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On a Probable Catalytic Interaction between Magnetite (FeO4) and
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Magnetic and nonmagnetic iron compounds were detected as part of asphaltene deposits formed on tubing
wall surface. To shed light on the probable role of the iron compounds in the formation of such deposits,
magnetite (FgD4), one of the intrinsic components of the iron oxide multilayer scale of any carbon steel
surface, was contacted with crude oil at £@) a temperature similar to that of the bottom well, and subsequently
aged at room temperature. Characterization of the samples was made by using X&ibalkr, IR, TGA,

EDS, and microscopic (SEM and TEM) techniques. Small amounts of new iron phases, magnetic (oxidized
magnetite) and nonmagnetic (iron oxyhydroxides), an increase in the contert@B@d C-O bonds of the
organic phase, and an increase of the thermal stability of the organic phase indicated the formation of iron
complexes of Fe ions and FeOOH with the oxygen functionalities.

Introduction contact, compounds such as nonstoichiometric iron sulfides
o . (Fer—xS), siderite (FeCg), maghemite, and iron oxyhydroxides
The C-Mn steel tubing is normally covered by a firmly  (akaganeites-FeOOH; lepidocrocitey-FeOOH; and goethite,
adhered scale of iron oxides rich in magnetite;(®¢,! as a o-FeOOH) can normally be detectéd.
consequence of the manufacturing process. This iron oxide
contains both & and Fé* ions within a compact bulk, and
in the presence of the oxidizing agents, it has a low surface

In addition, all these compounds are concurring with organic
material; organic (asphaltene) deposits have been reported as
reactivity given by surface sites where ferrous ions are acces-re_lated to 8“;05t of the menUon_ed iron phases as v_veII as to other
sible2 Magnetite is also susceptible to corrosion in wetted Mineralst®?However, interaction between the oxide layer and
environments, forming iron (8) oxyhydroxides, a process the organic phase and the mutual effect that they can have on
known as atmospheric corrosién. their respective composition and morphology remain poorly

At the bottom-well conditions, such tubing contacts crude documented®1lt is highly important that the reactivity of iron

oil, and consequently, chemical changes other than atmospheric©MPounds and their selectivity toward some of the crude oil
corrosion occur depending on the temperature, pressure, andP0lar compounds are studied in order to understand the
fluid composition, as shown in previous studfésAs crude oil formation of asphaltene deposits in petroleum wells and the role
flows up through the tubing well, the fluid pressure progressively Of tubing steel composition in such process.

decreases until gas phase and water, if any, separate from the Thus, in this contribution, this subject is studied from samples
liquid one. Reactive gases such aSHCG, and methane, once  of magnetite that have been contacted with crude oil following
separated from the liquid phase, also contribute to change thetwo steps: (a) at high temperature (170) and for a short
composition of the initial iron oxide layer of the tubing period of time (170 h) and, (b) at room temperature and for a
surfacet®7 Thus, on a tubing surface exposed to crude oil |ong period of time (two years). The phase transformation of
the magnetite was followed by XRD and 8&bauer spectros-

* Corresponding author. E-mail: acosul@imp.mx. copy, while the organic phase was observed by FTIR. In
; Instituto Mexicano del Petteo. addition, electron microscopy techniques were used to evaluate
* University of La Habana. ' py _q i
8 Center of Applied Science and Advanced Technologies of IPN. the mutual effect of the interaction between organic and
"ESIQIE-IPN. inorganic phases.
JESFM-IPN.
(1) Birks, N.; Meier, G. Hintroduction to High-Temperature Oxidation
of Metals Edward Arnold Publishers: London, 1983. (7) H2S Corrosion in Oil & Gas Production: A Compilation of Classic
(2) Kung, H. H. Transition Metal Oxides: Surface Chemistry and Papers Tuttle, R. N., Kane, R. D., Eds.; National Association of Corrosion
Catalysis Elsevier Scientific: New York, 1989. Engineers: Houston, 1981.
(3) Craig, D. C.Practical Oilfield Metallurgy and Corrosion2nd ed.; (8) Thawer, R.; Nicoll, D. C. A.; Dick, GSPE Prod. Eng199Q 5, 475~
PennWell Books: Tulsa, OK, 1993. 480.
(4) Cosultchi, A.; Gara-Borquez, A.; Aguilar-Hernandez. J.; Reguera, (9) Branco, V. A. M.; Mansoori, G. A.; de Almeida Xavier, L. C.; Park,
E.; Yee, H.; Lara, V. H.; Bosch, RSurf. Interface Anal2002 34, 384— S. J.; Manafi, HJ. Pet. Sci. Eng2001, 32, 217-230.
388. (10) Nalwaya, V.; Tantayakom, V.; Piumsomboon, P.; Folgenng.
(5) Cosultchi, A.; Rossbach, P.; Hernandez-Caldero8ulf. Interface Eng. Chem. Red.999 38, 964-972.
Anal. 2003 35, 239-245. (11) Gu, B.; Schmitt, J.; Chen, Z.; Liang, L.; McCarthyEhviron. Sci.
(6) Ramanarayanan, T. A.; Smith, S. Borrosion1998 46, 66. Technol.1994 28, 38—46.

10.1021/ef0502958 CCC: $33.50 © 2006 American Chemical Society
Published on Web 03/16/2006



