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Figure 1 Deterioration of concrete pier columns and concrete cover of a marine structure under corrosive
conditions [1,2,3]
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Figure 2 Flowchart of laboratory steps in this research
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Table 1 Specifications of sand used in concrete production
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Table 2 Specifications of sand used in concrete manufacturing
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Figure 3: Sand and gravel grading used to make concrete and its compliance with the ASTM-C33 standard
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Table 3 Chemical structure of cement used
AL203 SiO2 CsS C.O

FE203 SOs MgO
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Table 4 Physical properties of the superlubricant used
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Table 5: Specifications of titanium oxide nano powder used in this research
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US Research Nanomaterials, Inc.
1302 Twig LeafLane, Houston, TX77084, USA
Phone:832-460-3661, Fax:281-492-8628
Titanium Oxide Nanopowder (Ti02, rutile, 99.9+%, 30 nm)
Stock #: US3520,CAS#: 13463-67-7, Net Weight: 25 ¢
Please Read MSDS before using this product
The MSDS 15 available at www.us-nano.com
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Figure 4 titanium oxide nano powder used in this research
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Table 6 Physical characteristics of the graphene oxide nano colloid used
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Table 7 Chemical structure of the consumed graphene oxide nanocolloid
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Figure 5 Graphene oxide nano colloid used as a liquid with a concentration of 5%.
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Table 8: Description of the experiment, type and number of samples, and standard test number used in this

study
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Table 9 Mixing plan and weight values of materials for making each cubic meter of concrete
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Table 10 Comparison of flowability of the compared mixtures
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Table 11 Compressive strength test results

§ )L Cunglio o lojl gl # S
Figure 6 Compressive strength test results
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Figure 7 Breaking of control sample of aggregate

Figure 8: Fracture of the sample containing graphene oxide nano colloid from the cement paste area and the
coarse grain remaining intact.
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Figure 9: Failure of the sample containing graphene dioxide from the cement paste area and the coarse-grained
concrete remaining intact.
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Table 12 Results of water absorption test in hardened concrete
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Figure 10 Results of water absorption test in hardened concrete
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Figure 11 Chloride ion penetration test in concrete using the RCMT method
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Table 13 Results of chloride ion penetration test in concrete using RCMT method
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Figure 14 GT-2 sample after chloride ion penetration
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Figure 17 GT-5 sample after chloride ion penetration
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Figure 18 Scanning electron image of concrete focusing on the effect of graphene oxide nanocolloid on cement
hydration reaction. Images a and b are related to the graphene microstructure
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Figure 19 Scanning electron image of concrete focusing on the effect of graphene oxide nanocolloid on the
cement hydration reaction

b 0gug I3 sl Al o mlS B oags 8 cel i o poulig auSlgo ol 5! oaLa;MIASMo‘SA Ol Ve oleds pguas

el 00 oy 50 (WS T5 auli8l g S5 Al el del olge ol 45 jgkay

SEM HV: 20.0 kV |
View field: 207 um Det: SE 50 pm
SEM MAG: 914 x  Date(midly): 0/26:24

55 mm
View field: 207 um, Det: SE 50 pm
SEM MAG: 014X Dete(m/idry): 08/26:24

Sy JUl 4ol ogme 59y 2 35205 b o (Sheg) F9AS gl Yo S
Figure 20 Scanning electron image of concrete with focus on crack transition zone improvement
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ABSTRACT

Reinforced concrete marine structures located in coastal and corrosive environments are subjected to the attack
of destructive chloride ions. In addition, sea waves and coastal storms impose significant stresses on the concrete,
resulting in corrosion, abrasion, repeated cycles of wetting and drying, and chemical reactions involving chloride
and sulfate ions. One of the main challenges for concrete structures near the shore is their high permeability to
moisture and water, which leads to issues such as deterioration and cracking throughout the concrete. In
particular, chloride and sulfate ions, which are among the primary causes of corrosion in reinforced concrete,
can easily penetrate the structure due to high permeability and cause extensive damage. Therefore, it is essential
to employ methods to minimize the permeability of concrete. In this study, with the aim of reducing concrete
permeability and improving its durability against chloride ion penetration, a combination of nanographene and
nano titanium dioxide was used in the concrete mix. The tests conducted in this study included slump,
compressive strength at different ages, water absorption in hardened concrete, and durability against chloride
ion penetration using the RCMT method. The results demonstrated that the use of the nanographene and nano
titanium dioxide combination did not significantly affect the concrete slump, but the addition of nanographene
negatively impacted the cement hydration reaction and reduced the compressive strength of the concrete.
Specifically, the addition of 1.5% nanographene decreased the 90-day compressive strength by up to 22.5%.
However, this amount of nanographene reduced the chloride ion penetration area in the concrete by up to 47%.
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