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ABSTRACT

poses significant economic, environmental, and engineering challenges
across various industries. Polyurethane coatings, renowned for their excellent
adhesion to metal surfaces, mechanical strength, and chemical resistance, have
emerged as a cost-effective and efficient solution to mitigate corrosion. Recent research
has focused on advancing these coatings to eliminate volatile organic compounds
(VOC:s), incorporate natural materials, and enhance their corrosion resistance through
the integration of nanoparticles.

Methods: In this study, waterborne polyurethanes (WPUs) were initially synthesized
using renewable and biocompatible castor oil as a polyol. To enhance the corrosion
resistance of the prepared coatings, two waterborne samples containing pristine
graphene oxide (GO) nanoparticles and graphene oxide (GO) nanoparticles modified
with p-fert-butylcalix[4]arene (BC4A) were prepared via in-situ polymerization. The
structural properties of the nanocomposites were characterized using ATR-FTIR,
XRD, contact angle measurements, SEM and TGA. Subsequently, the corrosion

resistance of these coatings was investigated using EIS and PDS techniques.
castor oil, Findings: DLS analysis confirmed the stability of the dispersions. SEM images
revealed that C4A-GO nanosheets exhibited superior dispersion within the polymer
matrix compared to unmodified GO nanosheets. To assess the corrosion resistance
in situ synthesis, of the coatings, EIS and PDS tests were conducted. The corrosion current density
anti-corrosion coating (icorr) and charge transfer resistance (Rct) values for the WPU/C,A-GO sample were
8 x 10 A/em? and 629610 Q.cm?, respectively, indicating its potential as a corrosion-
inhibiting filler. Overall, the in-situ synthesis of polyurethane with nanoparticles
significantly enhanced the corrosion resistance of the coatings. This improvement is
attributed to the incorporation of nanoparticles into the polymer matrix, the formation
of cross-links within the polyurethane structure, and increased surface hydrophobicity.

l lypothesis: Metal corrosion, an inevitable and detrimental phenomenon,

waterborne polyurethanes,

graphene oxide,
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Table 1. Code designation and formulation of the prepared

dispersions.
Sample Nanosheets Molar ratio*
WPU - 1:1:5:1.5:0.5:0.5
WPU/GO GO 1:1:5:1.5:0.5:0.5
WPU/CGO C4A-GO 1:1:5:1.5:0.5:0.5

*CO:PTMO:IPDI:DMPA:BDO:HMDA
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Fig. 2 (a) Stability of aqueous dispersions after 6 months, (b) FTIR spectra of WPU, WPU/GO, and WPU/C4A-GO films, (¢c) XRD
diffraction patterns of WPU, WPU/GO, and WPU/C4A-GO films, and (d) contact angle of WPU, WPU/GO, and WPU/C4A-GO

films.
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Table 2. Some properties of WPU and WPU/GOs nanocomposites.

Samples Particle size (nm) Zeta potential (mv) pH Storage stability *
WPU 79.5 -71 7.30 Stable
WPU/GO 152.4 -55 5.50 Stable
WPU/C4A-GO 81.5 -63 7.00 Stable

 Storage stability during six months storage at room temperature.
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Fig. 3. SEM images of: (a), (b) WPU/GO films and (c), (d)
WPU/C4A-GO films.
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Table 3. TGA and DTG test results of WPU and nano-

composites.
Samples T10% T50% | Tmax,1 | Tmax,2
) ) O )
WPU 293 361 342 385
WPU/GO 285 362 344 393
WPU/C4A-GO 287 359 343 391
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Fig. 4. Thermograms curves of WPU, WPU/GO, and WPU/C4A-GO films: (a) TGA and (b) DTG.
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Fig. 5. (a) Tafel plots, (b) Nyquist plots, (¢) Bode modulus plots, and (d) Bode phase plots of bare and coated mild steels in 3.5

wt% NaCl solution.
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Table 4. Data from potentiodynamic polarization.

Samples I (Acm?) E (V) IE (%)
Mild steel 5.43E-6 -0.606 -
WPU 2.76E-6 -0.529 49.1
WPU/GO 4.09E-7 -0.561 92.4
WPU/C4A-GO 8.0E-9 -0.04 99.97

V&Y Sidal—poig F 0 losd i 9w Jw rordy $J9I9iss 9 pole (sole Alxo

corr

S das e 0L | TEL Jluds o 2 WPU/C4A-GO id s

PSS L alie 53 Cod SSuu ol oy e sdasolis
il AST 318 Glaamino 56 (GO) szl A
Usea o 55 6555 3,Slas (C4A-GO) 0,1¥] SIS L
530y slacd s 5 55,5 51 C4A-GOLL s Sy 5 sl
A3 il LIS 4t 53 5 S on (6 S S Sl
OLLE ssba 1) oV sk (5, slidlesl la iy (S5,5%
Sy S sy @ Ol L dsp onl dase R e s
Gamin b SuS1, 5 5l & sl s OLF] SIS
i bt a3 5 s e Sl 1, WPU L 5l s GO
Sadlasl s WPU s 5le o5l en 31008 o slomsl 5 50Kt
5 St o) ol LCAA-GO a5l 5 iy oo

ol o 0ls LIS ¥ J s s @L:J ool d

Stin 53 i St el 4 cle SuSly
S o KoS WPU/CAA-GO 5 5.8 5L
0 1 Lo Ol (BIS) slarsis xS il ik
g 550 513 505 [0 ] ol s S35 05 iy 5 sl
VIO, I 53 5 Cds Sdews &S badsed L 3B 5 L Jsde
sl o3ls OLiS () 5 (b) (o) 0 K& s las 1,5 NaCl
5 R P e Y 5 X e (L 5L e 53
Lols 4y v ol 3l el e das o 0L T, il e gase
Ol gad o Cns) 5L Aol Sl (6, So3lil ol Lgy o ol
L3 ladalay 53l o aslsl oS Sladaliy U 5 555 o0 g9 ,5
Ll ol io paspge om 53 55 5 S i 5 il
P il ik o U o atn e (S sladales o
355 Jaw gte ladslas o3 dome 3 Guildel (2 55 o8 5,8 s
453 8 )13 god 3l Slahs 5 & i SGU oin s 5115 0 S15 05
Y X e 53 81 e 5 iel 0 0LES s 5 3 3 5



e SpST 03315 Sl Ax09IL § K3 5 1yE9) SIS (L rgah AslisT 53593 346 slo yiudigs

stlrosts S il il O g3 s -0 I

Table 5. Results from Electrochemical Impedance Spectroscopy Testing.

Samples R_(Qcm?) R (Qcm?) R, (Qcm?) Q, (Fem?) Q. (Fem?)
Mild steel 171.8 - 4975 - 17.32E-5
WPU 773.2 528148 6287 2.542E-6 2.83E-9
WPU/GO 1903.0 4091 85904 1.991E-6 40.74E-6
WPU/C4A-GO 9584.0 9.256E6 629610 75.51E-12 0.133E-9
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Fig. 6. Proposed circuit model for (a) steel and (b) coated mild steels, (c) effect of immersion time on impedance (log Z) at a

frequency of 0.1 Hz, (d) adhesion strength of the coatings applied on the surface of mild steel.
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Table 6. Key results of the present study with some of the most important recent works in the field.

. Corrosion current Inhibition
Research Type of additive density, I (Alen?) efficiency, IE (%) Ref.
Graphene oxide (GO) modified with
In this study p-tert-butylcalix[4]arene (BC4A) in 8.0x10°° 99.97 -
castor oil (in situ)
Graphene oxide (GO) modified with
WPU/CGO p-tert-butylcalix[4]arene (BC4A) 3.16 x107° 99.8 [7]
(ex situ)
WPU-—g-BTA-C WPU-graft-BTA—C (benzotriazole) 2.0x1078 99.972 [51]
Graphene oxide modified with
GO-EDA/WPU ethylenediamine (GO-EDA) at a 3.70x107° 99.60 [52]
concentration of 0.01 wt%
GO/WPU GO (0.2 wt%) 1.74x10°® 95.6 (53]
Zinc Phosphate/WPU Zinc Phosphate 1.2x10-7 97-99 [54]
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