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ABSTRACT: In order to solve the urea corrosion problem of N8O steel oil casing string used in urea assisted heavy oil
steam huff and puff environment in oilfield, the urea corrosion experiment was carried out by high temperature and high
pressure dynamic corrosion kettle experiment system to simulate the wellbore working environment of urea assisted steam
huff and puff production wells. Before the experiment, 1 L of urea solution of different concentrations was
predeoxygenated by N, at room temperature for 4 h. A set of 3 pieces of 50 mmx10 mmx3 mm hanging sheet samples

processed from NS8O steel was put into the high temperature autoclave, and the pre-deoxygenated solution and crude oil
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were imported into the kettle. The deoxygenation continued for 2 h before all valves were closed. The stirring speed was
set to 1 000 r/min to start the experiment. During the experiment, the kettle was heated up as it was stirred, and the
temperature was heated up to 150 C to keep warm until the pressure gauge reading did not change. After the urea in the
solution was completely decomposed, the temperature was then reduced to the experimental temperature (50 ‘C and
80 'C). When the temperature reached the experimental temperature, the experimental time was recorded, and the
experimental period was 240 h.

After the experiment, macro photos were taken of the three samples, of which the average corrosion rate of two
samples was calculated by the method of weight loss of hanging sheet, and the corrosion microscopic morphology of one
sample was observed and the components of corrosion products were analyzed (SEM+EDS+XRD+XPS). The corrosion
morphology and surface element content were observed by scanning electron microscope, the surface element content of
corrosion product film was analyzed by OXFORD ISIS type X-ray energy dispersive spectrometer (EDS) attached to
electron microscope, and the phase composition of corrosion product film was analyzed by X-ray diffraction (XRD), and
the composition of corrosion product film was analyzed by X-ray photoelectron spectroscopy (XPS). The corrosion
characteristics of N80 steel at different temperature (50 °C, 80 °C) and different concentrations (5%, 10%, 20%, 30%) of
urea solution were studied. The corrosion mechanism and film formation mechanism of N80 steel in high temperature urea
solution were revealed. It provided theoretical guidance for evaluating the service reliability of N8O steel under the
condition of urea assisted steam huff and puff of heavy oil thermal recovery.

The corrosion of N80 steel by urea solution in high temperature steam environment is activated corrosion and uniform
corrosion. The film formation mechanism of corrosion products is mainly the reaction in solution, the reaction at the metal/film
interface and the reaction at the membrane/solution interface. The main component of surface corrosion product is FeCO;. With
the increase of urea solution concentration, the average corrosion rate increases, the thickness of corrosion product film
increases, the growth rate of film thickness decreases, and the corrosion to N8O steel becomes more serious. For the production
wellbore of urea assisted heavy oil steam huff and puff, the 30% urea solution with crude oil will not cause serious corrosion
because crude oil acts as a corrosion inhibitor, and the average corrosion rate of N80 steel decreases with the increase of crude
oil content. For urea assisted steam huff and puff enhanced oil recovery technology, the concentration of urea solution can be
as high as 30% when field tests are designed to meet wellbore corrosion control requirements. Therefore, N80 steel can meet
the wellbore corrosion control requirements in production wells of urea assisted heavy oil steam huff and puff, and can be
used safely.

KEY WORDS: N80 steel; urea corrosion; corrosion products; corrosion mechanism; heavy oil reservoir; urea assisted steam
huff and puff
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Tab.1 Chemical composition of N80 steel

wt.%
C Si Mn P S Cr Mo Ni Nb A% Ti Cu
0.340 0.270 1.520 0.011 0.009 0.037 0.006 0.009 7 0.004 2 0.005 8 0.029 0.048

B S256 A NSO il 414t
Fig.1 Microstructure of N80 steel for experiment
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Tab.2 Experimental conditions

Number Urea content/% Temperature/‘C Decomposition pressure/MPa  Test pressure/MPa Time/h pH
1 5 50 1.72 0.11 240 9.4
2 10 50 2.54 0.11 240 9.5
3 20 50 3.37 0.12 240 9.9
4 30 50 4.62 0.14 240 10.4
5 5 80 1.72 0.18 240 9.4
6 10 80 2.54 0.19 240 9.5
7 20 80 3.37 0.21 240 9.9
8 30 80 4.62 0.23 240 10.4
# 3 NACE RP 0775 it 551 /& s % 42 & iy 3 31 V=817 600(m—m2)/(pSt) Q)

Tab.3 NACE RP 0775 standard for judging the degree of
uniform corrosion ratet®

Corrosion rate/(mm-a ") Degree of corrosion

<0.025 Mild corrosion
0.025-0.127 Moderate corrosion
0.127-0.254 Severe corrosion

>0.254 Very severe corrosion
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Fig.2 Macroscopic corrosion morphology of N80 steel in different concentrations of urea solution under
different temperature: a) 50 ‘C, 5% urea solution; b) 50 ‘C, 10% urea solution; ¢) 50 “C, 20% urea solution;
d) 50 °C, 30% urea solution; €) 80 “C, 5% urea solution; f) 80 ‘C, 10% urea solution; g) 80 C,
20% urea solution; h) 80 C, 30% urea solution
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and different concentrations of urea solution
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Fig.4 Surface microscopic morphology of corrosion products of N80 steel in different concentrations of urea solution under
different temperature: a) 50 C, 5% urea solution; b) 50 C, 10% urea solution; ¢) 50 ‘C, 20% urea solution; d) 50 C,
30% urea solution; ¢) 80 ‘C, 5% urea solution; f) 80 ‘C, 10% urea solution; g) 80 C,

20% urea solution; h) 80 C, 30% urea solution
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Fig.5 Cross-sectional microscopic morphology of corrosion products of N80 steel in different concentrations
of urea solution under different temperature: a) 50 C, 10% urea solution; b) 50 C, 20% urea solution;
¢) 50 ‘C, 30% urea solution; d) 80 ‘C, 10% urea solution; €) 80 ‘C, 20% urea solution; f) 80 ‘C, 30% urea solution
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Fig.6 XRD analysis map of corrosion products of N80 steel in different concentrations
of urea solution under different temperature
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Fig.7 XPS analysis spectra of corrosion products of N80 steel in 20% concentration of urea solution environment at 50 ‘C
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Fig.8 Macro corrosion morphology of N80 steel in

different proportions of crude oil and 30%
concentration of urea solution at 50 C
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Fig.9 Macro corrosion morphology of N80 steel in
different proportions of crude oil and 30%
concentration of urea solution at 80 C
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Fig.11 Schematic diagram of corrosion mechanism
of N80 steel in urea assisted heavy oil steam
huff and puff environment
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Fig.12 Schematic diagram of film formation mechanism
of corrosion products of N80 steel in urea assisted
heavy oil steam huff and puff environment
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