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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
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are among the primary causes of corrosion in reinforced concrete, can easily penetrate the structure due to  Keywords:
high permealbglty and cause exten_swe damage. Ther.efore, itis e.:ssennal to employ m_et-hods tq mlmm.lze Chloride Ton Penetration
the permeability of concrete. In this study, with the aim of reducing concrete permeability and improving RCMT Method
its durability against chloride ion penetration, a combination of nanographene and nano titanium dioxide
Nanographene

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

Nano Titanium Dioxide

Marine Structures

by up to 47%.

1- Introduction

Marine concrete structures such as docks, breakwaters,
and infrastructures related to the oil and gas industry are of
great importance for coastal regions, especially in southern
Iran. These structures, due to constant exposure to seawater,
aggressive ions like chloride and sulfate, high humidity, and
temperature fluctuations, are highly susceptible to corrosion,
reduced durability, and substantial maintenance costs. In
recent years, the use of nanotechnology and the incorporation
of various nanoparticles have emerged as advanced solutions
for improving the properties of concrete and enhancing its
resistance to environmental threats. This research evaluates
the effectiveness of graphene oxide nanocolloid and nano
titanium dioxide in increasing the durability and reducing the
permeability of marine concrete.

2- Methodology

In this study, local sand and gravel, type II cement,
and a superplasticizer were employed to produce concrete
samples. High-purity (above 99%) nano titanium dioxide
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with nanometric dimensions and single-layer graphene
oxide nanocolloid with a 70% concentration were used.
To ensure uniform distribution of nanoparticles within the
concrete mixture, these materials were first mixed with the
superplasticizer and then added to the fresh concrete to secure
homogeneous dispersion. To assess the performance of
concrete containing nano-materials, six different mix designs
were developed, and a total of 66 laboratory samples were
prepared. The main experiments included slump (workability
of fresh concrete), compressive strength at 7, 28, and 90
days, water absorption, and chloride ion penetration. In the
various mixes, nano titanium dioxide was used at 0.4% by
cement weight, and graphene oxide nanocolloid was tested at
dosages from 0.25% to 1.5% by water weight.

Laboratory results indicated that although the use of
graphene oxide nanocolloid led to a relative decrease
in compressive strength, it significantly reduced water
absorption and chloride ion permeability of concrete.
Maximum reduction in permeability and absorption occurred
at the highest dosage of nanocolloid; however, increasing
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Table 1. Mixing plan and weight values of materials for making each cubic meter of concrete

Nano colloid Nano

Graphene TiOs Water  Superplasticizer Sand Gravel Cement Name
kg/m? kg/m? kg/m? kg/m? kg/m? kg/m? kg/m?

0 2 160 4 1200 600 400 G-T-C

0.4 2 160 4 1200 600 400 G-T-1

0.8 2 160 4 1200 600 400 G-T-2

1.2 2 160 4 1200 600 400 G-T-3

1.6 2 160 4 1200 600 400 G-T-4

24 2 160 4 1200 600 400 G-T-5

beyond this did not further improve performance and, in fact,
resulted in a more pronounced drop in compressive strength.
The reduction in strength was attributed to interference with
cement hydration reactions and a decrease in the formation of
essential cementitious phases. The simultaneous use of nano
titanium dioxide and graphene oxide nanocolloid also had a
remarkable positive effect on improving the watertightness
and durability of the resulting concrete, so that their combined
application led to substantial improvements compared to
ordinary concrete.

Overall, the findings showed that the controlled and
targeted use of graphene oxide nanocolloid and nano titanium
dioxide can considerably decrease permeability, water
absorption, and the passage of harmful ions such as chloride
in marine concretes, thereby increasing the durability and
lifespan of these structures. However, excessive use of
graphene oxide nanocolloid leads to a notable reduction in
compressive strength, and it is crucial that the quantities
of these nano-materials be optimized and kept balanced in
concrete design.

3- Results and Discussion

In this study, the results of concrete testing using nano
titanium dioxide and graphene oxide nanocolloid were
investigated. The findings showed that as the amount of
liquid graphene oxide nanocolloid in the concrete increases,
the compressive strength decreases. This is due to the fact
that graphene oxide nanocolloid hinders the formation of
calcium and ettringite in the cement within concrete, thereby
interfering with the cement hydration reaction. In contrast,
previous studies using solid graphene nanoparticles in
powder form demonstrated increases in both compressive
and flexural strength. It appears that the graphene used in this
research, due to its higher photocatalytic activity compared
to cementitious materials and the increased -electrical
conductivity from the presence of graphene sheets, generates
semiconductor electrons in the material, which inhibits the
cement hydration reaction. Moreover, apart from the form
in which graphene oxide nanocolloid is used, it seems that
the type of material based on the manufacturer can also be a
determining factor in the results.

On the other hand, the graphene oxide nanocolloid used
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in this study has effectively prevented the penetration of
harmful chloride ions into the concrete and also significantly
reduced the water absorption of the concrete. Thanks to its
long, continuous chains, graphene creates a protective layer
that, as long as the concrete is not subjected to extreme or
heavy loads, can effectively maintain its hydrophobicity and
impermeability. Therefore, it would be a good idea to develop
a solution combining graphene oxide nanocolloid and nano
titanium to be used for repairing and strengthening concrete
surfaces, in order to create a hydrophobic, impermeable, and
abrasion-resistant surface.

4- Conclusions

1. The use of graphene oxide nanocolloid and nano titanium
dioxide has no significant effect on the slump of concrete
and does not cause any changes in it.

2. The use of nano titanium dioxide and graphene oxide
nanocolloid leads to a reduction in the compressive
strength of concrete. Specifically, the addition of 0.25%,
0.5%, 0.75%, 1% and 1.5% results in a decrease in the
final compressive strength (at 90 days) of concrete by
2.8%, 7.4%, 11.7%, 16.5%, and 22.5%, respectively.

3. The use of nano titanium dioxide and graphene oxide
nanocolloid reduces the water absorption of concrete.
In particular, adding 0.25%, 0.5%, 0.75%, 1% and 1.5%
liquid graphene oxide nanocolloid into the concrete
decreases the initial water absorption (at 30 minutes) by
1.05%, 0.99%, 0.76%, 0.53%, and 0.24%, respectively,
and the final water absorption (after 72 hours) by 2.68%,
2.29%, 1.97%, 1.28%, and 0.86%, respectively.

4. The use of nano titanium dioxide and graphene oxide
nanocolloid can reduce the chloride ion penetration in
concrete. Specifically, adding 0.25%, 0.5%, 0.75%, 1%
and 1.5% liquid graphene oxide nanocolloid decreases the
chloride ion penetration area by 14%, 23%, 39%, 45%,
and 47%, respectively.
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Fig. 1. Deterioration of concrete pier columns and concrete cover of a marine structure under cor-
rosive conditions [1,2,3]
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Fig. 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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Fig. 3. Sand and gravel grading used to make concrete and its compliance with the ASTM-C33 standard range
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Table 3. Chemical structure of cement used

FE:203 AL20s3 SiO2 CsS C.O SOs MgO

JARAIA A JATAY LYYIZA 124314 JATARN JATARS

Oloww =¥ =Y S S ya 5l 00 jee lime (2058 doyd pdlie duwbre b .l

Olow 0l S adlioo 5038 Y 5 B0 (] 3 (Brae Glosw Ol Olgiee ladS 8 S0 g9y 3l suojled (pell
J9 3 Glese opl olewd Hdle .l mye yiedile o p)S /Y- v )3 [V g duslio ASTM-C33 s bl oo b 1) polio
Olesw ol ol <8 0d B )bl ond o dulid jy Gulaio aSTY o)l g3l ol 00y joe 2ot doyd odidd iuled (63508 jezre (gl
ool 0 &1l bl o il e S ojlasis b ojlusl (Sl a8l yeome 9 S

V.08



Byan 805 (g 1l (K528 Sleoguas . Jgaa

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 (TiO2, rutile, 99.9+%, 30 nm)
Stock #: US3520,CAS#: 13463-67-7, Net Weight: 25 ¢

Please Read MSDS before using this product.
The MSDS is avai

ble at www!

com
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Fig. 4. Titanium oxide nano powder used in this research

Ye00

0335 gy =0 =Y
CaiS Ll a4« oxialS b 0428 o) Y guao 5l odlitl
3)90 9 0392 powye sl Cgllae Jlgy 4 olied 5SS Chuoga
Sloy w9 o cale Gl 3o l ) [YV]S oo 4118 edlitu
Sluogas 3,5 il S 51,5 Lyl 2 01 ol ol 5 aine

Pl Sl gl —F ¥

S5 S5 4 5 ST j50 4y aalllae () > 48, )8 4 Dlge 91
Us Research TInomaterials 15,0l <8 0 lawg 5 asb o
ol 73851 i pogls ) paslis S gl opl ol ord Mg
&Sl s ol jragilb G o) 051051 S las g asb e S6UT 5 (clls a8
Iy a8l8" S Jloin] g ol Camgd O slodle pgsilis ansSTed b
b o sy 9 S5 oS oy b1y o sl cmscgo I3l 5 53
O S 50 g 0dd o 0aiS plgy b o] S B a8 blsee a5 50
Jgaze onl (o3 Olasuin plo 2ed (isy C19Ss 9 Glusy 5k
b o O ojled Jouo b illas



Span 53,5 2nS1 aislS $i S b Olaaseiio F Joia

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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Fig. 5. Graphene oxide nano colloid used as a liquid il B 5V 5 % o)lad JSB 5 Joa> 205 & el 4 s o
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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
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Fig. 6. Compressive strength test results
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Fig. 7. Breaking of control sample of aggregate
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Fig. 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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Fig. 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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Fig. 10. Results of water absorption test in hardened concrete
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Fig. 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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Fig. 12. GT-C sample after chloride ion penetration (images from left to right in order) real image, image
with effect, hatched image
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Fig. 13. Sample GT-1 after chloride ion penetration
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Fig. 14. GT-2 sample after chloride ion penetration
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Fig. 15. GT-3 sample after chloride ion penetration
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Fig. 16. GT-4 sample after chloride ion penetration
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Fig. 17. GT-5 sample after chloride ion penetration
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Fig. 18. Scanning electron image of concrete focusing on the effect of graphene oxide nanocolloid on ce-
ment hydration reaction. Images a and b are related to the graphene microstructure
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Fig. 19. Scanning electron image of concrete focusing on the effect of graphene oxide nanocolloid on the
cement hydration reaction
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