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Abstract: New sol—gel precursors having the ability to protect iron against corrosion were synthesized
and used to prepare organic—inorganic hybrid coatings based on epoxy. Bisphenol A epoxy was modified
with 3—isocyanatopropyltriethoxysilane to improve the compatibility, and water and HCl were used as
catalysts for sol—gel process. Various coating formulations were prepared depending on the type of
sol—gel precursors and the amount of each ingredient, and cast on iron substrates by dip—coating and
thermally cured. Corrosion protection properties of coated iron were studied by a salt spray test and
electrochemical impedance spectroscopy under 0.1 M NaCl electrolyte. Hybrid coatings containing anti—
corrosive functional group exhibited excellent corrosion protection on iron, compared to that of typical
hybrid coatings. From electrochemical impedance spectroscopy, the hybrid coatings containing anti—
corrosive functional group could maintaine the initial impedance after 500 h, while the impedance of hybrid
coatings without them started to decrease after 24 h.

Keywords: corrosion protection, organic—inorganic hybrid, sol—gel, thermal curing, electrochemical im—
pedance spectroscopy (EIS).
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Al2F 2! T 2. Hydroquinone, N—methylethanol amine, 1,1'—
carbonyldiimidazole, 4 —dimethylamino pyridine, copper (II)
chloridedihydrate, 3—triethoxy silylpropylamine, acetonitrile,
allyl bromide= ¢=gjx|AlellA] Jate] AAglo] ARgsIaitt AT
& EEIEYO|ENa ~-MMT) = ARFF oAl st on,
iron substratet= GoodfellowZ FE] 7-%]8}¢1 5x5x0.2 cm F7]
o] Zla AMgBIITh

WEAME 7Kl &-3 M7de 4. 2,5-Bis(V—2-hy—
droxyethyl— N—methylamino) —1,4—benzoquione (1 g, 3.93
mmol) ¥} 1,1'—carbonyl diimidazole (CDI, 1.53 g, 9.44 mmol) &
dichloromethane®l 238} 4— (dimethylamino) pyridines 37}
3 & 2ol A] 2A17F wNksISITE Wk 809l dichloromethane s
Adstelx] AASE $ WF3lelA ehds] Axste] H M IAE
Atk B& A 1A(2 g, 4.69 mmol) 2} 3— (triethoxysilyl) pro—
pylamine (8.31 g, 37.54 mmol)-& acetonitrile®] £3l5}] -2
A1 16A17F antet & Ziqtetell ] GullE A7 U flash chroma—
tograpy & lo] ¥ A2l AIE AUk

"H NMR (300 MHz) & 0.62(t, 4H), 1.22(t, 18 H), 1.64 (m, 4
H), 3.04(s, 6 H), 3.15(m, 4 H), 3.80(q, 12 H), 3.90(m, 4 H),
4.28(m, 4 H), 5.13(m, 2 H), 5.38(s, 2 H)
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10 mL9] tetrahydrofuran®l] €35} copper (1) chloride dihy—
drate(0.16 g, 0.91 mmol) 2 #7138l th. Copper (IT) chlo—
ridedihydrate”} $F13] E3l|= WES- S =AM o7 WHajal ojuf]
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ofrta]d Whg- G thA] Fr Ao ® wighth WEES AhollA
8ARRY wxskal kS AASAEE WkS- ABE-S ethyl acetatee]l =
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wiE At} F& A2 AR 9 = Uitk

"H NMR (300 MHz) & 2.14(s, 12 H), 2.39(t, 4 H), 2.96(s, 6
H), 3.79(, 4 H), 5.24 (s, 2H)

2 A 314(0.1 g 0.324 mmol) 2 allyl bromide (0.157 g, 0.13
mmol) & tetrahydrofuran®l] §3lI8laL 60 Tl 16413+ mHksH &
SIS AASISTE Wk AWIES ethyl acetateo] 591 F- B2 o7
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H), 4.04(m, 4 H), 5.45(s, 2H), 5.64(d, 4 H), 6.14(m, 2 H)
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Figure. 1. Electrochemical cell for measuring EIS of coated
metals: 1) metal substrate (iron), 2) hybrid coating, 3) Ag/AgCl

reference electrode, 4) plexiglas cylinder, 5) platinum wire, 6)
platinum mesh, 7) working electrode.
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Scheme 1. Synthesis of sol—gel precursor containing anticorro—
sion functional group.
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Figure 2. FTIR spectra of silane compound and modified epoxy.
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Table 1. Formulations of Hybrid Coating Materials Slo|HE|E TEIL| LEAIM, A|FFE FE A& Rage I
Sample Moddified epoxy Sol—gel precursor Z317] 21819 iron substratesell HFH3RL 80 CollA] 1AL 160 €
code (oho) (phr) o 124K Asfeiol), TR B GRRTAIRE S181e] salt

1 100 TEOS(0) ; o] Al A s

2 100 TEOS(®)+anti—corrosive precursor (AQ) (5) spray chamber®] Bl ARl ufe} 2j0] 2= Jies e

3 100 TEOS(8) +anti—corrosive precursor (AQ) (10) St} Figure 304 2= vlel o] T4 d3A2 T4 AR

4 100 TEOS (8) +anti—corrosive precursor (AQ) (15) TEOSHURS: ARE3F 79 2447 A3} T AZ o] 7pgale) e 2]

5 100 TEOS(8) + organically modified MMT (3) 3 010 ALO. e 1A) A

6 100 TEOS(8)+ organically modified MMT(6) °l Ao} 24041710) HS W B B Frel Fe] AnS

7 100 TEOS(8) + organically modified MMT (9) e = Sl whd, TEOSSF W2 E—4 A5 A1E FAlel A
*parts per hundred. L3I8E 745 500217t AHISE wele 7P ARRE Alslskar

(a) TEOS only(sample 1) (b) TEOS +anticorrosive precursor(sample 4)  (c) TEOS+organically modified montmorillonite(sample 6)
Figure 3. Salt spray test results of hybrid coatings.
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Figure 4. Bode plots of hybrid coatings: without anticorrosion precursor (a), (b); with anticorrosion precursor (c), (d).
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