal curing for 2 hr at 180°C ‘

|

‘ Hydrophobic coating films ‘

Fig. 1. Preparation method of water-repellent coating films.
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Fig. 2. Synthesis reaction equations of hydrophobic siloxane polymer.
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Fig. 3. Photographs of water-repellent coating solutions prepared
with different catalysts in Table 1.
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Table 1. The composition of water-repellent coating solutions prepared with different catalysts

Sample code Type of catalysts MTMS (mole) TMES (mole) H,0 (mole) MEK (mole) Catalysts (mole)
Cl Hydrochloric acid
C2 Nitric acid
C3 Acetic acid 0.002 0.047 0.01 0.06 0.00004
C4 Phosphoric acid
C5 Oxalic acid
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Fig. 4. Dispersion stability of the water-repellent coating solutions prepared with different catalysts in Table 1.
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Fig. 5. Surface images of the cold-rolled steel sheets prepared with
different catalysts in Table 1.
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Fig. 7. FT-IR spectra of water-repellent coating solutions prepared
with different catalysts in Table 1.
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Fig. 6. Contact angles of surfaces of cold-rolled steel sheets prepared with different catalysts in Table 1.
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Table 2. The composition of water-repellent coating solutions prepared with different solvents

Sample code Type of solvents MTMS (mole)  TMES (mole) H,O (mole) Solvents (mole) Phosphoric acid (mole)
S1 Isopropanol
S2 Ethanol
S3 Methanol 0.002 0.01 0.06 0.00004
S4 Ethyl acetate
S5 Methyl ethyl ketone

Table 3. Pencil hardness and adhesion of coating films prepared with
different catalysts in Table 1

Sample code Pencil hardness Adhesion
C1 5B 0B
C2 5B 0B
C3 3H 5B
C4 3H 5B
C5 3H 5B
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AAEE Bol] HEo® Ak e
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Fig. 8. Photographs of water repellent coating solutions prepared
with different solvents in Table 2.
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Fig. 9. Dispersion stability of the water-repellent coating solution prepared with different solvents in Table 2.
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Fig. 10. Surface images of the cold-rolled steel sheets prepared with
different solvents in Table 2.
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Fig. 11. Contact angles of surfaces of cold-rolled steel sheets prepared with different solvents in Table 2.
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Fig. 12. FT-IR spectra of water-repellent coating solutions prepared
with different solvents in Table 2.

Table 4. Pencil hardness and adhesion of coating films prepared with
different solvents in Table 2

Sample code Pencil hardness Adhesion
S1 3B 0B
S2 3B 0B
S3 3H 5B
S4 3H 5B
S5 3H 5B
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