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ABSTRACT

environmental damage in various industries. Extensive research has been

conductedtodevelop efficientand cost-effective solutions to prevent corrosion
while adhering to environmental regulations. Recently, waterborne polyurethanes,
prepared by dispersing polyurethanes in water through various methods, have been
increasingly used for coating various surfaces due to their advantages such as low
emission of volatile organic compounds (VOCs), environmental compatibility, low
viscosity, rapid coating capability, and low production cost. Waterborne polyurethane
coatings are considered suitable for anti-corrosion applications due to their mechanical
strength, flexibility, high abrasion resistance, and the ability to design structures and
incorporate various nanoparticles. Recent research has shown that graphene-based
nanostructures, such as graphene, graphene oxide (GO), and reduced graphene oxide

Metal corrosion poses a global threat, causing significant economical and

(rGO), are used as corrosion-inhibiting nanostructures in the formulation of anti-
corrosion coatings due to their high surface area and resistance to oxygen, water, and

corrosion, corrosive agents. Incorporating these nanostructures into waterborne polyurethanes

coating, has enhanced the anti-corrosion properties of the resulting coatings. However, the

application of these nanostructures in waterborne polyurethane matrices faces
limitations such as non-uniform dispersion, low stability of aqueous dispersions,
graphene-based and the formation of agglomerates. This review paper elucidates the phenomenon
of corrosion and various anti-corrosion testing methods, introducing waterborne
polyurethanes and graphene-based nanostructures. Subsequently, it reviews related
articles on the preparation of waterborne polyurethane coatings containing different
graphene-based nanostructures and their anti-corrosion performance. Additionally,
recent advancements in the development of waterborne polyurethane/graphene-based
nanostructure anti-corrosion coatings with specific structural features, such as self-
healing and ultraviolet curing capabilities, are examined. Furthermore, multi-functional
anti-corrosion coatings with properties like anti-fouling, superhydrophobicity, and
antibacterial characteristics for specific applications are described.
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application

(*)To whom correspondence should be addressed.
E-mail: a.mohammadi@sci.ui.ac.ir

Please cite this article using:
Mohammadi A., Doctorsafac A.H., Ghodsich M.R., Waterborne Polyurethanes Enriched with Graphene-Based Nanostructures:
Fabrication, Properties, and Exploring Their Anti-Corrosion Performance, /ran. J. Polym. Sci. Technol. (Persian), 37, 199-223,2024.



: 380,8 sla LA Le g0 b sudi & abiaT sLagl, g b

“w W

SHH RS yslas oy g ol 9 (il
4.:...».—\3 u)Mc&WﬁJWﬁA‘ c*é.lpu u,uL..G

MYEFVTFEN 2 0S el 5 T e 05,5 ¢ ot 0dSCiSs (Olgion] oKl Olgion

\f"‘/\ '/YY U:‘J'-’-"b— A\‘W"/T/\V @L_{)}

2 5 Obld Jamacin) 5 olall oISk slasl cons Slga uag Olsiew ol (So)5a
oS sla 610 Borotsies e llS sladasly i 53 5 sliiods (slos yin (slaia 53y sl sk
S abol gl J )l sad alad) s oy ol e 4 4o 85 ad (S35 )
SR & saad (las 535 o e g oo 4agS T 5 0SB S slag o, b gy B s sk (2815 ) S slao3ls
38 5 g0 e (A 53 ablB 6S (55501 S e Hlaime b (ISl 5 58 (T sladda n b
Lok lagid sy 9 s oo sl CaliA ¢ ohais A3 gy 53 sloanl}E s sl @S Wil g3
OISl 53 5 0l (pules coolie 5 (5 pipcillans) (Sl alasinl ylas oila S5 Jalots b
LA 5 g 59 celie goaly s sile Glsieds Aliae 3 B0 GasHdl 5 obale b
522l 318 1S aile (818 (sla Al 50 adl (slagia o3y (b aiiua m e (So)sans
(O 53enS) 3585 5ol 50 58 9l caeglie 5 ulad o aiile e S35 Jalots 3L RAlS aaus) 31 S
Soosaas sl g cdli 5o (Sujsa sai il sla,Balu 5l o sieds i oa Jolge 5 ol
NV E PV 1._:\_’»91 GQQUJJ:,QJ:: o3 LaBal b ol 5 soldi) wilsadd sulii
oo LAl 6 ol 5 soliin) (slacus sans 5l .ol sad 50 sadidags slajind gy (Su,saas
3l Sy oS ol 5 5 2R SKL (ES1s 4 ol whol gl slagw il
0 e slie (slag sobT Calina (gla ss, 5 (Sossa sway cllio Cpl o oS s lal lada 4K J<as
o i oo e (81 S slasliali 50 5 bl SLagl s b a5 83 pa s 53 (Ss3 ol
1S slalale 6 (g Lol (S, sl (slaghad 5 43 b o 5o SYEs calol a (pigod
cali so pdl slacd st (Gl 5 0¥ sdiee Hose LT (Sussies o Slac 5 oglite
8325 sobAL sladiad i b (Ko, sams 818 slas il pli-al OT S6, s b slagi s
oo sbienin () sdad (SLagiud g b sudi o oo GBI 3 555 b iy 5 (e 50 53 bS5l
5 g oo g 85 GalA (5180 50lS (5150 s (b Sbas 5 (533 STl ¢ (K38 Sasanis Galsa b

)&{L_ﬁ sQu&A J_,L.«.A ®
a.mohammadi(@sci.ui.ac.ir




e 3 Shos () 339 QOI9A siluss 81T (Gl YUA Lwgili s 0. 3ubs it AslysT Slau 9K

" Water B 0.

Fe*+20H- Fe(OH),

0,+H,0 +4¢ — 40H" Fe2+
/ \‘
Fe,0;.x H,O

Fe —— Fe?+2e

Anodic+ Cathodic
site

site

Iron substrate

Sl Sane asl ol IS e ) IS

Fig.1. General view of metal corrosion process.
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Fig. 2. Different types of corrosion tests.
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Fig. 4. Some of the most widely used waterborne polyurethane

coatings in the anti-corrosion process.
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Table 1. The most widely used nanoparticles used in anticorrosion WPUs.

Nanoparticles Major features Ref.
Titanate nanotubes (TNTS) TNTs were modified with yTamlnopropyltrléthoxys1lanf3 (KH550) to obtain KTNTs [41]
with good dispersion properties
Ce* functionalised HNTs were grafted by 3-aminopropyltriecthoxysilane (APTES) to enhance Ce** [42]
halloysite nanotubes (HNTs) loading
TiC.T MXenes Dopamine-grafted Ti,C,Tx MXene shée.ts. to enhance the dispersibility and [43]
3720 x compatibility
Na.MoO Anti-corrosion and initial corrosion-warning composite coating (MAO/Na,MoO,/ [44]
2 4 8-HQ/PP/WPU)
. Bio-based waterborne polyurethane (WPU), chemical cross-linking of (APTES)
i, ne polyurethane (W . [45]
combined with physical reinforcement of nano-SiO,
Co-MMT Tannic acid functi'ona.lli'zed (?e-MMT nano'composites, el?capsulating corrosion [46]
inhibitors in pH-responsive nanocontainers
Aluminum oxide (Al O,) nanoparticles-reinforced graphene (G), Al O./G/WPU
ALO . LY . L2 [47]
273 coatings exhibited highly enhanced wear and corrosion resistance
Nano-boron carbide (nano-B,C) The nano-B,C parciclles wer.e treated .with. polyet}.lylene glycol (PEG) or Polypropylene [48]
4 glycol (PPG), increasing chemical interactions between nano-B,C in WPU
FeO, Chemical graft graphene oxide (GO) and Fe,O,, better dispersibility in WPU [49]
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Fig. 5. An overview of the synthesis of reduced graphene

oxide and graphene oxide.
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Table 2. Modification of graphene nanostructures.

55 bl 56 ol =Y s

Graphene-based o o
PRI Surface modifying agent Role of surface modifying agent Ref.
nanostructures
Graphene Titanate based coupling agent Increasing the barrier effect [54]
Graphene AIPO, Increasing the barrier effect [74]
GO APTES Improving the dispersion quality of [72]
nanostructures
Improving the dispersion quality of
GO APTMS [75]
nanostructures
I ing the di i lity of
GO Glycidoxypropyltrimethoxysilane mproving the dispersion quality o [74]
nanostructures
I ing the di i lity of
GO Vinylbenzoic acid mproving the dispersion quality o [76]
nanostructures
GO ZnO Improving the anti-wear properties [77]
rGO Dioctylpyrophosphate Increase physical properties [75]
rGO PVP Increasing the barrier effect [78]
rGO CTAB Increasing the physical properties [79]
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Fig. 6. A view of how graphene oxide is modified and its

corrosion process.
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Fig. 7. A view of (a) a self-healing system and (b) a UV radiation curable system.
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GO Graphene oxide
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PUT Poly(urethane-tyrazole)
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PVA Poly(vinyl alcohol)
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PIH Phosphate intercalated hydrotalcite

PPU Propargyl polyurethane

PANI Polyaniline

FPUA Fluorinated acrylate polyurethane
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