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Formation of petroleum organic deposits on steel
surfaces
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An adhered organic deposit, formed within the petroleum well on the steel surface of the tubing walls,
was systematically characterized following a sequence of bulk and surface techniques. The results allowed
the identification of the tubing wall and its internal surface structures. As a consequence of the contact
with sulphur-bearing compounds such as H2S and brine from petroleum, the pre-oxidized steel surface
was modified by non-stoichiometric iron compound formation. These new iron phases favour adsorption
and chemisorption of the petroleum polar compounds on the steel surface. Copyright  2002 John Wiley
& Sons, Ltd.
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INTRODUCTION

When materials such as steel are exposed to multicomponent
environments, as in the petroleum well, several processes
such as oxidation, sulphidation or carburization may occur
not only at the gas/metal interface but also within the scale
that preserves the reaction products.1 In addition to the
new iron phases formed in such an environment, organic
material was found adhered on the internal surface of some
petroleum wells.2 The study of this material is difficult,
because the adhered layer is irregular and consequently
the compositional information obtained only by means
of surface-specific techniques could be incomplete. For
instance, the type of carbon steel used for the tubing and
its manufacturing process could affect the tubing wall
composition and structure. In addition, the hydrocarbon
ambient modifies the steel surface3 and, furthermore, its
complexity increases when the internal surface of the tubing
is petroleum- or brine-wetted. Moreover, extraction of the
tubing piece from the well implicated the formation of other
iron compounds as a consequence of its exposure to the
atmosphere.4

In this work, the identification of elements, their chem-
ical bonding and concentrations as well as the particular
morphologies observed in the bulk structure and on the tub-
ing border was carried out by means of several bulk and
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surface-specific techniques. Additionally, a discussion con-
cerning the interpretation of results as well as mechanisms
of formation of the identified compounds is presented.

EXPERIMENTAL

Metallic coupons with an adhered layer of black material
were cut from a piece of tubing removed from a Mexican
well. A cross-section of a metallic coupon was polished
and prepared for microscopic observations by gold coating.
Energy-dispersive spectroscopy (EDS; Jeol JSM 6300 with
Noran Microanalyst spectrometer at 15 kV and a working
distance of 39 mm) and Auger electron spectroscopy (AES;
Jeol JAMP 30 at 10 kV) registered the chemical composi-
tions across the wall section of the tubing.5 These techniques
also provide elemental compositions at different depths.
Auger spectra of the sample were registered after sputter-
ing with argon. Element quantification was accomplished
using sensitivity factors from the literature.6 Fourier trans-
form infrared (FTIR; Perkin-Elmer 2000 FT-IR) and Raman
spectroscopies in reflection mode, as well as x-ray diffraction
(D500 Siemens diffractometer with Cu K˛ source) results
were acquired from the surface with the adhered layer. The
Raman spectrum was obtained with the 514.5 nm line of
an ArC laser (40 mW) focused to an area of ¾0.5 mm2. The
outcoming radiation was analysed by a double monocroma-
tor (1403-SPEX) and detected by a thermoelectrically cooled
photomultiplier tube (RCA-C3104) connected to a photon
counting system.

Additionally, Mössbauer spectroscopy was applied to
the scraped powder of the steel surface in order to
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