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Short Note

EVALUATION OF OIL FIELD CORROSION INHIBITORS BY NACE STATIC TEST
METHOD AND THE WHEEL TEST METHOD

M.A. Sherif*, A, Hassan* and A, Abusnena*
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INTRODUCTION

There are many types of inhibitors which were
developed by empirical testing [1]. Many of the known
inhibitors are proprietary of the producing companies
so that their composition is not released by the
formulators [2]. Inhibitors act on the environment in
different ways, such as adsorbing to the metal surface
to form an invisible thin film or visible coat which
protects the metal from the aggressive environment
[3]. The type and concentration of inhibitor that can
be used in specific corrosive environment is established
by testing [4].

Oil and Gas production facilities are known to
experience corrosion problems due to the aggressive
nature of the produced fluids and gases [5]. Carbon
steel is the most common construction material used in
the fabrication of the oil production and gas processing
equipment. By nature carbon steel is susceptible to
corrosion attack in presence of brine and associated
carbon dioxide and hydrogen sulphide. It is also well
established that the corrosion inhibitors affect the
anodic or cathodic reactions or both. The adsorbtion
of the corrosion inhibitor is accepted to be dominating
the entire surface rather than specific anodic or cathodic
sites, resulting in the stifling of both reactions [6].
Inhibitors attach to metal surface by their polar groups
such as organic N, amines, S and OH groups. The size,
orientation, shape, and electric charge of molecule
determine the effectiveness of the inhibitor [6].

The effectiveness of inhibitors in protecting oil and
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gas production facilities is dependent on the inhibitor
composition and the aggressiveness of oil field produced
fluids and gases. Inhibitors must be tested under
simulated or nearly simulated oil field conditions in
order to prove their performance and ability to reduce
the corrosion attack of the produced fluids and the
associated corrosive gases.

The objective of the paper is to evaluate performance
of different inhibitors manufactured by different sup-
pliers.

EXPERIMENTAL

To achieve test conditions as close as possible to the
actual conditions of the corrosive environment in the
oil field, test medium must contain the corrosive
species known to exist in the oil field fluids. NACE
static test method [7] and NACE wheel test method
[8] are both designed so that the corrosive test medium
be used under atmospheric pressure. Only saturation
concentrations of the corrosive gases can be achieved
under atmospheric pressure at room temperature.

For the purpose of saturating the synthetic brine
with the corrosive gases an apparatus was developed as
shown schematically in Fig. 1.

The wheel test method is a dynamic test performed
by placing fluids (oil, brine and inhibitor) in 250 ml
bottle with low carbon steel coupon; and capping the
bottle. The bottle is then agitated for a period of 72 hrs
by securing it to the circumference of a “wheel” and
rotating it. At the end of this time the metal coupon is
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FIG. 1. Schematic diagram of the gas purging system and gas blanket system.

removed and cleaned and the weight loss is measured.
The static test method is a test which does not in-
volve stirring or shaking. Similar quantities of four
corrosion inhibitors were added into six hundred ml
bottle as per NACE Standard. Brine and crude oil
(450, 50 ml) respectively were added one after the other.
At the end of the test duration coupons were removed
and cleaned and the weight losses were measured.

RESULTS AND DISCUSSION

Four types of corrosion inhibitors namely (Inhibitor
I, Inhibitor II, Inhibitor 111, Inhibitor I'V) were evalua-
ted by using wheel test method [8] and static test
method [7]. The tests were performed at five different
concentration (0, 10, 25, 50, 100 ppm) of each inhibitor
under the same experimental conditions as shown in
Table 1.

The most important parameters are temperature
and velocity. Test temperature for both tests were
50°C. Velocity for wheel test was chosen to be 6 rpm.
The effect of temperature is generally conceded that the

effectiveness of inhibitors usually is adversely influenced
by increases in temperature and the effect of the
velocity is important in inhibition performance of
inhibitors as inhibition usually is affected by high
velocity. On the other hand, performance of certain
inhibitors in some environment is affected by too low
velocity. The comparative inhibition efficiency of dif-
ferent types of corrosion inhibitors are shown in Fig,
2 for the Wheel Test Method.

Fig. 3 shows the percent of inhibitions of inhibitor I,
inhibitor II, inhibitor III, and inhibitor IV at different
concentrations tested under static test conditions. The
effect of the different inhibitor concentrations on the
corrosion rate is shown in Fig. 4 and Fig. 5. Fig. 2
shows that inhibitor III is the best corrosion inhibitor
at concentration lower than 75 ppm, by comparison
below this concentration inhibitor I shows the lowest
percent of inhibition efficiency at all concentrations.

It is clear from Fig. 3 that inhibitors III and IV are
better. Inhibitor II performs the least and has the
lowest efficiency.

This is also supported by the results of the calculated

Table 1. Test conditions for all experiments

CO, H,S 0O, Crude
Temperature Time solubility solubility solubility 0il Brine
Test method (°C) (hrs) at room temp. at room temp. at room temp. (m1) (ml)
Wheel test
method 50 72 1.5g/1 35g/1 0.001 g/1 85* 85%
Static test
method 50 168 1.5g/1 3.5¢/1 0.001 g/1 50* 450*

*As per NACE standard.
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FIG. 2. Corrosion testing for different types of crude
oil corrosion inhibitors by using wheel test method.
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FIG. 3. Corrosion testing for different types of crude
oil corrosion inhibitors by using static test method.

40

& INHIBITOR II o INHIBITOR III

o INHIBITOR I
= INKIBITOR IV

CORROSION RATE (mpy)

‘ i I s

0 N 00 @ @ 0
OF INHIBITOR (ppm)

] T 1 it

Fa S 1
CONC.

FIG. 4. Corrosion testing for different types of crude
oil corrosion inhibitors by using wheel test method.
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FIG. 5. Corrosion testing for different types of crude
oil corrosion inhibitors by using static test method.

corrosion rate as illustrated in Fig. 4 for the wheel test
and Fig, 5 for the static test. By comparing the wheel
test method and the static test method the first one is
more reliable than the second, since conditions in the
wheel test method are closer to field conditions. The
wheel test method involves rotation which attempts to
simulate the time and frequency of specimen immersion
in both phases (brine and Crude oil).

Structure of inhibitors was not disclosed by manufac-
turers. Therefore it is rather difficult to discuss how
they differ from each other in their performance. IR
Spectroscopy of inhibitors was carried out. The analysis
revealed that the inhibitors are amine types.

CONCLUSION

1 The maximum possible percentage of inhibition
which could be achieved was only 60%. This is
offered by inhibitor III in the static test method and
by inhibitor II in the wheel test method.

2 The optimum percent of inhibition in both the wheel
test method and static test method was shown by
inhibitor IIL

3 The optimum level was 47% inhibition which re-
quired 30 ppm and 50 ppm of the inhibitor III in
static and wheel test methods respectively.

REFERENCES

[1] Corrosion Inhibitor Manufacture and Technology, 1976, Noyes
Data Corporation, London, Chemical Technology Reviews.

[2] Fontana, M.G. & Greene N.D., 1967, Corrosion Engineering:
McGraw Hill, p. 198.

[3] Evans, U.R,, 1982, An Introduction to Metallic Corrosion:
Edward Arnold, ASM Publication, p. 200.

[4] Nathan C.C, 1977, Corrosion Inhibitors, NACE Houston,

Texas.



70 M.A. Sherif, A. Hassan and A. Abusnena

[5] Ailor, W.H., Handbook on Corrosion Testing and Evaluation: [8] NACE PUBLICATION 1D182, 1982, Wheel Test Method for
John Wiley & Sons Inc., p. 873. Evaluation of Film Persistant Inhibitors for Oil field Applica-
[6] Gosta Warngle’'m, 1985, An Introduction to Corrosion & Protec- tions; Material Performance, p. 45.
tion of Metals: Chapman & Hall Publication, p. 170. [9] Jayaraman, A., Oberoi, H.C. and Himmet Singh, 1980, Quanti-
[7] Nace, T-1K, 1960, Proposed Standardized Static Laboratory fication of a Standard Test of Corrosion Inhibitor Evaluation:
screening test for materials used inhibitors in sour oil and gas Material Performance, p. 48.

wells, Corrosion 16, 63 t.





