


the processing and refining of crude oil is susceptible to damages caused by physicochemical processes during 

its service life, either due to operational failures or the processing of corrosive substances (Amyotte and Khan, 

2016). In general, the corrosion of refinery materials is largely due to the processing of a wide variety of 

substances present in crude oils such as: paraffins, olefins, aromatic hydrocarbons and asphaltenes, in addition 

to a wide range of compounds considered contaminants such as: heavy metals, inorganic salts, amines, 

naphthenic acids and organic sulfur compounds, among others (Rebak, 2011). The sulfur organic compounds 

are the substances that promote the greatest affectation on the refining equipment, because they are the 

precursors of sulfidation phenomenon of the exposed materials (Jin, 2013). However, the type of molecular 

structure of these sulfur organic compounds has a great influence on the alloys deterioration degree and the 

type of corrosion products formed on the steels surface (Sharifi et al, 2017). Therefore, in the present 

investigation the behavior of corrosion rate by sulfidation of AISI/SAE-1020 steel was determined as a function 

of time and the molecular structure of sulfur organic compounds using synthetic crude oils (SCO). The present 

research results are of great interest for the petrochemical industry because it allows to analyze the individual 

effect of three different molecular structures of sulfur organic compounds, which are present mainly in heavy 

Colombian crude oils, allowing to advance in the understanding of corrosive phenomena that occur in ferritic 

materials. 

2. Methodology 

From an AISI/SAE-1020 steel, 50 gravimetric coupons were obtained with dimensions: 2.22 mm length, 

1.22 mm width and 0.13 mm thickness. The surface preparation of each coupon was carried out using silicon 

carbide abrasive paper No. 150, 220, 400, 600, 1200 and 1500, to be finally cleaned in an ultrasonic bath with 

analytical grade acetone; subsequently, the coupons were weighed and stored in a high efficiency cabinet-type 

desiccator in accordance with ASTM G1-03 Standard. The material chemical composition was determined by 

Atomic Emission Spectrometry according to ASTM E415–17 Standard as shown in Table 1. 

Table 1: Chemical composition (%wt) of AISI/SAE-1020 steel determined by Atomic Emission Spectrometry. 

C Mn P Si S Fe 

0.184 0.917 0.019 0.066 <0.150 87.97 

Gravimetric tests were carried out in a batch static autoclave with maximum capacity of 500 mL. Prior to the 

gravimetric tests, a purge with analytical nitrogen of purity 99.9 %v/v was carried out in 3 cycles of 30 minutes 

each to eliminate the oxygen present in the autoclave. Three synthetic crude oils (SCO) were prepared with a 

sulfur concentration equal to 1 %wt, using an analytical grade mineral oil as matrix and three sulfur compounds 

of different molecular structures and purity higher than 99.9 %a/a, which are: Dimethyl Sulfide (DMS), Dimethyl 

Disulfide (DMD) and Ethanethiol (ETT). The exposure times evaluated were 24, 36, 48, 60 and 72 h at a constant 

temperature of 300 °C. Gravimetric coupons were immersed in a volume of 200 mL of each synthetic crude oil 

to perform the gravimetric tests, from which the mass gain and corrosion rate of the AISI/SAE-1020 steel was 

calculated in accordance with the guidelines of the ASTM G1-03 Standard. Each gravimetric test was performed 

in triplicate to guarantee the reproducibility of the tests, calculating the respective standard deviation. 

3. Results and discussion 

In Figure 1, the behavior of the mass gain and the corrosion rate of AISI/SAE-1020 steel is observed, in addition 

to the changes that occur on material surface over time when it is exposed to the DMS synthetic crude oil. At 

24 h of exposure, the appearance of a bilayer of FeS corrosion products is observed, where the internal layer 

presents high stability and homogeneity over the entire surface of AISI/SAE-1020 steel, while the corrosion 

product formed externally is darker and located in superficial random areas of the material, causing an 

approximate material corrosion rate of 6 mpy. However, at 36 h of exposure it is detailed that the outer layer 

has mostly been detached, leaving only the inner layer on the surface of the steel. This detachment is due to 

the increase of diffusional phenomena throughout the exposure time, generating a lower adherence of the FeS 

corrosion product (Ning et al, 2015). Accordingly, both the mass gain and the corrosion rate of the material 

exhibit a decreasing behavior. The corrosion rate of the steel at 36 h of exposure reaches an approximate value 

of 1 mpy, decreasing around 83 % in comparison with the value obtained at 24 h, so it is inferred that the FeS 

corrosion product adhered on the steel surface generated a type of protection towards the material (Sanabria 

et al, 2017c). In the range of 48 to 60 h of exposure is observed the formation of a new layer of FeS corrosion 

products on the existing internal layer, which is produced by reaction between the bisulfide ion (HS-), generated 

by DMS thermal decomposition, and the iron ions from the metal matrix, which cross the layer of existing internal 

FeS corrosion products through diffusive phenomena (Rebak, 2011). For this reason, the mass gain increases 
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Figure 3: Mass gain, corrosion rate and SEM-EDS micrographs of the corrosion products formed on AISI/SAE-

1020 steel exposed to ETT at 300°C and 72 h. 

It is possible to observe that for DMS the troilite crystalline phase (FeS) is present, which is stoichiometric and 

has a compact hexagonal structure that allows the formation of a homogeneous layer of corrosion products 

(Zhang et al, 2017). On the other hand, the iron detection during the superficial characterization of the AISI/SAE-

1020 steel exposed to the DMS synthetic crude oil indicates that the corrosion products layer has a low 

thickness, which allows the interaction of the X Ray beam with the metal matrix (Zheng et al, 2017). Otherwise, 

for DMD and ETT synthetic crude oils the XRD analysis allows the identification of the non-stoichiometric 

pyrrhotite and iron sulfide phases, which presented a lower surface thermodynamic stability and were 

susceptible to fractures caused by the diffusive phenomena present in the system (Huang et al, 2017). 

4. Conclusions 

In the present study of AISI/SAE-1020 steel corrosion by sulfidation exposed to the processing of synthetic 

crude oils prepared from sulfur organic compounds with different molecular structure, it can be inferred from the 

gravimetric tests that the sulfur compound ETT requires a lower amount of energy for thermal decomposition in 

the system, because it requires the breaking of a single C–S sigma bond, while DMS and DMD compounds 

require greater thermal energy to break two C–S sigma bonds and form hydrogen sulfide. However, when there 

is an H2S excess in the system, the diffusional processes increase the tensile stresses and lead to the fracture 

of previously formed FeS corrosion products, exposing the metal matrix to a repeated sulfidation attack as 

presented for the sulfur compounds DMD and ETT, which generated FeS corrosion products such as non-

stoichiometric pyrrhotite and iron sulfide with non-defined grain boundaries. On the other hand, the DMS 

synthetic crude oil generates troilite corrosion products, which have crystalline structures of a compact 

hexagonal type and present a greater homogeneity and thermodynamic stability on the AISI/SAE-1020 steel 

surface, isolating the material and reducing the sulfidic corrosion rate of the material up to 87 %. 
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