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Introduction


Corrosion control at refineries remains a challenge, because the mechanism of naphthenic acid (NAP) corrosion is still not fully understood. The rate of NAP corrosion does not correlate with acidity. It possible that a subset of NAP in petroleum fractions may be more corrosive than others. Because the primary corrosion product (iron naphthenates) may thermally decompose to ketones at corrosion temperatures (250-400 °C), ketones in corrosion fluids could potentially be used to implicate specific problematic  acids in corrosion tests.

Results and Discussion


To that end, we have developed a method for isolating and characterizing ketones in corrosion test solutions. Ketones from tests on palmitic acid (a model compound) and cyclohexane pentanoic acid (CxPA, comparable in size and structure low molecular weight NAP found in petroleum), (C16H32O2 and C11H20O2, have been successfully isolated with a strong anion exchange (SAX) solid phase separation (SPE). Gas chromatography mass spectrometry (GC-MS) identifies ketones formed as a result of model acid corrosion. NHMFL’s 9.4 T Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) further confirms the detection of these ketones, and structurally confirms ketones by use of a commercially available reagent that targets ketones and aldehydes. Additional oxygen species generated in the corrosion test likely result from reactions between dissolved atmospheric oxygen and the mineral oil matrix. (Fig. 1). This method can now be applied in future studies of more complex acid mixtures, to determine any structural specificity in naphthenic acid corrosion.
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Fig 1. Double bond equivalents (rings plus double bonds to carbon) versus carbon number plots for species containing a single oxygen atom. The palmitic and CxPA acid samples are dominated by a single peak, assigned to the indicated molecular formula. Additional assigned species are seen at lower abundance, and in the sample blank, and are believed to result from reactions with dissolved oxygen the mineral oil during the high temperature corrosion test.
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