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Research subject: In this research we studied the anti-corrosion
properties of epoxy coating containing anti-corrosion pigment zinc
phosphate with hydrophobic nano silica with different percentage also
for determine the optimal conditions for preparation of nanocompos-
ite Taguchi experimental design method was used.

Research approach: Anti-corrosion properties of epoxy coating un-
der the influence of very important factors such as the percentage of
nano silica, anticorrosive pigment and pigment to resin ratio according
to model L9 taguchi method was studied and analyzed. Anti-corrosion
properties of epoxy coatings were studied by electrochemical imped-
ance spectroscopy test (EIS) in 3/5% NacCl aqueous solution and salt
fog test (salt spray). To investigate the distribution of nano silica par-
ticles in epoxy resin were analyzed by transmion electron microscope
(TEM) and scanning electron microscope (SEM). The results show that
using from zinc phosphate and nano-silica was able to improve the
corrosion resistances.

Main results: Results shows that addition of zinc phosphate and nano
silica to epoxy resin caused a decrease in number of blisters and corro-
sion products after exposure to corrosion test based on the results in
Nyquist and Bode plots, also the similarity in results was observed for
the epoxy coating loaded according to the optimum conditions with
8% zinc phosphate, 3% nano silica and pigment to resin ratio of one
according to salt spary. The significance levels of the experimental pa-
rameters, which indicate how the factors affect the compressive addi-
tion of zinc phosphate and nano silica to epoxy resin, were determined
by using variance (Anova) method.
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Table 1 Specification of materials used in this research

Material Specification
Solvent ot Epoxy Group We];gtlllti\(/)zflEeE? v
X75- -EPIKOTE (m/m %) (mmol/kg) q
Resin 1001 (8/eq)
Xylene 76-74 2220-2000 500-450
Density Average Particle H .
Zinc Phosphate (g/cm3) Size () 3
ZP 10
3.3 3.5-2 8-6 -
Carb((‘)/\r,ltco(/)r)uent Nano content AveragS?ZIZartlcle o7
AEROSILR 805 2
6.5-4.5 >99.8 12 nm 5.5-3.5
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Table 2 Factors and levels intended for testing

No. Factor Symbol Level 1 Level 2 Level 3
Anti Corrosion Pigment % A 12 10 8
Nano Silica % B 3 2 1
Pigment to Resin © 2 1.5 1
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Table 3 Design of experiments by Taguchi method

Pigment to Resin | %Nano Sillica | %Anti Corrosion Pigment | Experiment No.
2 3 12 1
1.5 2 12 2
1 1 12 3
1.5 3 10 4
1 2 10 5
2 1 10 6
1 3 8 7
2 2 8 8
1.5 1 8 9
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Figure 2a SEM-EDX of Samples No. 7 (3% n-Si0,)

5
L1 =33.56 nm

T

L4 = 30.30 nm
¢

L2=22.61 nm ._
k »
' L3 = 36.92 nm
SEM HV: 15.0kV WD: 9.00mm ||| | I;
fiew field: 1.54 u Det: InBeam SE 200 nm
Sdsgib o0 ¥ (g5l A o,)les 450 SEM EDX © ¥ S
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Figure 6 Equivalent electrical circuits used to obtain the electrochemical parameters from EIS
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Table 4 C_and C values of the samples exposed to 3.5 wt. % NaCl solution after 7 and 35 days

immersion
Experiment No. C, (x10%) (uF.cm™?) C, (x10%) (uF.cm?)
Day 7 Day 35 Day 7 Day 35

Zi“cszl:r‘l’;&hate 0.65 0.96 0.32 1735
1 0.89 1.32 0.66 18
2 0.98 1.45 0.78 21.42
3 0.8 1.59 0.85 18
4 0.69 0.93 0.73 12.58
5 0.56 0.85 0.52 5.52
6 0.7 1.09 0.58 14.52
7 0.3 0.39 0.8 1.05
8 0.35 0.82 0.72 3.12
9 0.48 0.98 0.69 8.89
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Table 5 ANOVA Analysis of Coating capacitance

Factor Degrees of Sum of Variance | F-Value | Pure Sum of | P-Value
Freedom Squares
Anti Corrosion 2 329.493 164.746 | 88611 | 325775 | 78.466
Pigment %
Nano Sillica % 2 56.747 28.373 15.261 53.029 12.772
Pigment to 2 25.215 12,607 | 6.781 21.496 5.177
Resin
Error 2 3.717 1.858 -- -- 3.585
Sum 8 415.174 -- -- -- 100 %
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Table 6 The values of Rct and Rc obtained from the impedance data after 7 and 35 days immersion to
3.5 wt. % NaCl solution

R (Q cm?) R, (2 cm?)
Experiment No.
Day 7 Day 35 Day 7 Day 35
Zi“%':;’;ﬂ"”" 105x8.80 | 104x9.49 | 104x3.98 | 103x8.98
1 105%7.39 104x8.69 104x1.34 102x3.26
2 105x5.95 104x6.46 104x0.95 102x11.31
3 104x4.92 103x8.34 104x0.67 102x2.28
4 105x14.05 104x7.96 104x3.25 102x6.98
5 106x8.34 105x9.03 105%7.77 104x9.35
6 106x3.88 105%2.06 104x4.08 102x5.87
7 107x2.06 106x7.78 107x2.89 106x1.65
8 106x8.86 105x7.05 105%8.86 104x6.33
9 106x7.09 105%3.08 104x5.58 103x6.82
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Table 7 ANOVA Analysis of values of Rct and Rc obtained from the impedance data

Factor Degrees of Sum of Variance F-Value Pure Sum P-Value
Freedom Squares of
Anti Corrosion 2 0.821 0.41 29.26 0.793 73.868
Pigment %
Nano Sillica % 2 0.173 0.089 6.185 0.145 13.553
Pigment to 2 0.05 0.025 1.812 0.022 4123
Resin
Error 2 0.027 0.013 -- -- 10.456
Sum 8 1.073 -- -- -- 100 %

JeS g 02 sl (9 dloml Gl 9 lgs °"\—3)§>.
o 55 Jolse 3583 & 5 alS azge (Sl ity
S, jg—ar 3l aes o Ll 4 Jgom moll
Ao, Hlate Ly 50 50 4 eSS, s (Jeuo
69y el o 538 ST FAIY LY (P) oS i
o0 )‘Aj).ula J_ALC =099 9 Sl ‘550)95 MsLﬂ.ﬁ
5 Sl VO/IOOY (P) 5 ) lie as )0 Llaie L KLwgil
g VY8 (P) &8 jlis oo Jlaie b L ole
O A A0S ) S yaiman (el IS 3T ke
S ye—a el 3G o 5 oS S AYVA L
S 0yas alaSs ) dio e Jude e 0y, e LAl 0l

Ab ool I8 Sesa s o ws jo Lo atgel 5q, )¢
ol 00 a8l I A Jgos 5o odwlc s 4 s
Y ame slzul 3 g o Jols ¥ i 5 olae

o)led slo assed lm Lo 3,5 (05 50 (599>
Gl g celw V0. 5l iyl ccidS 5l o Y LY
ij@:ﬁjlﬁﬂgf‘a o)l sloaigad
asgad gl il dgpie MolS celw YO 5l iy
SB35 Sl ey 59, Sland gl assai s A Y sls
Voojlas asgad aid odnl i ol Jols celw YO
=S99 OYsame g Lo Jol slass 0 5 oS sllo
o 08 y95 Jalge a5 Cul at i nl maw o
A 03, 3y ks 5l - gy S e b 4y il
de)gggzhﬂuwduxmb_élfgigﬁw
J—ad 5o Sy )3 (5995 slaed gl b 09t iy
A omhe 45 Wigh (oo JSad S LS - p by S e

Db (oo Gmip) e (50,07

dslse =l 5o 58 s (g5, 0 LaBlore aY (LSS

S e el @ES A Jsor
Table 8 Results of salt spray test

Experiment No.

Salt spray (h)

Zinc Phosphate Sample
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Figure 7 Digital photographs of the samples containing different mixtures in salt spray cabin
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Table 9 ANOVA Analysis of salt spray test

Factor Degrees of Sum of Variance F-Value Pure Sum P-Value
Freedom Squares of
Anti Corrosion 2 52080906 | 26040.453 | 11352 | 47493.403 | 68.202
Pigment %
Nano Sillica % 2 9827574 | 4913.787 2.142 5240.071 | 15.554
HE D 2 3139357 | 1569.785 1.844 3053282 | 3.185
Resin
Error 2 4587.502 | 2293.751 - - 13.06
Sum 8 82275.555 - - - 100 %
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