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Concrete fouling is the accumulation of unwanted material on solid sur-
faces caused by seawater exposure. Copper oxide (CuO) nanoparticles can
be added to protect concrete layer. This study analyse the performance of
paint mixed with various amounts of copper oxide nanoparticles and cop-
per-based film applied to cement-based mortar immersed in seawater. The
mortar is then soaked in seawater for 7 and 28 days. To measure the ef-
fectiveness of the protective layer, compressive test and scanning electron
microscopy characterization are conducted to selected samples. The com-
pressive results show that seawater decreases the compressive strength of
the sample. Mortar with 7.5% -CuO-nanoparticles’ protective layer shows
the compressive strength during 28 days increased than one during 7
days. SEM images show that there are more unreacted calcium hydroxide
(CH) in sample without protection compared to mortar with CuO-
nanoparticles’ protective layer; at the same time, more calcium silicate
hydrate (CSH) can be examined.

3abpynHeHHs 0eTOHY — Ile HAaKOIMHUYEHHA HebayKaHOro MaTepisay Ha TBep-
INX TOBEPXHAX, CIPUUYNHEHEe BILJIMBOM MOPCHKOI Bomu. I[1s 3axucTy OGETOH-
HOTO Iapy MOJKHa JAoJaBaTu HaHoYacTUHKM okcuny Kympymy (CuO). ¥
IBOMY HOCJTiI:KeHHi aHalisyeThbcsa e()eKTUBHICTD (hapOu, 3MimIamoi 3 pisHOIO
KiJbKicTIO HaHOUACTHMHOK OKcuay Kympymy, Ta ImIiBKKM Ha OCHOBi mimi, Ha-
HeCceHUX Ha IeMeHTHHUI PO3umnH, 3aHypeHuil y MopchbKy Boay. IToTiMm posumn
3aMOUYyBaJIi B MOPCBKiil Bomi BmpoxoB:k 7 i 28 muiB. [ada MipaHHA edeKTU-
BHOCTH 3aXHCHOTO IIapy OyJ0 IIpoBefeHO BUIPOOYBAaHHS HA CTHUCK i Xapak-
Tepu3aIliio 3a JOMIOMOTOI0 CKAHYBaJbHOTO €JeKTpOoHHOTO MiKpockoma (CEM)
Ha BuOpaHUX 3pasKax. PesynabrTaTu BUIPOOYBaHb HAa CTHUCK MOKA3yIOTh, IO
MOpPCBKAa BOJA IOHMIKYE MIiIlHiCTBH 3pasKa Ha CTHCK. Po3umH i3 3axmcHUM
mapom 3 7,5% wuanouactuHok CuO meMoHCTpye, 10 MIiI[HICTH HAa CTUCK Ue-
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pes 28 mHiB Oysma Oinbmioio, Hixk uepes 7 muiB. CEM-3o0pakeHHS ITOKa3y-
I0Th, IO Y 3pasKy 0e3 3axucTy Oijibllle HempopearoBaHOro rixpokcuny Ka-
JIBITi}0 TIOPiBHAHO 3 PO3YMHOM i3 3aXMCHUM IIapoM 3 HaHouacTuHOK CuO;
BOHOYAC MOKe OYTH HisiTHOCTOBAHO Oinble Trigpaty cuiikaty Kasbirito.

Key words: concrete, coating, copper oxide nanoparticles, compressive
strength, fouling, ettringite.

KarouoBi croBa: 6eTOH, MOKPUTTS, HAHOUYACTUHKU OKCuUAy Kympymy, Miil-
HIiCTh Ha CTHCK, O0OPOCTAaHHSA UepeHaliKaMi Ta BOAOPOCTAMU (IIiZBOAHOI yac-
TUHU CYAHA), €TTPUHIIT.
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1. INTRODUCTION

Indonesia is the largest archipelagic country in the world consisting
of 17.508 islands with a coastline of 81.000 km. To expedite the
wheels of economy, many transportation infrastructures are built in
the form of full concrete or concrete/steel composite bridges be-
tween one island and another. Seaports and docks are also currently
being built, which are currently experiencing a lot of damages, if
not protected properly, thus, requiring routine maintenance. Deg-
radation of concrete and corrosion of steel-based components in the
marine environment, apart from being caused by atmospheric fac-
tors or physical and chemical properties of seawater, can also be
caused by the attachment of marine biota [1-3]. Some biotas, which
live in the sea, have developed their way of life by attaching them-
selves to objects, which are submerged in seawater, either temporar-
ily or permanently [4—6]. For example, concrete supporting bridges
or roads can be attached by barnacles or sessile organisms in biolog-
ical terms. Concrete that is plastered with barnacles will become
more brittle than original concrete [7]. This is caused by the for-
mation of an acidic environment around the concrete due to the
metabolic process of barnacles, as it is known that an acidic envi-
ronment will weaken the bond of cement and water, causing the ma-
terial to become brittle [8—10]. This condition will be further exac-
erbated by the diffusivity of seawater, followed by concrete abra-
sion caused by seawater currents, making the rate of chloride-ions’
penetration into the concrete becomes faster, that, if it reaches the
steel, results in corrosion of the reinforcement. One of the most
widely used countermeasures at this time is to use antifouling
paint, namely, paint containing biocidal compounds, which usually
consist of cupric oxide compounds, which are antimicrobial [11, 12].
This type of paint is generally applied to ships and will be activat-
ed, when the ship is moving, that was called dynamic surface anti-
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fouling type [13—15]. This type will not work effectively, when ap-
plied to the static structure such as bridge; so, it is necessary to
find an antifouling paint formula that can work effectively on stat-
ic structures and is environmentally friendly.

This research is conducted to synthesize protective compound
consisted of paint and CuO nanoparticles (NPs) with various per-
centage. The mixture was applied to cement-based mortar then im-
mersed into seawater. The density and compressive strength were
measured in 7 and 28 days. Selected samples were then analysed for
its morphological features by using SEM characterization to meas-
ure the effectiveness of protective compound.

2. EXPERIMENTAL
2.1. Materials

The Portland Cement Composite (PCC) and sand for light aggregate
were obtained from local building store in Cimahi, West Java, Indone-
sia. The water used for reacting PCC and sand was the tap water from
West Java, Indonesia. The paint used for protection of mortars was
commercially available acrylic copolymer emulsion type. CuO-NPs’
powder was prepared from electrolysis of copper scrap in Cimahi, West
Java, Indonesia. The copper thin films were obtained from local sup-
plier from Jakarta, Indonesia. The materials were dried and collected,
resulting in black powder. Copper thin film was obtained from Cika-
rang, West Java, Indonesia too. Seawater for immersion of mortars
was collected from West Java, Indonesia.

2.2. Methods

The mix design of mortars with protective coating is listed in Table.
The ratio of PCC:sand was kept as 1:2.75, and w/c of 0.5. It was
then mixed and moulded using 50 mmx50 mmx50 mm cubes accord-
ing to ASTM C109: Standard Test Method for Compressive Strength
of Hydraulic Cement Mortars (Using 2-in. or [50-mm] Cube Speci-
mens).

After one day, the hardened mortar was unloaded from the mold
and immersed in seawater. It was then tested for its density and
strength at 7 and 28 days. The compressive strength of resulting
mortars was measured using Universal Testing Machine confirmed
to ASTM C-39. Debris from the test was collected for characteriza-
tion purposes. SEM measurement was performed with HITACHI
SU3500. Since the mortars are not conductive, it was coated with
carbon with Ion Sputtering Method. The characterization was con-
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TABLE. Mix design of mortars with CuO-nanoparticles’ protective coating.

Code CuO nanoparticles, % Immersion method
N — Tap water
NC — Seawater
P — Seawater
C-2.5 2.5 Seawater
C-5 5 Seawater
C-7.5 7.5 Seawater
C-10 10 Seawater
F — Seawater

ducted at the BPU Politeknik Manufaktur Bandung, Indonesia.

3. RESULTS AND DISCUSSION
3.1. Density Test Result

The density of mortars immersed in seawater is presented in Fig. 1.
The samples with code NC, P, and F have lower density at 28 days
compared to 7 days after immersion in seawater. In contrast, the
densities of N, C-2.5, C-5, C-7.5, and C-10 were increased the more
time immersed in seawater. The sample immersed in normal water
(N) had its density increased. This is due to water for hydration,
which was available all the time. When the mortars were not pro-
tected (NC) or using paint only (P), the densities at 28 days were
decreased. This is due to the presence of organic compound such as
glucose, which disrupts the hydration of mortars and can induce
low consistency [16—18]. There are also leaching product from the
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N NC P C-2.5 C-5 C-7.5 C-10 F

Fig. 1. Density results for mortars with various protection method and
immersion media.
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mortars because Ca has high atomic size. The same decrease phe-
nomenon in density can be also seen in mortar protected with cop-
per thin film (F). This is because the pores are sealed, so, the ce-
ment only relies on the starting water, when mixing, hence, the hy-
dration reaction was not perfect. All the mortars covered with CuO-
nanoparticles’-infused paint has the density increased at 28 days.
The CuO act as antibiotic to negate the penetration from organic
compound, and the water will help the hydration of cement. The
visual image of NC, P, C-2.5, and F were presented in Fig. 2. The N
and F samples has gray-like colour; this is because N is immersed in
normal water, while F has protective film to prevent the penetra-
tion of seawater. The P sample has white-like colour from the paint.
The C-2.5 sample has slightly blue colour, which indicates the for-
mation of copper sulphate (CuSO,).

3.2. Vickers Microhardness Analysis

The compressive strength of mortars immersed in seawater is pre-
sented in Fig. 3. The samples with code NC, P, and F have lower

Fig. 2. The visual image of (a) NC, (b) P, (¢) C-2.5, and (d) F.

Compressive strength, MPa
m7 days H28 days

N NC P (25 C5 C-7.5 C10 F

Fig. 3. Compressive strength of mortars with various protection method
and immersion.
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density at 28 days compared to 7 days after immersion in seawater.
In contrast, the densities of N, C-2.5, C-5, C-7.5, and C-10 are in-
creased the more time immersed in seawater. Mortars without coat-
ing and paint only have negative effect on seawater immersion.
CuO-nanoparticles’ addition on paint has mixed effect on compres-
sive strength of mortar exposed to seawater. Small amount (2.5%)
has no significant effect on the protection from seawater, as the
compressive strength still decreased. Addition of 5-10% CuO nano-
particles protects the mortars from seawater. This is proven by the
compressive strength development where as normal as mortar was
immersed in normal water. Copper thin film also protects the mor-
tar from seawater, since the film covers almost all the surfaces.
Concrete acts like a protective layer, which provides excellent pro-
tection to reinforcing steel. In addition, a mixture of Portland ce-
ment with water will produce calcium silicate hydrate and calcium
hydroxide, which are alkaline with a pH ranging from 13-13.5.
This alkaline condition of the concrete will make the reinforcing
steel in a passive condition and not corrode [19]. The entry of dis-
solved oxygen will trigger a series of electrochemical cells, which
cause corrosion.

Dissolved chloride ions come from the penetration of seawater.
CO, gas can also cause corrosion of concrete, but at a slower rate
than corrosion caused by chloride penetration. Carbonation in con-
crete occurs due to the interaction between carbon dioxide gas in
the atmosphere and hydroxide compounds in the moist concrete
pores. The runoff of this carbonation process causes a decrease in
the pH of the concrete and causes a shift in the corrosion potential
of reinforcing steel to become actively corroded [20].

3.3. SEM Analysis

Figure 4 shows that the morphology of CuO-nanoparticles’ powder
has a dendritic-like structure with average particle size of 74 pm.
Finer size means that the specific area is higher, and the contact to
surrounding is increased. To observe the performance of CuO after
exposure in seawater environment, SEM test was conducted to the
mortar immersed in normal water (N), mortar immersed in seawater
without protection (NC), mortar with highest compressive strength,
which was protected by paint and 7.5% CuO (C-7.5), and mortar
with copper film (F). These data are represented in Fig. 5.

Figure 5, a shows the calcium silicate hydrate (CSH), which is a
trademark compound of hydration and calcium hydroxide (CH) for-
mation on mortar N. Both CH and CSH have a role in the strength
of mortars [21].

Figure 5, b shows that there is some unreacted CH on mortar NC,
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Fig. 4. SEM results for CuO nanoparticles magnified by x1000 (left) and
x10000 (right).

oo

Fig. 5. SEM images of (a) N, (b) NC, (c¢) C-7.5, and (d) F.

as well as ettringite (E). Ettringite plays an important role in set-
ting time of mortars. The presence of CH indicates unreacted ce-
ment particles that is why the compressive strength of 28 days was
lower than 7 days [22]. The presence of organic compounds in sea-
water delays the hydration of cement.

Figure 5, ¢ shows the formation of CSH with the fibre-like struc-
ture on mortar C-7.5. This shows that CuO has a role on prevent
the organic compound to interfere on hydration. Copper is reported
to improve the concrete resistance against sulphate attack, setting
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periods, and water tightness.

Figure 5, d also shows the presence of CSH mortar F. However,
there is an internal pressure inside that makes the voids (V); and
since most of the surface was covered, that is why, although the
compressive strength development was normal, its strength was not
as good as N or C-7.5.

4. CONCLUSION

This study concludes that CuO can prevent the mortar from fouling
after immersion in seawater. Mortar immersed in seawater tends to
have lower compressive strength at 28 days compared to 7 days.
Addition of 2.5 and 5% CuO in paint still cannot negate the
strength decreasing effect of seawater. Mortar protected with paint
and 7.5% and 10% CuO as well as copper film shows normal
strength development. This shows that, when used at right amount,
CuO powder can protect mortar from seawater environment.
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