Ve /

3
i

Metal surface modification with fatty acids using ionising radiation

Katarina Marusié, Helena Otmaci¢ Curkovi¢®, Ivana Tartaro Bujak, Branka Mihaljevi¢ §
International Conference on Applications of Radiation Science and Technology

Ve /

B ICARST 2017

(ICARST 2017)
24 to 28 April 2017, Vienna, Austria

Radiation Chemistry and Dosimetry Laboratory, " Faculty of Chemical Engineering and Technology,
Institute Ruder Boskovic, Zagreb, Croatia University of Zagreb, University of Zagreb, Croatia

FKIT

INTRODUCTION

Corrosion is a naturally occurring phenomenon commonly defined as
the deterioration of a material (usually a metal) or its properties because
of a reaction with its environment.

Metals are used in a wide range of applications. Accordingly they are
often exposed to aggressive environments and thus the corrosion is
enhanced. Expenses occurring because of corrosion cost more than 3% of
the world’s GDP. This is why studying the modification of the metal surface
and enhancing the protective properties of a metal is needed.

Copper and its alloys are employed in a myriad of end-uses: from
common household electrical wiring to boat propellers and from
photovoltaic cells to saxophones.

Fatty acids are non-toxic compounds which have an affinity for self-
assembling on metals and therefore lately they have been investigated as
possible protective layers on metals. Elaidic acid is a monounsaturated
(one trans double bond) fatty acid found in hydrogenated vegetable oils.

The influence of ionizing radiation on the formation of such a layer is
interesting since it does not markedly influence the properties of the metal

but it does influence the protective layer that is formed on its surface.

EXPERIMENTAL CORROSION REACTIONS

Electrode: Cu (99.9%) Copper corrosion reactions in aerated 3% NaCl solution
Counter electrode: Pt electrode Cathodic reactions — oxygen or water reduction
Reference electrode: SCE O,+H,0+4e — 40H" (1)
Electrolyte: 3 % NaCl 2H,0+2e > H,+20H" (2)
Inhibitor: Elaidic acid (EA), CH;(CH,),CHCH(CH,),CO,H Anodic reactions
dissolved in ethanol at ¢ = 0.001 mol/L Cu = Cu* + e (fast) (3)
Preparation of treated samples: Cu*—> Cu** + e (slow) (4)
- Copper samples heated in furnace for 4h at 75 °C Cuprous cation, Cu*, reacts in a fast reaction with ClI- from the solution to
- Immersed in EA/EtOH for 18h at 40 °C form a partially protective layer of CuCl on the copper electrode surface:
- Drying in air at room temperaure Cu*+ ClI- = CuCl (5)
- Gamma irradiated in air with 0.1, 1, 3, 5, 7, 10 kGy The formed CuCl transforms to the soluble cuprous chloride complex:
at 30.98 kGy/h CuCl + CI" = CuCly™ (gurface) (0)

Once CuCl,™ is formed at the surface of copper electrode, it will diffuse into
the bulk solution or will dissolve by oxidation causing the copper

S N S S S
T

0

dissolution:
Hydrophobic tail Hydrophilic head
CUCIZ_ (surface)_> CUCIZ_ (solution) (7)
Methods:
CUCIZ_ (surface)_> Cu®* + Cu* +e (8)

- Tafel extrapolation method (0.16 mVs?; £+ 150 mV oc) - PAR 263A Potentiostat/Galvanostat

- FTIR spectroscopy - Tensor Il, Bruker equipped with ATR

RESULTS
POTENTIODYNAMIC MEASUREMENTS - Tafel Extrapolation Method — Determination of the optimal irradiation dose

Copper samples with adsorbed EA were irradiated by different doses and compared to the non-irradiated sample with an EA film on the surface and with the non-treated copper sample.
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FTIR ANALYSIS
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CONCLUSIONS

Elaidic acid (EA) a monosaturated fatty acid has been studied as a potential corrosion inhibitor for copper. It has been applied on the surface of copper by a slightly modified procedure that has been studied previously [1].

The influence of gamma irradiation on the surface layer formed by EA has been investigated as a possibility to enhance the properties of the layer using gamma irradiation.

= Results have shown that irradiation at doses from 1 to 5 kGy enhance the protective properties of the EA surface layer. The best properties were obtained when irradiated with 3 kGy, where the corrosion inhibitor efficiency is 72 %.

FTIR analysis of the treated surface layers have shown that irradiation does not induce any significant change in the molecules adsorbed on the surface. It can be concluded that irradiation influences the strength of adsorption.

[1] K. Marusié, Z. Hajdari, H. Otmacié¢ Curkovi¢, Optimizing the Preparation Procedure of Self-Assembled Monolayer of Stearic Acid for Protection of Cupronickel Alloy, Acta Chimica Slovenica 61 (2014) 328 — 339.



