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Abstract

In this study, a synthesize hybrid nanocarrier by co-precipitation method consisting of double-layer hydroxide
(LDH) and multi-walled carbon nanotubes (MWCNT) was used as a nanocarrier containing corrosion inhibitor
in order to enhance the corrosion protection performance of applied epoxy coating on St12 substrate in 3.5 wt.%
NaCl environment. Also, by adding sodium triphosphate (TSP) nanoparticles as a corrosion inhibitor to the
synthesized hybrid nanoparticles, a smart anti-corrosion coating was made, which confirmed the correctness of
the synthesis of MgAI-LDH/OMWCNT hybrid nanoparticles and the correction of loading of the TSP inhibitor
molecule in the MgAL-LDH /OMWCNT structure by characterization tests such as XRD, Raman and FTIR and
the corrosion inhibition mechanism was carried out using EIS, polarization and FE-SEM/EDS analyses. The
polarization results showed the 20% reduction of corrosion current density. In the following, the anti-corrosion
properties of the epoxy composite coating were investigated by EIS analysis. The results showed the active
inhibition of the TSP-LDH/OMWCNT/EP coating in the scratch areas, in the other word an enhancement of R,
from 65.97 kQ.cm? for pure EP sample to 94.87 kQ.cm? for TSP-LDH/OMWCNT/EP indicated the reflection of
improvement self-healing behavior of the system. Moreover, the results of pull-off adhesion and cathodic
delamination tests demonstrated the durability of the anti-corrosion properties of the coated samples with
LDH/OMWCNT and TSP-LDH/OMWCNT nanoparticles due to better compatibility with the epoxy, which led
to a decrease in adhesion loss and a 36% decline in the diameter of cathodic delamination to 36% and so it
indicated the improvement in the corrosion resistance of epoxy coating.

Keywords: LDH/O-MWCNT hybrid nanoparticles, Corrosion inhibitor, Epoxy coating.
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Sample Time Rs Ret Rf Rt IE

(h) (Q.cm?) (kQ.cm?) n Yo(uQ?t  (Q.cm?) (kQ.cm?) (%)
.cm2.s")
n Yo (uQt
.cm2.s")

1 10.44 2.406 0.77 206.3 - - - - -

3 8.58 2.125 0.81 732 - - - - -

Blank 5 7.74 2.552 0.78 644 - - - - -

24 8.37 1.356 0.73 1144 - - - - -

48 7.93 1.925 0.85 197.5 51094  0.74 819 2.43 -

72 8.24 1.786 0.77 100.23 190.8 0.87 374 1.97 -

1 12.73 1.207 0.83 37.77 - - - - -

3 21.96 2.856 0.79 38.43 - - - - -

LDH/ 5 19.83 2.592 0.80 371.9 - - - - -

0.1% O-MWCN 24 9.21 2.057 0.74 612 - - - - -

48 14.32 1.728 0.35 626 278.3 0.54 337 1.59 -

72 22.38 2.269 0.54 387 216.9 0.64 189 2.5 -
1 8.75 2.460 0.76 209 - - - - 2.19
3 19.02 4.693 0.77 254 - - - - 54.7
TP-LDH/ 5 21.47 4.862 0.79 235 - - - - 475
0.1% O-MWCN 24 10.21 4.844 0.86 640 - - - 75.0
48 14.76 4.081 0.65 389 650.7 0.88 495 471 52.8
72 18.39 2.669 0.75 851 569.7 0.90 671 3.34 33.1

YE 51w Jologil g 9 b /0 7 Wi NaCl Jelomo 58 j94bgé (50Y 99 Uilmao (519 Ogaw! 3350 Syl = ¥ Jous

894k gs Cslw
Sample Ecorr (V VS. SCE) icorr (pAlcmZ) -Be(V/dec)
Blank -0.78 4.76 0.11
LDH/OMWCNT -0.81 4.13 0.11

TSP-LDH/OMWCNT -0.79 3.85 0.12
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P time (day)  equivalent circuit  (nQt.cm? n (nF.cm?) c mz). uQt.em2 n (nF.cm?) (MQ.cm?)
s") s
2 0.43 0.90 2.58 11897.8 - - - -
Rs(RctQur)
Ep 7 0.63 0.91 1.72 377.9 - - - -
21 0.79 0.92 1.40 58.5 0.90 0.79 0.87 1.77
42 RiQe(Re(ReQu))) 992 095  0.99 0.9 087 080 070 0.21
2 0.31 0.91 2.28 13332.8 - - - -
O- 7 Rs(RctQar) 0.49 0.95 1.28 228.9 - - - -
MWCN 21 0.66 0.92 1.50 163.8 - - - -
TQ@EP
@ 42 Rs(Qc(Re(RctQu1))) 0.80 0.93 1.03 1.8 0.81 089 075 0.98
2 0.26 0.94 1.74 23398.9 - - - -
LDH/O-
MWEN 7 Rs(ReQa) 041 096 139 62348 - - - -
21 0.61 0.95 1.41 1098.7 - - - -
T@EP
42 0.74 0.95 1.24 83.7 - - - -
TSP- 2 0.14 0.93 1.99 68765.9 - - - -
LDH/O- 7 0.21 096 144  31076.9 - - - -
MWCN 21 Rs(RetQur) 0.29 096 130 1877.0 - - - -
T@EP 42 0.39 0.95 1.37 987.7 - - - -
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Sample Time Rs Ret Cal Re Ct (UF/cm?) Rt
M) (@om)  (kQom) 0 Yool (WFem)  (@om) Ty, (ol (kQ.
.cm2.s") .cm2s") cm?)

EP 1 87.35 66.63 0.80 28.44 5.95 - - - - -

3 85.98 65.47 0.78 38.69 8.20 - - - - -

5 86.98 62.47 0.78 48.69 7.76 - - - - -
24 70.76 17.42 0.63 65.42 57.85 760.9 0.79 121.09 2528.9 18.18
OMWCN 1 164.4 66.67 0.8 5.29 5.14 419.09 0.73 10.99 266.56 67.09
@EP 3 139.5 88.40 0.79 6.55 5.66 403.1 0.76 10.02 137.37 88.80
5 128.5 97.87 0.74 1.07 5.53 107.1 0.77 62.65 930.37 97.97
24 114.6 31.98 0.88 2.02 2.02 436.1 0.70 23.96 13339.9 32.42
LDH/OMWC 1 235.9 75.02 0.80 3.35 5.13 492.8 0.78 3.88 32.52 75.51
N@ EP 3 200.8 69.50 0.79 1.65 451 338.2 0.77 4.39 39.53 69.84
5 151.3 69.43 0.80 1.22 3.77 605.5 0.79 4.125 38.20 64.74
24 145.4 3441 0.80 241 4.28 320.37 0.68 7.38 299.97 34.73
TP- 1 244.7 94.15 0.78 0.84 4.50 517 0.79 3.9 29.42 94.66
LDH/OMWC 3 733.4 94.87 0.84 1.23 3.52 707.6 0.99 13 143 95.58
N @EP 5 153.1 94.66 0.87 7.79 2.77 607.7 0.80 1.93 11.42 95.26
24 128.3 33.25 0.80 111 3.53 236.8 0.67 2.58 57.11 33.49
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