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Abstract— Carbon black supported ZnO (ZnO@CB) nanoparticles are prepared and dispersed in a
waterborne Epoxy (WEp) matrix by a solution blending method with different ZnO@CB loading
levels(0.1,0.2& 0.3 %). The as-prepared ZnO@CB nanoparticles have been characterized by using FTIR, SEM and XRD. The ZnO@CB incorporated WEp nanocomposites (WEpN) are coated on mild steel
and their corrosion protection behaviour has been studied by using potentiodynamic polarization. The
studies reveal that WPU incorporated with 0.3% ZnO@CB shows improved resistance to corrosion
behaviour.
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I.

INTRODUCTION

Nanoparticles are being incorporated into waterborne polymer matrices as filler to improve the mechanical,
rheological, anticorrosive, and light-resistance properties. Especially nano metal oxides such as TiO2, Fe2O3,
ZnO, SiO2, Al2O3, CaCO3 and zirconia have been used as nano filler for corrosion protection on mild steel were
under study for more than a decade [1-4]. The anticorrosive property of these coatings provides a barrier
protection against the penetration of aggressive environmental constituents and prevents the cathodic reaction
(2H2O + O2 + 4e- → 4 OH-) occurring on the substrate/coating interface. Dispersing nanoparticles into a
polymer matrix is still a tedious process as they tend to aggregate and settle down.
Carbon black is a hydrophobic pigment which consists of 97–99% elemental carbon. Carbon black finds
application in paint industry, super capacitors, chemical sensors, and fuel cells etc., due to its excellent chemical
stability, weatherability and colorability [5-9]. The dispersion of CB is also a difficult factor to attain a uniform
dispersion in polymer matrix by mechanical mixing method. To overcome this, modification methods have been
developed such as oxidation, grafting by polymer and surfactant and dispersant addition etc., for improving the
dispersion of CB [10-17]. Grafting onto or from the surface of carbon black particles has improved the
dispersity of the carbon black in organic solvents and polymers. Meanwhile dispersion in water-borne media
also has attracted more attention for their lower pollution, lower price and better quality than traditional organic
solvents. The surface of carbon black is required to modify to disperse it in an aqueous medium and also be a
requisite to improve its properties once dispersed in polymer matrix. One of the modifications is to oxidize the
surface of CB by acid treatment to get its hydrophilic nature. Self-aggregation of CB particles in aqueous media,
however, greatly limits their utility. Therefore, it is of great significance, but is still a challenge to prepare stable
CB dispersion in water.
In this study, we attempted to get the benefits of carbon black and zinc oxide nanoparticles together in a
single system to get uniform dispersion as well as corrosion resistance in waterborne coatings. We prepared
nano ZnO coated with acid functionalized carbon black to get CB @ZnO hybrid filler which was dispersed in a
waterborne epoxy medium by a solution blending method. The corresponding epoxy nanocomposite was coated
on mild steel by a dipping method and its resistance to corrosion has been studied.
II.

EXPERIMENTAL

A. Materials and methods
Waterborne epoxy dispersion (Epotec THW4504 & YD 127) was procured from Adithya Birla Ltd. Analar
grades of zinc acetate, sodium hydroxide, cetyl trimethylammonium bromide (CTAB), nitric acid (HNO3) and
methanol were purchased from S.D. Fine chemicals (Mumbai, India) and used without further purification.
Carbon black was received from Alfa-aesar.
B. Synthesis of carbon black supported nano ZnO
Carbon black supported ZnO nanofiller were prepared using a reported procedure with minor modifications [7,
18].
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Step 1: Hydrophobic carbon black was oxidized by 5 M HNO3 at 90°C. After 4 hours, the residue was filtered
washed with water several times to get neutral pH. Then water was evaporated to get the functionalized carbon
black (FCB) powder.
Step 2: Functionalized carbon black (0.5 g) was dispersed in 100 ml of water using ultrasonication for 30
mins. Then 6.57 g of zinc acetate dihydrate and 0.5 g CTAB were added to the solution followed by dropwise
addition of 3 M sodium hydroxide (100ml) and stirred at room temperature. A milky white precipitate was
obtained at ~pH 13. The solution was then transferred in a three-neck round bottom flask and heated at 90˚C.
After 30 min, the grey powder was filtered and washed with methanol, dried.
C. Preparation of nanocomposite coatings
ZnO@CB nano filler were incorporated into the WEp dispersion (THW 4504 - waterborne epoxy curing
agent) by solution blending method with different ratios 0.1, 0.2, and 0.3% (w/w), followed by
ultrasonication.Then the epoxy resin (EPOTEC YD 127) and its curing agent (THW 4504) and water were
mixed with ratio of 1:1.3:1. The resulting dispersion was coated on mild steel (1 cm×1 cm×0.05 cm) by dipping
method and cured at 75 °C for 30 min. After 72 hrs of air drying, the panels were used for electrochemical
studies. Mild steel was subjected to mechanical polishing using Emery #100 and Emery #400, followed by
rinsing with distilled water and acetone, prior to coating.
D. Characterization
FT–IR spectra were recorded using Model Y 40 of Perkin-Elmer in the range of 400 to 4000 cm-1. XRD
patterns were recorded using Brucker D8 advance diffractometer with monochromatic Cu-Kα1 radiation (λ =
1.5418 Å) while the voltage and current were held at 40 kV and 20 mA (2θ = 20–80°) respectively. The
morphology of the composite was analyzed through FE–SEM instrument (Hitachi Ltd., SU6600).
E. Electrochemical Studies
Potentiodynamic polarisation measurements were recorded in electrochemical analyzer (BAS-IM6) employing
three electrode cell assembly connected to Thales 4.15 USB Software system. A platinum strip of 1 cm2 area
served as a counter electrode. A saturated calomel electrode was used as the reference electrode and the coated
MS substrate (area 1 cm2) was served as a working electrode. Studies related to resistance to corrosion were
performed at room temperature using 3.5% aqueous solution of NaCl. 1sq.cm of the test panel was immersed in
the corrosion medium whereby an open circuit potential was obtained prior to the start of evaluation. After
reaching a stable open-circuit potential, the upper and lower potential limits of linear sweep voltammetry were
set at ± 200 mV with respect to the EOCP.The corrosion potential (Ecorr) and the corrosion current density (icorr)
were deduced from the Tafel plot (log I Vs E). The corrosion current was obtained using the Stern–Geary
equation.
Icorr = [ba bc/ {2.303(ba + bc)}] [1/Rp]

(1)

where ba and bc are the Tafel slopes or the Tafel constants, expressed in V/decade (V/dec) and Rp is the
polarization resistance expressed in KΩ cm2.The coatings inhibit the corrosion that can be understood through
its inhibition efficiency (IE) is calculated using the formula given below.
%IE = {(Icorr (0) - Icorr (i)) / Icorr (0)}*100

(2)
III.

RESULTS AND DISCUSSION

Fig. 1 shows the FTIR spectrum of FCB and ZnO@CB. The intensive peak at 3450 and 1630 cm-1 are
mainly attributed to stretching and bending modes of water molecule absorbed on the sample or KBr. The peak
at 497 cm-1 in the spectrum of ZnO@CB can be attributed to Zn-O vibrational modes. The peak at 1720 cm-1
attributed to C=O group in the spectrum of FCB was weakened in the spectrum of ZnO@CB. This indicates that
carbonyl group is in coordination with the surface of ZnO nanoparticles [19].
Fig. 2 shows the XRD patterns of FCB and ZnO@CB. The peak centered at 25° corresponds to the (002)
reflections of carbon black. The results demonstrate that the incorporation of ZnO on carbon black surface the
peak at 25° diminishes thereby confirming amorphous carbon black anchored the crystalline zinc oxide. The zinc
oxide pattern in ZnO@CB gave the peaks assigned to the (100), (002), (101), (102) and (110) hexagonal
wurtzite phase crystal structure (JCPDS 36-1451) [13].
In Fig. 3 FE-SEM image for ZnO@CB is presented. The shape of the primary aggregates is quasi
spherical, ranging from 50 - 75 nm. EDAX spectrum (Fig. 4) of ZnO@CB depicts that the presence of ZnO in
carbon black. The Al and Au peaks are due to the aluminium substrate and gold coating used for analysis. The
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stability of the prepared ZnO@CB hybrid filler incorporated in WEp dispersion was stable up to one hour was
observed.
The anti-corrosion performances of the WEpN coatings were evaluated by potentiodynamic polarization
technique conducted in 3.5 wt. % NaCl aqueous solution at room temperature. Figure 5 shows the polarization

Figure 1 FT-IR spectra of FCB and ZnO@CB

Figure 3 SEM images of ZnO@CB

Figure 2.XRD pattern of FCB and ZnO@CB

Figure 4 EDAX image of ZnO@CB

Figure 5 Potentiodynamic polarization curves of MS, WEp coated MS and WEpN composites coated MS
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curves of the WEpN coatings of various percentages. The corrosion potential of the MS is -0.643V which
shifted to positive side in case of WEpN [6]. The maximum shift (to -0.494 V) was obtained in case of WEpN
with 0.3 % ZnO indicating the efficient protection by the WEpN coatings. Moreover, the corrosion current
density of the WEpN coatings (0.0125 µA/cm2) is much lower than that of the MS (11.83 µA/cm2). It is well
known that a lower corrosion current density or a higher corrosion potential represents lower corrosion rate and
better corrosion resistance. Corrosion resistance of WEp coatings usually suffer from their relatively porous
structure during long-term service. The ZnO@CB in WEp layer effectively inhibits migration and penetration of
chloride ions (corrosive ions) into the WEp coating, thus enhancing the anti-corrosion performances of the
coatings.
In summary, ZnO@CB incorporated with Waterborne Epoxy dispersion coated on mild steel substrate
was investigated. It was found that addition of carbon black supported ZnO enhance the resistance to corrosion.
The potentiodynamic polarization measurements reveals that WEp with 0.3% ZnO@CB nanocomposite coated
on MS exhibited improved corrosion resistance as compared to that of WEp coated on MS. This environmental
friendly cost-effective nanocomposites coating could be potentially used for a variety of anti-corrosion
applications.
TABLE -1
POTENTIODYNAMIC POLARIZATION CURVES OF MS AND WEp AND WEpN COATED MILD STEEL IN 3.5% NaCl
SOLUTION.

IE%

Icorr

Ecorr

ba

bc

Rp

(µA/cm2)

(V)

(V/dec)

(V/dec)

KΩ cm2

Icorr

MS

11.83

-0.643

0.103

0.124

0.469

-

MS/WEp*

2.41

-0.621

0.123

0.127

3.321

79.6

MS/0.1% WEpN**

0.238

-0.576

0.1

0.127

23.0

97.9

MS/0.2%WEpN

0.129

-0.525

0.083

0.143

39.6

98.9

MS/ 0.3% WEpN

0.0125

-0.494

0.049

0.199

340

99.8

COMPOSITION

*

WEp – Waterborne Epoxy Dispersion
WEpN – ZnO@CB incorporated Waterborne Epoxy dispersion

**
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