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Applying SiO, nanoparticles to epoxy coating used in
food cans to reduce migration of aggressive agents
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Epoxy coatings are commonly used as interior coatings for food cans and have
Abstract . . . ot
good mechanical properties, adhesion and flexibility, and protect food cans

against corrosion. These coatings contain bisphenol A diglycidyl ether (BADGE) as well as
bisphenol A(BPA) units as residues in the structure, which poses a risk of migration of these
derivatives into canned foods and has dangerous effects. In this research, silica nanoparticles
were added into the formulation of epoxy can coating and its effect on the migration of BPA
and BADGE derivatives was evaluated using inductively coupled plasma (ICP) and high-
performance liquid chromatography (HPLC) testing methods. Also, mechanical and chemi-
chal properties as well as coatings resultant safety were studied. Observations clarified that
the hardness(scratchability) of the coatings increased by adding 0.5 wt% SiO, nanoparticles.
The migration rate of SiO, was negligible and the migration rate of BPA was lower than the
acceptable limit mentioned in the Commission Regulation (EU 10/2011) and decreased by
about 3% with the addition of 0.3 wt% SiO, nanoparticles. The migration rate of BADGE and
its hydrated and hydrochloride derivatives in food simulants was lower than the acceptable
limit in (EC) No. 2005/1895. The lowest migration rate of BADGE and its hydrated derivatives
(BADGES) into acidic and alcoholic food simulants was related to the epoxy coating containing
0.3% by weight of SiO, nanoparticles, which was reduced by 6 and 22%, respectively, com-
pared to the pure epoxy coating sample, and the migration rate of hydrochloride derivatives into
the alcoholic simulant was reduced by 6.8%.
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Table 1. Materials used as food simulants.

Supplier Purity (%) Chemical Name
Merck (Germany) 100 Acetic acid glacial
Merck (Germany) 90 Lactic acid
Merck (Germany) 99.5 Citric acid monohydrated
Merck (Germany) 99.2 Sodium chloride
Temad kala (Iran) DI Distilled water

e ool o odlatl 350 (slacdyus g 3lse Y Jgu

Table 2. Materials and reagents used for the migration test.

Chemical name Abbreviation Purity Supplier
Methanol - Chromatograph grade | Merck (Germany)
Acetonitrile (HPLC grade) - Chromatograph grade | Merck (Germany)
Ethanol (analytical grade) - 100% Merck (Germany)
4,4'-(Propane-2,2-diyl) diphenol (Bisphe- BPA >97% Sigma Aldrich
nol A)
Bisphenol A diglycidyl ether BADGE >97% Sigma Aldrich
Bisphenol A(2,3-dihydroxypropyl) glycidyl BADGE-H,0 >97% Sigma Aldrich
ether
Bisphenol A (3-chloro-2-hydroxypropyl) BADGE-HCI >95% Sigma Aldrich
glycidyl ether
Bisphenol A bis(3-chloro-2-hydroxypropyl) [ BADGE-2HCI >90% Sigma Aldrich
ether
Bisphenol A (3-chloro-2-hydroxypropyl) | BADGE-HCI-H,O >95% Sigma Aldrich
(2,3-dihydroxypropyl) ether
2-[4-(2,3-Dihydroxypropyloxy)phenyl]-2- BADGE.H,0 >95% Sigma Aldrich
[4-(glycidyloxy) phenyl]propane
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Table 3. The final coatings formulations as related to their codes.

Sample codes Material S S1 S2 S3 S4
Nano SiO, 0 0.15 0.3 0.5 | 0.75
Epoxy resin 50 50 50 50 50
Titanium dioxide 20 20 20 20 20
solvent 15.39 | 15.24 | 15.09 | 14.89 | 14.64
Accelerator 0.01 0.01 | 0.01 | 0.01 | 0.01
Hardener 14 14 14 14 14
Anti foaming agent 0.1 0.1 0.1 0.1 0.1
Polyethylene wax 0.1 0.1 0.1 0.1 0.1
Leveling agent 0.1 0.1 0.1 0.1 0.1
Dispersant agent 0.3 0.3 0.3 0.3 0.3
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Table 5. Results of chemical resistance test of samples against

pasteurization and sterilization.

Sample | Simulant 1 | Simulant 2 | Simulant 3
S OK OK OK
S1 OK OK OK
S2 OK OK OK
S3 OK OK OK
S4 OK OK OK
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Table 4. Hardness test results

Sample | Hardness test (gr)
S 600
S1 600
S2 600-650
S3 650-700
S4 600
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Figure 1. SEM micrographs belong to the coating S2 (epoxy
,(coating contains 0.3% nano Si0O,); surface-view (a
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Table 6. Sn, Ti and Si were librated in to the simulant by the ICP test.

Compound S2 S

S2 S Maximum level

Simulant | Acetic acid 3% | Acetic acid 3%

Ethanol 20%

Ethanol 20% (mg/kg wet weight)

Si (ppm) <0.01 <0.01

not limited
(EU list. 10/2011)

<0.01 <0.01

0.118829 0.224832

Sn (ppm)

0.014452

0.0206 <200
(EC 242/2004)
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