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a b s t r a c t 

The data existing in this work relate to the study (Chloride effects on the electrochemi- 

cal degradation of micro-alloyed steel (MAS) in E20 simulated fuel ethanol blend (SFGE) 

(Joseph, 2017) [1] . Corrosion rates of MAS versus chloride concentration in E20 are pre- 

sented. Potentiodynamic polarization tests data were also covered. Composition analysis of 

the corrosion products as well as images of the samples’ surfaces before and after testing 

were also presented. The calculations are based on ASTM Standard G1-03 for determining 

mass loss and corrosion rates. Data are valuable to assess that there is increase in corro- 

sion rate with increase in chloride. Hence, it is noted that chloride could be reduced to the 

barest minimum in fuel ethanol. Pitting form of corrosion are presented in the scanning 

electron microscopic images. 

© 2020 The Author(s). Published by Elsevier B.V. 

This is an open access article under the CC BY license. 
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Specifications Table 

bject area Materials Science and Engineering 

mpounds 195 proof ethanol, gasoline, sodium chloride, methanol, acetic acid 

ta category Physicochemical 

ta acquisition format FEI-430 NOVA NANO FEG-SEM, Gamry Reference 600 Potentiostat/Galvanostat, Bruker D8 Discover X-ray Diffractometer 

ta type Raw, analysed 

cedure Anodic polarization tests via potentiostatic analysis, weight loss measurements, corrosion rate determination, surface characterisati

ta accessibility Data are available within this article 

1. Rationale 

In order to solve the problem of global warming in the world today, biofuels are currently being used as an alterna-

tive to fossil fuels. Generally, biofuels such as ethanol offers great advantages due to their chemical as well as physical

characteristics, low production costs, raw materials availability and environmental friendly effects, amongst several others

[2-4] . Conversely, ethanol has certain drawbacks as regards material compatibility. When ethanol is present in fuel, the fuel’s

chemical composition may cause corrosion on some parts of the automotive engine. As a result, materials which normally

would not corrode in gasoline may be damaged by the presence of ethanol. In spite of the substantial number of tests
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Table 1 

OCP Data for micro-alloyed steel in E20 + 0 mg/L NaCl. 

Pt T Vf (final voltage) Vm (measured voltage) Ach Offset 

# s V vs. Ref. (E-02) V ( E + 00) V (E-04) 

0 0.26 −4.89 0.00 4.19 

1 0.52 −4.89 0.00 4.16 

2 0.78 −4.89 0.00 4.14 

3 1.03 −4.89 0.00 4.16 

4 1.29 −4.89 0.00 4.14 

5 1.55 −4.89 0.00 4.15 

6 1.81 −4.89 0.00 4.13 

7 2.07 −4.89 0.00 4.18 

8 2.33 −4.89 0.00 4.18 

9 2.58 −4.89 0.00 4.18 

10 2.84 −4.89 0.00 4.17 

11 3.10 −4.89 0.00 4.21 

12 3.36 −4.89 0.00 4.19 

13 3.62 −4.89 0.00 4.18 

14 3.88 −4.89 0.00 4.16 

15 4.13 −4.89 0.00 4.17 

16 4.39 −4.89 0.00 4.14 

17 4.65 −4.89 0.00 4.16 

18 4.91 −4.89 0.00 4.17 

19 5.17 −4.89 0.00 4.09 

20 5.43 −4.89 0.00 4.15 

21 5.68 −4.89 0.00 4.17 

22 5.94 −4.89 0.00 4.13 

23 6.20 −4.89 0.00 4.18 

24 6.46 −4.89 0.00 4.18 

25 6.72 −4.89 0.00 4.17 

26 6.98 −4.89 0.00 4.16 

27 7.23 −4.89 0.00 4.16 

28 7.49 −4.89 0.00 4.15 

29 7.75 −4.89 0.00 4.18 

30 8.01 −4.89 0.00 4.16 

31 8.27 −4.89 0.00 4.18 

32 8.53 −4.89 0.00 4.15 

33 8.78 −4.89 0.00 4.14 

34 9.04 −4.89 0.00 4.16 

35 9.30 −4.89 0.00 4.18 

36 9.56 −4.89 0.00 4.17 

37 9.82 −4.89 0.00 4.22 

38 10.08 −4.89 0.00 4.19 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[5-12] conducted so far to study corrosion mechanisms in fuel ethanol, there are still growing concerns about the corro-

sion behaviour of pipeline materials used to handle fuel ethanol. Due to increased complication and multiplicity of material

classifications (such as composites, ceramics, polymers and metallic materials), the effect of corrosion on civilization and

the accompanying material degradation are far reaching [13] . This research work addresses the importance of failure analy-

sis and prevention with focus on identifying critical failure modes in fuel ethanol environments and establishing corrosion

rates of MAS in the environment of consideration. 

The data are valuable for the assessment of the deteriorating effect of chloride in E20 SFGE on micro-alloyed steel ma-

terial. The data regarding mass loss corrosion rate and instantaneous corrosion rate are useful to Engineers in designing

against failure. This data regarding the simulated fuel ethanol blend can be compared with data on plant fuel ethanol blend

for further insight. The data in this article which is based on three chloride concentrations can be used to develop further

experiments in considering much wider chloride concentrations. 

2. Procedure 

Experimental details are presented in Joseph, 2017 [1] . The method used is as described in [14-16] for formulating, clean-

ing and evaluation of corrosion test coupons. The E20 SFGE was primed according to ASTM Standard D -4806–07 for fuel

grade ethanol which consist of: methanol (0.5 vol.%); acetic acid (56 mg/L); NaCl (32 mg/L); water (1 vol.%) and ethanol

(98.5 vol.%) [ 1 , 17 ]. The denaturant used was unleaded gasoline. Chloride concentration was adjusted to simulate the various

test conditions. Even square specimens of (30 × 30 × 11) mm dimensions were used for the mass loss tests. For this data,

initial and final weight measurements of samples were taken during immersion tests (a total of six samples) and average

value was computed for mass loss from respective duos of replica test. Afterwards, corrosion rate was calculated in mpy
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Fig. 1. Relationship between corrosion rate and chloride concentration for MAS in E20. Error bars show standard deviation. 

Fig. 2. Anodic polarization data for MAS in E20 with and without chloride. 

Fig. 3. No pits on MAS following immersion test in the absence of chloride. 
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Table 2 

OCP Data for micro-alloyed steel in E20 + 32 mg/L NaCl. 

Pt T Vf Vm Ach 

# s V vs. Ref. (E-01) V ( E + 00) V (E-04) 

0 0.26 −5.26 0.00 −2.47 

1 0.52 −5.26 0.00 −2.49 

2 0.78 −5.26 0.00 −2.50 

3 1.03 −5.26 0.00 −2.49 

4 1.29 −5.26 0.00 −2.48 

5 1.55 −5.26 0.00 −2.47 

6 1.81 −5.26 0.00 −2.45 

7 2.07 −5.26 0.00 −2.48 

8 2.33 −5.26 0.00 −2.45 

9 2.58 −5.26 0.00 −2.46 

10 2.84 −5.26 0.00 −2.45 

11 3.10 −5.26 0.00 −2.44 

12 3.36 −5.26 0.00 −2.43 

13 3.62 −5.26 0.00 −2.49 

14 3.88 −5.26 0.00 −2.48 

15 4.13 −5.26 0.00 −2.48 

16 4.39 −5.26 0.00 −2.49 

17 4.65 −5.26 0.00 −2.49 

18 4.91 −5.26 0.00 −2.50 

19 5.17 −5.26 0.00 −2.51 

20 5.43 −5.26 0.00 −2.49 

21 5.68 −5.26 0.00 −2.46 

22 5.94 −5.26 0.00 −2.44 

23 6.20 −5.26 0.00 −2.48 

24 6.46 −5.26 0.00 −2.47 

25 6.72 −5.26 0.00 −2.46 

26 6.98 −5.26 0.00 −2.46 

27 7.23 −5.26 0.00 −2.42 

28 7.49 −5.26 0.00 −2.45 

29 7.75 −5.26 0.00 −2.50 

30 8.01 −5.26 0.00 −2.47 

31 8.27 −5.26 0.00 −2.51 

32 8.53 −5.26 0.00 −2.51 

33 8.78 −5.26 0.00 −2.50 

34 9.04 −5.26 0.00 −2.50 

35 9.30 −5.26 0.00 −2.49 

36 9.56 −5.26 0.00 −2.47 

37 9.82 −5.26 0.00 −2.48 

38 10.08 −5.27 0.00 −2.44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(mils per year) via Eq. (1) [14] . 

Corrosion rate = ( W × K ) / ( D × A × T ) (1) 

Where W = mass loss (milligrams), K = 534, D = density (g/cm 

3 ), A = area (square inches), T = exposure time (hours). 

A Gamry reference 600 Potentiostat/Galvanostat/ZRA was used for Potentiodynamic polarization experiments. The test 

set-up was designed in such a way as to diminish the consequence of high solution resistance by ensuring constant space

amidst the working electrode and the reference electrodes. Duplicate tests were carried out in order to ascertain repro-

ducibility of data. The Open circuit potential (OCP) and anodic polarization data are presented in Table 2 and Fig. 1 respec-

tively. Figs. 3 and 4 shows the morphological images obtained after the tests. 

3. Data, value and validation 

The data reported in this paper is from weight loss ( Fig. 1 ), open circuit potential (OCP) ( Tables 1-3 ) and anodic polariza-

tion ( Fig. 2 ) tests of MAS in E20 SFGE. The effect of chloride was assessed by conducting tests with and without chloride. For

the data in this article, anodic polarization of MAS samples was effected by potentiodynamic polarization between −0.75 V

vs SCE to 2.0 V vs SCE. Scanning was done at 2 mV/s. Data in this article is also for samples that after corrosion tests, the

surfaces were characterized by morphological examination ( Figs. 3-4 ). Fig. 1 shows the variation of corrosion rate of MAS

with chloride ion concentration. In the absence of chloride, corrosion rate was 8.17 × 10 −3 mils per year (mpy), but upon

addition of 32 mg/L NaCl, corrosion rate increased from 8.17 × 10 −3 mpy to 1.25 × 10 −2 mpy. A further increase in chloride

concentration to 64 mg/L increased corrosion rate of MAS to 1.96 × 10 −2 mpy. Chloride ion in fuel ethanol is assumed to

originate from the salt used in meal preparation in the course of bioethanol production [4] . Tables 1-3 show the OCP results

obtained for micro-alloyed steel in the presence and absence of chloride. The role of the OCP in corrosion measurement

is to indicate how stable the material was in the environment of interest. A comparison of the final voltage (Vf) obtained
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Table 3 

OCP Data for micro-alloyed steel in E20 + 64 mg/L NaCl. 

Pt T Vf Vm Ach 

# s V vs. Ref. (E-01) V ( E + 00) V (E-04) 

0 0.26 −8.03 0.00 4.69 

1 0.52 −8.03 0.00 4.66 

2 0.78 −8.03 0.00 4.64 

3 1.03 −8.03 0.00 4.66 

4 1.29 −8.03 0.00 4.64 

5 1.55 −8.04 0.00 4.66 

6 1.81 −8.04 0.00 4.62 

7 2.07 −8.04 0.00 4.65 

8 2.33 −8.04 0.00 4.68 

9 2.58 −8.04 0.00 4.68 

10 2.84 −8.04 0.00 4.66 

11 3.10 −8.03 0.00 4.64 

12 3.36 −8.03 0.00 4.69 

13 3.62 −8.03 0.00 4.65 

14 3.88 −8.02 0.00 4.66 

15 4.13 −8.02 0.00 4.67 

16 4.39 −8.01 0.00 4.63 

17 4.65 −8.00 0.00 4.63 

18 4.91 −7.99 0.00 4.62 

19 5.17 −7.98 0.00 4.64 

20 5.43 −7.98 0.00 4.66 

21 5.68 −7.99 0.00 4.68 

22 5.94 −8.00 0.00 4.68 

23 6.20 −8.00 0.00 4.64 

24 6.46 −8.00 0.00 4.67 

25 6.72 −8.00 0.00 4.64 

26 6.98 −8.00 0.00 4.68 

27 7.23 −8.00 0.00 4.64 

28 7.49 −7.99 0.00 4.65 

29 7.75 −7.98 0.00 4.60 

30 8.01 −7.96 0.00 4.65 

31 8.27 −7.96 0.00 4.66 

32 8.53 −7.96 0.00 4.65 

33 8.78 −7.97 0.00 4.63 

34 9.04 −7.98 0.00 4.68 

35 9.30 −7.99 0.00 4.66 

36 9.56 −8.00 0.00 4.72 

37 9.82 −8.00 0.00 4.67 

38 10.08 −8.00 0.00 4.66 

Fig. 4. Pitting of MAS through immersion test in the presence of chloride. 
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in Tables 1-3 shows decreasing Vf with increase in chloride concentration. The more positive potential (in the absence of

chloride) signifies a more noble behaviour, which means the material is less affected by the fuel ethanol environment. This

OCP result compares well with corrosion rate where we have the least corroded material in the absence of chloride. 

Fig. 2 shows the polarization curves for MAS in the three chloride concentrations. MAS did not exhibit a distinct pas-

sivation behaviour and pitting potential with Potentiodynamic polarization in all the tests, which is expected due to the

fact that metals usually show poor passive behaviour in alcoholic environments [18] . Fig. 3 shows the SEM image of MAS

exposed to E20 + 0 mg/L NaCl where crazed cracks are seen due to shrinkage of the sample surface. Conversely, localized

corrosion was obvious on MAS at 32 and 64 mg/L NaCl concentrations ( Fig. 4 ). The localised corrosion was caused by the

presence of the aggressive chloride ions in fuel ethanol [18] . 
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