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Abstract  

Maximum information on the performance of a production or experimental process can be obtained by 

employing statistical methods. Previous studies have shown that Nigeria is blessed with abundant bitumen 

resources that can be commonly and sustainably exploited to effectively and economically combat corrosion of 

steelworks. This analysis is an overall assessment from a statistical perspective, corrosion protection levels of 

four basic mechanical properties of the steel by various coatings of 0.81 to 1.46mm thicknesses of synthetic and 

natural bitumen samples got at some critical resource sites in the country through data that had been test-

obtained from coat-protection levels of each property by the coatings in the studies. The analysis indicates that 

generally, the protection level by any bitumen of comparable quality with the samples will increase with coating 

thickness and be in close range for the same coating thickness and mechanical property. Bitumen of comparable 

quality with the sample from Kaduna Refining and Petrochemical Company (KRPC) synthesized with Nigerian 

crude blended with Iran’s Basara crude as feedstock will protect all the properties up to 71.875% at the mean 

coating thickness of 1.12mm while comparables with the natural bitumen samples will protect all the properties 

up to 66.028% at the thickness. Protection of hardness corrosion deterioration of the steel by the bitumen 

coatings is highest followed in order by its tensile, impact, and fatigue strengths. The analysis provides 

comprehensive applicable information towards optimal sourcing of abundant bitumen from the country’s 

resources for proper and economical corrosion protection of pipelines and other aspects of plants in the 

country’s petroleum-dependent economy that is prone to costly corrosion ravages. 

__________________________________________________________________________________________ 
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INTRODUCTION 

Statistical methods of experimental or production 

assessments provide the basis for making decisions; 

determining errors, precision and general validity of 

measurements or performances. Even where multi-

sample data are not obtained in circumstances where 

enough experiments are not performed so that the 

reliability of the results can be assured by statistics, 

due to prohibitive costs, the experimenter must be 

contented with even single sample data and prepared 

to extract much information as possible from their 

experiments. Dispersion is a statistical method of 

analysis that determines the variability of 

performance of a process, experiment, material, etc 

on the basis of data obtained from it. In most 

production processes, it is desirous that the process 

itself and the materials used should be consistent or 

within a specified range of variability in quality 

(Guma et al, 2014; Jain, 2005; Jain and Aggarwal, 

2008; Evans and Lindsay, 1996 and Grant and 

Leavenworth, 1996).    

Corrosion is preponderant in the oil and gas industry. 

The total cost of corrosion to the industry worldwide 

is huge and staggering. A figure of 300 billion US 

dollars was mentioned in the United States of 

America alone in 1998. It was estimated that only 

45% of this amount was economically justifiable 

using the existing technologies of corrosion 

prevention. The cost of pipeline corrosion alone can 

also be huge. For example, corrosion and its related 

effects cost the United States of America 

transmission pipeline companies as much as 8.6 

billion dollars per year. The most important corrosion 

problem in all quarters worldwide is rusting of 

steelworks. Rusting is a uniform or nearly uniform 

form of corrosion and accounts to about 90% of all 

corrosion problems in petroleum industry worldwide. 

Rusting can impair the appearance steel and levels of 

its cherished properties to the extent that it may not 

perform satisfactorily in structural service or even 

collapse. Mechanical properties such as tensile 

strength, fatigue strength, impact strength and 

hardness of a structural material such as steel are 
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most cherished and must be preserved or properly 

protected in its usage from corrosion. The 

performance of steel and most other structural 

materials with regard to each of these properties is 

however different under different types of mechanical 

tests, service performances and influence of corrosion 

(Guma et al, 2010; 2011a, b; 2013; 2014 and Higgins, 

1993). 

 

The key economic sector of Nigeria is oil and gas. 

The oil and gas sector generates up to 85% of her 

total revenue. The petroleum industry upon which her 

economy is so dependent is prone to corrosion 

ravages. Petroleum products are transported from one 

location to another through pipelines that pass; 

through the sea, rivers, underground or on the surface 

of the soil in urban and rural areas to their respective 

destinations. The deterioration of these pipelines and 

other aspects of plants in the sector as a result of 

corrosion is a huge cost to the country in terms of 

subsequent oil leakage and spillage, product 

contamination, reduction of efficiency of operating 

plants, loss of production, over design, protection and 

maintenance, violation of environment and safety 

laws, replacements of parts, fire and other general 

losses. About 80% of the country’s refinery 

equipment and transmission pipelines are made of 

carbon steel particularly of the low carbon type (Ali, 

1998; Guma et al, 2010; 2011a, b; 2013; 2014; 

Shreir, 1979 and Wami, 1998). It is therefore 

imperative that these pipelines should be properly 

protected from corrosion at economical costs. 

 

The most economical, versatile, and commonly used 

method for corrosion prevention of steel is by organic 

coatings. It is estimated that about 90% of all steel 

surfaces are protected with the coatings (Laque, 1975 

and Pludek, 1977). 

 

Bitumen is an organic, common, cheap, and widely 

used material in today’s technological world. It has 

been in use for coat-protection of steel used in 

pipelines and other applications from corrosion, 

based on its excellent resistance to industrial 

pollution (Jackson and Ravindra, 1996). Bitumen 

from different sources or manufacturing processes 

and crudes can however have wide variation in 

grades, properties and service performances. In 

Nigeria, natural bitumen has been found in Ondo, 

Lagos, Ogun, Edo and Enugu States with a combined 

proven reserve of about 14.46 billion barrels. Ondo 

State is the most important source area (Oshinowo et 

al, 1982; Technical Overview, 2006; INTERNET, 

2012 and Srivastava and Roijen, 2000). The bitumen 

content of Nigerian tarsand varies from top soil 

location to location and downwards in the ground. 

Very rich natural bitumen deposits are found in Ondo 

State around Idiobilayo, Foriku, Agbabu, Okitipupa 

and Aiyibi (INTERNET, 2012; Oshinowo et al, 1982; 

Sheikh, 2003 and Technical Overview, 2006). 

Olalere (1991) and field surveys in 2009 indicated 

that Kaduna Refining and Petrochemical Company 

(KRPC) was the most important synthetic bitumen 

outfit in the country and had installed capacity for 

manufacturing up to 4, 000 barrels of bitumen in a 

day. The company uses blends of Nigerian crude 

which per se is not good for bitumen production with 

imported suitable crudes such as Lagomar from 

Venezuela, light Arabian from Saudi Arabia, Basara 

from Iran, and from Kuwait to synthesize bitumen. 

Despite such abundance of bitumen resources in 

Nigeria, surveys further indicated that the resources 

were not yet being exploited for corrosion protection 

of steel and there was no public-available applicable 

research information on bitumen from the country’s 

resources for corrosion protection of steelworks 

(Guma et al, 2010; 2011a, b; 2013 and 2014). 

 

Experimental assessment of capability levels of each 

of two natural bitumen samples-Ondo S-A and Ondo 

S-B, and a synthetic sample at KRPC from Nigerian 

resources was thus undertaken by Guma et al (2010; 

2011a, b and 2013) to provide such information. The 

obtained and reported results are shown in Table 1. 

The prime objective of this paper is to present the 

different results for each mechanical property of the 

steel shown in Table 1 which had previously been 

separately reported and each per se is not complete 

information for coat-protection application into a 

comprehensive information that can be public-

grasped, appreciated and consulted; using a basic, 

different and common analytical method that is based 

on the mean, range, standard deviation and 

coefficient of variation to provide the information. 

 

MATERIALS AND METHOD 

Dispersion parameters of the coat-protection data 

from Ondo S-A, Ondo S-B, and KPB using five 

different bitumen coating thicknesses in the range of 

0.81 to 1.46mm were evaluated as follows: 

The mean inhibition ( ) of coat-protection data is 

defined according to (Holman, 1984; Miller and 

Freund, 1987 and Guma et al, 2014) as: 

 

 
Where,  the average protection value and n is 

the number of data values considered. In this case, n 

= 5. The higher the value of  for a set of sample 

data as judged among other ones gives an indication 

of better performance of the bitumen sample. In 

quality control the mean of data values is used in one 

of the principal control charts. 

  

The range (R) of a given set of protection data was 

obtained in accordance to (Holman, 1984; Miller and 

Freund, 1987 and Guma et al, 2014) as: 
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In quality control the range is a very common 

measure of dispersion. It is also used in one of the 

principal control charts. It will provide knowledge of 

the total spread of the inhibition data values from a 

bitumen sample. Where,   is the highest value 

in the data and  is the least. The higher the 

value of R, the more the given data is spread away 

from the mean range of ranges of given different data 

sets and this gives an indication of worse 

performance by that set among the other sets. 

However, care must be taken when interpreting the 

range since a single relatively large or small value in 

a data set can greatly inflate its value and be 

comparatively further away from average value of the 

set/s (Holman, 1984 and Miller and Freund, 1987). 

 

The standard deviation (σ) gives a measure of the 

degree of spread of the coat-protection data values 

from a bitumen sample about their mean value. The 

smaller the value the better the measured, and closer 

the overall sample data values are to be mean value 

and the better the process or experimental 

performance. This is given according to (Holman, 

1984 and Miller and Freund, 1987) as: 

 
A large value of σ, shows greater variability of the 

sample data values about the mean value pi. 

 

The coefficient of variation  is standard deviation 

per unit mean value and was evaluated in accordance 

with (Holman, 1984 and Miller and Freund, 1987) as: 

 
 

RESULTS AND DISCUSSIONS 

Results 
The computed values of the statistical parameters 

using appropriately equations 1-4 and a digital 

computer are presented in Table 2. 

 

Table 2: Statistical Parameters-Mean  Standard 

deviation (σ), Range , Coefficient of variation 

  obtained form corrosion coat-protection levels 

[%] of basic mechanical properties of low carbon 

steel by coating treatments of 0.81-1.46mm 

thicknesses with Ondo S-A, Ondo S-B, and KPB. 

 
Mechanical property Bitumen sample  

 (%) 
σ (%) 

 (%)  (%) 

Tensile strength Ondo S-A 75.8 10.87 28.0 17.93 

Ondo S-B 78.0 10.807 28.0 17.33 
KPB 83.6 10.837 28.0 16.38 

Corrosion fatigue strength  Ondo S-A 66.028 10.916 29.09 20.66 

Ondo S-B 68.152 11.075 28.75 20.31 
KPB 71.875 10.337 27.04 17.99 

Hardness Ondo S-A 82.23 8.828 23.94 13.43 

Ondo S – B 85.232 7.906 22.26 11.6 
KPB 88.85 6.994 19.88 9.84 

Impact strength Ondo S-A 68.404 10.797 27.05 19.73 

Ondo S-B 69.466 10.975 28.01 19.41 

KPB 74.398 11.225 28.30 18.41 

* mean bitumen coating thickness = 1.12mm 

 

DISCUSSIONS 

From the mean coat-protection values presented in 

Table 2, it can be observed that KPB provides the 

highest corrosion protection of all the four 

mechanical properties of the steel at the mean coating 

thickness of 1.12mm. The performance is followed 

by Ondo S-B and then Ondo S-A. For each bitumen 

sample used, hardness protection of the steel is 

highest, followed in order by that of its tensile 

strength, impact strength, to the lowest by that of the 

corrosion fatigue strength at the mean coating 

thickness. The overall least protection of the four 

mechanical properties at the mean coating thickness 

is 66.028% from corrosion fatigue strength by Ondo 

S-A, while the best possible is 88.85% from hardness 

by KPB. 

 

The standard deviation values for the hardness 

protection by the bitumen samples are the least as can  

 

 

be observed from Table 2. This shows that the 

protection is least amenable to changes in coating 

thickness from the mean value as compared to the 

other mechanical properties. This is also clearly 

upheld by the least range ( ) for the property by the 

bitumen samples. Thus, by this statistical parameter 

the performance and data values of the hardness 

protection by each bitumen sample are the best. On 

the other hand, the table also shows that, 

comparatively, protection of corrosion fatigue 

strength is also least based on standard deviation and 

range analyses. 

 

The range ( ) of the coat-protection values of the 

tensile and impact strengths are generally in close 

range, or more or less similar in values as compared 

to one another as can be observed from Table 2. 

However, the standard deviation values for the tensile 
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strength protection are generally in close range or, 

more or less similar as compared to one another. 

However, the standard deviation values for the tensile 

strength protection are generally lower and hence 

better than those for the impact strength. This also 

shows statistically that the protection of the tensile 

strength has an edge over that of impact strength. 

 

The standard deviation and range values of the 

corrosion coat-protection levels also show that 

protection of hardness and corrosion fatigue strength 

of the steel by KPB is generally the best and second 

best for the case of tensile strength. The values also 

show that the protection offered by the bitumen 

sample for the impact strength is comparable with 

those of Ondo S-A and Ondo S-B as can be observed 

from Table 2. 

 

The ranges ( ) and standard deviation values also 

show that the result for protections by Ondo S-B is 

best for tensile strength and second best for hardness 

and impact strength by comparison of the values. The 

results for Ondo S-A is best for impact strength and 

second to the best in the hardness protection as 

judged from standard deviation of protection levels. 

 

From the coefficients of variation of protection levels 

presented in Table 1, it can be observed that the data 

value and protection levels by KPB are generally best 

followed closely by those of Ondo S-B and then 

Ondo S-A. 

 

On the basis of mechanical properties, hardness 

protection is best followed by tensile strength, impact 

strength, to the least corrosion fatigue strength by the 

coatings. 

 

CONCLUSION 

Maximum information on process, material, 

equipment, etc performances can be obtained by 

employing statistical methods. Dispersion analysis of 

previously obtained data on protection levels of 

tensile strength, fatigue strength, impact strength and 

hardness corrosion deteriorations of low carbon steel 

by coating treatments of various thicknesses of 0.81 

to 1.46mm with three clear bitumen samples-Ondo S-

A, Ondo S-B and KPB harvested from critical 

resource sites in Nigeria has been carried out. The 

analysis shows that, generally, the protection levels 

by any bitumen of comparable quality with the 

samples will be appreciable and in close range for 

similar coating thicknesses on the steel for each 

mechanical property and increase with coating 

thickness within the band of 66.028 to 88.85%. 

Furthermore, the analysis indicates that bitumen of 

comparable quality with the synthetic type at Kaduna 

Refining and Petrochemical Company (KRPC) will 

protect all the properties up to 71.875% at 1.12mm-

mean of the coating thicknesses, while the 

comparables with the natural bitumen samples will 

protect all the properties up to 66.028% at the 

thickness. Moreover, protection of hardness of the 

steel by the bitumen coatings will be highest; 

followed in order by its tensile, impact, and fatigue 

strengths. For a desired protection level with a 

coating thickness, results must be considered on the 

basis fatigue strength protection level. The paper 

posits some information for sourcing bitumen from 

Nigerian resources and applying them for corrosion 

protection of steelworks. 

 

The physicochemical properties of the study bitumen 

samples have also been previously characterized and 

reported by Guma et al (2012). Bitumen of 

comparable qualities with the samples from Nigerian 

resources are therefore recommended for further 

relevant researches and to be exploiting with 

consideration of the posited information for more 

economical corrosion coat-protection of pipelines and 

other aspects of plants in the petroleum industry in 

the country. 
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APPENDIX 

Table 1: % Corrosion Coat-Protection Levels of the Basic Mechanical Properties of Low by Various 

Thicknesses of Coating Treatments of Bitumen Samples (Guma et al, 2010; 2011a,b and 2013)  

             

Mechanical Property of the 

Steel 
Bitumen Samples 

% Protection levels for Specified Coating Thicknesses of  1.46-0.81mm 

1.46 1.29 1.13 0.93 0.81 

Tensile Strength 

Ondo S-A [%] 

Ondo S-A [%] 

KPB [%] 

91.0 

93.0 

97.0 

86.0 

88.0 

95.0 

72.0 

75.0 

81.0 

67.0 

69.0 

76.0 

63.0 

65.0 

69.0 

Hardness 

 

Ondo S-A [%] 

Ondo S-B [%] 

KPB [%] 

93.47 

94.91 

97.43 

89.29 

92.63 

94.34 

83.71 

89.84 

89.64 

75.16 

79.13 

85.32 

69.53 

72.65 

77.54 

Impact Strength 

Ondo S-A[%] 

Ondo S-B [%] 

KPB [%] 

84.31 

86.94 

90.47 

78.19 

80.32 

84.58 

62.56 

65.28 

70.14 

59.70 

61.86 

64.63 

57.26 

58.93 

62.17 

Corrosion Fatigue 

Strength 

Ondo S-A [%] 

Ondo S-B [%] 

KPB [%] 

82.45 

83.96 

86.89 

74.53 

78.14 

80.94 

62.92 

64.32 

67.81 

56.88 

59.13 

63.78 

53.36 

55.21 

59.85 

 

 

 

 


